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OUTLINE OF REP ORT 

Aft r a bri f introductory sketch uf th Tria s ic a rcH of Conn«:'ctiont aud 1\ r new 
of the labors of geo logi ·ts upon i t, th o histor .v of the region i tr atecl in thr 
part , u t it lecl Deposition, Deformation , and Denudation. T!J e f1 or n pou wlllcb 
the Tria sic str ata r est is r eo-ar ded ns a rou gh p eneplain, the rfl snl t of the long-con­
tinned denudation of an earlier monn tain r a ng . A part of this p ueplain being 
depre s rl to form a t rough in whi ch t h e Tria s ic strata wer accumu lated, the on­
ditions prevailiug dnr in g t he period of deposition a re exnmined a nd th S<'qnenceof 
strata thns form ed i · described . Especial interest attach es to the ign ons rocks, 
w!Ji ch are fonnd in thrt•e form -d ik s, oc ·upy io g fl su res : iotrn ive ill , clri'' n in 
bet w n the strata ne:trl.Y pamllel to t.be l1edding plane ; and xtrus i ve flow., cxten­
~<in• l s pourecl out at th r ee ncre ive pocbs. Th e evidence of extrn ion nncl intru­
·ion is pr ented in d tail , with particular att ntion to t h nature of th o argument 
by wbi h n cou In ·ion i reached . Bri ef parngrapbs a rc given to Yu lcanism a nd 
iso tn y, th ll fi r t ach ·oca.ti ng d e1)- eatecl force r suiting from t h deformation of 
th earth' cr ust· a t he chi e f can e of tho ascen t o f lava tow:nd or to tb . ur fa , 
the econd cloubtino- th sufficiency of crustn l erp lil ibrinm to eli:plnin the fac·fR l1erc 
o bs •n • • l. 

Part II Deformation, indnues warpin", faulting, tilting, and npliftiri '· 
a rgnm nt l<'n Hug to the iemons tration of fault receiv s close attention. aud tb 
extru i,· lava flow are shown to have a hig h valne in thi ' connectio n. Tho fau lt 
ar rl scribed in deta il UJH!e r two cia es : Fir t, tbo which tra.ver e the Tria i 
area; cond, tho, whi ch cl e tP nni ne it margin , C'Sp ciall y a long th o east rn , ide. 
The proof of tb ex is tence of fanl ts i t h en r \'iewed and the arrangem nt of two 
b ltsof hln k shal i in troclu edt g iv , t hem final confirmat ion . Th extru iYe 
flows are mauife tl.v of earlier date than the fau lting and th e iu tru ive ills a re 
Jik wi ·h owl'. in a ll probability, to ha,-c tak u their pl ace hefore the t ime of 
tilting nnd fa nltill "'. This divi ion of th e report clo es with fiLl explanation of t he 
proc by which t h warped and fa nlted mouocliu1d tru tur i thonght to have 
b en p ro lnc d. 

Part III, Denudation, in dude a, ou ideratiou of the V>brion form t hut the region 
b as b ad f rom the t ime when d epo ition wn stopped by d formation to the p r ent 
d n.y. P:ut,i<mlar att ution i g iv n to form s obta ining at three iages : F irst, th 
obli qu ridges initi a t ed by t he monoclin al faulting; second, tb e p enepl a.in produ ced 
nt t he clo e of tbe fi r ·t cycle of e rosion ; third , t he preR nt form ca.r ved in th 
npliftcd pen plain of the fi rst cycle. Th e iruportanc of omposi te topography, tb e 
product of two cy cle of erosion separa ted by a movem n t of th la nd nm s with 
r e· pect to ba e-le,•el, i thu omphnsiz d . The dift' rent treatment of fault in geo · 
logicul and g eogmpbical problems is illnstr n.t ed. Account i g h7 en of some of the 
uokhes in the trap ridge now or formerly occu1)ied b y trausvcrs stren.ms, and 
the origin of the existing dra iua e a rrangement is explained . A bri f s ta tement 
con rniog gl aoinl depo its a nd r <'ent cha nge of level olo es this div ision of the 
r eport. A reconstru ction of tb original Trias ic ba iu is then attempted. It will 
be no ted that problems of p aleon to logy n.nd petroo-mpby a re not indncled in t he 
report. 

9 
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Mo t r :t<h'r~> may to arl~rantage pa s quickly over those s ctions which treat of 
r epeuterl example of similar trnotur . Thn , nnd r ' l)i k s" th sections on Mount 

arm 1 and Fairh:w n will suffice for their m·ods. no r "Hiclges of the wo tern 
rang( " We t Rock or Gaylord i\Ionntain will rve a typi nl stru t ures. For the 
Eastern Range th anterior sheet is well shown nncler Lamentation .ll!ountuin and nt 
Tariffville; the main beet, iu a lton talll\lountaiu or uo.rry Ridge; th po terior 
sheet, back of Lameutation. Th discu ion of th da.te , t which tho sills weru 
intruded is con iclercd important. It is pres ntcd on pug 79, 0, nn!l81. Jn Part II 
the geometrical relations of fanlts and tb illu trations of the o relntions in Lamen­
tation and East Talcott block will b found sngg stivl'. The su mmary of the evi· 
donee of faulting gives a moasnr of tho validity of th hypoth si offer d to accoun t 
fo1· the facts of ob!>ervation. In Part Ill tb <li cnssion of th r tn eon pen plain 
i con idered importnnt. The explanation of the a rran gement of tho xistin"" streams 
rna interc t r aders of a . pecnlative hun of' miml. The r('constrnction of tbe 
entire Tria sic strnctnro fl·om ncb of tb rcmnining pnrts It nn' now in sight may 
recall o, tempt of a. s imilar kin<lttnd rtaken in tlt o tudy or nnr i n t organic forms. 



THE TRIA SIC FORMATION OF 

By WILLIAM 111. DAVIS. 

Th"TTROD C'l'IO~. 

THE CONN ECTICUT VALLEY LOWLAND. 

When the early coloni ts on Massachn ett. Bay ' became like a 
hi,·e overstocked with bee , and many thought of swarminrr into new 
plantation ," as otton Mather said at tlJe time, orn e or the more 
adventurous pu bed their way into the interior, and after cro ing a 
ruo·ged region of uplands and valleys came upon a ferti l lowland 
through which ran the onn cticut River. . ere the old settlement of 
Windsor, Hartford, and Wethersfield were founded. Beyond, the up 
land s ro yeu lligher than befor . Tbu as early a ' 1637 the broad 
depre~. ion worn down on th weak Trias ic sand tone b tween the 
r i taut r:r talline r cks of the upland x rted a, determining infl.u­
euc on the hi tory of ~'"ew Enrrland . 

E,- n to this day the upland repel mtber than invite o cnpation. 
Tbe i olat d manufnctnring villarre in the upland valley have, indeed, 
dnring thi ltalf of our c ntury grown rapidly, but the population of the 
bill town l1a now for many year been stationary or has turned to a 
d clin . The broad lowland , on the other hand become year by year 
more populou . It farm pro per aml it village and cities fl.ouri b. 
The underl;ring can e of the tro11g diffi renee in human opportunity i 
foun<l h re, a so often el ewbere, in the geological strncture and geo­
graphical development of the r ()'ion. 'I he uplaud consi t of resi tant 
scbi t and gnei e . The e witb taud the de tructive attacks of the 
w atb r o w 11 that they are only trcuched by narrow \alley , and 
still retain over large area a good measure of the height that wa 
given them by the last general elevation of the region above sea level. 
Tb~ lowland i und rlain byrelativ lyweak andstone and shales, and 
although thi' belt wa at tbe time of general elevation lifted to as great 
an altitude as that giv n to the areas of hard · r rock on either side, the 
sandstones and shale have already wasted down to a lowland of mod· 
erate relief. The many manufacturing village in the valleys of the 
uplands a.r shut in and separa,ted by the hills on eitber i<le. Move­
ment there is difficult exc pt in the direction of the ~tream . On the 

11 
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lowland the surfac is compal'atively smootl1. gr at part of it is open 
to easy occupation , and movement is ea y from plac to place in alrno t 
any direction. Only here and there rido·e of l1 ard r rocks ri e over 
the low ground and the are o often broken by de p notches that 
they erYe ra.ther a boundarie than barrier betw n tl1e vall ey town . 
Larg· villa<" , and populou cities bav g-rown upon the lowland; rail ­
road traver, eit lengtbwi and ro wi e; agri •ulturetl1rive ,a ~- ell as 
manufacture . While tb uplands- tlle land of the lin · rin g now'­
b:we a rigoron · a11d forbidding li1nat , the lowland yi Ids product., 
n ·b a tobac o and pea h , that one doe. not rdinarily think of a 

a ·oci ated with the farm of New England, but rei' r in t ad to a 
region of milder climate. The harv ts of th e 1 wland c rtainly can 
not compete with tho e of th we t rn prairie , but tb humbl r form 
of plant lif find her o o·ood a home that anl n e ds are rai. eel a 

' an important article of tnt I . Tb ho pitali y of thE' lowland ext 11d 
to it cbool a nd colleg . , wbiciJ not onl y edncat it own youth, but 
attract b y and girl · from t.be uplands and youn g men an l young 
women from al l part f the •ountry. nd all th s unlikene s' of 
tl1e lowland to th upland ar becau e the ro ], , f th one llave wasted 
a·way, while tl1o. of tl1 otb t' have ompamti ly peaking endured. 
ll er i: tauo·l1t one of tho impl aucl impr . iv~ le~ on. of the 
dependence of the mauner of our lif< on the tru tur aud culptur€' of 
th e land. 

J t i ' t he purpo e of tbi r port to lead tb r ad r toward an untl r-
tanding of th xi ting geographical onclitio11: of tll onn cti nt 

Valley through it ge logical hi tory. 'rh proc ~ of th 
pa · t mu t 1.> re · tored from the re •o rd · of their a tion . ti ll pr s n · d. 
The whole mns t be inf rred from its remainino- ])art . Th snc s iou 
of g ological proc e. mn t b reco11 tru ·tecl in prop r ord r by r· a­
sonable argument until they lead as a1·.cumtely a po sibl to tb 
evolution of the condition · now before us. It may tha be po iul> in 
the eud to perceive bow long a11d how uo con ciou the pr pamtion l1a 
been for the geographical .·urroundings t hat control the population of 
thi part of southern ew England to-day. 

UPLAND AND L OWLAND. 

The area to b€'> b re de, crib eel ha. no popn Jar nam that i pr i ly 
ap1lied . The lowland as a whole include part of the valley of the 
Connecticut River; but that exten iv trough ba it beo-inning far 
north, between the margin al slope of w Ramp IJire and\ ermont 
a11cl , prbperly p.eakin"', the river valley depar t ontbea tward from 
tlJe lo wland where the Connecticut enters the ea tern upland at Mi 1-
dl etown. The southern part of the lowland doe not fall within the 
ba in of the Couuecticut River, but is dmined by several malt str ams 
that enter New Haven Ha.rbor. It is on ly by a geolo.,.ical def'tnition 
that the lowland can be ati factorily bounded. As already stated, it 
include a belt of coun try underlain by weak sandstone and shales and 
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bounded byhard r rock on theea tand wet. The geological nameof 
the sandstones can not au vi edly be applied to the lowland for veral 
reason. : Fir t, because, in .:pite of their strong unlike.ne ·s to he rocks 
of the upland, they have not, as a group, received auy popular name 
from the people of the region; further, no one of the geologicaluame 
applied to the sandstones and hale::; i to-day generally adopted. "X ew 
Red sandstone" is an antiquated term. "Tria sic ' is by some regarded 
a of questionable propriety, becau e it impEes too definite correlation of 
tlte valley formation with a cer-tain division of the geological erie 
el ewhere. "~e"ark," a term introduced expre ly in order not to 
imply definite correlations for indefinite formation~, i not y t suffi­
ciently domesticated in Couuecticut to serve satisfactorily as a, name 
for the valley lowland or for t!Je 
title of this r epot't as a whole, 
however well it may guard 
again t t!Je expres ion of O\'er 
cou fident knowledge. More­
OYer, the e geologi(·al name 
apply to other areas of Rand-
tone: and shales, both to the 

not·t lteastiu Nov<t Scotiaautl to 
the sonth\\·e t in Xew Jer ey, 
Pennsylvania.,and Yirginia. In 
view of the 'O vat·iou .· obj ctious 
to geologicnl terms and in li u 
of any b tter uam , it Ita come 
to be my ktbit to call th di trict 
the ' onueeti ·ut Valley Low­
laud ' tb proper name being· 
tnken from the river and the 

tat with which the lowlnnd i 

Sound 

.1!'1 0. I.-Uplands 811(1 Lowland of middlo Coune ti ut. 

as. ociated: and the compoand topoo-rapbic mune being- iuteuded to ep­
arato t hi . op n belt oflow ground from the narrow Yalleys el ewbere fol­
low d by the Uounecticut River. The accompanying ketch map (fig. 1) 
will make this plain. Between the rugged uplands on the ea. t and 
w s t li e>~ the alley Lowland, stret lJing from north to soutl1 . It entire 
length i, !)5 mile . Its width varies from 5 mile near eitber end to 15 
or 1 mil · about the middle. Its area i about 1,000 square mile ' . 
Of thi total, 1\'fa sacbu ett. ba approximately a third, and that por­
tion i treat din a mouoo·raph by Prof. B. K. Emer on.1 TlJe remaining 
600 or more qmtre mile are in Connecticut, and thi portion Ollly is 
cousidered in the pre ent report. 2 

1 Th geology of old Rampshlre County, [nssncbusotts, comprising Fntnkliu , Jinmpshirc, and 
llllmpd(}n counties : Mon. U. . Goo!. Sun·ey, \To]. XXIX; iu prcsM. 

: ./:. smnll outlylug aro" of sandstones ntHl shnles, with nsso intc.l trap rocks, kuo"'" as th 'outh­
bury arM, lies about 12 mile• west of tl•o mnin nron, •ouihof middlc Collllectiout. This wn dosed bod 
in tho .·cventh .<\ununl Roport. of th Geologi~nl urvey . 
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The upland that iuelose the alley Lowland on the east and west 
rise from their low outh rn margin ou Long I laud Sound at an 
average rate of about 20 feet in a mi l , thus attaiuing elevation of 
1,000 feet at tlte northern boundary of oun cticot; then, ascending 
more lowly, th y ri e to 1 200 or 1,400 fe t at the northern border of 
Massa hthetts. ;rom any of the ur laud hill the view aero s the 
upland clisclo es a ucce siou of other lJill of roughly similar height, 
still bearin g mneb wood 011 ummit and fla11k , thinly inhabited, and 
more or le s de ply eparat d by vall y . But from a hill summit on 
the bonier of the upland the lowland is eu to lie 1i ke a broad trough 
within well-defined i11 clo, ing walls. At tL outhern bord r of on· 
necticnt the lowland dips under tlJe water ' of Long Islaud Sou11d, its 
middle part underlying ... ew Haven llarbor. At the nortl.lern border 
the aYerage elevation of the lowland floor i hardly 10 feet, and uear 
the north ern border of Ma acltnsetts it is only about twice a high. 
Just a the upland is i11terrupted by the valley that are u11k beneath 
it urfae , o ·ouver ely the lowland i. div t' ified l>y t he notched 
ridge tltat often ri e ab ve it p lain to th uplaml lJ iglJt. nlike 
the lowland, which i uud rlain ~hiefly by and tone and ·bale , 
the e ridges are in most ca e d fin ed by th out ·ropping edges of 
inclined trap l.l et or lava b d , trending about north aud outh, to 
which a peculiar intere t attaches, not only on account of th period 
of anci nt volcanic action that they record i11 the hi tory of the region, 
but al o becau e-a will app ar in the , qu l-it is dd fly b~- 111 a n 
of the lava b d that the tructure of the lowland b lt ·an be 
deciphered. 

On examining th lowland the order and attitud of it 
firRt take our attention. Wlten the andston s and hal 
land arc ou erved, their layers are fOtmd with few ex ption t dip 
under ground at a moderate angle of 15 or 20 degre s to th a tw~ml. 
The lava bed h ave the arne general attitude. It. may b ' in~ rr d from 
tl1i monoclinal tructure that the oldest memberti of th lowland 
serie , the ba al member of the whole succe sion of . dim ntary • nd 
volcauic trata, mu t lie along the we tern bord r of the lowla nd. 11h 
younge t member may, on the otlJer band, be earch d for along the 
eastern border of the lowland, ~Lnd in a very general way on might 
expect to pass from the olde t to the younge t memb rs of th , rie 
while cro si11g the valley from west to ea t . Tlti rul will b lat r 
found to submit to many exception. ; yet it may serve for the pre ent 
to intr·oduee th natural order iu which our studie will advance. 

Beginning along the we ·tern border of the lowland w mn t , ear ·h 
for the unclermo t member of the bedded rock , and di cover at tbe 
same time the foundation on which it lies. On :findin r the fomtdati n, 
we must make inquiry as to it nature and origin, a.nd a to the hange 
in condition by which a beginning in the deposition of the red sand­
stone was introduced. The succession of the whole erieti of lowhLnd 
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strata, aqueous and igneou , mu t then be made out, a.nd th ·ondition 
and proces es of their format ion in6 rred ; thus a general under tand­
in g of the period of deposition in t he hi ·tory of the vall y will be 
acquired , and this will occupy the first division of our r por t. Tbe 
geological date of the period of deposition mu t b settle l n ti r ly by 
paleontological tudie , whi h are not here under taken. The el i turb d 
attitude in " ·bi ch t he strata now staud and th e character of t he d 'form­
in g forces whi ch gave the pre ent uplifted and t il ted po it ion to t he 
entire ma s mu t next be invest igated, and tbi will con ti t ute the 
. econ d clivi ion of t he repor t . The tudy of the denudation by \l·hich 
the manife t former exten iou of th inclined strata l1 a be n much 
r educed is fi nally to be under tak n, and here we hall hope to lem·n 
the mamt er in which the preseu t for m of t he r eo-ion bas been car ved ; 
tl1is form ing the t hird and la t division of the r eport. Briefly tat d , 
these cl ivi ion. may be grouped und r three heading -depo ition 
deformation, and denudation. hor t ketch of the hi tory of g olog­
ical exploration in t he vall ey will detain u. but little from beginnin g 
th e g ological exploration of i t h i tory. 

PRE VIOUS STUDI E S OF THE CONN E CTICUT T RIASSIC. 

The n ame of two ruerican geologi ts, P ercival an cl Dann, wi ll 
alway be clo ely conn ected with t he study of t ho Tria si formation 
i11 Co11neet icut. J ame G. P erciva l was appointed 'tate geologi t in 
1 .J , and durin o· t he five year following be accomplished a r ' ma.rkable 
piec of g ological x.ploration . Hi method w re tho e of nn arlier 
ta o· of our cienc but hi accuracy of ob ervation and bi J)er ' ever­

ance in t ra ·in g out the ta11gle of complica t d tructure. haYe 11ot been 
exceeded in later y ars. TI L report, publi be(l in 1 42~ i a pain takiH g­
r ord of fa ·ts observed in h i r peated t raver e of t h tate. llis 
map of th e trap r idg i ' remarkably accura te and tb e de. cription of 
tlt em in tbe text i d tailed in a h igh degree. early every ridge i 
located and group d accordin g to a peculiar ystem of cla ill ·a tion, 
ba ed on relative po itions. rercival r cogni zed t lt o ·oustant relation 
of the ubordinate t rap ridge before and behin d t he Jar ·er mai o 
r idg , and hi term "an terior" and ' po terior " are till in use, 
altbough witlt an enl a rged meanin o·. B ut l10 do not ee111 to ha e 
l1ad tb l a . t idea t lwt the mo t of t l1 e r idge were outpour d lava 
b d ; all a r d scribed a iftbey w r dike or intr usion . No ugge -
tion i · made as t o th e occurrence of fault in t be Tria , although sev-
ra l fault b reccia ar d cribed in hi report und r t he nam of " clay 

dikeR, 1 

Prof. James D . Dana gave much at tention to t he ou theru portion of 
tbe 1.'ria sic belt in the neigh borhoocl of ew Haven, particularly to the 
trap r id ge of that eli triet which h e de cribed or referred to in a 
n umber of e ays. ccepting P ercival' 
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them by lo ·al ·tudy, he discus d al o the t h oreti •:tl explanation of 
the ob erved tructure . I t i with regret that du ring the progres · 
of my own tudie , a well a::; in preparino· t lli fina l r9port upon them, 
Ihav been compelled to d issent from a number of hi on ·lu ions. In ­
deed, bad it not be n for tbe great weio·b t of Hn 01 i11ion upported by 
his name, I hould 11ot, either in tlJ e field or in this r onl, have given 
o much att ntion to the m inute peculiaritie att urlino· the contacts of 

the trap beet with the overlying dimeutary strata,-the so-called 
"upper contaet -upon whi ·h d p nd tbe interpr tation of the origin 
of the trap lleets, and through tb e tb lucidation of t h 11 tructUTe 
of the forma.tion. 

In the i nve, tigation and literature of the 1~ sa ·hu ett · area the 
names of Ditch ·od( and Emerson are pre minent; th first in t:onnec­
tion with his a ·conn t of tiJe Tria ic formation in the Final neport on 
the Geolog-y of Ias achu eLtt (1 41), and with a largt_: numb r of incle­
pcndent es ay in wbit:h the Tria ic rocks ar de cri ed; the secoml, 
from the xten ion of earlier view in the li o·llt of mon~ modern m thod . 

Besid these leading iuve tigators t h re ar ma11y other who e 
nallles come to mind. in recalling the arly studie tha t opened. the way 
for later work. Ben·i11 ni ng a arly as 1 10, Benjamin llliman pribli heel 
a 11umb r of art,icl · ou the Tria sic rock·, ehidl y in the Journal wlJi ·b. 
bccam famou. under his name. One of tbe e contains a suggestion 
which n. numb r of year ago eern d tom to ha u poi11ted. bearing 
on more modern "·ork . Referri11g- to tl1e stru ·turalr lation of tl1 ign -
ous and trati fied rocl;: Sillima u wrote: ' I take the lil> >rt · to r q u ;;t 
tbattho ewbomayb:1VeitintheirpowerwHlmakeprc i · obsC'rvation 
upou tbe appearance at the junction ... a· ·ompani d by clfa,rino­
and specimen when conv uient, and at lea t with ac ·urat d ~ nip ­

tiou. vYe might thus be iu a condition to form a g·eu ral opiuio11 of tb. 
origin of our trap ro ·k . ' 1 • 

On ntering the valley iu 1 77 and fiuding the r lation · of it ·· trap 
and aud tones differently explained. by variouR observ r. , I ·ou · iv d. 
a plan of work similar to· that advocated by Sillimau; and wl1 n bi 
stateme11t wa found, everal year · later, it wa adopted a · at xt in th 
introduction to one of my earlie t paper ou th e r gion. 

It was perhaps iu re ·pon e to Silliman'· r que t for lo al ol> rvatiou 
that A . Smith and . B. Chapin publi. bed b1·ief e ays in 1 3.:.~ and 
1835. Shepard' Report on the Geological Survey of C01m ·ticut, pub­
lished in 1837, i devoted chietl.y to minerals and. rock , with li ttler f. 
ereuce to their geological relation . losely ~ llowing the app arauc 
of Percival's report, the l{ogers brothers, aucl soo11 aJter th m B . illi­
ma.n, jr., and J. D . Whelpley, discus etl c·ertaiu stru ·tund problems, 
especially the origin of the monodinal att itude of t he formation . 

For a period of about thirty years li ttle attention eems to have been 
giveu to structural atudies iu the Connecticut division of th e Valley 
L'owland, although durin g thi time great intere twas arous d by the 
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publication of Hitchcock and Deane on the footr rints pre crved iu the 
"and tone: in Ma a ·bn etts. In 1 71 J.D. Dana publish d a detail d 
account of t he Geology of the ew Ha\ eu R gion ,1 and bortly aft r­
ward ·· E. S. Da11a and G. W . IIawes gave the :first l riptions of the 
trap rock in accordan e wi.th modern petrographic m thod . In later 
years th elder Dana made a minute tudy of the Pour Rock of the 
New Haven di trict, J . IT. Chapin de cribed the Hanging- Hill and 
other trap ridge around Meriden, Prof. \V. North Ric gav an a ·count 
of the contnct of the anterior trap he t with the overlying and tones 
in th gorge of the Farmington RiYer at Tariffville. and Dr. E. 0. Hovey, 
theu a stud nt uud r Profe or Daua, describ d everal of the trap 
ridge ast of New Ha.ven. 

A onveni nt mean of ref rring to all the a,n l to many other pub­
lication on thi ubject i found i1t Ru sell' compeudiou bibliography 
in hL ·orrelation paper on the -'- ewark sy ·t m.2 

My own tudie on thi region began in a vi it made to th Mn , a­
chu etts clivi ·ion of the Valley Lowland with the ITn.rvarcl summer 
chool in o-eology in 1S77, when the un olved stru tural problem of 

the aud tones and lava b d excited my inter t and invited further 
observation . Duri1w the nmmer of 1 2 mu b of m r ollege vacation 
wa given to excur ion over the alleyLowlancl of 'la achu ett and 
Connecticut, as w ll as in the wark area of N w Yorl and ew 
Jer ey. A few year later everal eason of fi ld work were pent in 
the onnec i ut eli trict for the ni t d tate Geological urvey, under 
the general dir tion at :fir, t of Mr. Raphael Pnmpelly and later of Mr . 

. ] . Gilber . bout the arue t im lo e and repeated in pection of 
theM rid n di tri twa macleduring u ce ive e ion. of the Harvard 
umm r hool in g ol gy whi h adopt (1 tbi attra ·tive locality a one 

of it traiu in o- grou nd in fi ld tudy under my clir tion for sev ral 
eason . Dnr~ng this tim I had as a i taut for variou briefp riod 

1\Ir. . L. hittle, with who~ aid th propl m of aJld,.tone and trap 
contact wn pnrti ularly , t nclied · Dr. E . 0. Hovey who examin cl the 
trncture of the New Ha n di trict; Dr. H . B. :E iimmel, who cleci­

pl1erecl tb d tail of faulting west and n rth of Hartford• Prof. 
W . North I ice, of licldletown onn cticut, who . urve:yed l1i local 
district with the aid of ev ral of hi tucl ut (1\Ie r . Bryant raham 
and E. L . Ri ) · Mr. . Ward Loper, who collected numerou fo il 
from th bed of bla k bale· and 1\'Ir. L. S. Gri wold , wbo examined 
the ea tern aud we t rn borders of th di trict, tra eel variou fault 
lines acr s t l1 o lowland belt, and finally r vi eel tl1e more diffi ult 
problems of earlier ea on . A i tanc in fi ld work was al o given 
by r. J. TI. Merrill in th M rid n eli trict, 1\Ir. L . J. W sto·ate around 
l\'Iidtll town . and 1r. . L. Rich in the detached outhbury La in of the 
We tern pland. While pur uing through the whole ourse of t his 

' 'l'rons. Conn cticnt A.cad. Arts Sci., Vol. II, l 71, pp. 45-112. 
• .Bull. . . Gool. 'un•ey No. 85, 1892. 
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work a definite object-the olu tion of the tructura.l problems of the 
region-the collaboration of t he e g ntlemcn has a.f'forded a means of 
testing in the mo t thor u o·lt mann r tb variou theorie that have 
been sngge ted to acr.ount for tbe ob rved facts . . the conclusions 
reached concerniug the relation. of tile traps to tbe sedimentarie and 
concerni ng tl1e fault by whi h the formation i' di. located have been 
almo, t unanimou Jy ace p ted by all the e worker in t he field, I have 
confidence that th pre entation of tl1e e conclu ion in the followiug 
report may be regarded as well ba d. Dr. llov y i ·, I believe, disin­
clined to r o·ard the trap she t in all tho ea;;tern ridge a o,·erfiow 
preferring. till to con. uler the sheets iu tbe neighborl1ood of B lanford 
as intrusive · but with thi exceptiou all the ob ervers who hav been 
as ociat d with me have come to the same opinion, in the end . 

It houlcl b explicitly stated that two important probl ms have been 
omitted from t lte field tnd ies and from the diccn , ions of this report. 
The age of the formation ba not be n inquir d into; the mo t recent 
examination of thi vexed vroblem is to be found in Ru. ell' correla­
tion paper on the Newark sy tern, above 1· fen·ed to. 'fhe petrograph­
ical compo 'ition of the rock' has not b en tndied a an object in itself, 
although ,orne att utionl ta beeu giv n to it, p ciallyby ir. Whittle. 

Tb11 foil wing es ays bav been publi hed in tbe form of reports of 
prog-re s on my own work: 

Brief notice of ob ervatioBS on the Tria sic trnp rocks of l\Ias achusetts, Connocti­
ctd., "uu Now .Jors y: Aut. Jour. S l'i. , 3t1sorics, Vol. XXIV , 1882, pp. 31G 310. 

The stntctural valtw of the trap rid,.,es of the onnecticut Valley: Proc. Bo tou 
oc. Rat . .Hi t., Vol. XXII 1 2, pp. 116-124. 
On the relation of the Tria sic traps and sandston<•. of tho Eastern Cnit d tat<'s : 

Bull. ;')Jus. Comp. Zoo!. Harvard Coll. , Yol. VII, 1 3, pp. 2.19-309. 
Mechanical origin of the Tria sic monoclinal in the oun cticn t alley: Pro<'. 

Am. Assoc. Adv. 'ci., Vol. XX V 1 , pp. 224-227. 
The structuro of the Tria sic form ation of the Conn cticut Valley: Am .. Jour. Rei., 

3<1'series, Vol. XXXVII, 1 6, pp. 342-3"2. 
The a h bed (l.t Meritleu and it structural rebtions: Tran" l\!eritl n Rei. A or. 

Vol. III, 1888, pp. 23-30. 
The tructure of the Tria sic formation in tho Conn cticnt V, I loy: .'ev nth 

Anu. Rept. U. S. Geol. Survey, 1 85-86 (1 ), pp. 4.-55-490. 
Topographic development of the Tria sic formation of the 'onnecticnt Valley: 

Am . . Tour. Sci., 3d series, Vol. XXXVII, 1889, pp. 423-434-. 
The faults in the Triassic formntion ne::u· 1\I riden, 'onnecticnt: l3nll. Mus. 'Otltp. 

Zool. Harvard Coll., Vol. XVI, 1 9, pp. 61-87. 
The intrush-e and extrusive Triassic tmp sheet~ of the Connecticut Valley (jo intly 

w ith C. L. Whittle) : !hid., Vol. XVI, 1 89, pp. 99-13 . 
Two b lts of fossiliferous bl(l.ck shale in the Triassic formation of onn cticut 

Uointly with S. W. Loper): Bnll. G ol. 'oc. America, Vol. II, 1891, pp. 4.1()-430. 
Tho lost volcanoes of Connection t : Pop. Sci. Moutbl~-, Decem bcr, 1891, pp.'221-235. 
Eastern bonndnry of the Connecticut Trinssic (jointly with L. . Griswold ): Bull. 

Geol. Soc. America, Vol. V, 1 94, pp. 515-530. 
Th physical geography of south rn New England: Nat. Goog.l\lonographs, Vol. 

I, 1895, pp. 269-304. 
The quanies iu the lava betls :1t l erideu, Connecticut: Am. Jour. 'ci., ol. I, 1 96, 

pp. 1-13. 



PART I.-DEPO I'l'IO:N. 

THE FLOOR OF OLDER ROCKS. 

CO FOR.MABLE CO '!'ACT OF '.l'Rl.A.' ON RYSTALLI~"'E 

The first problem here eTtCOtmtered concerns the relation of the and­
stones and hale of the Val ley Lowland to the foundation of older ro ks 
on which they lie. Fortunately, the general eastward dip of the stra.ta 
immediately ugo·e ts that the foundation hou1d be looked for along 
the west side of the valley. But although tlle we tern border of the 
valley belt ha been very carefully searched, and although at many 
places a close approach of the lower and. tone. to the fundamental 
cry talline rocks on the de cendiug slope of the Western · plaucl has 
been found, the two are een in actual contact in only one plac . This 

in the ravine of Roaring Brook, 1 about 2 miles we t of Southington-

Fto, 2.-Basn 1 con tact at RoAring Brook, Sou I hington. 

a mo t intere ting locality, p rhaps known locally for ome ti me past 
but fh'st brought to the attelltion of geologi ts by Mr. J . A. l\Ierrill. 
Th exposures are bere o clear and fresh a to leave nothing to be 
de ired on that score. 

'Ihe cry talline hi t , with strike N. 200 E. and dip 0° E ., are cut 
by th e brook to the depth of 5 or 10 feet beneath the somewhat irregular 
contact urface of the two formation s, eli closing th ir u ual foliated 
structure. The cbists are clean and firm directly to the line of contact, 
which may be traced for a di tance of nearly 100 feet in two unequal 
expo ur , with minor vertical irregularitie of 2 or 3 feet. Directly 
upon thi uneven surface lie the sands and pebble of the olde t known 
strata of the Trias ic formation in Oonnecticut, fitting their curving 

1 This nnmo i~ given to sovora l other brooks that, like this one, hn~ton clown the slope of the uplands. 
19 
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layer per£ ctly to the inequalities of the floor. Pis. II and III illu trate 
part of th. contact. The floor is . o minutely unev It and so free from 
all io·n of eli placement of tll upper ma s 011 the lower, that we may 
be ure that the strata of tl1 pebbly sand tones we1· not brought upon 
tbe schi ts by any dislocation or ovcrthru ting, but that the sand­
stones still occupy th position r lati ,-e to t h chi ' t . in which they 
were cl posited. ot only o: the pebbly 8and. tone ontain fragment 
of quartz and chist, orne of which may be id ntilied a corre. ponding­
to the cry talline ro ks in place in their nei ghborhood· and tbis give 
a urance that the and tone wer made from tb ruiu of the founda­
tion rocks on which they lie. 

Thera ine of Roaring Brook i the only pla e in ' onnecticut wb re 
the sand tone have been found re:ting directl. , undi turbed, on the 
chist ; but the relative attitude. of the two formation , wb re neigh­

boring outcrop are expos d at many other point aloncr the western 
border of the valley, i uch a to indicate that the contact at Roaring 
Brook may be taken a typical of an un onformity that prevails for a 
number of mHes north and south of it locality. 'I' hi i particularly true 
for a part of the boundary, 10 or mere miles in l ngth , north a ud outh 
of Southington. In Ma achu ett everal ravine contacts have been 
found by Emer on. They re, embl that of Roaring Brook in e entia! 
particulars, and thus confirm the interpretation of it local features as 
Fhe i olated exhibition of a widE' pread tructnral relation. 

c · ptiug this conclus iou , th linenr contnct of n. ~ w f t in th 
ravine mu t, in imagination, be repeated over and over again along the 
we tern margin of the lowland , so a to form a belt of conta t; and thi 
belt must then be widened by exten ion obliquely downward m1d r th 
and tones where they still remain, and upward over th borderincr 

slope of the We tern Upland where th and tone l1ave b n worn 
away. Although locally irregular iu a small way, the wid ned b It 
thus reconstructed form ou the whole a comparatively ven, undulat­
ing floor. No other form of ba ement urface can be inferr d, when it 
is recalled that the contact line in the ravine descend ea tward at 
about the angle of dip of the slanting sand tone , and that th we t rn 
margin of the lowland is compn,ratively straio-ht, without great indenta­
tions and projections along its course, although occa ionally deflected 
where faults have been inferred (p. L.~3) . 

The restored floor hould be pictured as a peneplain baviuo- moderate 
relief, perhap several hundred feet in di. tances of fives or t u of 
miles; but there are no indications of sharp peaks abov or of de p 
valleys below it geneeal E~urface. Over the whole of the peneplain 
the features of the contact in Roaring Brook and in the Ma sachu etts 
ravines sl10uld b e repeated. The truncated folia of the schi t should 
be pictured as forming a generally even foundation, with only minot· 
irregularities. The layer. of tbe pebbly , and tones should ev rywh r 
be imagined as fitting closely down upon the slight in qualitief'! of the 
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floor, in e._ eutially unconformable attitude. Although now Iantin g to 
the at, it is manife ·t t hat t hi s position bad not been obtained when 
the and ton es were in proce of accumulation. At that t imG the 
layer of a nd ton and th~ir floor were both s entially horizontal, a, 
in fi g . 3, and thus th ey bould be con:i<l er d through t his part of tb 
re1 ort. 

'rhe l es on of thi exten iY floor of schi ts buriGd und r tho and-
ton es i. au impres ive one, for it tGll of a great interval of ti me 

b t '" en t he makirw of the cbists, fro m some unknown som·c of up ply, 
and the making of the and tone from t he ruin of the schist . J, t 
u attempt to mea ure this iut rvn.l backward from t h t im e wh n tit 
tirt pebbly lay r f the ·and tones wa. d po ·itcd. 

'rhe and tone· li e on the truncated dges of the chis t ·. T h fo lia 
of the latt r ma nife, tl y had a g reater exten ·ion upwnrd at som ante­
cedent tim a ncl w re denuded to th e urfa ·e whi h th y u w pos. e ­
before th e a nd tones were d po it d upon them. 'Ihe t im r quirGd 

for thi anci n t d nudat ion may be roughly inferr ed f rom it amount, 
and it a mount may b roughly indi ated in GYeral way . l'ir t, i t i 
to be not d tltat tl1 chi ·t are meta.morpho d ro k who ·e mineral 
compo ition and arrangem nt ar ionifi antly alterrd from their origi­
nal relation. . ll pertinent obsen' ation · nnite to pro\'e that uch 
alteration takGs plac only d ep within tb a.rtlt · cru t, und er condi­
tion of pre sur and tentp ra.ture tltat are 11ot JHtturally offered at the 
urfac , but which ma b mor or l . p crfe tly imitated in tho a.rtifL­

cinl condition of exp riment. It must therefore be con ludell t h ttt the 
chi . t lt ere vi ibl were once buried und r an overlyiug rna of uffi.-

cient thi ckn to p nnit a. phy i al and ·he mi ·al rearrangement of 
their ·on titucnt . It can 11ot b upposed that the overlyin g rna 
onsistcd of the Tria ic and tou for the metamorphism of the 
hi t wa complete befor t lt e sand:,;tone · wer depo ' ited, as is proved 

by the occurrence offrao·ro nt of scbi ·tin the and toue bed . lt was 
the upward extension of the chi t them elve , or of as ociated rock 
now entirely removed, which once buried the portion of the chists here 
vi ible; and thi upward extension must have beeu woru a. way by the 
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e of ord inary w atbering and wa tino- b fore the pebbly 
Trias, ic and tone. wer form ed. A long interval mu t have elap ed 
wl! il this d nndation wa in progre . 

bett r idea of th e 1 ngtl1 of t h in terval and of t he amount of 
ero, ion b re inferred may b o·atll r d wh n the o· 11 ral trncture of 
the hi t i xamin d a1Hl a recon tru tion is att mpted of the form 
that t heir total ma s on ' po , e, d . T he rock f the Wester n 
Uphtnd, to which t il hi ·t of Roa.rin o· Brool b long, h av }t tr u ·­
t ure of exec ive deformation . The deform d area xt nd ea twa.rd 
throu gh t he Ea t rn pland, and inti ed mbraces tl1e larger par of 
on them and central if not of nortll ern w England. The deformation 

b as b en mor or le ful ly deciph red by the tudies of Em r 011 1 

v olff, Dale, and other , in {as achu tts, and interpreted a corre-
ponding to th ba' al tructur of a "'l' a.t mounta in group which mu t 

i11 it prime ha ve ri u hi gh into the a.ir. Ju t a 'i c have lofty now­
clad mountain to-da,y in region. wber the greater d formations of t he 
earth cru t have oc urr d in omparativ ' ly r n t o·eolog ical tim , so 
w mu t imao·ine 110ble m untain . to llav ri n l1 rc above the ar a. of 
the uplaud in that anci nt po h wh n t b 1 cal deforming torce put 
forth tlJ eir great t exer t ion on tl1 now ry talline rock . Th 
removal of u h mountain from th e r gion of h '\Ve tern pland 
mn t have occu1 i d a very lon g time. 

'J'his con lusion i · till furth r upport d when t h completene of 
th r mo nl of t it an i nt mom1tain . iR nuder. tood. 'l'h !' 'J'rifl .. ic 
and tone do not e m to li in de p va.l l y a mon g an i nt m nntain~ 

or to abut again t their lopin"' ide , but tore ·t upon a om para i\· >I 
ven floor. Th 'even floor doe no t con i of only on kind of chi t 

Which might po ibly have been \Y0l'l1 UO Wn lOW and fht 0011 [' tlJ ~tll 

it n ighbor ; variou cbi t and g nei i n tur n form a, part of t lJ 
bas m nt tll'face t ho e of greater re i tan to weatlJcrin"' beino- . nb­
ducd about a com plet ly as t here t. n even urfa e or p n plain 
of this kind, cro ing deform ed rock in lifD rent to t b ir tructnra,l 
attitud , can l1 av be n produced only by the a mo t comr l t demoli ­
tion of tlJ e anci ent monntain , clo e down to the s a l v 1 f th iJ· tim . 

It mu tat fir t eem a if a broad conclu ion were ll r r ted npon 
a lender foundation ; i t mi ght even b thought t hat a lt r nat ive ou ­
cln ion s could be equally well upport d on the am vid n e · for 
example, that the beveled chi t of t he Southington b lt repr nt 
merely t he low flank of a neighboring mountaiuous area, or that t h y 
were worn down low a a result of lo a l, but not of g neral, bas -1 vel­
ing. But it mu t be remembered t hat th e beveled. chi. ts of Roarin 
Bwok are not at the margin but near the axi of the ancient mountain 
y tem to wl1 ich their folded t ructure belong; and, further, t hat the 

rocks here found so evenly bevel dare not weak members of the ancient 
mountain frame, wh ich migl1 t l1ave been worn down low wbil lofty 
su mmits Temained about them, but t hat t hey a re a r si tau t a a ny 

• 
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rocks in the region, as i fu lly prov d by their r si tan e to Tertiary 
ero. ion ( ee p . 168) . v b 'll these important r lation of po ition and 
endurance are ful ly reali zed it will be seen that th e beveling of the 
cbist in the Southiugton b elt can hardly be rega.rd d a a local and 

exceptio11al re ult of pre-Tria. ic ero ' ion, but that t l1 y may ·crv as 
representing the form to 'vhich a large urroundin o· region 1wd be n 
den ud d; a form of mod rater li f, with perhaps occa ional lo"- resid­
ual hills and broad open val leys, but greatlyredu ·ed in it olcl a,g from 
tlJe . tr01w relief of its ma urity. 

A vast length of time mu t have pa ' ed wbil t h e e a n ient moun­
taul were lJein g remo eel, g rain by g.-ain. A long time. in hnrn ~Ln 

estimRtion, i required to excavate the steep- icled vall ey· by whieh 
ex i ti11gloftymountaiurang , ared i ectecl. Anint rvRl,lono· ,venin 
comparison to tbis long tim would be required to wear dow11 tbe p ·ak 
and ridges betw en the valley till tbey were bardly ltirrher than tbe 
valley floor . It was a t i111 e int r a.l of tni s ord r of dim 11 ion that 
mu t l1avc be n g iven to th preparation of th firm foundation n whi ·h 
tbe valley and ton e.· were a.ft rwards pread. lt was only after tbi 
lon o- interval that the depres ion of part of t h region allow u the 
a •cumulation ther of the wa te from elsewhere, :ud t !Ju ' op n d th 
Tria ic chapter iu its history. 

'l'b force of this may perl1aps be better appreciate l aft r con:::iclerin g 
a f"ew other example. of b 1uied mountain . . 

GEOGRA..PID A..L DEVELOPniE T F THE RYSTALLI E FL OH .. 

Imagine a lo fty mountain r egion, eli . , ect cl by de p . te p-::dd d val­
ley . Let the region o-radually ubside o that t l1 c valley are slowly 
converted into bay,. 'fh wa, te from the monntain th en accumulate 
in the bay , lowly fillioo- them with deposit of greater and gre.-'1ter 
tbiC'Im s ~L the &ub ' iden e o·o on . In time tbe material upplieu lJy 
the prog-re ive cl nudation of tb • mountai~1 top· mio·J1tfill the expand­
ing bay , and at la t tb whole r rrion woulu be lev led by combined 
cu tiug and filling. If opportunity were allow d for ob ·ervat ion at any 
lat t.· elate a formation of tbi kind would b recog11i~ecl by th irregu­
lar margin of it deeper trata. Look, for ex.ampl at the ca of the 
Adironda ·ks. T hes mountain cou ·i. t of extremely n.ncien t ro ks, 
an ·ient ev nwb en omparedtoth rock·ofonr e tem planl. Th eir 
tlau k ·are wrapt arounu by arly Paleozoic trata, of whicb the old e t i 
tb Pot clam aud t-one. Pebble of the dironclack rock, occur in thi 

a11d ton incli atiuo· t be ame rel ation b twe n coYer nnrl lJa ment 
th<Lt bas be n describ d for our Roaring Brook outact. H cen t · tud ie 
of the Pot dam sandstone tra e it for orne di tancc into t he valleys 
between the Adirouda ck ridge.. From th is it is inferred t hat the and-
ton occupy valley that w r exc~wated by pr .Pot dam ero ion; 

that afte t· the valley had been excavated the rugged reg ion ub ided; 
that marine waters then invaded the valleys and r ceived tho waste 

.\ 



24 TRIAS IC FORMATIO OF CONNECTICUT. 

from th inclosing ' lop The proc ss of nbs id nc aud bay-filling 
ma.yh:we advanced ofartbatthe moun tain w r flDal ly lo t,oratlea t 
r duced to moderat ar a and height; auu t llc valleys of to-day, where 
the and ton nter amoug th older· r ks, ar rcgal'ded as r exca­
vated a.long tl1 e lin s of the v ry ancient va lley .1 'fhe St. Fntnci 
Mountains of sou thea tern 1\Iis ouri r p at, t hi illu tration . \. group 
of ancient monntains of considerable r li ef i here r vea.lcd by tlle 
modern d nndation of the trata that fo r ages pa . t hav ·hronded tlle 
mou11 tain rocks from t l1 e atmck of t he atmo ph r . Th ·overing strata 

t ill lie e entia.lly horizontal a t h y mt1st l1a v lain when depo ited; 
t hey are ea ily tr~1.ced a occupying ~Ln ient vall y · amo ng knob of 
porpllyry and granite, for t he vall eys of to-<lay di ct 1oth the old 

rystalline r cks and t heir edimentary cover indiffi reutly, and t he 
l>onudary between he old cr talliue rock a ud tlt ·ov r i extr m ly 
irregular.2 .A. le son of the arne kind i taught in middle Euo"laml , 
wh re the New R d StLll d . toue-much les an ion than t lle and tones 
around t l1 e Ad irondack and the t . F ran ci Jouutain. a.nd roughly 
equivalent inagetoth and tone oftheOotmecti utVall ,y-occupie · 
a grea.t d pre ion betw n th aucient mountain of v ale· and of Lan­
cashire and ]) rby ltir . Tb boundary lin eparatin g tbc deformed 
a11d cleo ucled rocks of the anci nt mountains from t lt low r strata of 
the new r llepo ·its i. extr mely irregular , h re enterirw all embayment 
among the older rocks, ther rounclir lO' a n an ien t mountain pur, a nd. 
again completely urrounding a.n i obt d mountain o-roup, a at Bir·­
min o·ll am. Tb recall b no que t ion that in t hi · ca , a in tlt other , 
the a.ndstone were clepo itecl around t he irr gular ba e of a ub idin o· 
mounta.inous region. 

On the other han d, where t he retaceon and Tertiary tmta of our 
Atlantic and Gulf coa tal plain lie on the older rock of t h 
lachian belt t he basement nrface i , found as a rule, to po nly 
moderate inequal ity; and except for the irregularity cau eel by mod. r·u 
erosion the inner boundary of t be newer formation would be compant­
tively even. Here it must be iuferred that tbe ancient ppala.eliian 
had been reduced to a comparatively even floor before t h depo itiou 
of the coastal plain strata upon them. 'I ll e same may b ·aid. of th 
relation of the Cretaceous strata of norther n Franc , wher tb y o r-
1ap the once mountainous distric t of tb rdennes. The ba m nt ur­
face of tbe Cretaceous formation i · r rnarkably even not only wh re 
traced along its margin, but also where detected in the shaft of miu 
that are unk through the Cretaceous to reach t he coutorted coal 
beds beneath. The great mountainous elevations appropriate to the 
deformed structure of the buried strata had been worn away before tl1e 
deposition of the Cretaceous strata. 

It is with the latter examples that the basement of the Tria sic for-

1 Kemp, Bull. N e w York SLate ~{us .. Vol. fil, 1895, pp. 330,340. 
' MisRouri Geol. S urvey, Vol. V III, 1894 (1895), p. l03. 
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mation in onnecticnt be t conforms. N'o great indentations fille i ·with 
the sandstones are fomtd in the basenten t rock of theW stern phwcl; 
the we tern horder of the valley is a omparatively ven line. Th 
aucient mountains of the We t rn ~pland mu ·t have l> n worn down 
to a peneplain, or at least reduced to hill of moderat cl vation and 
gentle slope, at th time the accumulation of the andRtonC'H l>cO'an. 

ParticuJal·ly to the peopl of tlte onu ticut \'all y Lowland would 
I commend the loeal and general evidence on ,-vltich thi ·ouclu ion is 
ba eel . It i too generally a ltabit to tltink tbat whil extraordinary 
xample of geological tructure may b fou11d in remote parts of the 

world they are not to be looked for at home, wher fami li arity with the 
hill and va.Jleys briug them to be regarded as commonplace. 'l'oo 
trong a protc t can not be entered again t thi habit of thought. Geo­

logical tru tures, simple and complicn,ted are ·tre,,·n with great impar­
tiality over all land . The ectiou b o"·n in Hoaring Brook and it 
great les on of mountains made and wa ted should becom fam ili ar to 
all the people romtd about it, and particularly to th teachers aucl 
scholars of the neighboring bool . 

lt i hazar• ous to say wlJere the border of the continent lay during 
this ancient Lne of pre-Tria· ·i · denudatio n. 'otne of th e wa:> te from 
the ancient mountain · mn,y have been carried we ' t and outhw t to 
upply the great volume of dimeut now . ecn in the ~ at kill plat au 

andinthcmountain ofP uusylvania; some of t lt e wast mayhavob en 
carried outhea t into the hypotbeti· al Atlauti basin of pre-'l'ria ic 
ti"me; l>ut tlJc geology of to-da,y doe not suffic to d fin with · rtainty 
the goal where th e wa te from the a11 cieut mountain ' fonnd a r 'Sting 
plac. 

ln . pitc of the o·ood rea on for b lieving that the Tria sic trata 
r e:t on a generally even basem nt, it must not be concealed that tbe 
opportunity for error in tlti coune tion i at least two-fold . It might 
b uagest d that th pr vailiugly dir ct cour e of the we tern bound­
ary of th vall ' Y and tone in tl te onthingtou district i cln to its 
coi ncidence with a fracture, and tllat t he even contact xposed at 
Roaring Brook i. an exceptional in tcad of apr vailin g ·trnctnre. :ro 
a geologi t not. acquainted wi h th di t ri t t l1e failur to eli CO \' er 
other ba em nt ontact mig·lJt be construed a arguino· again t their 
g n ral oc •urr encc ven alon g the outhino·ton belt; but to oue familiar 
with the prevalence of glacial drift by which actual onta ·ts ar o 
uni ver ally ob cured a.nd with tlt appearance of unconformable uper­
po itiou at nearly all1 oint wher the sand ton ~tpproa ·h the cbi ts 
a nd g oe1s es, this ugg stion i not acceptable. True, there are er­
tain hort pace along t lJe western b undary of th and ·tones that 
appear to be defined by fault lin es, a will be tated in the secoud part 
of this paper (p. 123) ; but the e pace are r elatively exc ptionaJ. 
large part of the boundary i be t interpreted a <t lin lying in the 
original contact surface. 
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Admitting that at lea t t bo outhino·ton l>elt of tb w tern boundary 
marks the original contact, it might till be urged that th Ire ent 
boundary i coiucid ut with th straight flank or ba of a mountain 
ra11g that rose to consid rable altit ude· over the regio11 of the We tern 
Upland at th time th saul tones w reformed or its waste. This is 
rend red uulikely wh u it i. per eived that the boundary does not 
follow auy ·ingle line of compo ition or attitnclo among th ancient 
rocks. It i true, a will appear in the qn l, that during the tim of 
Triassic depo ition con , iderable movetnent of elevation and depre ion 
ruu. t have g-oue on her abouts, aud that the eleYatiou might have been 
uilicient to have produced bio,.hlands of iguificrmt altitude j(' it were 

not counteracted by contcmporaneou ' erosion· but tllis ugge tiou con­
cerns a later chapter in the history of the region than the initial one 
now before us. At the begi1111ing of 'l'ria ·sic depo it ion the r gion 
was probably an extensive lowla11d. If . urronuclcd by hms, they were 
as exceptional as the monaduo ·k that surmount the uplands of outh­
ern ew l~ngland to-da,y. 

llere, a in so many otl1er geologi al problem , we are tempted 
forward from the safety of known ground into tl1 e uncertain ground 
of 1 eculation. Tha.t the Teia, sic trata re t unconformably upon 
older trata can not for a mom nt be question rl. Tbis strong fact is 
plainly l' vealed by immediate observation. 'l'hat a long period of 
time mu ·t ]~ave elap ed b tween the making of the underlying cry -
tallines and the oVerlyino· sand tones in . uch a contact as tha.t of 
Roaring Brook i a onclu ion that tand' in th front rank of geo­
logical certainties even though it i only an in~·re11ce of the unseen.' 
'.rbat tbe r lluction of an ancie11t lliOUJttain ra11ge to a, 1 \\'land or mod­
erate relief can be afely infened from the mall conta ·tat Hom.·ing 
Brook, along with the general relation of th 'l'ria to th chist · i 
undeniably a large. pe ·nlativ conclusion ba. don a mall quantity of 
indisputable evidence; and yet it is, of all sngge. ted co nelusio ll:-: the 
mo, trea onabl . IIence takiugall tldng i11to ousid~ration it appear 
most probable that the deformed cry talliue chi ·ts ro~ in v igorou. 
mountainon form long b fore Tria · ic dcpo ition began, and t l1<1t a 
vast perioJ of time " -a occupied with tbe denudation of th s an i nt 
mou11tain aml the production of a peneplain of moderat r lief in their 
place. Only after thi long p riod of time wa a certain portion of tile 
peneplain depres eel, aud there the wa t derived from the nondepr ·sed 
portion was pread out, forming the Tria ic strata wbo remnant. 
we see to-day occupying tbe length and breadth of the Valley Lowhul(l. 
Tbis is the larger con ideratiou that co me. to mind when pond ring 
over the eon tact of th sehist aod antlstonc · in the l1 acl gorge of 
Roaring Brook. 

'Tho imporlnnco of thi class of co nclusions is abl y discussed iu a u cs•ny by I•·v ing on tho Closs i­
ficatiou of the early Cambrian forructtious: Seventh Ann.l{cpt. U.S. Geol. Survt·y, I 88, pp. a65-•154. 
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THE TRIASSIC STRATA. 

GE:'IERA.L S CCE SION OF 1'R '.rA. . 

hL t. at 
Roaring Brook, and t l1 e as. oci<tted low-lying, trata along tlt e west rn 
border of the formation, have b en c],-,eJt on at l ngth becan,e of their 
c:s:.tr me importance in the history of the Tria· ic formation. 'T'hey 
illu trate tlt condition existino· at th beo·innin<Y of the cllapt L' of 
<leposition. It i , however, v ry proba,ble that tb se lowe t vi ible 
strata are not ab olu tcly the fir t of their kind · for the loca.l deprc , i n 
of the oldland uy which the long-continued proc s of denudation 
wa locally rever eel to depo ition, may hav b o·nn som wh;lt farther 
ea tward tllan the ]Jre ent w stern border line of th Tria , i trongl1. 
Only a de pre sion extended could th Tria ic tra ta cover a broader 
and broader belt of be oldland. 

But accepting the trata now. een along the "·e tern border a 
tially initial with re pe t to tb grent o,·erlying ma::; tll oqu nc oL 
trata wltich mak up the whole formation nm t be ob. ervcd, an l 

from this equence mu t be inferred the conditions obtaining whil the 
strata were lai<.l down and the chara ter of the acl,iacent land ar as 
from which the material of the trata " ·a d ri,·ed. B r , as in the 
previous ection we begin with what are to-day a ccptcd a. incontro­
v rtiblo facts of ob ervation, and then by dep;re s ent r upon more 
an<.l more problematical l.typothoscs. It is in the mea ur m nt of the 
valu of tlle e bypothc c that the roo t critical judg-ment of th <TCOl· 
ogist is r quired, and it may be added tltat pre ·i . ely her tho ditl'cr-

ll C s of opinion amono· ge logis t::; ar mosL mark d. After the,e 
high ,. ft.i o-hts of o· ological theory tlt po. ibility of ettling UO\TU 

upo11 e tabli lt d con ·ln ~ ion • mio-ltt be regarded as ltO})el e ' if on con­
t ntplat d only the pr ·ent cond ition of tho cience; but wlt n oue 
r fl ct. on it rapid mergcnce from t lt e doubt of tlto pa t faith arise 
in th certaintie of tlte fnture . 

.Among th ' incontrovertible fact ., of to-day w may fairly include 
not on ly tb e:s:.i tence of certain bedded sand ton and hale. , as 
dir tlyob erved,butal otheorig-inofthe strataa ancientdepo. it 

upJ)licd from a wa titl<Y land and laid down where the ao· ncie · of 
tran portation could carry th m no farther. Yet hardly more thnn a 
century ago thi fundamental conclu ion of modern geology "·a que · 
tioncd by men of experi nc and reputation. It i ·the rapic1 entero-enco 
of tht' ucce. ful hypo the i ' of the la t century from tbo region of debate 
iuto th domain of fact that mu t encourage every r fleeting geologist 
to do hi· utmo't to frame rca onable hypotbe ' s for tlte explmtation of 
probl m till debatable, in tll · a uran ce that tho comi ng entnry will 
make judicious election among tltem, and that tl.te fittest will urvive. 

The general ucce sion of the Tria ic trata may b di. co ercd l>y 
cro ing the Yall y Lowland from we t to ea t, and tbu pa ing over 
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the ucce sive edg . of the tilted beds in a ceod iug ord r; but, a will 
appear 1at 'r, allowauce mu ·t be made for th freq u n t repetition of the 
same b ds by faulting. 'J' he oT at ext nt of drift urface makes it 
necess<~ry to search a.refully for outcrop , and to patch togetller t lle 
obs rvation made on many tmn ver lin ; lmt in the end a fairly 
completes rie of ' trata i made ou . Truly if it were confe sed that 
the sedimentary trata ·whi ·lt constitut the chief bulk of the Triassic 
formation are e:xpq eel to sight in les th an 1 perc nt of the eutire area 
of th valley .·on1'e reader might object that our pag s are occupied 
too largely with imao·inary quantiti ; but o fairly may the accidental 
small expo ure in stream., qnarrie.' and railroad ut be t~~ken as 
sample of tl1e rock 1 wh re buried ben ath tb drift, and so con-
i tently d tlley a11l ad to the concln ions her et fortb, that common 

con ent was long ~go giv n to tl•e occurrence of a. g·eneral ea tward 
monoc~ine in which all tlle trata are combin d; and i t i felt that 
equally common accept~wce a'Yait the tatement of the serie in which 
the order of the t.rata is tabli hed. 

Iu a general way it may be said that the low r part of the formation, 
for a tbickne, s of from 5,000 to 6,500 feet, consi. t. of coar sa11dstones 
11ith frequ nt conglom rate and occasional bal . The e will aU be 
called the" lower andstone . ' Many of the ba allay rs contain frag­
ment of feldspar, a.ud iu general the term" . aud tone' can not be taken 
to imply a composition of iliceou grain only. 'l' he grains consist of 
the wa te of granite ~tnd other cry talline rock , and h nee are called by 
Dana granitic and tone . They ar obviou ·Jy compo ed of the wa te 
from cry 'talline rocks imilnr to t ho e on which th y lie. 

I is chiefly among the unclermo t trata, and g o rally 11 

than 200 or 300 feet above the ba that the trap be t · of t h 
Rock I ange in the outh and of the Barncloor Rills in th 110rth ar 
found. Their thickne s may mea~ IF'e 500 or GOO feet but in rtain 
place , as about he hire, they are not o heavy. From the ITaJigin o­
Hill outhward, and gmewhat below the middle of the low r and­
stone , there are ome saud tone layer of rather greater re i tnn ethan 
the re t, thus c1 termining t.lle lo ation of Quinnipiac H.idge (p. 99), 
and separating the valleys of l'lfiJl and Qninnipia rivers (p. 175). 

Following th se lower and tones there are shaly and ton and 
shale , with beets of trap at the ba e, near the middle, a11d. at th top~ 

con tituting the middle divi ion of the formation. The lower trap 
sheet, called the anterior sheet for reasou that will appear further on, 
is geuerally about 250 feet thick, but it thin s ont and eli . appears b for 
reaching the northern boundary of the State. Then come the anterior 
shales and shaly andstones, 300 to 1,000 feet in thickne . The heavie t 
or main trap . beet is 400 or 500 feet thick. The overlying or po. terior 
shales are commonly 1,200 feet thick, and are followed by the upper­
roo tor posterior trap sheet, 100 to 150 feet in thicknes:. 

An impure limestone frequently occurs just above the anterior trap 
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he t, as i further r ferr l to on p age 1 9. F o sili~ ron black hales 
occur among t he r ed lnLl s an<l lr aly ancL·toues l>et'Y en t he anterior 
and main an d t Le main and po terior trap sheet ' · a pecial a 
of the.·e lrale is g i,· n on pno- s 137-140. The black hal n1·e 
o ca. io11 ally bituminous and th i11 coaly eams have . om t im 
found in them· but in pit ' of t lre hopes tlr a t t hee . trata h aYe locally 
arou ed, t here i no likelihood that workable coal seams a re to b founcl. 

Following thi complicated middle divi ion of th e £ rmation come 
the upper division con istin g of at 1 a t 3,500 fe t a nd pos ibly a much 
greater thickn ess, of sand tone and ha les, becomino· Jo ally OJwlom­
eratic near the ea tern border of t he lowland, wlrere tbe upp rmo t 
beds are, a a, I'llle, to be fonnd. The mo t important <intL tone quar­
rie of the valley a re to b found in thi division, b tw en Portland, 
Connecticut, and Longmeadow, Ma sachusetts. large a har of the 
, eries, fro n bottom to top con ·i t of . a nd tones that t lr i nam i often 
u eel in a geueral sen e, a applyin g to the secUmen ta,r·y trata without 
regard to th eir par ticular compositi()n . · 

A ll taken together, tLi g r·ea t ucce sion of trata, ·on titutiu g the 
Tria ic formation mu t have ori g in ally ex tend d ov r a igni ficant ly 
laro· r area than that which ihAy now occupy· for t h ir ed.,.e are 
manifestly eroded back from t heir original marain. \..n attempt will 
be made in Part III to r econstruct the ori g in al formation by re toring 
its lo t parts, and thu to gain an e tim ate of th full ize of the clepre •. 
·ion iu which the formation wa · clepo itecl. 

CO ' D!TIO ' S OF DEPO lTION. 

A ll tb · trata a r , at pr ·en t inclined ea twar l a t moderate angles. 
'Ilr of the ei <Thteenth ntury did not immediately accept uch 

po i tion a vid en e of disturbance ~Lfter e entially hori­
zontal depo itioo . Tude d, it ,,a, toutly argued l.ly eminent geologi t 
of the fir t half of our cen tury that all tb e everal belt of mono ·linal 
Tria i h ·ata. on our tlantic , lope were examples of oblique deposi­
tion on a large ·al , and that their in lined attitude could not be u. eel as 
a u nr ..,. um nt for pos t-Tria .·s i ' deformation; but to- cl ay t bi view is 
excluded by a variety of argum nts, a nd till more by a large as em­
blage of fact· that :La l not b eo di cov red when he theory of 
obliCJn d po itiou wa ndvo ated. Tb.e grea.t extent of tb everal 
m no li1re i au ob tacle at t h out et. It i difficult if not impossible, 
to im n.gine any natural ondition ·· in which t iJ e gr at erie of Tri as ic 
trata could have b en depo ' it>d as they now ta n d. Tiley in clude not 

only oar e and:stoue and couglom rate , ·who e cl po i t ion mio·h t per­
] rap hn.vc beenlo a ll y oblique under :fluviati le ag nci ·, but nLo fine­
grai ned hale.· r cl, gray, n.ud black, all indicatin•r qui t deposition in 
slow-movin g or . tancling water u nder comparn.t.ively unifol'ln conditions 
as to cleptll . Tl.l e e are not to be thought of a having been htid clown 
with their pre nt laut of 10 or 15 degr ee , whi ch wo uld bav quickly 
extended each tratum fron r hallow into deep water. 
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The th ory of obl ique depo ition wonll d mand that all the sands 
and p bbl s were wa h d into the an ient ·tuary from the we t ern 
id · but along the eastern bord r tb re ar num er u · xampl e · of 

coar e onglom rat dippiug ea tward wh p l>bl , cobbles, and 
bowld r ar laro· ly d rived from the r ck of th Ea teru pland . 
For xample, . outh of DnrlHtm the mat rial of c rtain couglomerat 
i in great part uppli d from tb greeni ·lt or 0 Tay g neis e of the hill 
next ea tward. F rom rortln.nd llOrthward white quartzite and gar­
n eti~ rou ·biRt of t h Ea tern plands ar oft n r pre ntecl in the 
maro·illal collo-lomerat . for ov r. the coar e t ong-lomerate of th 
valley ar not found at thew t rn maro·in, but n ar th a tern mar­
gin , thev rycoa1' t known in the tate]) ing at Xorth nilford , with 
troug lip toward their onr , an l t h ref'or nncl niably di , turbed. 

Furth rmorc a· llitchco ·k l no- a o·o point d ont, tl1e num rou reptilian 
footprint larg aud mall, of whi h so Jarg a coll tion i pre rved 
in tho mu nm at Amh r t oll ge, te tify unanimously tl1at t he soft 
antis and mud. o>er whi h th Tria ic r ptil<> wnlk d lay s entially 

horizontal v.·hen th print w r mad , for tl1 print are quare with 
tiJ b dding, alHlllot oblique a: th y mu ba\ be n l1ad be reptile 
walked aloncr a loping urfa . It might b ad l l that t he tracks, 
when n in th and ton quarri , lead in a ll direction , and not 
pre ail in gly along the trike f tho trata, a mi l1t be xpect d if the 
pres nt dip of tl1 bed indi at d th ir origin<"tl attitnd . 

Th occa ional cl1anges of inclination from the preval nt ea tward 
~onocline to a local w tward dip aucl til o urr u e of numerous 
faults, a s d mous trnt d ou lnt r pa"' , absolut ly ntr. !li t til theory 
of oblique depo ition . The ri1)ple ma-rk mud rack , and raindrop , 
further mentioned b low, all testify to tb orio·inally horizontal po i­
tion of the trata that retaiu them . 'l'he minuted poRit in th ' amyg­
clolar cavitie of the lava, b d~ de crib d beyond, giv ~•lditionaJ 

support, if de ir d to the beli f that th mon oclinal trnctnr r ult 
from uplift and ti l tinO' of the oricrinal fmmation . lt . bould ho\\ev r 
be r cognized t l1 at the tiJ eory of obliqu depo ition pia eel a u eful 
part cluriug t il e exploration of tho region . It wa w 11 et forth :in th 
earch for truth, but it failed to nrviv tbe ocouuter wi 1t tl1 rrrow­

ing bodJ of fact·. 
Leavillg out of mind for th present all inquiry a to t h pro .· of 

deformation, and poctponing al o all inquiry a to th ori o-in of t h 
trap sheets, w mu t in imagination undo what ba b e n don in th 
way of t ilting, and r e tor the ·trata to the e entially 1 v l po ition 
that they b~Ld originally. This is an exerci e in which g ol gic. l tn­
dents are p rbaps le s practiced than they hould be. Fi cr . 2 (p.lD) 
having illu trated the exi ting condition of a characteri ti · tion 
acros. thew tern border of th lowland, we have now in J1 g. 3 (p. 21) 
essentially tl1e same ·tructure , but revolved ·o a to brincr t l1 ob erv d 
strata and their underground extension into a horizontal po ition, and 
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at the ame time extended to the left. or we twarcl o a to re tore a 
portion of the formation t!Jat has been eroded away. 0Hly a mn,llJ)art 
of the entire erie· of strata i here repre en ted. 

ertaiu e sential elements of the problem in hand are thu · brou n·ht 
more clearly to li ght. With the rever al of the mouocliual tilting the 
ba ementof schi t is thrown from its pre ·ent ea tward inclination into 
a horizontal attitude, a in fig 3. It is prolong d ea tward under the 
strata, de. cending a. little. to uggest that the lowe t trata now een 
are not 11eces ari ly the earliest depo. its of the formation. The ba e­
meut is prolon o·ed w . tward beyond the pre ent edge of the upland 
and into the air of to-uay, so a to re. tore a con iderable xt nt f the 
peneplain of early Tria ic time. T!Je Tria ic trata are rea onably 
carried we ·tward to~rard their original but n w lo t and unknown 
boundary. An attempt will be made at t.he clo. e of Part JIT to d flue 
in a roug·h way the dim n ion of the entire formation; here it i de ired 
only to dire ·t attention to the ncce ' ive layer pond ring a li ttle 
wl1ile on each of them iu order to bring: out more ·lcarly the appear­
ance of th region wl1ile the trata were accumulating, and to int n ify 
the conception of the period of depo ition, over which the mind i apt 
t pa t o rapidly unle s intentionally detained. 

The change from a long chapter of d nudation to a long chapter of 
depo, ition is the first problem here en ·ouuter d. Such a chang i 
ordinarily exp lained as the re:;ult of submergence beneath the. a. of a 
land area that had before tood above ea level. Tbe problem might 
be more generally stated, in noncommittal form by ayiug that condi­
tion or denudation were in ome way chang-ed to ·ondition. of depo i­
tion· the pr of chang and then w ndition thn in troduced 
b ino- then ought for with p cial reference to uch a will provide 
h avy tratified depo it , imilar to tho e found iu the onnecticu~ Val­
loy LO\\·land. 

Iar·iue ubmergence may ertainly claim to b the gen rally accepted 
ondition of d po ition; but during the ad van e of tbi entury la u -

tt'ine, fluviatile, gla ial,; •olian, autl suba rial del o it have nl ' o been 
well r cogniz d, autl them reoccurrence of tratii1ed d po it can no 
longer b tak n to d t rmine a period of tran gres ion by the sea. 
The conditions and haract risti of the ev ral kind of d po it may 
th refor b bri fly reviewed. It h0uld be noted that in any ca e 
th re is her involved t he uppo ition that ome eli trict n ar that on 
wl1ich the deposit accumulat d wa expo eel to mor a tive denudation 
than before for t he , upply of pl ntiful wa t , oft n coar e in te · ture, 
from a land previou ly ·worn down to a lowland, call for a more forcible 
attack of denuding agent than would b po sible if it remained a 
lowland. 

If the Tria ic trata are of ma,rine origin, a warping of the pre­
Tria ·ic peuer lain must be po tulated, whereby the Tria ic area wa 
depre setl beneath. sea level wl.Jile adjacent area on the ea t and we t 
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w reel vated o a· to a tively int the ubmerged 
trough. But ther i · littl or no dire t viden ce for madne deposition 
of the onnecticut Tria . Th r .tr no marin fo ih; yet found . The 
fi h whose imprint occur pl ntifltlly in certa in occa ional . t rata of 
black bale ar alli d to fr h· or bra. ·ki h -w:t r form . The prints of 
laud plant and th track of land animal argn ag·aiust tl!e p re enc 
of the ea . The tidal urrents that have b 11 a nm d to b Jl ce ary 
to carry the ma,terial fouud in om or t l1 coar r layer may be 
r pla eel by oth r ag ncie that ·an a w II a· ompli lt thi re ult over 
the mod rate di tanc b r inY lved . H marin at all , the water 
ron. t ha'l b n littoral and shallow, and tl1 bottom mu. t haY been 
fr quently bar d to. tb . un . 

Th pre-Tria ic p neplain mio-ht hav b u warped by. trong deform­
ing for es so a to form a ba i)l in whi ·b an xten ive lake ould l1ave 
b nheld. Buttruela u trine dimeut are of fmeancl uniform texture 
over most of tl1e bke bottom, b ing coar nly lo e to the bore 
line. Temporary htk of shallow water u~i ·b t a coun t for orne of the 

but not for t lt o-r eat b ely of tho Tria· ic formation. 
The pre Tria · i p neplain might ha b en warp cl o a to alter 

the action of tl! quie ceo told rivers that had b for flowed a ro it, 
yet not to drown or to pond them . uch a change would et tl1 tream 
to eroding in their teep n d course aud to d po iting wher their 
loau increa d above tl1eir ability of tran portation. s with marine or 
lacu trine dep it·, the thickne of th strata thu · produ e l would 
depend on the duration of the opportunity for their depo ition . pro­
gre i e warping, alway rai. ing the er d d eli tri t and depres in g· 
the area of deposition, would in any of the ca e ail'ord th onditi n 
for accumulating trata of o-reat total thickn . Th h avy n nruu­
lation of river- borne wa t on the broad plain of aJi~ rnia of tb 
Po, or of the Indo-Gangetic deprc ion all agr e in t tifying that riv r 
may :C rm ext n~ivo stratified depo it , and that the d po its ma b 
fine as w~l a coar e. They are chara teri ti ally ro :-; b deled and 
varia,ble, and they may frequently contain rain-pitt d or un-crack d 
layer . 

Po tponing th~ con ideratiou of glacial a tion to a later pa,ragrapb , 
there remain the wind-borne or olian dep it , . uch a a cmnnht in 
and to leeward of arid region , and tho . ubaerial d po it that r p 
or >Ya h forwar<l from mountain on pi elmont lopes. Th form r 
ar found in gr at volume OYer the interior of China a d cri b d by 
Richthofen, bnt a · they are univ r ·ally of Y ry fine te, ture t h y an 
not be para11eled witlt our 'rria. ·ic depo it. . Th latt r rLr w ll known 
in th ar iel ba:in of tab and evada and i.n the c1 . 'rt ba i11 of 
Per ia--coarse around the margin, fine and often n.lin about tl1e 
center. They are prevailingly unfos iliferous, not only be an t h y 
bav few inhabi ant , but al o becau o whatever r ·main fall upon 
them are long expo eel to the weather b fore b iug buri cl. 
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In con tra. t to marine dcpo ·it ', P ncl· has ugge:>ted th e mtme ' on­
tiucntal " for depo it formed on land area , wll tiler in la,ke , uy riv r , 
by winds, und r th cr cping action of wa tc lop , r nuder all the e 
cond ition. CO IJI bined. 'l'h is term . eem · more ap11li.cabl ' thau any other 
to the Tria. ic deposit of onnecticu t. It withdraw th m from n c -
~ary as ociat ion with a, marine origin, for which tbero i no , ufli ient 

0 

eviden ·e, and n,t tile ame time i t a' oid wha,t i. to-day an impo ibl 
ta k-that of a igni11g a p .. rticuhu· ot'igin to on or :mother member 
of the formation . A continental origin of the formation would ac ord 
" ·ith Dana's conclu. ion that the Tria ic bed "are i ther fre h-wat r 
or bracki h-water depo its . 1 'I her may po ibly be iuclud >d au 
occa ·ioJtal marin o depo.-it along the axis of tile depre ed trough , for at 
011e time or auoth r a fast r movcmen t of depre, ion than u nalmay 
have out tripp d depo ition and t llU can ed nbmergen e; but in 
the au ence of marine fo il th bnrden of proof mu the on tho wlto 
directly maintain the occurrence of marin dep ·it . ' 

It require. a cow~cious ffort to picture the geographical co uditiou 
that mu t have long prevail d within and arouud tb~ clepre. eel ar n, in 
\Yhich the ·trata \YCr accumulated. The bedding plan of th t rata, 
revealed only in ·canty expo ure in which the 'l'ria · ic trata ar g n­
erally worn aero ·. their dge , mu tin imao·ination b tran formed into 
broad floor· of wa ·bed ands an l I ebbl , derived from a land area 
on the west or ea t, and gradually drifted from the margin to"·Md the 
middle of the trough , where they accumulat d. I• or ev ry <Yrain 
remaining in a sand tone bed thou anl of grains mu t l1ave o· ue 
pa t it-, Rlowly moved by tran portiuo· ao·eucie , lowly worn finer aud 
fin r. Every layer een to-day i mor a witoe of t ransportation 
tbau of cl p ition. 'l'be saud were not wa bed directly to tlleir place 
of e tl Il l n t and ther at once depo it d; th y were oTadually mo,-ed 
along t he wat r floor. Tho finest silt may have been actually ~Lrried 

in mud ly lam1ctrio or tna.rine waters, but they mu t have lJeen many 
t ime laid clown and ta.ken up before findi ng a final resting I la e. The 
coar er lJecl are to-day g nerally found near tb mar<Yin of the forma­
tion, on tlJe ea tor w ·t· but ometime pebble or ·obble up to 6 or 

in •be in diameter are found near the medial n.xis of the lowland, as 
north f 1 riden. u ·h trata may be taken to iuclicate a more than 
ordinary activity of tran porting force in the middl of the cl pres eel 
area, probably durino· a tim of le s rapid depr ion of the region than 
usual :mel a n ncroa, ·Junent of the coar ·er marginal depo it on the 
flatter urface of tlo finer sediment along the middle of the trough. · On 
tl1e oth r hand fine-textured and evenly laminatecl hale ometimes 
occur clos to th border of the I \Yland, a in tlt cnr e of Pond and 
'l'otok t mouutains, north of Branford; and the e mn t lJe tak 11 to incH-
ate period wh n th tranqu il midd le water r a h d ovH a uroader 

ar a probably becau~e of au increa e in tl1 d pth n,nd breadth of o ub-

1 ).lnuual of Goo logy , 1 00 p. 409. 
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merg nee and po ibly b canf:'e of a lcs activ supply of sedi ments 
from t l e adjoinilt · l ;tttd . 

Ev ry 1 ~bbl v ' ry gra itt of a nd , very parLi ·l e of il t, i best 
und erstood a ba ing b n mad in t lt c m;wn cr of to-day-d tachc<l by 
weatb ring from t bc adjoining land surfa and moved lownltill h1 the 
cr eping oil cap, carri d down vall by th wa h of stream , or 
dri ft d from delta into hal low lak . 'Ih re may h ave been torms 
ancl floods t h n a now but ther is no suffici nt r a, on for uppo in g 
th a t Trias ic t ime ,.;·a signi fi an tly more uu qu i t than i th e pre ent. 
A s tho hill of N w E no-land are atherin o· <Lnd wasting before our 
eye n t h tr am a r flowino- lown t lt ir va ll y -, so an we best 
picture t it m on the nn ·i u t New Enghtnd of 1'ria ic time. Only in 
this delib rate manner mu t t b accumul ation of on tratum on 
anoth r be imao-incd. Ev n t he oar bowld r of the marginal con­
glomerate , uch a o ·cur in it1 of t lt e Pond a.nd 'Io okot ere. cent , 
mu t h ave lono· rolled nlong the w;ttcr cour fro m their onr ·e and 
mu t have ,,-itne d tlt pa age of a grcnt Yolum of finer material. 
over their head befor t it y wcr fina ll y buri d . 

'rog. bedding aud ripple mark ar among th . com moue-t of the 
detail d tructure in the Tria ·sic tml<L n ' ll we a rc a . Ul' d t he 
sediment . did not advanc by a t a 1y and rapid movem nt from mar­
gin to c •ntcr, but by an intermitt nt migration, sett lin g down for a 
tim e and perhap bmi d to th depth of a foot or mor e, only to be 
un over d and drifted along ao-ain in t lt e o·cn ral line of prooTe -. 
D epo ition, on tlte wltole prevail d; but at any one poin t the depo it d 
mnJerin 1 an hn ve he n only a . mall r , idue of tb transported mate­
rial. ge a nd ao- mu t h ave pa d ,-ery lay or wbi ·h lta l i t ' 
deliberate dawn and clo , e•ery year of wllich must lt a1· ltow11 uly 
su h minute cha no·e a are now to be witne ed iu th w aring dowu 
of uplan d and in the filling of lowland · yet in t lt nd th Tria!'~ ic 
strata grew to be two mile t hick . o ju t appr iati u of thi · gr a t 
labor of wastino- and building can be gain d by rapidly walking aero 
the valley of to-day. The slow ba ng of th e pa t mu t b deliber ­
ately dwelt upon i f th y ar to be clearly conceived. 

DEPRE SlON AND DEPOSI1.'IOr . 

:E erbaps the mo t notable feature of all thi tiroe i tl ta,t, in pite of 
the great depth of th e Tria ic ba in a mea ured in the to tal thickn s 
of it · t rata, by far the greater number of layers give 1 ar evidenc of 
having been depo ited by streams or in comparativ ly hallow water; 
thu · repeatin g the geological paradox, encounter c1 in many oth r 
region , of a shallow ba in always filling-and yet n ever becoming:fill d. 
The coarse texture of tlte andstones t lt at ma,ke solar e a share of the 
wl1ole series of deposit , the eros bedding and ripple marks in the 
sandstones, the ripple marks, mud crack , and rain print. in the :fin r 
layer , and t lt e innumerable footprints of large and mall reptile in 
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strata at varion horizons in the formation are couclu ive viden e that 
where any water stood they were prevailingly shallow, aucl that t hei r 
floor was o casionally laid bare. Yet in the e . hallow wat r stra.ta 
measuring thou ands of feet in thickness were dApo ited. · 

'Ihe accumulation of a great eries of strata under .·ncb condition 
require the sup1 o ition that a gradual d pre· ion of the trough 
mu t haYe been in prog dnri11g- all the time of depo itio11. Th 
trough could not have been d pressed to it full depth before the 
deposi t began, a.u i then gradually iilled to tl10 surface. Ou t l1 con. 
trary, the depre ion of its fjoor.mu t have gone on at abonL qual rate 
with the a.ccumulatiou of edimeut, for only in this way onid f'lnyiatile 
and ubaerial condition· or hallow wat l " have been maintained all 
through the period of deposition. It mnst be carefully recognized tbat 
the depre.' ion thu inferred 1rn.s of the most gradnalldnd. P rom the 
baret rm' depre ion,' one might at. fir t gath r au idea of . ubsidenc 
at altogether too rapid a rate, pi turing- it a advancin g vi ibly. On the 
contrary, onld the proce have b en watched. it would h aY wrougbt 
no perceptible hange from year to year; and if i t hatl been followed 
from centuryto c ntnry thcroi' nfi:i cient rea on for thinkirw thntits 

ffe ·ts wou.ld not have been mor no tir.eabl than ar tl1e chang· of 
level 011 the coast or candin avia to-day. 

It bould 110t be llJ)PO ·eel that t hor 'l"ati a perfe t nniformity in t he 
rate of tl pression, aud t hat any irreguln,rity of depr , .- ion was at on e 
compen a.ted by an equivalent irregularity of depo -ition; but 01lly that, 
on tbe whole l1 e wo pro e e went on too·etller in a rather quable 
manner, and that at no time wa. there a deep snbmerg nee. Til con­
gl morat b d · north of erideu a.r b ·t iut rpeeted as marking the 
ad \' :tn of a ti ve troams to th e middle of the trough and i nd icati11g a 
gain of d po ition over d pre ion. Th hales n ar the maro·in in Bran­
ford indicate qui ter condition , au eel by a gain of depre ion over 
d 1 o ition · but the oTeat body of and tone point to a well.pre erve i 
balance of the two counteracting proce . From the more permanent 
in lo in land , wben e the waste was per i ·tently shed, the slope 
hould be pic ur d as de cending in to a shallow trough o cupicd by 

uroad wash s of and and gravel, cro sed by wandering tream . 
ha.llow lak may have now and then overflowed a middle trip or a 

oT ater part of the t rough, and there finer ediments would gather. The 
lake ft.oor were om time lowly hoaling, and then invade i by sands 
ani pebble from th hore · ometime sinking to gr ater depth, and 
perha.p overflow cl by a bra.chsh e tuary but tranquil enough to tempt 
occupation by gTeat numbers offi h, whose form ar still well pre ,er eel 
in the bla.ck shale bed· near the middle horizon of the formation . 

Nothing contributes so Yividly to th reality of this picture a the 
footprint of the reptiles, cro sing and recros ing on the sand tone of 
to-cl ay, the sand flat. of tb earlier era. Tlle skeleto11 of tbe e ruling 
inhabitant are exceedingly rare, only one having yet been di cover d 
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in Connecticut; but thi , accidonrally fonnd in tho abntment of a bridge 
at l\Ianch ster, is ow 11 pr served th nt it excite · the hope of finding 
more. 1 Th footprint a.re on tho contrary, vei'J' common in many of 
th o andy layer . 'rho :o;pcci nH' ltS in mw;eum eollc(·tion · are generally 
from t h · las. a ·lmRctt divi ion of tlte f'ormation wh cr track-yi ldilw 
<)Uarri es ha,· been mor nctiv 1 worked; bnt judging from the num­
ber of' prin(R found hy Ir. rjoper wh ll lllaking small Ol)eDiitgS in his 
exploration of the black sltal s (p. 13 ' ), l nm in clined to think that 
th grenter part of the vall y is traverRed by th m and that it, i only 
from the accitlent of hotter exposure to;day a lono· the banks of th Con­
necticut -l{iv'er at 'rum I " Falls in Ma. sncllllsctt ·,and from tbe ~teti. v­

ity with which t he print W<'re collect <1 in that dixtr ict by Ilitchcock 
and Deane, that they are commonly a· ociat d with the northern part 
of the Tria si trough. The print ar gen n~ll. ' of evrn impress ion, 
indicatiitg a lei urely Rtr id , a littl hntTied a.· tit proce e of accu­
mulat ion . All told, they would be ·ounted by million s ; aud y t tbis 
should not b ta.ken o much a iudi<·ntinn· a, d n s r 1 tilian population 
a a slow necnmulntion of strata, and perhaps an indu trion . arch 
for food by t he 1 I'int maker . o with tit rossil fi ,·b; they a.re uot 
often found bcca.n, e the black bale· thn t con ta.in them very weak 
and ca ily erode 1) are ommonly ''~' Oru down in V<tlleys and covered 
with drift; but th y mu t xist in myriads for almo. t wherever opened 
tb bla ·k shale bear th ir sk letons and cal s on v t'y few feet of 
surface. llere CYery print mean . n.11 individual, \rhile a hundred thou­
sand tra<'k may lta.v been made by n single r !)tile. lienee, in spite 
of th low r clepo. i t of sha)(' than of Hand'tOJte , the fi h mu t have 
been mor pl ntifnl in the ltnl -forming- wat r tban tit<' r ptil w r 
on th and tlat . 

The track are commonly fonncl in as ociation with . trata that are 
eamed with era k a if dried by expo nre to air and un ' hin e erack 

of tlli ki11d being often formed at time of Jo,v water on tb b d or 
flood plain of ag-grading, wanderittg- rivers. 1ar b of r ed. and 
fern mu t have :f\omished ou tbe lowland , and fore t' of an antique 
flora must hav grown ou the urron1tding bill , for man print of lnnd 
plants, larg-e and mall, are found in the hale bed . The for t. and 
tl1e mar hes, the uplands and the tream of the trough rec iv d th 
rain of pas ing shower , but the raindrop made a la ting r coni ouly 
now and t h n, when a fitting surfac caught their dimpled mark n,nd 
a gentle overflow quickly covered them with sediment. Not tlte RIIOW· 
ers t bemselve , but the chance of pre erving their li~ltt r ord, was 
th e rarity; a nd so to-day, not tbe urface co,erecl by the ' o nod otl1er 
ancient records, but the chance of se ing them , is exc ])tional. vVhen 
a tratum is tripped along a bedding plauo, a happen now and th n 
in the quarries, the urface should be in imagina t ion re ·tored to its 
initial hori~ontal positiou, extended far and "·ide over th 1100t' of t,he 

' ~lnrsh , Notice of new Amoricuu Dinosnurin: .Am. Jour. Sci., 3d serie8, \ ' ol. :XXX \" JI, IR89, p. 331. 
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trough , with more pebbles toward the near r hore a nd more fine silt 
the other \l·ay , anll thn,;pi tnred i t sltonlcl bed lib ra.t ly ·ontemplated. 
No hurried ·bang s boulcl b in trodnc d, bnt as wafit w ather, 
ere I ,· and wa ·he from t he land on wltich we li\ to-day. a dimcnts 
now grow on nood plai11 a nd ·hallow water floor with the . low- omin~ 

waste fr·om t li l:wds, as ·ea floors . nb. icling to-day o-radually b1·ing 
abont change of depth and cnrr nt • faintly noticed. from entury to 
century, so in tile older tim . <lid wearing wa hin g, a,nd inking 
adYalt ·e wi th the ntmost deliberation. TIJ Tria " ic seen \YOuld ltav 
appeared u ncban ged f1·o m day to day, and ha-rdly ch:10ged from year to 
year · i t hifted slowly through t he cou ntle .. s c nturie f :filling and 
inking. Th csn ··enturie. we are too prone to pa ov r uncon icl red 

wlt en eros ing in an afternoou s ·troll tbe worn dg ·of the unconnted 
leave in hi ancie nt book whose pao·e , covered with their lowly 
written record , are b re and there xpo eel in little patcl.Jes to our 
view. 

ORIGJN OF 1'RE TRIA 'I 'J.'ROL"GH. 

The relation f the body of :,;edim nt in tho Oo nnecti 
~ett::; trougft to other bod ies of it· ti 1ne can no t DO\ b losely d ter­
mined bu t it may be rongllly in~ rred. l ts area was certain ly gr ater 
tlian the exi ting Tria ic nrea. 'rhe ction . g i' non Pl. _ ·x_ uo-o-e t 
tha.t the trouo·lJ wa. at J ast S ot·lO mile wider than the pre 11t all y 
Lowland (p. 1!)2.) The murowing of th 1 ,,·land nt it onthcm nd 

hould not b taken as an imm <.1iate indi cn.tion of <l>n origin al nanowing 
of' theTria i trot10'hil.lthat<lirectio n. 'rhen ttimethntlta · va, ed 
in· these strata w re depo·ited and upbenv >d i.nayhavewitu e el 

grcn o-eon-raphi'<-al change , which out' Bastern geo logi t have b u 
apt to und r ti111at be auR of their g ren.t r att ntion to t l!e ancient 
clivi ion. of geological tim and th ir li t l con rn with ]I[ ;;ozoic bi -
tory. Bxp r ien ·e in the \\ t ba:> don mnch to onec thi nu<ler-

Rti mate aJI(l to open po ibi li tie of o-re at change in h1nd and ·ea ince 
tb Tria, i · snncl ' ton ' were formed. J t i::; believed that th lono·er axi 
of the origina l trough co incided s ·en t iall y wi lL hat of the vall ey low­
land f to-day nncl that thi trend resulted from t he ontrol 0f the 
trouo·h by \.ppalachian for ·e., a maint<1>ined by Dana bu t the bonnd­
ari s ofth trouo-h can not be clo ely defined. 

'J'h acconnt already o·i en of tb ba meut on which tlt Tria ic 
strata re t bas indica! d tba it had been worn o low t hat no great 
ad dit ional am ount of wa te conld be worn from it· and yet from tltat 
time onward it yi hled o-re<l>t bodie. of wa te to he inking trough. 
The d pre ion by wbiclt part of the l>a erueut wa ao·graded in the 
ex1 andin o· Tria· ic trouo·h mu t th r fi rc ltave be n accompa11i ed by a 
correlated elevation of t he adjoiuin g area on the west and a t, and it 
mu t ltnve been from tl1e. o ri,.;ing Janel.· bat t he wa te wa coJJti nually 
bed iuto t he iutermeclia.te d pre ' ion . Two , upposition m~~y be made 
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as to the charact r of the e conclated elevation . 'rhe trough may 
have been bent down l>etw en two arched areas on either side, as in 
:lig.4, A; or tlle trouglunny ba \' been fau lted down between two uplifted 
block along id of i t, as in fig. 41 B . The ftr: t uppo ition find a par­
allel iu t he ulfof Botlmia, at the h ad of t it Bal tic, wlt ere the water 
appears to Ji in a lt a llow downtold of a well-denud ed oldl and between 
uprai eel areas in Finla11d and eandinavia. 'rlt second supposition 
fiml s a mod -rn iust.o'tnce in t he do\Yn-faul ted trough, or graben, of the 

pp r l{,hiHe bet'v en th uplifted blocks of the Yosge on the we t and 
the Black Forest on the a t. Botlt tlte ulf of Rothuia and tlle vall ey 
of the Rhine a.re omparatively young form ; that i , the inequalities 
produced by tlJ eir folding or fa.ulting h av not be n nearly worn down 
or filled up; only a fair beginning is ma ie toward that end by valley 
cutting in the upliftetl part a nd by t he partial filling of the depres eel 
sp<-lces with land ,,·aste. Example of furth r advance in the process 

B 

Fto. 4.-il , Trin s ic trough prodn crl by w arping; B, Tria Ri trou l!h pro.ln c<l by dow n-fau lting. 

of fillin g may be fou nd in the vall ey of Ca,liJorni a, and in any one of 
the aggraded clepre ion b >twe n th e uplifted m nntaiu blocks of 

tah and evada. Tbe fir t of the e example repr nts a clown-bent 
trongh into which heavy d po it ofwa t ha e b n wa ' h d from the 
adjoining uplifted area ; the second imperfectly corre ·pond to tlJe 
mature , tage of a, down-faulted graben . 

The diagrams here presented illu trate everal p uliari i s by which 
the e contrasted proces e of trough making could b eli criminated 
if opportunity were only allowed to apply the de ir d t t in the field; 
but so much of the Trias ·ic structure ha been lo t by deuudation 
since tilting aud uplift, so few are the exposure· of th e 'Iri as ic trata, 
and so many ignificant part t ill remain buried d ply, that no deci 
sive choice can be made b tween the two plan . Tl1e lower ·trata of a 
trough down-folded withoLtt fracture should pos e slight c ntripetal 
dips when the trough .i · filled, while the up permo t trata would lie 
almost horizontal. If tbe '"l10le mass of depo its were afterwards 
deformed together, tbi. inequality of dip would till be appareut. 
general ea tward tilt in g, for example, with more or less fanltin g, would 
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result in moderate dip for the lower trata in the ea t [lnd. trono·er 
dips on the west; but the ur p r trata would ltave dip of qual va lue 
all across the basin . In t h e Valley Lowland of to-day Jlone of the 
upper trata are to be found on the "' e ·tern side of the t rou gh but the 
lower strata ou the two idee::, as far as tbey have be n identified, 
exhibit e. sentiall y suclJ ineq_uality of dip. a ha ju t been dedueed. 
The dip along the w stern border is u uaUy 20 to 30 deoTee : in tA.te 
ea tern half it is seldom more than 20 d grees, except near faul line . 
So far a thi goes, it i::; in fa,·or of a down -folded trouo·h . 

.A down-faulted trough wou ld b e filled with strata of more n arly 
hori zontal atti t ud e t hrou O'hout. Toward the margin t hey might fre­
quently overlap small chips of the uplifted mountain block on ither 
ide, and the dislocations that separated the chip · would no of. Heces­
·i ty pa · through the t rata by which tb are coYered . The marginal 
s rata would be coarse couglomerate , . upplied fro m the clifl:' fa,ce of 
uplifted block , and the succe ive stra,ta would abut rather abrupt ly 
again t the bordering cliff: in stead of overlapping a slopin g b11d. In 
practice i t might be diffi cult, unl expo ·ure, were v ry clear t eli -
tin <Tui.Jl between tbi original relation of. trata anl clifl' a11cl th e for· cl 
colltact produce l by faulting after the trata had all be n accumulated. 
T im to-day t !Je stra,ta ilt our lowland seem to abut nbruptly aga inst 
the ea tern ide of th valley but all indi ation point to thi .· a rran ge­
ment being· d pe11dent on a po. t-Tria i fault rath r t ha n 011 a pre­
Tria ic cliff. 

It doe not. eem advisable at pre n t to make ftnal ·hoi ·e b tw>en 
the,e alterna,t i,Te · hen e the. ctiou of th entir forma i n pre nted 
in Part 111 mu. t be int rpreted a implying mneh Je definite condi­
ti n than t hey a ·tually rcpre ent. 

Tb treugth of the relief attained by the bord r h~nds during the 
der r c ion of the Trias. ic trouO'It is naturally a matter of mn It un cer­
tainty; butcx ept lo, totb e margin ,w b ere lo~Y cli ffsyiehledbowltlers, 

cobbl , and pebble it may be reasonably limi ted to a moderate mea -
ur . Th e pr vailingly r d color of t he Tria~sic trata i, be ·t explained 
a · a r u lt of low and d ep weath rio o· in a mi ld climn te rather than as 
a co ns q_u nee of rapid wa ting iu be cold limate of hi gh motmtain .1 

\Vhi le much of t he w~Pte that crept into th d pre · d trough and 
formed t he low r few hun Ired fe t of Trias ic trata may have been 
w atl1 ered i n pre-Tria ic time, it do uot eem po ibl that nearly 
all t he great volume of Tria ic deposit. was tllll · npplied; but ra-ther 
that, along with the low depo ition and depr ion of the . trata in the 
trouO'll there progre. cl a Hlow uph eava l and weathering of the adja­
cent land , and that, as u ual on wa te-covered lauds, the "Tash of 
wa te from the surface weut ou no faster than the formation of new 
wast b neat!J. 

1Ru sell, ubnerial decnyof rocks: Bull. U . 
U . S . Geol. Surv y No. 85, 1892, p. 52. 
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ontra ted to t hi nppo, iti n is 011e which attributes t he heavjer 
COIJO"lowerate of t h for mation to o·]a ·i nf a ·tion, ildVO ·a ted by ev­
eral authors; but 110 direct eviden e ha - be n found in favor of this 
view. It i tru ' that certain of the ·on glom r:t te · are very coarse, 
bowlders of 2, · or even 4 fc t in diameter ha\'i1tg be n seen near 
Branford; but in n ase have the e bowlder or any others shown 
facet or tri. ', uch a rharaet rize mod rn glamated bowlder , and 
uclt a are w ll pr ·erved iu th ·onglo111 rat of t he 'alt Rano· in 

northw tern Iu li n, · in no c~1 e are t h ·on glom rates unstratified, 
like ghtcial t ill · in no ca' have th tiner ra,trt bce1 L found to contain 
occa ioual cattered tones a nd bowlder ~v if ic -b•)rue, uch a occur 
in t h imla lateR of the Hima,laya a nd in pre nmably equivalent 
trata in Ka l1111i r .1 ertain V ' l 'Y coar e co11 gl rnCJ'a te in lVIas a hu­
etts h:we heen hown by E mer on to lie lo, e to the 1 do·es from 

whi ch t heir bowlder w r' derived, a nd thu altog-etb r to dispen e 
with o·lacial fl ·tion.2 Th· ]I avi st UO\ lders iu t h Tria ic cono·]o~n­

erat Hear BL'auforLl, onne ticut, ar of tra1 1'0 ·I ; t hey eem to lie 
in the sa me horizon wi th. a lnva flow , and not h alf a mil e from it edge 
(p. 72). Ind ed, to interpr t t he Tria . i congl literate as records 
of glncial actio n vracticall y po t u late tlte i mpu fJ ibili ty of making 
con glom rate - withou glacial aid. In view of t he '-Yell -known action 
of ''"ave on rocky bores, and of the ability of tr rtms to carry coar e 
wa t down moderate lopes it eem hardly ad i 'rtbl e to infer g la ial 
action from ·on o·lomerate thnt o·iv 11 direct vid nee of t bi erwep­
tional proc s . 

IGN E OUS ROCKS . 

MAN:'IER F 0 RREN E . 

Ape ·uliar intere t iR a ttacbed to the . tu<.ly of t h ignrou ro k that 
frequ ntl y ri e in rid O'e. ov r tbe all y J~owlan 1. Ihey o ·tu in vari­
on a. ociatio11 with th . eclimentary ro k ' . 'l 'hey determin hi f 
topo O'r i'tpbic reli f of the lowlan d. They have b n diver ely inter­
preted by different obs r ver ; aucl t he final adoption of one or an th r 
opinion in regar<.l to their origin involve areful ob · r vation and riti­
cal di cu sion . They are of the hi ghe t valu in decipberitJO' t h sin "'u­
lar eli location s by wh ich the vaJley roeks are traver d. 011 nll h e 
accou nt· t b y l1 ave been examined with great are in all relati0111 ave 
one; uamely, t heir petrographic character . Thi el men t of. tuly bas 
been reduced to it mi11imum, becau it was not e entiat to t h olu­
tion of t he chief stmctura l problems iu hand, an d becaus it wa a ide 
from my training. Described a dolerite or diaba s by ompetent 
petrographers, the igneon · rocks are here generally ref' rr cl to by the 
old t rm , trnp, long familiar in the \ all ey Lowland ; or by the common 

' Oldham , Geology of Iodin , 1 03. pp. 133, 135. 
"Bull. Geol. 'ot;, America. Vol. If, 1801, p. 453. See, n l o, Russell , l3ul1. ... Ot•ol. 'urv y No. 85, 

pp. 47-53. 
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term, lava, which ha an advant::~o·e in ertain c::J cs from its. ngg tion 
of ordinary volcanic action . 

The tra.p rock. occur in two contl'a steu form:;-cither as dik tra,ns­
ver to t he strata, or a. b eL e. uti ally parallel with th trata. Th 
dikes are seldom of much topo 0 Taphic importance, tlte only promin ut 
exa mple of thi kind being t he tock -like ma · f Monf.tt armel. The 
sheet ar mu ch more distinct topograpbi c::~ ll y, a they form m:u1y long 
aucl hort ridges of p culiar arrangement. 'Ib e rid o·e may be divided 
into two range , a we tern and an eastern, bown in fig· . 5. 

'!'HE WJ~S 'J'EHN RAN GE P 'l'RAY RIDGE.' . 

The westeru rano-e lies for the mo · t pa.r t 11ear th w stem border of 
the formation , E a. t Rock, 1 iu th . nburb of ew Hav n and the hills 
of Granby and Suffield at the Hortb ­
ern border of the Stat , b >ing the 
roo t exce1 tional in this respect. 
Two snbraogl' may be di tingui bed; 
a onthern, outh of Plant ·ville a nd 
a northern , noi·tb of niouvill e. Tb y 
may b called the \Ye t Rock Rano·e 
nnd t he Barndoor Ran ge, a.fter their 
nhi f member . 'rh 'j7 are di tin­
ani l1 ed not only b r po itiou, but al o 
by l1 abit in th arrangement of t heir 
n1 mb r . long ago Iloted by Perci­
Yal. The u<· esshe membe l'." of tb 
onthern group of ridg <lr a n anged 

in' advan ing ord l" " that i , each 
mor nor h rn ridg·e tand 
what to the we. t of it pred ce or, 
their ncl. · overlapping by a moderate 
li tan c . In the north em ran o·e th i 

... .. 

:;_:::// 

Fw. 6.-Plnn of eas tern aucl w stern trap 
range~ . 

arrano- m nt i · r!'ver ·ei!. t o tbe ''receding order. will appear 
below many member· of t b north rn range have a dike-like bal.lit. 

T h a 
and a nan n·em n t, 
dominant member 

RANGE 01<' TR P JUD ;E . 

d form size, 
ion of 
ubor-

1 It moy not nt Gt·•t si"hL appear propor too sociMo Ea.st .Rock wHit tho western ridges, wh re its 
numo would suggest thnt it llit.l not lJ long. East null 'Ves t rocks nre, inde cl , well named for nn 
obse t·,·ot· oO'•horo in Long Islnncl. onnd or on t.he grou nd betw en tho two, but to an obser ver who is 
studyhtg tho genera l distribution of trap ridg sin th Trinssio lowlnml, En t Rock stands in much 
closer relation with w· •t J1o k tbnn with 'nllons tllll , Toloket , aml othet· en tern ridges farther uorlh. 
EMt llo k is therefor not in lnded !tore nlHler th g roup of ea tern rirll!es. It shonld b len rly 
understood fhnt t ho gcnornlizations ns to fact and xplnnntion wbicb llr applied to tho eastorn ridges 
nr not to bo nppliod to East Hock. 
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diuat member · ar rather syst mati •ally placed on the west and a t . 
To t h e minor and major ridge Percival appli d tb terms anterior, 
main, and posterior. s th e auterior and po terior ridges generally 
follow tl te subdivi iou of the main riclg , t he arrang ment of the hLtter 
only n ed be con icler d for t he pre ent. 

Th main rid,::;e of tbe ea tem ra nge are eli pos d in two patterns. 
In th ~outh two ridge arc urv c1 in to inegular rescen tic form, 
conv x to th north\\' st, and with th horll of the cresc ots reachi ng 
clo to the cry ·talline area on the ea t. Thi p ·uliar form early 
a tracted nttentiott a· a notable p culiarity f tit trap ridg ; but it is 
exceptional rath r than cltaract ri tic of tlt onnecticut area unle1:ls 
int rpreted in a very fr mann r, a will a.r pear furtlt er on. The 
other main ridge ' , to the munb r of perbap t\Y nty, are arranged with 
their anterior and JlO t rior . uborclm<.tt in the ame advancing and 
r ling ord r that wa noti ed in th w tern rang , th advancing 
order b ing <.li playe l with exceptional trength in t h neighborhood 
of1\Ieridcu and tit r treatin · rd r le s 1111 hatically abou t Tariffville, 
while the cllancr from one to tlJe other t~Lke .. place west of Ilartf'orcl . 

Altlwngh the meaning of th e , y t mati c and peculi ar arrange­
ment will not fully appear in t lti ection of my report, it eems de ir­
abl to gi,-e tbi bri f introdnctory ac ·onnt of t hem in or<l r that the 
following description of the var ion ·trap dik and ·1• t may be better 
COline ted with the d.i t ribution of t it topoo-rapbi(·al form that they 
determine. 

DIKES. 

'l'lter ba · ueen Jitt l <llil'ereuee of opinion a loth origin of th numer­
ous and mani r t dik which in the outlt rn part of t lt v, 11 y ar 
to break more or le · distinetly aero ·· tb bedding of th . and ton 
in nearly vertical fi ure · but ome onfn ion ha a!'i~cll i11 1J 
de cription of tb igneou rock from the oc a ional application of tlt 
term dike to int rcaL1ted lle t . Tltu ' lfi tchcock' fir t ·tion ntro 
tbevalley,publish diul 1 ~r prcsentedtbcl\lountTom (Ma · altus tt) 
sheet a · a verti al dike; but this mi apprehens ion wns soon corr ct d. 
PercivaP called the po terior beet of the Totoket I untai n a dike 
where it ha a te p dip at it northeastern end n ar Ouonnipaug 
Ponu apparently for no rea on lmt it strouo- io ·lination. t a much 
laterdateEmer. onwroteoftbe DeerJield [Ma sa llu tt ] u l<eandits 
minerals," 2 altl10ugh lte explicitly bows the "dyk to ha,, e b n 
"poured out on the lower sandstone and to have b n co ered by tb 
upper and tone. ' 

To avoid mi apprehension, the term dike will in tbi report be applied 
only to tho e mas es of igneous rock that occupy fi ·, ur standing in 
a general way tran verse to the bedding of the formation that inclo es 
them and poss · ing a cou ·iderable length compared to th ir breadth; 
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but in connection with these dike. t here are loca l cn laro-em n t. t hat 
eesemble s tock oe neck,, and lateral brancbe tb a sometim es imitnte 
the behavior of sheets. 

Dikes are uumerou from Oheshir a nd \7i a llingford onthwaed. 
Tl1ey have not been observed in Connecticut north of l\I rid 11. They 
sometime. follow comparativ ly direet course· for consid rable dis­
tances, th ir continuity being reeognized b.r t he low ridg- d termined 
by their outcror, as in th e lono- dike north of Mount armel, and a.g-ain 
in East v"Vallingford and Clintonville. One of tho mo t peculiar 
features of lie long d ike i their frequent upward termin ation under 
a cover of and tone, a if t b y l1 ad uever rea lied hig-her among tl.1e 
anclston e thnn they no"· stand . In other ca. e they a1· onfn dl y 

arra11 ged in a ongeries of irregular ontcrops, a about Rabbit 1 oek 5 
mil northea t of Ne·;v Haven. The e irregular tntp ledge· are here 
class d with dikes, 11 0t be •au e distinct lateral contact hav ueen 
found for eYery one of them- indeed, contacts are often l1ard to find 
L re<tbout;;-but ratlJer b ca,u e t hey do not, li ke the ><l1eet , fo llow 
clo e to th e ·teik e of t he sand tone and becnu ·e th y do 11 0t exhibit 
th e un ym metrical outcrop fa e and back lope t hat s strono·ly cbrtr­
acterize tl1e outcrop of t l1 e inclined heet ·. Smnll . hect often accom­
pany these dike . Be ·ide the e Iaeger cxhibi tl5, th re arc many 
expo nre, of mall dikes in road and tream cut , a abov Walling­
ford , wuo e extension a ro country can not be traced b au e tu y 
do not k eep their head above the geuernl dri.f cover. 

The dike;; are in nearly all ca e ' of cl n ·c texture; but llov y de-
m· ibes a dike in Fairhaven, 23 feet wide, in whi ·lt a 9-inclt band of 

amygdul , run parallel to the side 4 feet from t he outltea tern walJ.l 
T he (late of t h iutru ion of the dikes with re pe t to tile ti ltin o· and 
faulting of th andston will be eli en eel later ( ee p. 131 ). T he fol­
lowing p cia l a· ou nt are g iven f h mo t notabledik . oftu region. 

Pine and 1liill ?'Ocks.-The strong dike are described in cl tail by 
Prof. J.D. Dana 2 in onn •tion with t he beet ' of East and We t rocks, 
wi h which they . m to u clo ely related. The ch ief mass of Pine 
Ho ·k ba a length of 2,000 feet and a t lt ickne of about 300 -D et; it 
trend is nortll a ' t by a t a ud it dip 130° to 5-0 NW. Mill Rock is 
abou t 3 000 fc tin length and nearly 200 feet wide; it trend i about 
a t-southea t and it dip 720 "· About in a lin e with it, to t he east, 

i another dike, omewbat narrow r, but t hicken in g at i t ea tern end, 
where it forms a b lunt knob known a Whitney Peale These two 
dik · are cparated by about 4,000 feet of sand tone; it i highly 
probable that the dike i ontiouou · b neath t he covered pace and 
tliat t he sandstone i only a covce, uch a· i frequently se n over the 
dike ea t and we t of v\ allingford. .All t hree dikes a re of dense tex­
ture, 110t at all a.mygdaloida l. Th e like rocks are regarded a true 

1 Am. Jonr . oi., Sd aed es, Vol. XXXVIII, J 9, 1. 36 . 
2 The fotu· "Rocks" of Lhe New lla,•en region: ~m. Jotu·. Sci., 3d •ories, Vol. XLIT,l 91, pp. 70-110. 
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dolerites by E. . l ana who finds t l1 m e entially free from chlorite 
and otlter e i<lcuc of interior al terrttion. 'riley l1 ave an imperfect · 
columnar structur roug lil y at ri g·ht ~tngl e to t h ir wa11 . The meta­
morpbism produced by the di k in the adja eent a nd tone i ' of 
moderat a rnonnt being clli fly lin itell to a ·on olidation of tho .· trata 
for 10 or 12 ~ on eit!J r .· ide. Th \\'all s of th li s ur a.re somewhat 
irr g- nla,r as nligl1 t b exr eted fro 111 t h abs ' II C or wel l-marked joiut 
in t he , and ·tones. 

1lf owzt Oann l (tnt{ th e Blue Rill.s.- A h avy ma f; of tra.p form a 
group of iq· g- n1ar hill · extendiu g· 3 mil from we't to ast bet1 een 
Mill and Qui nni piac ri \ rs, and m n. min g 11 arJy a mile in br adth . 
The we · t m Liill s, of '"hi b l\lonnt Carmel i · th mo t prominent, 
exhibit a laro·e are!t of trap, buL in t lt Diu · Hill , fa r t l1 er ea t, the 
trap i largely cover cl by a t hin blanl,et of , and t ue , in lom like 
form , more or le · disturbed and inclurat d, a nd :->u ·ge ti ng by t heir 
prominenc ~Lb v the :Htd . to11 of t h Yalley Lowland t llat t he tmp 
i not fa r below t b urf'ace. Tbi i confirm ed by t l1 occa ional 
app arauceofthe t rap 01 1 the su mll)i t or flan l> · oft h a.nd. ton dome. 
\Yl1 cr ' t l1 trap i ' om what wore ontinuou ly xpo · cl it fo rm 
re mbl s that of tll e and. to n domes, and ·ngg t. that i t ha. been 
rev a l d by the . trip pin g of tb and tone ·over with li ttle ero ion of 
the trap it Jf. 'fhe tra1 is den , th rongb out. N ar t he an ti ·tone 
CO\' er or margin it is finer g raiu d · but where mor deeply erod ed it i 
of coar r texture, omewli at like t l1 e t rap commonly o cnrrin o· in t be 
ridge . Side and top conta t ·· a r found wh r t il trap breaks aero 
tl1 e and ton b d. , l.>ut th ami tone as a whole rna inta in their u~ual 

ea t warcl clip. lo e to t l1 e contact the !'land ton(l is almost fu · cl to 
the t rap. uccE> ·i\·e in tm ion · are iudicat d by t li cca ional oc ·ur­
ren ·c of dik in ter ectiu g the gr at r igneon · ma.' ex. 

Tbe bold t member of tbe JHom1t 'annel ron1 o nr. nor t h of 
fountUarme l Yillage and di rectlyea . tof1\£i ll Ri v r. Itri::; abruptly 

in a bold bluJf abo ,·c a long taln · . lope, aucl forms a. la ndm ark en ily 
reeognizecl f r·om t he north oe on t b. Tile loug· ' be h ir d ik is dir ·ted 
to1Yard tbi blutl', but i not een to be conn cr d with i . \. dikelik 
exten ion of the bluff i t t·aceable s uthwt> ·twarcl a ro t b ril· r to a 
low bill wb r it broad 11 to greatee ize. Tbi di k iR w 1l expo; d 
in a ut north of fount Carmel tation , on the ew Uaven a nd. orth­
amptou Railroad . It i bere. en to contain a number of large . a.nd -
tone frag n1ents, which a r much indnrat ed and at om poin t ar 

apparently fu ed o as to blend with the t rap. 
1bere can be li ttle doubt that the Mou nt Carmel ma s ropre eut a 

heavy sto k or volcani c 11 eck. 1 It ha very ign of iu tru. i ve origin 
and 110 indications whatever of extru ion at the horizon now vi ible. 
It i , how v r , entir ly possi ble that while t lJ c eastern part of th to k 

'This int ·rpretation was suggested in my ar ticl on t he lost >"olea noes of Conn ti ul: Pop. Sni. 
J\fouthl y, Dec., 1R9l. The occurr nco of Yol nnio li CCk s or plugs of morl J'nto dimension hns be 11 

assured in :llassachusetts b y Emerson's obs rvations: llull. Geol. oo. A merion, Vol. I I, 1891, p. 456. 



CONTACT OF INTRUSIVE TRAP AND CONGLOMERATE. MOUNT CARMEL. 

T1ap on the nght; conglomerate on the left. 
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fail d to a ·cenu througl1 the sancL tone cover t he w ;;;t rn pn1't mn.y 
]J ave riSell tO t Jt e urface Of itS t ime ~lllcl ther poured f6rtlt ' Ill ' oi" th 
extru ive la'a flow now eeu to the ca tward . Tb in tru ive hect 
11ow ontcroppiug we t of Mount Ca,rmel may hn ve 'Oilnection ' ith 
it nn lergronnd. The sm::Lll di turban ce of the anclston monocline 
in t he immediate neighborh ood of th is gr •at ma of t rap distingui be 
t he latter from Jaccolithic intrusions, and sugg st very ·trongly tha.t 
tl1 o t rar gai11ed its pre ent po ition uy melting it way rath er than by 
pn hing i ts way in to t he andstou ; yet at th conta ts th rc is lig-ht 
indication of fu ion of the sanch;tones. 

lJ'ait·ha.ren dikes.-.\. group of irreo·ular dikes xtend · from the ea t 
hore of Ne Haven Bay at Brightview, north a twanl pa t Fair­

lt aveu nearly to MontO\Ye. e. The dikes frequently form knoll or ::;hort 
rid ges, a in H min O'way lVJ on n tain. The s p~trate ri dge ar om times 
arranged in linear order, l'l in tlt e rid o-e.· that rnn for · veral mile a 
little we t of and parallel to th anterior ridge of Pond ]\[ountain . Tbe 
large t dike mea ure 100 or 200 feet in thickn es . Their wall <tre 
generally rather irregular. ide contacts <Ire frequent] fou nd in roa.d 
and railroad cuts, tho ue t being in the cnt· lately opene l on the 11ew 
location of th e bore Liue ]~ailroad outh of Fnirhave11 . A m demte 
amount of induration is percei,·ed in t he adjoinin g and to11 sand con­
glomerate ; thi has b en most carefully ob erv d. by Hovey.1 Some 
of tbe knob suo·ge t hat t he t rap ta,ke · the form of . to ks a· at Hab­
bit Rock, betw en Mon to w ·e and Totoket. It i. highly probable that 
deeper erosion wonld co mt ect m<WY of the separate out rop of to-d<ty. 

In t he nor bea tern part of this g-rou1 it i sometimes diffi ul t to <li. ­
titwui h the clik from the irreo-ular led o·e of the anter ior trap ·Leet, 
''lbich here ha a n u neven form, owing to its complicated tructure of 
flow and a, h (p. 63). 'l'here is much probability that orne of the dikes 
or 11 ecks of thi distri t mark tho vents up th rough which the lavas 
and a be of t h anterior h et hereabout were extruded. 

lintonrille anil East lYa.lling.forcl dtike .-The e dikes a re of much 
impler arrauo-ement t han tho e of the preceding oToup. Their width 

Val'ie from ro to _,00 feet. Th y give frequent xposure ' of ide con­
tact ' , sometime. show in g fin e stringer branching into the audstou e 
a nd leaving no doubt of their intrusive character and generally vertical 
attitnde. The adjoining aud tones are m derately inunratecl. more 
p euliar feature i · the occurrence of top on tact. wi th t lte ov rlying 
and tone , fwm which it i ar O' ned t hat tb dike at uch poiut never 

ro higher tha n tbey 11 ow stand . ince t he top conta ts are found at 
various altitudes, it i · furtlt r in£ rred t lt at tbe discontinuity of the 
clik s ns i ndicated on the map i only. appar nt, and that a ero ion 
degTade tLe r gion to lower level the dikes will b come more and 
m re couti nuou ·. 

1Arn . Jour. Sci., :JrL series, ' 7 ol. X..XXYIII,1889, p . 374. ce, a lso, ibi cl., 4th series. Vol. Ill, I 9i, pp. 
2 9-292. 
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The mechanism or the lntru ion of ~-Juch dike', narrowing to,-vard the 
top and ending upward in rather l>lnnt edges, i · mystcriou.. rrl 1ey do 
not appear to occupy fi · ·ur s tlmt w re gradually wedg d open from 
benentb by tbe forcCI of the .intru ion. 'J'h y s m to have eaten th ir 
way between the inclo:sing. antl. tones to a 'ertaill l1eight, with no sign 
of a fi nr appearing above th ir abrupt termination. The pos ilrility 
that the top conta t were produced by la ter·al overthru 'ts, which 
might bring Raud;;tones ov r the truncated portion of a once bio"l1er 
dike, i excluded l>y tl1e nmTowing of the <lik upward, by the ab 'euce 
of nil .-ign of movcm nt at the conta ·t, and l>y the induration of the 
con.Jring , a1Hl toucs. 

The northern end or the East WaJlingford <li]{ I'W1S close to the 
rid ge of the a11lerior trap h et of Trc111ont, and tbe fir::;t is witb ditft­
culty distingui hed fro .n the second, yet there doe· not appear to have 
been auy rupti,·e conneetion b tween the two. The anterior beet 
b re i comparativ ly thin, without lava blocks and aRhe , such a 
might be expect cl on th line of emerg Jl(· of' a dike, and u ·h as 
actually occur eL' whcr in toe same she t. The close approaeh of the 
southern nd of ibe amo dike to tll anterior ridge about :\orthford 
is more appa r nt than real for, a. will be hOWl I later ( ee p. 97 ), there 
is good rea on to beli Y that a fault pa .- b tween the two ledges, 
with upthrow of over ~,000 feet on th uorthwe t. Fartlter outh the 
outlying portion of the Collin ville dike approacll the anterior ridge, 
after the habit of the northern members of tbe Fairhaven dikes. 

1\"allingford and Gheshir·e dikes.-The int 'rse ting dikes north of the 
lount Carm 1 group may be nam tl after tl1 village Hear which they 

terminate on tho ea t and north; but they may b mor brieUy ref' IT d 
to a. the ' ·ro s d <like . ' Their trueture i' a. a whol . very imp! 
and reglllar; but on tl1e ea t t1Je vVallingford dik i · en to ri .·e 
obliquely northward through the anclstone , and local) ' to a nm 
the form of a nearly borizontal beet mtpping a mall hill. Bh;ewltero 
the lateral contact indicate a steep attitud for the dike. Top ·on­
tact are occasionally noted, a. in the dik s of the proviou section. 
The poiut of inter ection is covered with drift. 'rh di location iu 
the e dikes are de cribed on page 104 . 

.A. numb r of mall dike and intru ive beet , too small for repre­
sentation on the map !*re found both ea t and w L of Wallingford. 
They pr ent no novel features, but confirm the iutrn ive character of 
the trap ledge bereaLout . larger dike, forming a low ledge a tbird 
of a mil long, is seen west of Brooksvale. 

The Bnttre ·s dike.-Tbi i a unique feature of the region. As 
described by Perciva.Jl aud Dana,2 it traver ·es th ridge of West 
Rock-the chief instru ive sheet of the valley-and thus, like the 
dikes in the Mount Carm l trap, indicates at lea t two period of 

1 Geology of Connocticut, 1842, p. 399. 
• .am. Jour. Sci. , 3d series, Vol. XLII, 1891, p. 90. 
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action amona the members of the trap sene . Th e l3u tress dike 
' 'intersects th o W est l{ock riu•:rejn t below t he margin ofWint rgr on. 
Lake, or about 111; miles uor b of t he southern terminatiou of th rid o·e 
and 4 mile from Xew H aven Bay. It descend the ea, tern lop of 
W e t Rock in an in terrur te(l ridge, form pa.rt of the southern bank of 
Wintergreen Lake, ink to th e level of the W est Rock surface a li tb 
summit, but tands ou t like a buttre along the teep we t fron t of 
the rock." 1 It t rendi ea t -nor theast ; dip , 650 :r. Itscolumuar t ru -
ture run about transverse to t he greater columns of the face of . t 
Rock. The continuation of thi dike . ou tbwe tward into tb n igh­
boring cry talline area become more 11 earl y v r tical. Th Buttr 
dike rock, a described by Hawes 2 is . om what unlike that of the other 
dike , in con taining par ely catterod an orthite cry. taL a, fourth t.o a 
third of a.n i nell lon g. It i thus j) O . ibl e to iUen t ify it · pas a o-o into 
tbe W est Rock rido·e. 

Dikes of p ecnliar composition.-A. peculi ar dike, fir t fouml by ::\[r. 
J . C. Graham, inter ecting the posteri or and to 11 es on th • ontlet of 
Be eck Lake, abont a quar ter of a mile we t or the A ir L in lkLilroall ~Lt 

Baileyvill e, l1a ' been pecially described by Mr. L. S. ri · wold.3 lt i 
uen e, dark colored , almost bl ack, and di:fl:'er from t h other dikes of the 
regi n in conta ining ma 11 y and large pbenocry t of a.ug it , with !';O rn e 
hornblell'<le and oc ·a ion ally bioti te, "-hich oc npy about a third of the 
to tal volum . It i interesti11o- as bein g t he :Orfl t of a group or ba.·ic 
dike found in the eastern United State ' having a geolo o·ical a o·e d ter ­
min ably lat r than th e Carboniferon>~ . It i lo ally noteworthy a 
occupyin g a lli aher Triassic hori zon than any other w ll -determined 
dik in the Yalley Lowland . 

.A.noth r dike de · rve mention from it exceptionally acid compo i­
tion. It i fl de, cribed by .Mr. E . 0. Hovey as o •cnrrin o· in a ne1Y railroad 
ut in Fairll av n, ea t of ew H aven, but it very small . ize make it 

ra.ther a petrographical pecim n t han a g ologi al strn ture.4 

Son1e que tionable rap outcrop , a ocia tecl'witlt th e po terior ridges 
of Totoket Mountain , but pos ibly of dike-like attitude, are de cribed 
on page 73. 

D ike in the crystalline a1·eas.-Percival's report 5 gives a rather de­
tail cl account of certain dike that occur in tlle area of the cry talline 
rock west and east of the Tria ·ic belt. 'l'hese have been examin ed 
at variou point , but th y ha,-e not been found to pre ent featur s of 
special il1ter st. They are no t repre ented on t he map t ha t accom­
pan ie this report, a it wa .thought their tudy could be better under-

1Dann, loc. c it ., p . 90. 
'Am . Jonr . ci. , 3d seri es, Vol. IX, 1 75, p. 188. 
•A basic diko in the onueoticnt T riass ic: B ull . :Mus. m p. Zool. Jinn·nrd Coli ., Vol. XVI , 1 93, 

pp. 230-242. 
• roln.ti vely acid di k o in th onn Licu t Triass ic nrcn : A.m. Jour. Sci. , 4th series . Yol. III, 1897. 

pp. 287- 292. 
•Geolo~:y of Connecticu t , 11!42, p. 412 eta q . 
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taken with that of the great body of cr·ystalline sclli:ts in wl.Ji ·h they 
ar ompri d. 

The dike ar of dett te turc a nd stc p att itutl , like tlto e occurring 
within th Tria.· ic ar a. They ar com mo11 ly from 10 to 50 or more 
fe t wide, being tltU larg nough to d •termin mall topogTaphic 
relief: . Tll ir mo t .iguifican ~ ature i th ir occa ional interruption 
or appa,r n t dii'ipla ment, a,nd t hi , when fn rtbcr ndied, may be found 
to b ar on the xten ion of th fault t hat are l.J r de cribed witbiu the 
Trias. ic area. 

lthou g-h no'" tli 'ODnect ed. with t ll Tria ic formation, it i by no 
m a11 imp ible that a,t tlt time of intrusion of tltc e dikes the and­
stone exteliCl d far 11ough ast and we t of tb ir pre. ent limit to 
co er the cry t~tllin s w her he dik · ri ; :D r tll greate t eli. tance 
from th • Tria i m<trgin to tlte dik i s ldom more than 5 mile , 
although one of th ca t rn dik i ·now a · much a ~; 10 miles di taut. 
Tlte true- ·cale cro e t.ions figured on J. XX make a lateral xten-

ion of the original . ~llld ton area for 3 to 6 mil on either , irl of 
the pre .. ent margin l.JiO'l1ly prob~Lblc. At tll . am t ime, our exi tin g 
kn wl dg-e of th pro es. of vnlcaniHm do 110t in tb l ast demand 
that the e dikes hould hav ri '' through the cry tallin rock only 
within the depre se l Tria 

,'HEET 

JCAHLY VH:WS A TO 'liT E OHlCI- OL•' TllK THAP HEJo:T. 

ceived that such origin wa the mor appropriate or natural for iuclin d 
she t of igneous rock. l ercival, indeed, recogniz d tllat both uud r­
lying and overlying and tone and hale are in dir tion ' very ener­
ally adapt d to that of the trap ridge. th y accompauy. ' 1 B d . rib l 
the trap heet a being very fr q Llently" verlaid by the ancl ·tone on 
their ea tern, more gradual, declivity; tbu apparently formi ng inter­
stratified ma s or inclined dike ." 2 et there i nothing in the on text 
to warrant the inference that truly contemporaneou inter, tratifi ation 
was meant. uch an origin does not appear to hav b en ven con id-
retl, for the languageofthe tate report repeatedly confirm tb tate­

ment made near it beginning-that the trap rock 'hav obviou ly tit 
character of intru ive rock , of igneous origin;" 3 but as early a 1 33 
Hitchcock found trap fragment in 1tbe andstone ov rl ino· th po . 
terior trap sheet back of Mount Tom in lVIas achu ett , a nd r a ·onal.>ly 
conclucled that at lea ·t orne of the trap sheet in Ia achu :Itt wer 

'Op. cit., pp. 319, 320. 
•Ibid , v. 300. 
• Ibid, p . 11. 
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overflow, . This has b en abundantly confirmed uy Bm r on · d tailed 
work in recent years. everthel s. , another int rprctHtion was gi,· u 
by Dana to the facts noted by Hitchcock. The genenttion of t am by 
tbe intrn ion of molten trap through moist s rata wa thotwht to lle 
nflicient to ac •otmt for what Hitch ock had regarded a cviuene of 

extn1 ion; and all the sheets of the valley were explained as iutrn ·ion 
of later date than the depo ition of the . nndstone tha inclo e them, 
althongh 110t neces. arily of later date than the late t s,md ton ,;. . \ 
thi view wa presented in succe sive edition of th l\{:1!lual of Geolog), 
a wel l as in variou · , cientificessay ,itnatnrallycame to bemu ·h more 
generally quoted than the opinion of Hitchcock, whiclt had 110 Sttc·h 
mean of obtaiuing currency. It i-, therefore, hardly too much to say 
that when the Trias ic area of :M:a · achu ' etts and Connecticut was 
examiuccl by g-eolog i ~t from el ewhere, it wa g-eu~ral l y entered with a 
prejudice in favor of the intrusive orig·in of t!Je trap . he t . 

.A.t the same time the later studies of the Tria· ic ar a of ~- w ,Jer ey 
by tl1e geolog·ical nrvey of that tate gave couttt nan to <"Onc-lnsious 
simihtr to tho e advocated. by Dana; for tl10ugh tlte Xewark or 
Watchung ridges have in ·e then heen , hown by Darton to b xtm· 
sive flow ,' their intrusive oeigin was alway maintain d by ook in 

• his offi~tial reports. 
An illli ort~mt part of my work ha: therefor ousi ted of n · ar ·lt 

for fact that might be quoted af; deci ive in choo iug bet,reen the 
contra. ted theorie of intru. ion and extru ion . From the fir lt lta 
been held possible t hat both intrusive h et or ill a,nd extrn · iv 
beets or :flow might occ·ur in the same field, and that th only m tho<l 

of uete ·Ling Lheir origin Jay iu the eli covery of significant feature in 
every eparate beet appropriate to the one origin or the other but 
contra teJ a betw en the t'ro. 

'rbe methotl of di tinguL hiDg between oriainally iutrnsivc ill~ a11d 
bueied xtru iv flow i not inherently difficult. 'Ibeir character· 
i tic feature ar w ll known and agreed upon . Oppo!'tunity for the 
obseevation of tb e critical feature i fairly g od, although naturally 
mu ·h le exten ' iYe than \TOulcl be tho ca e if the region w r> le . 
covered with oil and vegetation. Glacial a tio n ba , on th whole, 
b n favorable to ob ervatiou; for, altl10ugh the d ired line of ·on tact 
are ext n iv ly ov reel by drift t l1 contacts th m elve ~ wlten di · 
covered are often harp and fre h in firm rock; all th loo ened wa, te 
of pregla •ial time havino· b en craperl away by the ice heet. In thi 
re pect Connecticut off r a better .field for ob ervation ~ban Peum;yl­
va.nia where old soil ob cure contacts. The minute examiuatiou of 
th Tria , undee Lyman's dir ction for the econd G ologi <Ll ur> y 
of that tate ha ui clo eel only one upper conta t of ·edimentary beds 
on t rap.2 

1 
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'l'h " entially ·imple ch ::tracter of the di stin g ui shing feature· bein g 
r ·o ~>' ui z d i t is not too much to ay that the di.v egeut view concern­
iu g the origin of tbe t rap h ep ar JHl to u' a rib d. to :wy inherent 
dil'l-iculty of t he probl m but to tb natura l div r ity of opinion t hat 
u ually mark th developm ntal tage of' n. ubject. If Cormect i ut 
w re uow ntered. forth fir t tim by n geologi t of to-day,. it i not at 
a.llli k ly that b wo uld b esitat in deciding on t h origin of t he trap 
beet , or t hat h i con ' lu ion· would be que tion d by hi . ucce ors. 

But, as a matt r f fa t, th tudy of geology in tit a»tern part of otu' 
countr wa und rtal;: u wb 11 t l1 e t:i n ·e wa youu o·. We find ' one 
eal'ly ob erver 1 eli cu sing t lle aJt mativ of t he aqueou~ or igueou 
orio·io of the trap iu t l1 l'ali . <HleR of the] Lud on, giving u one of tbe 
f "- xam1 les iu thi ' country of t il controver ie t hat t he ptuni t 
and t he Plutoui t waged vigorou ly in Burop :L hundred year ago. 
Tbi tage beiu o- ·oon pa ed a nd t L igueous origi n of th e tr~LJJ b in g 
generally admi tted, xplanation or i t· difl'er nt pro e of origin bad 
to b e inve11 ted aud th m aus of r cogni zing the pro es. e developed . 
Mo t of t he work from 1 30 to 1 70 wa in this dir tion . lt i probably 
fair to ay that geolog ical argum ent wa ·in this p noel le critical t han 
it ha , now !Jecom . U'"'"Stiou was t h n mor readily expanded into 
proof tllaU it c ulu b now. At tb b crillllill g of the la ·t quart 1' of • 
the c ntury t h youno· r eol gi ·t.' , perhap le. s influenced by LliTCil t 

opiui.ou · t han were tbe olu I' geologi t, who l1ad made t llem current, 
migh t hav oou olved the proulem of the 1:da ic traps had tb ir 
attention been -directed to it; but the 11 w vVe t ab orbed th ir time 
alltl t h onn •ti •n t \ n.ll y wn li tt l tnfliPcl. 

Not unti l 1 3 were there ni ts of 11 ~w ob ervation publi ·b u. In 
that y ar Emer on confirmed H itcbco k b lief in the cas of tl1 D • r­
field ( l\In~ acbu 'ett ) tr:Lp beet. In the arne year my \a atiou xcur-
ion over t b Trias of Ma sa ·bu ett' Oo u11 ecti ut, and w .J rs y 

led 111 e to annouuc t he occUlT uce of both intru iv ill HJI(l extru .· iv 
flow ~ . inc then nearl y all t h 11 ew r ob rvatioll' have l d t tll 
same <.;O uclu ion, a · will appear in t he a ·coun t of 

l\ll':T 11 01) 0 1' JNVE T](;ATION. 

Th method of eli cov ring the origin of tbe t rap t t hat tanrl 
e ·::; ntially parallel to t he beddin o- of tue Tria. i strata · emf:! to 
m to alford good i.llu tration of what ha been call ed "the logi al 
method of ·cien ti.~c inve,tigatiou ,' a a pplied tog ology. Th re i ·, on 
tlJe one hand, tb accumulation of facts of to-day by ob ervati Hinde­
pendent of theory follow c1 by th e oTonping togeth I ' of .· imilar oc ·ut·· 
reuce and tbe annon uccmen t of her ul t in i ndu ·ti e g n raliza t ion . 
~rh ere i , on t he other haml , the m nta.l invention, on tbe ba is of pr -
vion ly acquired pertinent knowledge, of appropriate t heori s "hich 
ball g ive ex plauation to th geucraJized result of ob er vation by 

' . A ke rly, Geology of the l:iudsuu l !h· ·r, ·ow Yor k, 18~0. 
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supplyin g the un c n facts of t he pa t. Then com tll deducti n of 
all t ll e co n equenc s that f"ollow from a h of tb propo eel thcori s, 
with experim ent · to aid deduction where n cessary, and fi nally tbe 
comr ari -on of t he generalizat ions from ob erved facts wi th t h ons -
quence declu. eel from t he . everal t heories · a.nd a conUn g t the mea -
ure of n.gr meut found in t hi s compn.ri ·oll th t heori e , tand , \Y!.W r, 
or fa ll. Tll proce es of observation and in vention ar extremely 
unlik e. T lwy may atlvan e tog tb er, but they sllould be held carefully 
apar t.. It i. eldom that both processes are eq ually well performed by 
one person. Some exc 1 iu the ob,·en ·atiou of th e fact of to-day in 
which ori g in ali ty, ingenuity, and intui t ion have li ttle har . Some 
excel i1.1 t l1 i nYent ion of theorie. - t bat is, in t h eli ·coyery of t he 
road s that lead to the fact of tl.le 11a t . on ciou ob rvation i bei'e 
often r eplac d by uncon ciou cerebration, on whi ·It origi nal ity, i no·e­
nuity, a ud in tuition o largely d pend. Both ob ervation and inven­
tion are a o-ain unlike the later pro e. e of deduction and compn.ri on, 
in which the l ~g i cal and judicial faculti prepond rate. 

A ll the e pro e se advance together , i.uterlacetl throuo-h and throu o·h. 
Im·ention , dedu t ion , and compari. on can not wait until all the facts 
are o·atll ered. But iu the end all t ll e mental proces ·e hould be are­
fully ·eparatedandreviewedbeforeachoi ceofcou lu ion i announ eel. 
'l'he nnaly i of the entire method of investigation ~t n cl t he con cions 
application of i t ev ral p <trt ·to tl1 e solut ion of the problem in band 
l1 a been of gTeat a i tmiCe aud, inde d , a deli gh t, in tb progr of 
my work. 

vVh n t h results of an iu vc:stigat,iou ca.u be . ta.te<l nmnericallr, it is 
fr quently po ·ibl e to a · io· n limit to their probable enor. It i not 
poss ible to gang t il accuracy of geolog ical theori iu o iwple and 
d finite a manu r , but a m a nre of t heir accuracy may neverthele s 
be u efull indi ated, thi p ha of, t he work: tou ·hi11°· 011 the " na ture 
of proof,' a gen ral que tion which ba, intere ted variou logicians. 
It ma y b h r c brieAy aid t hat in geological \YOrk tlle han · of error 
in ·r a e with i nac urate or in ·om1 Iete ob er-vation and with fau lty 
g nerali zation OIL t he Oil )l and , an u With irrelevant in veutiOll and 
illogical ded u t ion of ·on sequ nee on t he oth r hand; and t ill again 
with loo e compari on where pr uudice r habit is allowed to influence 
j ud o·1n n t. vVb ile u ntestcd, a theory may be called an l1ypothe. i , so 
a to 'Yarn even its inve11tor of i ts unknown valne. Th e importance of 
enter tainin g C\' rnl hypotbe e at one , o a to avoid b ·owing too 
fond of any oue alone, l1 a b eu well tated by 'hamb rlin. 1 Hypoth-
. e and ·onclusions hould be held in an open baud and coutinuaJly 
uuj ct d to r evi ion in t he light of increa in g experi nee. Tlli prin­

ciple ha • been practi ally incul ated in everal essay by Gilbert.2 

1 'I he ll> tho<l of wultiplc work lug hypolhoso•: Jour. Gcol. , Vol. VI, 1897, p. · 7. 
~Th i iH:nlcnlion of R ·ientiflc nwthod Uy exfunpl : .. Am. Jour. i., 3d series, V ol. XXAI. l 6, Ill. 28-t.· 

299. Also, Tb orig iu of hypotheses : ·c.iouuo, Vol.UI , 1896, pp.l-13. 
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n ces ful bypotl1e s grad ually acquire th po 1t1on of accepted 
theories, aud nee pt d theori ;.; in time b com hardly di tinguishaule 
from fir t-hand fact,'. \Yc 110 lon ger look upon tl1 aqu ou origin of 
bedded rock or th organic origin of mbedd d fo ils a matter, of 
theory, altbouo-h tl1c hi ·tory of g ology ho'r · that these "fact. 'of our 
g neration w re the donutful f<lll ·i<' , of arli r n . Time i u, ually 
au important element in tbi kiu<lof volution,a· in other; more than 
a human lifetime i often needed for it. But th inYe tigator i impa­
ti nt over o long a delay. H llatmally wishes to discount the future 
of hi hypotbe e aud learn at once th value t hat they will ultimately 
come to hav lli wi he ar ofl u vain, y t t hey may ometimes 
be gratified. If tb num rous and J) nlinr re nit: of lti generaliz d 
ob enation. are sn ce fully confronted IJy tl1e higllly varied and 
sp ialized con equ nee f hi theory, . u ·It an n"'rcement, both quali­
tatiY and quantitative, can hardly b r ferr d to chance. If coHfu:;ed 
occurrence nr reduced to or<l r; if many appar ntly di imilnr facts 
are hown to bemerelyJ1atural variation · of ~L imple type; ifrecurr nt 
and wide.-prea<l ph oomenn rq·e rationally xplain d, all by mean of 
the in ight gaineu through a theory tb theory i certainly to u eom­
m ndetl . If after the theor ' i framed new ·la !'; of facts ome to 
li ght, and the theory rea, onauly ext nded, aC'count for th m it i ' a 
good theory, for then it explain· not only what it wa made to explain, 
but something mor . If the th ory lead to con qnences not mat ·hed 
by the fact previou ly ob erved but perfectly matched by facts snb· 
equ ntly searcherl for a11d found under th guidm1 e of the theory it 

is xcellent, for it endows its inv ntor with . om thing of tb power of 
predi tiug the un e n. If, in fine, all these re omm llllati on al' 
enjoyed by the arne theory, its evolution toward the grad of · rtainty 
is greatly accelerate 1, and it conclu io11 · may be r gard d a." table 
enough to upport other theories. It is manife, t, how vcr that tbe 
higber the uper tructure thu rected the more remot it.· upper tory 
mu t tand from it real foundatio n on imm diate ob. rvation. The 
geology of to-day i full of" fact "that wer in the stag of cont l:it u 
hypotbe c on ly a c ntury or two ago. It deal o largely with the 
conuition . of the r mote pa. t that it i 11 c arily a peculali,· cieu . 
But when attention i consciou ly arou d by an a11alysi of th dift r­
ent parts of an in ve tigation, and of tl1e dangers a ' ell a· of the a~ . 
guard of its differ nt 8teps, tbe chance of rror ari. ing from car Ie s 
or in omplete work on any of the parts i, much redu d and th .hance 
of determin in rr t l1 correctnes of the point· at i ue is gr atly increased. 

J) l TIX Tl\'1' l'EATIJRI<:i; 01•' ILLS A ' J) FLOWS. 

During tbe progrc of an investigation of the kind h re outlio d, 
ti.J e external and internal-inductive ~Lnd deductiv -pha · naturally 
advance together. Facts ecured from ob ervation and con equ nces 
deduceu from theory contiune to accumulate as long as t l1 e work is 
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maintain ed. t it close, either t h e cbservation or th dedn tiou 
may be presented first, some writer preferring one or<ler, om tb 
otller. The deductions a-re bere giv u precedence, becaus when th y 
are fh t iu mind the reader cau more criLi <1 lly read over the r onl of 
ohl'ervatiow wbielt follow . . 

It is co ncei,·able that a, tmp beet, lying evenly b tween layers of 
stratified rock lllight be a contempor:'Ln ou volcanic ov rflow poured 
out npou the under byers and buri d benea-th the upper lay rs. T t i 
al o conceivable that such a heet might hav be n intruded betw en 
the layer lon g after their depo ition and deep beneath their uppermo t 

urface. ln either a e the stratifi ed rna with its inclucl d trap h •et 
migbt be sub equently tilted bent, or broken· the co mpo ite mns. 
might be more or le deeply dissected and d nuded, thu layinn· bare 
it internal stru ·tures. 

1f a trap sheet were an extm~Sive tlow it might be accompanied by 
bed of YOl a11ic asl1e bomb , nud lava b lo k tllrown me di ta,nce 
from the eruptive vent; the '7ent i t elf mi o·ht bedi cover din tb form 
of a fi ure su ·h a prevail in Iceland, wlwr th lava are poured 
ratlter than blown out, or in tlte form of a pipe, over which a cone 
might ba,ve be 11 built by eruptive violence, now more or le · cieeply 
denuded to tb form of a, vol a rti e neck or butt . 'rhe lim en ion::; of 
the flow would \ary with the amount and rate of upply, with th fluid· 
ity of the lava, and with the form of the surface that rc eived it. A 
pa ' ty lava migut form a thi ·k local h ap; a (iuid la,·a might pre;-\d far 
and wide in a thin level· topped sh t, and it greate -t tbi ·!meR 111igltt 
be found far from its vent. Tl.re texture of the beet might vary <Yreat ly, 
a· do . t he hwa from active vol ·:woe to·day ; it might be den e s ori­
nc on , ropy, clinkery or ve icular; it might be of compo ite tructure, 
as if con ·istiug of two or more flow iu rapid ucce ion. Scoriaceous 
or a by texture might h locally develo1 eel at l)Qint where he bot flow 
gave ri to explosion during it advance. Tb hwa would be pre­
,·a,ilingly of loo r texture a-t the upper than at be under urface; but 
ina much as th under urface i often formed by the rolling down of 
tb frout urface, ve icle.' might be found at the bottom a well a at the 
top, though a a, rul rar in tbe under part of the h t . Invading 
a body of water it might cau e ome eli turbance by boi liug the 
wat r. The under contact of lava flow and aqueon ·trata under 
water mip:ltt thu b locally om wha.t coHfused altbouo·lt on the whole 
conformable.' Some ign of intermixture and baki ug of tlte und r 
trata mig-ht be expected,2 <'Llthongh, on accoLmt of the l)OOr onduc­

tivity of Java, the indurating effe t of tbi kind might be in igoifi.­
cant. Tbe lava flow mig·ht be thick euouglt to fill an arm of the sea, 
and thu~ form a land urface; and whi le exposed to the air the lava 

1 Tho chnrnctoristica of" l!wn flow ou a dogrodiug Jnnd suefn ·o oro not specinlly con idercd. Iu 
thnt cas th uude1· contact would probably uo III.lCOllf'ol·mnbl to th slratn of the lam! n:ass. :Uoro· 
0\·er. a RIIU8 ri ill flow WOIII<l uo OXJ)O•cd to los uy dcnudaliou rath I' thnn to pt·e ervnliou bJ; burin!. 

•. eo 13. K. Emersou,Bull. Geol. Soo . .1\.mericH, Vol. I!,l 91 , Jl. 455. 
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would ru t, ~ ntl1 er and wear. Only after d prec:iou a.nd submergence 
would su h a flow- r ceiv t ho cdim ntn,ry cover th at would more 
immediately have b g un to a ·cnmnln,te on a lava beet t !Jat had not 
ri en above t he water surfac . 

Th upper ontact of t he lavn, flow with tlt overlying strata would 
be unlike the lower in tl1 e want of disturban by ro llin o- and steam­
ing and in the ab ence of indura tio n by bakin g. However un even, 
clink ry a nd Y icul ar tb e lava surfac , t l1 c sedim nt . trewn o er it 
would tend to ift into every ac..: ·e f;ible crevic , t heir sue ess in this 
increa io o· with h ir fio ene s of t xtnr , t he d liberation of their 
upply, and th trength of currents or os ·ill ation . in t he water. 

WJ1 ere t!Je water movements w re acti\ e loo e lnva frn,gmeut might 
be rolled about and rouud db fore t hey were bnri ed by the invad ing 
edim ents. The more xpo ed mound of the lava surface might be for 

a tim wa . bed ba,re; th d pre· ions of the surface mig ll t at the :a me 
tim be fi ll ed with th loose fragm nt from auont tbem, intermixed 
with a. gr ater or le proportion of terrig nou fl . ediment . In time 
all th e lava migh t ue cloak d over , and Lh n d po ition would proceed 
as b fore the eruption , burying t.h flow to a lc or "Teater depth. 

Many n, buried flow might lon o· exi t ben ath the sedim ent in a 
depre ion , ompl telyinacce , iule; butifnplift ·ll ultl rai etbe depre. 
siou above ba e-level, and allow di s ection of t !Je nplifted mass by the 
destrnctiv forces of the atrno ph ere, t b variou . ignificant structures 
above described would be brou o·ll t to li gb t. Even if greatly deformed, 
thee sentia l features of the flow mi o-ht be r ecogniz d, a in the poq by­
ries of the cent ral Alp · even if metamo1·plto d, a in onth .l\lonn­
tain of Penn ylvania, th y might not e ·cape identi fi ation uud r the 
micro opic earch of to-day. 

If a t rap beet were an iu tru ive, ill it might spread for on:;;id rahlo 
distance · evenly between t!J e hori zontal trat.-'1. t hat i invaded, bn t th 
probability is great that here a nd there i t wou ld break ncross oue 
stratum or a nother or send out Ul'anching dik of grea,ter or le ;; Riz 
downward or upward. Th sheet might gr a iuall.) clnwge it attitud e, 
becom in g more a nd more oblique to th e trata an d t ln1 · t ;ll on th 
cl.J a racter of a dike. The dimen ion of a hori zon tal sill are probn,bly 
le s limited by natural re trictiou than by our ign ranc of the preci e 
proces of intrusion and hy th e difficulty we find in imagining how th 
in t ru ' ion could be carried on . The ill mu. tat ome point or oth r be 
supplied by a neck or dik e, a cending from benen,th and it i ntir ly 
conceivable that a sill mi ght be a ociated with contemporaneou O\ ' r · 
flows on the surface of tue strata above i t. · It textu r should he pre· 
vailing-ly dense throughout, owin g to the great nperincum ben pres, ur , 
wbich would tend to prevent th e formation of cracks or ga bubble . 
Fragment of the inclo ing strata 1nigbt ue fou nd within the ill , uu t 
no fragment of t he sill could b found detacb ed from tit mas in the 
inclosing stra.ta; .u nless, iudeed, the intru iou were so violent as t.o 
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batt r it wall , in which case a contact breccia. might be form d. 'rhe 
inclosi ng- tmta n~ig-l1t be baked at the upp r as " ell a::; at the low ' r 
conta<;t, aud as all the b at of the in tl'll , ivc la\7<1. must pa ·s away by 
cotHlu ction hrough t l1 e adjoining rock '• a, oTeater a.monn of in<l11rntion 
might be expected botl1 below and <tbove the si ll tha.n nt th lo"· I' on­
tact of an xtrusive tlow. But induration will ' a.ry crrcatl with th 
orn110 ition a nd moi tur of the adjacent b d. and in both a.Se!< it is 

important not to confu e indnrat ion by cementation louo· after the 
arriva.l of th lava with indnration by !tea at t he tim t.he lanl. ::nrh·ed. 

It i possible that m<tn.Y s ill may xist ben atlt th volcanoes of 
to-day. 'rbe reo·ul arity of their form will d pend lar go lyon th mann r 
iu which tbe conntry rock yields to t he in i · t nee "r the lava. All 
g-radation may be imag-ined from vertical neck and dike, to bran ·b­
in g and irregular d ik es to t hin si ll , t hicl laccoli hs, and ma iY intru­
sions. Here ao·ai n, i t i probable t hat the Yari y of n<Ltur XCC'eds 
that of our imagination ; bu during thi: centu t·y kno 1Yledg of natura l 
examples h a, g-rown rapidly an d t ll e imacrination ue d · to b appc~LI d 
to le s a nd les a it h; replaced b. ob erTat ion. De pi di ::; ted 
ret;ions have eli clo. eel dikes and n ck , sills and lace lith. , <Lild mfl -
ive intrnsions in g reat vflriety. 
In reviewin o- the , et of disti n • ive fea.tur s it i. worth while 

to notice thflt tho e of t he Reco ncl et are mot· d dnctive tl1nn those 
of tlt fir t. lt i ntir ly through inference tbat we reae l1 fill opi ni n 
n. to tb . tructnr of an in trn::>ivc s ill a nd as to its r lat iot'u:l to th adj:t· 
centror:k. forth proces of in t ru ion bas 11 , ,·er be 11 ob. rv tl . Tr ow­
eYer w II wo mn y he p<'rsn:Hl eel tltn t n. si Jl is, in n g i v n in ;;tflllcc, 

CO LT ·tly exjJla in t1 a the proclu t of au intrusion, our belief lm, be n 
r acb <1 on ly throngh ome pro e, of rca oning e. ntially comparable 
to that here r p a ted . Infer n ·e may b treno·thenetl by xp rimcnt, 
but very li ttle imi tntiv work of th i ort ha been don e. In th case 
of extru j,·e flO\\'H many of the 1li t in ti ,·e features are dir ctly ob erv­
nble, a nd aro tho ' in ou en . e afer tl1an the cledncecl featnr s appro­
p ri ate to intrn ions. Yet both ·et of eli tincti,· feature arc b lieYed 
to be trn twortby. Th yare fu lly in accord with the extende<l ob er· 
vations of many pP.rso n in variou, part of the world . Tbt'Y have been 
more or le iud pend n.tly rea h cl and fl eptecl by g- ologi ' ts in clif. 
~ r nt mrounding , of d ifferen t nationalities, a nd of tliffert:' nt hflbi t.· of 
t bonght. If obsen-ation of a oTonp of trap. heet di co ers a , erie: of 
fa ts that corr spou(l ' wit h t he p en I ia.r a.nd compl icat d di sti ntti ve 
features of ill. or of How , t here will be a li ttle rea on for be itating 
to regard t he sheet a of one orig- i11 Ot' ~h e other as t ltere i now in 
r eferrin g- t l1 e ·old tntp rock to an ign ons origin. 

Th o di fficu lty of mnkin g a cont inuou -, liue:u tatem •nt of t b prob­
lem. of the Tria ic for mation in Connecticut ha. already been indi· 
cated. ctnal proo-ee , throu g-h t l1 'ir advn.ncin,.; solut ion lHt been by 
no means orderly, for que tiou of clepo iti on, di locatio n, a.nd denu· 
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dation have 1J n over a nd ovel' again encountered in all po sible 
sequences durin g the progre of t he work; but it. would profit 110 one 
iftbea,ttemptwer mad tor •pcattlJ se m utalo ci llatiou. The lin ear 
sequence of statement i therefor follow d as n a rly a I oss ible, but 
at th i tage a eriou::; in terruption to orderly progress arises. The 
trap sheet wl1ose origi 11 i h ere cou idered uow tand in by 11 0 means 
continuous line of outcrop, but for m malt y in errup ted ridge . ' T et in 
Part Il it wi ll b bow u that t b s intenuption are of eco nd ary 
importance, and that l>efor, tiJey wer formed the t rap sheet b ad a 
mu ·b oTeater eontion it tha n th y now po so . Hence t heir dislo­
cated fragments mu t now be treated a if joiu ed togeth er in tlteir 
iuitinl anaugemeut al thoug h t h argum lit ' l ad in g to tbi conclu ion 
must be po tponed to t ll cond I a,rt of t hi , report. 

If ea h r id ge cut f r m it fel lows b au oblique notch, were taken as 
th euo·e of au individual sheet t here would be about 130 heet - to be 
tudied within the limi t of the tate. But it will appear later th a t 

nearly all of these ri dge may be refened to five ·beets, consistin g of two 
chief iutrn ive ill s (which ma local ly a sum the attitude of dikes) 
and three extru i\1e fl ow ; and that the appar ntly gr at number of sep­
arate heet i really due to the di lo atiou and di · ectiou of a much 
smaller number. Thi important re ult of the later par t of the report 
is her anticipated for the gr ater simplicity it. O'ive to the rest of the 
present part; aud being provi ion ally admitted, we may go on to t he 
following Jo a l d crip tiODS1 which p reseut ' U h facts as are sign ifican t 
with regard to t he intrusi ve or extru ive origin of the trap sheet .1 

RID GES OF THR WESTERN R ANGE . 

East Rock and as ociated tTap hill.~, w Haven.-'Ihi i a short but 
heavy monoclinal h et of trap, interrupted at· two point with b ld 
outcrop bowing trong columnar tructure on the southwe t. At its 
northern end tbe beet a ·ume a dike-like po ition , wWt n arly as 
steep a face on the east a on the we t, a it approach Whitn y P ak 
at the ea t end of the Mill Ro ·k dik . 'rb ummit of Ea t Rock, 
reached by excellent road , forms part of a public park, wh uc one 
may obtain an exten -ive view, including the ·ity a.nd harbor of ew 
Haven, the outhern part of the Valley Lowland wi~h variou trap 
ridges standing above it floor, and limited portion of tp East rn and 
W e tern uplands near the coast. Long I land appear on th outhern 
hori zon, beyond tbe Sound . 

Several outcrops of a nd tone beneath tlle stron g eli£.' of Fa, t I ock 
are es entially parallel to its under surface. Tb chi f alt ration of 
the audstone near the un der contact is in change of col r . '"o clo 
induration wa noted in t heir generally r ather loo e tex u re. Tbe trap 
is dense throughout, of coarser text.u1 e about the middl , but fine-
-----------------------------------------------------------

1 ]'uller cletnils ar given for n. few local it.ies in Lbe paper ou Intrus ive and :Ext rus h ·o Tl"instdo Trap 
Sheets, men tioned nn p. l . -
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grained at the top and bottom. On the northeastern slope, within a 
few feet of th e fi.ne compact trap, there a.r outcrops of a dense indurated 
sandstone and cono·Jo merate. No tr~p fragments a re found among t he 
pebbles. Farther down the slope the sandstone soon becomes loo e­
textured and fragil e. 

The detailed a.ccount of thi rock given by Dana 1 explains i t a a 
Iaccoli tbic expan ion from a fee<ling dike, whose a cent is inferre<l from 
the steepness of t ll e slope along the northeast sid of t he bill near i ts 
north ern par t. Indian Head, a dependence of East Rock on the outh­
ea t, is b elieved to have a similar structure. In tbi respect these two 
rocks may be compared to the Palisade sheet of New Jersey and N w 
York, which D arton bas shown to ascend obliquely from a dike along 
it lower or west r11 s ide.2 Snake .Rock, separated from Indian · ead 
by a pat1:h of saud tone, seem to be a steeply inclined she t of small 
dim en ion . 

Dana' interpretation of the a.ttitude of t lw lleet with res1Ject to the 

underlying sandstones, as shown in fig. 6, i ba eel on two nppo it ions. 
Fir t, that t he upper urface of t he rock ha not been significantly 
changed by d nudation from its original shap ; a.nd, second, that t he 
upr er and under urfaces are parallel. Another interpretation of the 
bidden t m ·ture is therefore given in fig·. 7. The distinct separation of 
E ast Rock and Indian ead is explained by Dana as chiefly t he re ult 
of stripping of th saud tone cover from two nearly independent lac­
coli tbic iutru ion. . T he original continuity of the two trap mas e and 
the origin of the notch between them by Tertiary eroston along tile 
line of a po, ible fault by which they were eli located wa not con id­
ered. Such notches will later be hown to be common in other part of 
the valleys ( ee p. 170), aud of possible occurrence here. 

West Rock 1·i c1ge.-Thi is a long monoclinal sh et, with a bold bluff 
on t he we t and a lon g lope to the ea t, terminating at t he south in a 
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sb.·ono· curve t o t b ea t; t hi vart of th ridg being· ' W st l~o k." 
Tlle and ton beneath th trap are made of Oal"e granit ic wn tc, 
with red and purr li h hales. los to tb trap t l1 y ar described by 
Dana a ' hard baked.' \ t tl1 outh rn curve of t h ro k the under 
surface of the tra1~ b t obliqn ly inter"e t th b dding of the a nd­
stone for about 200 ~ t, a · hown in Pl. 1, t hi having be n 
originally pubi.i bed by] ana in hi paper air acly ited. Here t be 
columnar tructure of t h trap i lll)eruly hown in a maje tic bluff', 
200 feet or more in h ight. The trap i , v ry d JL ' ' t hroughout, witlJOnt 
amygdaloidal, tructur . N ar the bas of tl1e uhdl' a.nd n ar he upper 
nrface of the h et on theca tern lope the tnq i fiu r gra.in d than 

within the ma s. 
rrbe ea tern lope of the ridge near it, sontl1 rn en 1 i cov red for 

a hort distanc above the ua e by haly Ra.ncl ton s, which ar ome­
ti me expo etl iu little guiJi . The bed ~ vary iu ·olor ii·om gray to 

purple and bright brick red. They have not been , e o in onta ·t with 
t!J e trap; uut close to the south ern cun· d end Dana mention the 
occurrence of fragment of a1HL tone embed 1 1 in tl1e trap. Toward 
th, northern end of th ridge, w st of entervill , th d u t rap n ar 
th ba. eof the eat . lop · is ov rlain by patche of.n,ncl. ton. and 
directly at the contact t he two rock app art be fu eel tog th r· but 
tbe effects of heat ar n t apparent for more than 2 or 3 fi t upw. rd. 
The ea tern lop of the ridg i som time cover d '"ith loos t.mp 
wa te, snch as commonly form· the taln at tl1 we, tem blnff of all th 
larg r ridges. This may be the result of a omewbat . te p r attitndP­
of the tra.p sheet than of the , a ndston e . trata-, and may in o far b 
taken as au indication of t iJ i ntru ive origin of the ·be t. 

T!J e ending of the tra,p ridn·e at its outhern hook appear to b tho 
re nlt of the termination tl1ere of it intru. ion. If it OJ'di nary thick­
ne were maintained farth r sonth , the ridge hou ld not di ont. It 
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do s not appear to be CLl t oil by fa.ul ting, for in . pite of the excell nt 
01 portunity for ob · rvntion afford d in the b1rdf a,u d quarri no ig. 
nificant ig-n of movement are to be fo und. The gr at joint fa · , by 
which 1'11e mas ive ·heet is divided. into in gular ·olumn , ,till pre. er 
all det~Li l s of t lleir original fe <tt her fra.cture , and a.re utirely fr fro m 
. li ckensidin g- or bre ia, . Ll ll as a.r found plentift1lly in t he trap :- h t 
of the Meriden quareies ( ee ]). 100). 'rhe gulley that a.r found on tbe 
in ·ide of the h ooked end. of t he rido·e, de een ling northea twanl, haY 
much the appeara nce of small ravines, uch a arc el ewb ere worn dowu 
on lines of fault b re ·cia ( e p . lll), but here t hey eemratb er to xhi bit 
th form of t he t rap ca ting after i t. initi<.Ll sand tone mold h a 
b een worn away. Th e outli ne of the north nd of lte rid g- is al ·o 
trongly indicative of irregular intrus ion a mong t he aud tone. , for i t 

is much more uneven t ha,n the strike of the neighborin g . trata, wltich 
seem to be cut aero i.rreo-nlarly by th e trap bluffi · bnt the t rm in a­
tion of the ridge ou the north appear to be due to faultin g, a ' will be 
discu eel on p .132. The tra p of Ea and We t rock ha ve been petro­
graphically studied by E . . Dana and G. W. IIawe who pronoun · 
them doleri te , little afJected by al tera tion . ub equent to in t rusion , a nd 
in this re pe t unlike t he trap in several of th ea. tem ri do· . . 

Bethany Jl{ountain.-Thi. name may be appli ed to a . trong trap r id g , 
about a mile a nd a half inlen'gth, t:mclin,,; b tw en two deep notche , 
\Vhi ·h will later be r fen·ed to a th · B thany n·~LI . . The t rap h r i 
e sent ia lly li ke that of We:-t H.ock ridge, but uo crit ical con tact h ave 
been fo und. 'l'he . mall detached knob of trap hereabout will b 
r f'et-red to later ( p. 104). 

Gaylo1·cl ;l[ountctin.-Thi name may b a.pplied to the lOJl g' ridge that 
form th e la t m mber of t he outltern clivi iou of the we ·tern ridge . 
It in clnd l.[ount a uford , a culminating ummit over !)00 £ et in le­
v ation . Tb rid ··e <1 crea e in lJ io·ht nor th of be-hit·e, and b youd 
it nd tbere are only a fe ,Y i ol ated trap led o·e abov and b low Mill­
vale. 'Ib und r a nd to ne are not een in contact with t he t rap; 
ind eed, n ar the outhern nd of the r idge· the t r ap seem to re:t 
a lmo t directl ou tho schi ts, a if it lay at the very ba e of the Tria ·s ic 
for matio1 1. Farther north a n arrow valley epa,ratos t he ridge ft·om t he 
'\Ye tern plandl', a nd here ome ignificant t lti ckne of un derlying 
a nd ton mav b in ferrecl. The o-enera.l cour e of t he riclo·o trends 

about 11arallel to th e , trike of th e trata lt ereabou t , a nd thi ·,tog ' ther 
w1 th th bold western face and the gentler ea tern lo1 , wa rrant the 
belief t h:. t the tra.p ba t ho form of a sheet m ther t han that of a dit e; 
but the occa ional occurrence of talu slop son t he ea tem ide of t he 
rid ge uggest t hat tbe lt e t may li e at a ligh tly teeper nngl tha n 
t be dip of the adjoining trata. 

The trap i den;;;e tbrou o·hout. Th middle of th ·heet expo d 11ear 
th ere t of the ridge is, lik e the trap from the ~ew Haven lo alitie 
de cribed by H a wes, much le altered tbau the tr ap of the eastern 
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ridges. Only two upper ontacts with tile overlying audstones have 
been found. One i in the gorge ju t north of 1\foun t auford; the 
other in t he ravine Of l~oariug· Brook, a mile beyond. At the first 
locality, alongside the tream Hear the bead of tb gorge, a conglomer­
atic sandstone i een in immediate contact with dense trap, the two 
appearing to be w lded together.' No trap fragments are found among 
the conglomerate pebbles. Furtiler mention of fact noted b re is 
made on page 1 3. 

Roaring- Brook, in. the town of be hire,! gatllers a considerable 
volume of water on the upland , we t of Gaylord Mountain, and bas 
cut a picturesque ravine down the ea t ru lope. Tlti. ravine affords 
an excellent contact of the t rap with t he overlyin g tra.ta; the best 
known in the southern division of t he we tern ridg , vho e total 
leugtlt i 17 mile . It has therefore receiv d ·areful xamination. The 
trap i den e and without ve icle . At tb conta t it i fine grained 
and gla y; t ile flow of t ll melt d trap i r ecord d in t he arrangement 
of feld par pri ·ms parallel to th junction urfa . This urface 
obliquely traverses several beds of conglomerate, and ·tone, and ha.le, 
but it outlin is not nearly so irregular as t hat of the upper urface 
of the ea tern trap ·beets yet to be de cribed. lender gla y leaders 
branch from the upper surface of the she t into th overl ying and tone. 
Some of t hese ar mere thread ; the large ·t ob r v d begins with a 
width of 3 iuche and ascend about ..,0 feet in to the overlying trata. 
Tbe finer-grained adjacent beds are indurated, but at·e not changed to 
the extent of developing new miner~J. ; the coar r beds n.re very 
little altered, except immediately at th co utact . . No p bul •~:~ of Lr a,p 

are found in the conglomeratic layers, although llere a at Bast Rock, 
the ancient waters must have been active •nongh to bav gath red 
trap fragment ·, if any such were to b found. n ar at band. 

The farther northern extension of this division of th we teru range 
in several hor t ridges about Milldale has not afforded any ·ontact of 
trap aod andstone . The t rap remain den e anu u uve i ular as 
already described. 

B arncloot· Range.-The many di connected bills that form a n tched 
and interrupted erie in the north we tern paru of the Tri a ic area 
com;titute the northern division of th we tern rauge. s far as 
ob erved, they all consist of dense trap, without t he ve ·icular trncture 
that so constantly characterizes the upper urface of th sheet in the 
ea tern range. The range i. · heavily wooded, and Hone of til ridrr s 
are large enough t o gather streams on tlleir uplands by. which Jat ral 
ravines could be cnt; lt ence uo actual contact · of trar and betld d 
rocks have been eli covered on either side of t he ridge ; but in a few 
places n.n apparently indurated conglomerate l1as been fot11ld n ar the 
trap. A 11otable feature of many of these ridges is the occurrence of a 

'Not to be confused with Roa ring Brook of oothiug ton, where tue bnsalmcmb~>rs of Lh 'f t·insslo 
formation are seen, as dcsc'rilled on p. 19. 
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steep talu s-covered lope on the ea t a. well a ou th w st. ide. Iu 
this t hey difl'er from th greater part of the onthern division, and more 
empha.tically from the whole of the astern group ofridg·e . Th ab ence 
of contra ted form between the eastern and western slope i taken a 
incli catino· a steeper attitude for the trap rna se. of th Barnd or Range 
tbau prevail elsewhere, and a ugg ing that tlteJ tum ·omewhat 

from tbe type of. b ts to that of dikes, as indicated in the. accompany­
ing figure (fig. . and 9. ) It iR, inde >d omewbat que tionabl wh tber 
thes rid o·es should be group d with the sheet or th clik s; but a 
they are i tuatecl ymmetrically with the undoubted , heet of the . on til­
ern clivi ion they are pia ed provi ionally in th former t;]a . 

F10. 9.-Scction of s lanti ng dike. 

SUi\I)!ARY FOR THE WE TEIU"'< RAN R . 

Jtbouo·h ignificant exposures are rare, the:followino· haracteri tics 
prevail in the we ten• range of ridges (including Ea t Rock, New 
Ha' en ). 

The trap of the e ridg i den e throughout. A a whole, th trap 
show l hydration and alteration of its con titueut miueral than 
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occurs in the cast rn rid <Y • The upper a w ll a tl1e lower part of • 
the tra.p mas - s i free from amyg-dule ·. lo o to th l wer and npper 
contn.ct tbe texture of the trap i. fin er grai u d . Although in a gen­
eral way interbedded amouo· the . t ratHied rock , obliqu pa sage aero s 
the in ·lo ino· trata ha b u d te t din th rncmb ' rS of the south ru . 
clivi ion , and a eli tinctly dik like habit prevail in. the form of many of 
tlte B arndoor ridge . The overlying traLa ar nt by minute or mall 
branch dik:e or tringer from the main h et. The strata do not con­
tail ! f1·ag-ment of tl'ap · yet tll pr ence of pebbl in tbe conglomerate 
layer , bow that the movement of t be wat rs in whi ·l.J. tbey w re depo -
it d wa sufficient to bring trap pel>bles <Lloug with other ·, if any were 
at tbat time to be fount!. While hardly xbilliting di tinct fusion a t 
the ontact or a igo ifi cant metamorphi m or baking· lJ ar by, tho over­
lying strata are prevailiJwly dens and firm clo to tb trap, and much 
more o t han i g-enerally th ca ·e el ·ewltere. 

RlD GJi;,' OF 1'HE l':.A. '1'ER l~.A. GE. 

ANTElHOR RJJ Gl£ ' . 

Anterim· of 'alton tall ~Iottntctin.-Th numerou ontcrOl)S alon g the 
back of tl1e many clivi ion of the anterior ridge ~H' a,lway highly 
ve ieular. Thi structural feature i . o coo tant tbat it will not be 
eparately n t din all the followiug ac · uu t of p ialloca litie . 

A cutting made 'for a roadwa,y a,t the outh end of the Salton tall 
a nt rior, near Ea t!J av n tation, S!Jor Lin Hailroad, i described by 
Dau. as pol:! essi11oo pipe tom v siclos . om tim s 2 ot· ~ i11 h long, 
and often oc(mrrin o· in groups.' In. pite of much ·earclting 11 upp r 
contact could l.Je found alou o· the back of th e rido·e· but i t · mp i t 
c.haracter near t he village of Foxoll and Totok t lea no doul> t a · to 
its origin. llere the low r part of th e beet is of comparatively d n ' e 
trap, mor or le Ye i ·alar on it back; t hen follo w. a gr 'at r or Je s 
breadth of urfaee in which irreg-ular knol> of a highly oria ou or 
a hlik trap app ar, out of v ry variable texture. Cry t:tlliue lleb­
bleR occur iu gr ater or le proportion throuo·h the a b; and there is 
oro ,time til appearance of a. tratum of and tone or couglom rate 
eparating the low r, deu er htva from t he hi gher a 1J b d. T!J in g­

ularity of outcwps hereabout is not thoug-lJt to indicat a cotTesl nd­
ing di continuity of trap and a h, but tote tify only to their irr g ular 
texture and variable resi tance to ro ion . The g-reater brea(] th of. ur­
facc here occupied by the compo ite ant rior ·h t i · due in part to it 
(freat r t hi cl()le · · and iu part to a decrease of dip a comr ared to tho 
outhern part of the ame heet. 

T!Je clo e approach of numerous dike and necks to tho heavy and 
irregular a b beds of the altonstall anterior sheet ha alr ady ueen 
mentioned as ng-ge. ting that surface eruption - may have tal;:eu place 
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• in this lo ality at that time in the hi tory of t be formation r pres uted 
by the l>a al members of i.he ant rior l1 ale ·. 

Anteh.or of Totoket Mountain.-The anter ior h et oppo ·ite the outh. 
ern part of Totoket Mountain repeat all the tru ·ttual ~ ature ,iust 
de ' criiJ d. 'l'he lower plt-rt generally con i t of d use tmp followed 
by a ru re or le cti tinct separatin g belt of and tone or conglom 'r­
ates, which i' in tum uccecdcd by irregular ledg Sand knob of loo C· 

textured a. h carry ing lava block and crystalliu pebule . 'l' h la t 
div ision is very vari able; , ometime exhib itiug d n e t rap, as if 1 cally 
replacetl by small lava flow ; SOln time with o Ja,rgcly iucr a ed a 
sha.re of pebble' a to gain the appeara n · of an ordinary onglomer­
at . After passing a c rtain pace wh r the anterior ~h et is uot 
·een ( ·e·e p . 97 ), t!Ji compo ite and variable structure i>: rep ated in 
the far he t 11ortheru out rop of the Totok t anterior beyond th north­
eru l10ok of th e mountain; but the anterior of P i capaug Mountnin next 
to t l1 northwest eem to be a simple a ntl thin lava he •t. 

Tl1e cou id rable area occupied ou t he ma,p by the uortherumo t part 
of thi anterior ·heet by no 
means represents a conti nu­
ou exposure of trap rock on 
the g round, but there seems 
to be uo good rea'on fo r ub­
dividing it into tntr aud 
sand!:' ton a rea . It i ' be t 
interpreted aR an extended 
area of the lower, d n ' er 
part of the a uterior ~ h et, 
l16re preading over a laraer 
breadth t l1an u. nal oo ac-

FIG. 10.-Fragment s of trap in autlstouo, lligby anterior ; 
nnturnl size. 

count of a fa in t dip· btlt audstone outcrop here::tbout are ra r , and 
thi in terpretation i.' open to ~loubt. 

Anterior of Higby Jl[ountain.-Th lono· auterior of Durham a nd lligby 
Mouutain l1a ' afl'orded only t wo loca litie. wh ere t ll r 'lation of the 
trap to the ov r'l ying [L!lClstone i ' reveal tl . Oue of tl1e e point is a 
quarter mil e south of Black oud, En t 1\J eri l n. Tier a li o·ht hol­
low on tbe ba k lope of t he ridae contain numerous loose block of 
and ton holdirl"' ano·ula r a nd ubangular pi ·e of ve icula.r teap a 

in fig. 10. 
'Ibe e ond locali ty i. by the road id nearly a mile south of the 

north end of t he :-m terior rid ae on it ba k · lop . Trap fragment are 
he~e ag<ti n contaiued in t h overlyin g sand tone, au l at both lo alitie 
a clo e examin~ttion ·how that Jl1innte cla, tic deposit. occur in many 
of the v icle ·of the trap. till nearer th north n l of the ridge, Lnder 
itF; we t rn face, a bed of Yolcanic "a he ' " and trap blocks i found , 
im ilar to tlmt i n the anterior ofLamenta.t ion Mountain, describetl below. 

Antet·ior of Chrtunay Peak.- mixture of'' a h ' and trap block like 

.. 
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that ju t mentioned occurs b rc al o at everal poill t along t he west­
ern base of the ridge. It was fr hly expo ed veral years ag·o in tlle • 
sirl of tlle 1\Ieriden-Westficld road. Dnring t ll co n tractio n of are · 
ervoir that now o cupic the ant r ior vall y b tween the main and the 
anterior ridges a great number of fragment of ve!>i nlar trap were een 
embetld din tlle and tone blocks that bad been taken from the founda­
tion of the dam. 

Anterior of Lamentation Jlfounta'in.-A bluff of t hi s ridge overlooking 
the road between l\Ieriden and Berlin, about mid way bet~·een these 
pine onsi tsof"a.h 'aulltrapblo ks,towbiehtheuame"a hbed' 
ba come to be locally applied. rrh 0 ·cunen bas excited mncb intcr­
e t in the neigbboriuo· to,Tns ' in e it wn pointed out in 1 7 and a 
well-worn path now lead · up to it through the nnderbru h. The 
"a be '' consi t of fine lapilli, in rt bed that here ha. a tbicknes of 
about 30 feet. ..co tratifieation i · percoptibl in the deposit. The 
lapilli are recognized under the micro cop a fragme nt of fine-grained 
trap much altered · chlorite, quartz, and alcit being thus abundantly 
produced. o grains of '"aterworn quartz or oth r clastic material 
h2.ve been noted in the mas . Te hnically the depo it should be cnlled 
tu ff, if the origin· later sugge ted for it i accepted. The deposit is 
r epeated as far a li miles to the south a t, at the localities mentioned 
above. It oon disappears to th north, it place in tho we tern bluff 
o~ the ridge being- taken for a short di tauc - by a bed of trap con­
glomerate.1 Waterworn ve icular fragm nt of trap are here embedd ed 
in tratified sand. 

Tho tuff contains numerous ovn,l blocks of <lense trap from 6 inches 
to 3 feet or more in diameter giviug the face of th bluff a curiou ly 
mottled appearance. The block ar not iu the lE>ast ve~icular after the 
manner of ordinary volcanic bomb , but are of compact and uniform 
texture from center to surface. They have no definite arrangem nt, 
but are more plentiful near the base of the tuff than higher in the 
mass. One of them ha embedded it elf about 6 ioche in tbe und r­
lying andstone which i exposed for a hort di tanre at th ba e of 
the tuff. The bedding of the and tone bend downward under the 
embedded block in a ugge tive manner. 

The trap beet above the tuft' i more or less vesicular throu ghout, 
and particularly o at its upper urface along the ba k of the ridge. 
At one point, about oppo ite to the be t expo;;ure of the a lt b d, a . 
low Jruob of trap was bla ted and tbu hown to contain many lay r , 
film , &nd ·trings of and. tone, which frequently p n trat d fi ures 
and cavities in the coriaceous rock to a depth of 2 fe t beneath its 
upper surface. In orne c_a es the and layers seemed to lie betw en or 
to surround isolated block of spon gy trap. The ov rlying and tone 
conforms clo ely to t he minor irregularities of the trap surface; its 
color is darker than u ual from the pre ence of trap grain , recogniza.-

I See Percival, Geolob'Y of Connecticut, 184.2, p . 365. 
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ble under t he micro cope. A few feet hi gher in the Raudstones there 
are two tutl'aceou layer of a rusty bro,,n color , each about a n in b 
in tbickne · aud a foot apart. Tltey contain mall w~tten' orn frng­
m nt. of trap, much ,,·eath red and nix.ed with l)nartz gra in s. Tile 
mi -roscope llows t lt e fragment · to b avo a Y icular p rphyritic t ruc­
tnre; a long ·ide are gr ain of q uartz, or thocla o, and ron .. ·ov ite, pre-
umably deri,·eu , like tl1 andstone a. a whole, f rom t he bord ering 

area: of a ncient cry 't alline rock . Altogetuer, this is a very instrnc­
t i ve l neal i ty . 

It may be at once sLat cl that two special explanations have b n 
offered for t he tructur · - h ere ob erved . One r egard: hem as the 
product of some central vent, from which the anterior ]ant wn mp­
t ied, a ud .Mount Carmel h as been ugge t d a po ibly rept·e >nting 
tlle Jo,,·er parL of the tock beneath such a veut· but the di · tauce of 
10 or 11 miles froml\I onn t arm el to tlte Larn utation <Lllterior make 
it improbable that block of lava 3 fe t or more in diamet r · nld 
ha ,·e co me from t hat sour Til e other nnd more al'ceptable ugg s­
t ion, mad e by E merson 1 r gard .' t he Ja ,-a block and ash bed as t h 
r c ult of local eruption cau eel by t he heat of th advan ino·Javaflow 
it: vir. 

.J' lnterior (~!Oat-hole Peaks.-Two ma ll op<.'ttings nea r the ba: of t he 
::;lte t, b<wk f the l?oorbonse bam J 1 mile northwest of l\I rid n, 
expo:-;e dense trap ma e ' or extremely inegular form like ropy flow 
of Jaya t he i'ip<tce betw en beino· filled " ·i t h a loo ' 111ate rial tltat ma · 
b called lnpilli . _ umerous pipe- tem cavitie: OC('ur near th b6tmd­
ing , ul'fa('e- of the ropy ma sc:-; tanding :-~t ri ·ht a u o·Jc · to t heir 
·un·ino· :-;nrfacc . 

..tlnteriO'I· of outh Mountain.- eat' t h pr edin g- locality, but 
scpa rat d from it by a f~Lult of molleratc hr w, a mall expo ur of 
th :-;an 1 ton imm lliat ly o\·erlying- tlle trap sh ct afforded a frag-
111811 t of' water worn v icular trap, at a point 100 fc t, ou thwe t of the 
i\ l <'ritl en I oorhou e. The we tern part of the a n t rior in tbe same 
blo<-1 is cnt by a road lcatlin g t hrough Heservoir otch, nnd llow tlte 
s h et to u ltig uly ve icular for nt lea t 10 or 1- feet ueneatl1 its upper 
snrfar·e. 

Jlnterior of Ragged ;llounta.in.-A few poor exposure o 1 tl1 baek of 
t he hcet alono· t he road ide half a mi le outh of ' bn ttle l\I ,adow 
r e. ervoir 1' Yea! w a-th red fragmentfi of ve. icu la r t rap in the ov rl yin g 

a 11d tone. om of t he ve icle ' in tbe e frao·m en ts contain miu t1te 
clastic depo its. 

Anterior of Rattlesnake niounta·in.-The northern of the two roads 
thn.t oro, · the main t rap r idge ea t of Farmington vi llage lead to an 
instructive x.po ure of the overlying saud ton e r e t in g Oil tlle uneven 
surface of the anterior trap sheet; unfortun at ely, th e outcrops are 
much w atherecl . The trap is 'ery ve icular at tbe urface, wh re 

I B ull. Geol. oo. America, Vol. Vill (for 1 96), 1897, p p . 63-65. 
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some of the amygdul s consi t of iudurated bitumen. The overlying 
sandstones lie conformably on the uneven trap surface, the sand grains 
filling the open ve icle . The lower layers of the saudstone cousist of 
an intimate mixture of trap fragments and s~md grains. Some of the 
larger amygdules contain banded depo it ' , like tho de cribed under 
the Tariffville lo ali ty, below. About a mile southwest of this locality, 
on the west ·ide of a small pond, sandstone i found. i n the irregular 
upper urface of t he ve icular trap ; but the ex:r o ure i much 
weathered. 

Anter'io1· of Pinnacle Motmtain.-The fac of a bluff in the anterior 
ridge, oppo ite a point mil way between Simsbury and Weatogue, 
exhibit the laglike, ropy flow structure, such a was de, cribed in the 
anterior of Cat-hole Peak , but without the loo e material (lapilli ' ) 
between the separate parts. Numerous pipe tern am. gdule are found 
her. 

\ 

Ante1·io1· ?''iclge at Tar'~ffville.-This interesting locality was first <.lis-
covered aud des •rib d by Prof. W . North Rice.1 It i one of the most 
iustructive iu the valley. 'rhe Farmington River here cuts aero uoth 
the anterior and main ridge . A li ttle south of th river a railroad cut 
bas beeu opeued through the anteTior trap sheet. 1o t of the anterior 
trap is thus seen to be of dense texture, but near the ea tern side of t he 
ridge-the top of the beet-the t xture becomes distinctly vesieular . 

• There the sheet i covered by a thin bed of tuffaeeous material, which 
locally pa es along the strike in to a bed of trappy sandstone. bove 
this is a second sheet of trap of moderate tbickne s, but no contact 
with tbe overlying and tone is here to be een. In the more compact 
trap immediately below the tu:Jl'aceous layer, pipe8ttlut ca. i Lie · n· 
taining sp ike amygdules are common, always tanding normal to th 
neio·bboring urface of the trap beet. They are everal inches in 
length and commonly a quarter of an in h in diam t r. Ba11d d 
amygdules of oval form are occa ionally found, the band tamli ng 
parallel to the bedding of the adjacent sand tone. nd r t h mi ·ro-
cope the lower par t of the amygdule. is found to consist of gntnn lar 

calcite and secondary quartz, stained with iron; the bandin g appear 
to be due to variation in the upply of ferric oxide while tb v i ·le. 
was filling. The upper part u ually consists of mpo ite calcite 
crystal , free from iron . It may be at once argued h re that the 
paralleli m of the bands in the e a mygdule to the mono ·liual bed of 
tbe Triassic formation how ' that, whatever origin i to b attribut d 
to tbe trap beet, it must ha,ve gained it. pr ent po itiou with r Rpe t 
to the sand tones before the latter were t ilted . Thi minute tructural 
detail repeats the occurrence noted by tbe authoe iu ·everal sh et of 
amygdaloi<.l in Brighton, near Bo. ton, some years ago.2 

Certain ve icles close to the surface of the sh et cont::tin !F:'l in R of 

1 Am. ,Jour. Sci., 3d aeries, Vol. XXXII, 1886, pp. 430-433. 
2 P roc . Boston Soc. Nat. Hist., Vol. XX, JRSO, p . 426. 
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clastic quartz and orthocla e along wi th the cal ite filling, the grains 
being a.rrtLnged with their major axe · parall l to the bedding of th 
sand ·ton , from whiuh the above aro-ument may be repeate l. 'l'hi 
arrano·em nt will be noted for a nu:11 ber of loca.litie to b de rib d 
on the maiu ·heet. The overlying sand tou ont-ain many water­
worn fragment of ve icuhLr trap. The trap fragm uts in th tuff b d 
resemble tlte la.pilli of the a ·IJ bed in the Laruentation anterior. 

I escending from the ra ilroad cut to th river and cro ' Sing to the 
farther bank by the road bridge one finds a good expo lll'e of and­
stone c011 tai uing trap frag111ent and lying on tb back of the tr·ap ><h t . 

.AnterioT of Penk ~fot~ntain.-'Ihe north ru eud of th aut rior ridg 
lies west of tue highe t summit of PerLk fouutaiu and a littl e outll of 
tlle abandon >d copper mine tltat i locally famous under the name 
of" )lew gate Pri 011." About 1~ mile farther north t wo wall knolls of 
bard a ud tone are found capped with trap in the po ition tlJat the 
aut rior beet would occupy if continued. ear tlJc nuder eontact 
some of the trap exhibit. a ropy flow tructlll' ; ome of it con i ts of 
angular block , but all are urrounded by a thin layer of saud ·ton . 
The local occurrerrce of these knoll ·· and the pet.:uliar rehLtiou of tlJe 
trap to tLe sand tone are best inteq reted as ma.rkiug the outerwo t 
tongues of a tagnating lava flow who 'e ropy an d broken upp •r nr­
face was rolled fonrard and downwat·d onto the floor of the depre ion 
as tbey lowly advanced. 

liJAIN RIDGE . 

The greater t bickne s of the main sheet-it mea,·m·e frequently 
r <1 bin g 400 OI' 5.10 f, t-1' udors it llluoll more iUtpol'Laut Lopograph· 
ically than the thiuuer anterior and po terior sheet . It <:o u ist: in 
greatest part of leu e and rather coarse-graiuell trap. It is alway 
ve icular near the upper urface, but tlJ ve icular portion of the beet 
i much les im[ ortant in proportion to the whole tllau it wa in he 
anterior lleet· yet t lJe absolute tbickne of thi portion i not o dis­
similar in tbe two as would be inferred from Percival · de cripti ns. 
A de cribed by E . . Dan <L and Hawe the trap in sev ral of the ea ' tem 
ridg s is mut.:ll altered a com pared to that of tlJA we tem ridge , o 
that it belong.· with t he diaba ·es rath er than with the dolerites. The 
tudie · by C. L. Whittle have extended tl1e appliC<Ltion of this on­

ulusioo .1 
Saltonstall or Fond .il{Mmta·in.-Tbis southernmost member of the 

long serie of maiu easteru ridge pre euts a trougly resceutiu outline. 
J t is extremely scoriae ou on the back . lope in it de cent to Saltou­
sta.ll Poud. Tlle notch nea.r its southern eud, deepened by the cut of 
the Sllore Line Railroad, expo es tue trap r estiug conformably ou the 
un lei· a nd toue. The andstoue i, v ry little altered, but at ~L d pth 
of :1 inches beneath the trap it contains minute and i olated fntgmeuts 

1 Bull. Mue. Uornp. Zoo!. Harvard Coil. , Vol. XVI, 1 9. pp. 99- 1:! . 
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of trap implying that when the e layers w l' d po~itcd a neighboring 
rna of trap ·upplied fragm nt to be 111ixed with t il grain of saud. 
The ba e of the tra,p for ;' everal fe t upward is d cided ly lose grained 
and om what ve i ·ular. It i lll Or or le s fra •ture<l, the fracture 
b ing Hlled with ull qncut iufiltn"Ltion of eco nd ary quartz l:Lild 

calcite. Thi br ccialik structure ·orr sponds, on a mailer C<tle, 
with that ol> rvecl at the bn e of tb 'rotoket anterior near it uorth­
ern end. 

ppro<Lchitw tb upper ,ud'ace at the ba or it a tern slop , tbe 
den e and ·oar er t •xtur or the middle become · lin rand J:iner aud at 
tbe am time mor v icuhu·. ~ ar tue east nd of Lhe 110rtbem book 
of tl.l ridge, there is fortumttely a sm<tll expo. ur of and tone in a, 
stre<Uil bed dir ctly ov rlying- the trap shet>t. Good contact pecimeu · 
w r obtained here, and a · they hnv b u int rpr •t d by K 0. llovry 
a indicating induration from hea.t, a v ry ca,rcful examination of 
tbelll ha be n made in field relation·, in ·hand p ·imens, and under 
the mi ·ro ·ope. 'rh sandstone lie· confortmtbly upon th trap as far 
a. · the f w feet expo:;ed uffice to indicat th rplalh· attitude of tue 
two ro ·k . Although th andston ' is unqu s tionably indurated ordi ­
nary observatio n doe::; 110t suiTiee to d cid whetl1 r thi result · from 
ccm ntation or from b~Lkiug . When a ection aero ·· tb contact is 
examiu cd uudcr the mi TO eope tb and ton is , een to oc ·upy all the 
ineqnalitie of the trap urface tit latnination of it · tninute tr:ttifi a­
tion conforming to the g ' II ral contour of thl\ trap. Fragment , of 
ve icular trap not infreqneutly occur in th sa11d tone. V ;oicle., more 
or les~ op n Ul)wn-rcl , A,l'f' fillt>d with . tratili d •Ia ti · depo it , and ~Lre 
counect d with tb • O\' rlying and tone by narrow u ck ·. 'l'hcs da ti<· 
grain · ar u ually of tbe mo ·t enduriug miu ral of th ;uH·i ut ·rys­
talline rock nam ly quartz, feld par homl>leuu , and mus •ovit , 
c mented by granular calcite <tnd taioed by ferri · oxid . 1\linute 
fragmeu t of vesi ular trap are found ~tloug with oth r C'la tic g-rai 11 , 

in Lhe filling of the open ve icles, the b iug hem stint r :-;ting of 
their con tituent . The fir t gt·ains deposited iu th 
arranged with their longer axe rougl1 ly parallel to th 
cavity but a th center filled fa'ter than th ides, th grainH latet· 
deposited a ume a general paralleli m to oue another. lt i.· S[1e­
cially notable tha,t the plane of depo ition th ll be omes accorchtn in 
various independent vesicle , and that it stauds pnrallel to t h trati ­
iication of the .·andstoue, which here ha a tecp onthward dip. 
Although the hardu ::; of the and ·toue i di ti n tly great r tba.n 
u ual, there i no appearance of fusion or of alteration of th tuineml 
grain ; the harclnes ·is entirely due to inftltration of cem nting calcite 
and iron oxide. 

Totoket .Monntain.- Like the preceding, this member of tb , eries of 
ridges formed by tbe main trap beet is trongly curved. The only 
localities on tb i mounta in that need be mention din this con nection 
are at upper contacts of the trap with the sand toue found iu tream 



DAVIS.] LAME TATIO MOUNTAIN. 69 

bed uear North Bradford village and near Quonnipang Pond , on the 
in ide of the ontb ern and nortb em hooks in wl.Jich the mou11 ta in ter ­
minates. The upper ·urface of the trap at both of tb se lo<;ali t ies is very 
vesicular a nd irreo-ular. Tbe lamin a ion of the sa.ud ' tone ·onform to 
these irregnlarities. 'Ihere i in t ima te wi xture of ronnd ecl tn11 grains 
and saud do -e to t he con tact ; occat<iona,J trap fr-agments are found for 
a few feet above tbe contact at the uortb ru loca li ty. Grain of :,;and 
.and trap fill or en vesicles, repeatin g th minnte antl peculi ar 1'\Lntetural 
feature of the Salton tall contact. The a uclstone in the northernlt ook 
i. decidedly in (lnratecl n ~Lr t he contact, bnt i exhibits no . io·ns of 
baking, fus in g, or other alteration due to heat. lt lt ardn e 's s m to 
result solely from cemeutation, a in tbo previou ca e. 

A ravin e in tbe nortlt er n b luff of Totoket di closes the ev n conta ·t 
of the trap on the ,'aud tone beneath it, but wi thout significan t fea.­
tnres. Few contacts of t lli s kind are here referred to ; they were not 
often carefully Rearched for, eldom being of di criminativ • value. 

Bigby Monntain.-'rhe lon g ridg~~ know u in its successi v parts as 
Tremont aud Hi gby Mountai n l.J a 
,yielded only tw o exposures of upper 
contacts. Botb of these are ou the 
b ack of Higby Mountain , on Fall 
Brook, about a qnarter of a mile 
up tr am from tl te outhern of the 
two road::; t lt at rnn from '' e t field 
toward Meeiden. All the featnres 
of adjustment of the sandstone to 
the trap, such a mixture of trap 

· 1 1 d · d F tG. ll.- coriaceou trapand sandstone,Lnmon-
fi'agment Witl tJ e .an o-ralll , ao tationMonntai.n ; uatllt"al si ze. 

f1lling of op u ve icle with ·lastic 
fragm eut , are her repeated . Some of t he rounded t rap fragment 
occnr in the and tone layer even 5 feet above tiJ e general surface 
o.ftbe trap. Down tream from the eco ntacts many stones in tlle uecl of 
the brook contain fragment of vesicu la r trap. It was by following 
the e up to their source that t be contact ' were found . 

Oha.uncy P ea.k.-Th channel of a wet-weather . t ream leadin o· dnwu 
tl1e ba. •k of this portion of the main sheet pasiles gradurLIJ y from 
-den se to ve icular trap, rLnd tbeu to a mixture of trap fragments and 
sandstone. The rock urface is glaciat d and comparatively li ttle 
weathered, but the area opC'lt to observation is mall. No special tndy 
of it has be n made, as it appeared to repeat very clo ely the features 
better hown on tbe back lopes of Higby a nd Lamentation mounta in s. 

Larne'llt.a.tion nrountain.-A.t the nortbern eud of tl.Ji ridge Spruce 
Brook cuts a little trench, pa si ng from the trap to th e covering saocl-
tone. Th e wall of t he trench exhibit ve icular t rap of very irr gular 

texttue. Intimate and contplicated mixture of and and trap occnr in 
the upp r portion of the sheet, a ' ill fig.ll. The upper port ion is hi o·bly 
vesicula r, with unevenly rolling urface. Sand and trap grain fill 
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open vesicle n nr tbe urfac , and o ·cuvy int l"tic · among we trap 
fragm ents for 2 or 3 fe t dowmvard. 'rhe strn.tifi cation of the sa ndstone 
i conformabl to the trap, the minntc lay ' rs in the vesicl having tbe 
same <lip as the la.rg r bed.. l olated watcrworn fragments of vesicu· 
Jar t rap o cur in th sandstone f'or 2 or 3 ~ et abov th trap beet. 

Q11.a1Ty Riclge.-Tb ;;mall, eastern tn ost trap rid ge of the Ha.nging 
Hills "Toup has been cl eply quarried for railroad balla,;;t and road 
metal at and near it . outbern cud it t I riclen, and 11ow presents an 
exc ll nt cliss ction of a compl x trap he >t. It i one of th most 
importan t expo, ur in tlte r rrion. 'rho tra.p i' separated into a lower 
and all upper 'he t by a clivi ional . urface ·laoting with the g neral 
monocline of tb re<Tion . 'l'he lower she t i · den and of bluish color 
in it deeper xposure, but becomes reel within -! or 5 feet of lte 
top; here it contains numerou amygdule of hlorite, which give it a 
mottled appearauce and cause it to simulate a n ::~>lterecl andston , for 
which it ba indeed be n mistaken. EveulO fe tor 1nore beneath the 
upper urfa.ce the 1·o ·k i greatly altered the glas y base being often 
devitrified, and calcite being so plentiful t-ltat dilute ncicl cau e etl'er­
ve'cenc . The amygclules, fr que11 tly of regular form, are at this 
greater depth nearly all due to replacem nt. Toward the surface lhe 
te -ture steadily grow finer and the cavities due to gHs expan ion 
become more numerous. Five feet below th con tact the cavitie 
occur y about on -fourth of t.he volume; a foot from the urface tb ir 
proportion ha increased to fully two-third . The origin of these ve. i­
cle by ga · expan iou is shown by the tangential arrangement of the 
fel<l par crystal around Lue cavities, conforming ev n to their minor 
irregul ari tie;;. 

The reel color near the surface is due to th formation of ferric ~ s­
quioxicle. Hawes ha poin ted out! that alteration of iron-b aring 
mineral within a rock rna not expo eel to the weather ic from one 
prof oxide to another; but if expo eel to the weather, it i from th pro­
toxide to tlte esquioxide. It i the form -r chaoae that g 11 rally 
characterizes the alteration of the trap in the eastern range , aR con­
trasted with the unchanged trap of the western rang s. The occur­
rence of reddened trap ncb a i found here, ven at a depth of 30 or 
40 feet beneath the surface of the overlying dense , teeJ.green trap of 
the upper sheet, i therefore to be ascribed to some particular eanR , 
not operating generally. 

The upper surface of the under sheet ba been occa. iomLlly stripped 
bare in proce. of quarrying. It then appears to b of undula.ting 
form, each convex wave being from 2 to 4 feet a ro s and from 3 to 6 
inches in relief. The resemblance of this surface to the surface of ropy 
lava flows on\ esuvius or Kilauea i very strikin g. 

A little clastic material occur between the two trap sheets, but it is 
recognizable only by aiel of the microscope, as the sheet are gcn rally 

'A.m . Jour. Sci., 3d aeries, Vol. IX, 1 75, p. 190. 



U. S. GEOLOGICAL SURVEY EIGHTH.NTH Af\NUAL REPORT PART II PL. IX 

UPPER SU RFACE OF LOWER LAVA FLOW, LANE 'S QUARRY MERIDEN. 

The lower flow IS ves•cular near 1ts upper surface; the uppe r flow IS dense at ItS ta;~> 



I 

I 

I J 
I 

I j 



DAVlS.) THE H A GING H ILLS. 71 

closely in contact. A t cer tain poin t ,' th y a r so clo~el y w ldc'l that 
band pecimen::: may include fragment of both. The clastic material 
consi t>; or ru d ly tratified grain of quartz and ortho ·l ase "· itb angu­
lar ft·agment · of red trap , like that in t he upper pa rt of the nnd1• r heC't, 
t he ''hole em ented by quar tz ::tnd calcite. 

At one poin t in the nor thern quarry a depo, it re!'emhlin g th :-~ sh of 
t he Lam ntation ant eri or bed ha been fou nd by J . H. Woodworth. 

'fh e upper sheet i bini h -green on freslt urfaces bn t weatb ' rNl to 
reddi. h-brown on joint face . It is d nse t hroughou t the qu;trries, a11tl 
i much les altered t han tb e lower sheet. It fall s off' abrup lyon t he 
eastern ide, for r easons to be explained on a la ter page; bu t by fo l­
lowin g the Quarry Rid o·e northea tward half a mil or mor , to a poin t 
where its ea tern ide descends 1torm::tlly to th e low gronud th tntp 
surface near t he ba.e of th rid ge i · fomtd to be v sicnl ar , a u nal 
with all th e eastern member of t he erie . 

I t may be at once tated that this compo ite tructnre is in ter­
preted a· a, double lava flow , the ,econd flow bein g ,'prearl ou t on t he 
weath ered urface of t he fir t . 

07~th Jl1ountain.-A bench rise on the back of thi mountain ( hown 

in profile in fig. 12), a if a . ubordin a te sh et of trap overlay the main 
bocly of the beet and the two were eparated by a layer of le s resi t­
an e in t he d pre ion beneath the bench. No sandstone wa found 
between th , two port ion of the beet, but the upper urface of the 
lower portiou \Ya ' found to be ve icula.r clo e und r the bench. Tbi is 
an unu ual structure in tbe trap beets. It i believed to repeat the 
compo ite tru cture exposed in the Quarry Ridge. The front view of 

ou th Mountain (Pl. ) give only the ordinary aspect of a bold bluff, 
without bowing the bench 011 it' back. 

·w est PeaJr.-Tbe ea ternmo t trap outcrops that are believed to 
bel on o- to the main beet in this block appear to the ea t of a road lead­
in g north from the Reservoir Notch , and are separated from the main 
rid ge by a hallow lon gitudinal valley. Although uo criti al contacts 
have been found it i thought prob::tble that these eastern outcrops may 
b re indicate the same upper flow already een in the Meriden quarries 
and inferred on the back of outb Monn taiu . Similar upplemeutary 
ridge are found on the back RIOJ e of the main sheet in the .r ew Britain 
district. 

East Talcott Jl1o7~ntain.-Tbe duplication of the main trap sheet in 
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Talco t Mountain by a longitmlinal faul t will be dnly c1 >scribed in 
Part U . Wber t h W e t ll ar tfor.rl- 1 I om field tow n bounda ry eros es 
the baek slop of tlle ea,·t ro main It ct Tumbledow11 Brook b a. cut 
a sha llow gor o· . -"\..m ygdaloidal r~tp i een in plac at the water' 
edg!:' anq for twernl ~ t upward on t b l>anl t il er a r di ·tin t lj 
bedded hyers containing fi11 e t rap wa te, clip1 in g 0 or lOo ea tward . 
A fe \Y rod farth er down tream ther i a th in -bedd d gra l1 al fol ­
lowed by l1 eavi r bed d d r d hal . 

So. igoifi cantfeatur weref"ounclinthetrap tih tofth mainrid o·e 
fa t·th t' nor tu , although t h trap is alwa.y · vc i •ula r if en at point 
near the ba e of t he eastern lope. 

l'OST I~ RlOH I<IDGE . 

Posterion of Saltonstall. ~[onnutin.-Two Jow rid ge li e within or 
po teri01· to t he cr ><centi · urve of tlli m ml>er of he mai n she t nrar 
Brau ford. T h first is a long 11arrow ridg , ·ympatll tic in its curv at ore 
wi t h t ll line of he main he t . The bas of tl1 Rh t iu thi · rid o-e is 
slightly amygclaloidal· t l1 middle, den a r it, ll (Jrth rn end 
wh ere it is cro ·eel by the road from Branford to Totok t village, tl1 e 
ov rlying and tone. are jj und on the road s id in lo,; con tact '>~ i tb 

the trap. The upp r portion of h sb >e t is here very esicul ar , bnt 
11 ot locally lose grained a t contact with t il and ton . and o- rain 
au d tntp fragm nt are mi ed in t he c 11t :wt lay r, and a nd grain s 
o ·cur in open ve icle ' . Ocea i nal waten r11 frag ment · of trap >lre 
found i11 the. sand ·ton <L foot or rnor above t he contact. 

L <lge of v ry coar e trap conglomemte, with b wld en; occa ion­
ally~ or 3 t et in diameter, occur to the ea.stW<Lrcl of t l1 norL IJ. end of 
tlli s trap be t, a nd are b >lie d to have be n or ig in all ontinuons 
with t he trap ·h et. They now eem to be faulted away fr rn i t, but 
thi s can not b clearly demon 'trated. 

Th :-) oud po · terior ri dge of Salton tall iou n tai n ri f! ou th 
nor th we ·t of Branford village, clo e along the boundary b twe u th 
'l'ria:'\ ic and cry tallin e rocks. It will be lat r correlated wi tl1 tb fir t 
po terior, of whi h it is beli ved to be a rer tition by faul ting. - re 
only it primary feature~ will bP eli cus ·eel. 

The base of tbe sheet i · brecciat d for 2 6r 3 feet upwat·d 1 h fis ·nre 
bein g filled w1th and ·tone, as if th e two kind of rock had be n on­
fu ed ly mixed. Th ·texture i generally den e, except n ar tb upp r 
surface, where it become,· highly c llul a r. 'rh overlying sa.ndstone, 
exposed on the outh ide fa f; mall pond contain numerous fragm nts 
of vesicular t rap, but the expo ure are much weather d , a nd on t he 
wbole are un at isfactory. A trench was clng here, but no nnw ather d 
rock was reached. The d isturbed attitude of th trap in thi ridge, 
wber by a mall portion of i t, on the outhwest ide of a ero road, 
eem to be overturned past the vertical, so th<Lt the nuder sandstones 

appear to lie on the trap, will be referred to later. (Seep. 127.) 
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Posterio1' of Totoket .Jlfo1tntain.-The two portion of th e po terLOr 
wit hin th curve of thi mouH tai ll exhibit t be u ' ual ve icular upper 
urface, a nd are everywhere accordant with the variable trik ::wcl dii 

of the conglomeratic sand tone thn.t frequently outcrop near them. 
small trench wa opeued on the back of the north rn ridg , ha lf a mile 
we't of the so uth end of Quonnipau o· Pond revealin g v i ular trap 
overla.in by red shaly audst<JlJe, in which fragmen ts of t rap were 
numerou ·. 

EacL of t he e cnrved po.··terior ridges i attend d near its nor th rn 
encl. by i~olated ledg of trap. I t is uncer ain whether t h se ledg ' 
repre~ent faulted fragments of the po teeior or inclepend n dikelike 
int.rusion . 'I he au nee of dikes el ~ew ll re at o high a, horizon in th 
form ation, the lo e proximity of the normal posterior beet, and the 
occurrence of cer tain irregular ba.sal t ru ctures at the und er urfac of 
on e of t be,e ledges (nea.r a millclam outhw t of Quonnipaug Pond ), 
imila.r to ~ ~~ ba , al ructure of the ea tern po teriot· heet iu t be Pond 

Mouutain ere cent, would ;tll upport the form er view; bnt til re is no 
ind pend ent ti ld ev id en e indicatin O' t he occurrence of the inferred 
faults. 

Po8fet·io?· of P iscapcwg .Llfonntain.-The a teru rn muer of the n rth· 
eru posterior rid ge of t hi mountain bas been quaniecl alon gsid the 
Durham road, xpo iu g a loose·texturecl , ve i nl ar trap, much dccom· 
po eel and overlain by conglomerate. 'J'h e contact was too mncll 
weath reel for criti a.l obser va.tion. A mil e sonth of Dm·liam nt r 
near t he eastern boundary of the low land, t h re a,re ledge· of cO li g lom. 
erateconta inin g trap f'mgment . . TlH~s ca n 110t l> e r tai nlycorrelated 
with any one of t he trap 11 t hereabout , but th y ar pla.u ibl y a O· 

ciat d with th p t rior ridge tbH t approach on the south we t. 
Po ·terio1· of 'Premont Mo 1u~ta ·in.-Th cut of' t h Air [;ine Rail road 

t lrrough t he 1 terior ridg·e 11 ar 1iddlefield disclo e an irreg-ular 
ves i uhu· rnc1;ur at th ba ·e of the trap ·heet, wb re it conforma.bly 
overli reel . bale. The hal are ·onfu edly mixed brough t b lower 
part of th e tra.p for fr·om 3 to 1:3 feet from the ba 

Posteri01· of Higby Jlfountain.-This is a, conti rJUa.tion of th ridge 
m ntion d in th precerlin O' paragraph, 4 miles farther north . It i 
here cro d by a ·tr am, aud Hoek Fall s c tation of tlre Air Line Rail· 
road i · near by. aud toue is found lying on ve icular trap at th outh 
ide of a mill pond alon gside th ra.ilroacl. The upp rmo. t ve icles in 

tire trap are often fill cl with cln.8tic O'J'aiu , con necting with the over· 
lying a nd tone by narrow n ck ' . Grain s and fragment of t rap oceur 
pl entifully for a, foot or more upward in the and toue above tbe co n· 
tact. A beautifully waterworn pebble of ve icular trap wa fouud 
embedd d in tb and tone ev ral feet abov the contact. Drift 
bowlder· in tlr e railroad cut 11 ear by how a mixtur of trap aud 
~'< a .n d ton e. 

Postc~·ior of Oha1tncy Peak.- Tbe outhern end of this r idge i cut 
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by the Ierid n, aterbnry a,nd onn cticnt ·1 iv r Hailroacl, a quarter 
of a mile east of Highland tation. \iVhcn :till fr shly op ned the 
rock bowen a remarkabl mixture of angular atHl vesi nlar trap frag­
ments in mi~;aceon s !;andstone, t h e layer of the latter wrapping- around 
th e former. All tho ph nomena already de cribed regarding the occur­
r ence of la tic grains in open ve icl<' ar II r r p ated. In .·ome of 
th e v sicle the filling iK in omplete, a in fig. 13, the npp r part 
being then occnpi d with ('al ite, and the lin or division acros tb 
ve icle running pa.rall l to tb monodinal tructuro of th r g ion. A 
number of pecimen were se nred exhibiting thi peculiar feature very 
clearly. It We\ first notic d at this locality, a,nd aft rward found to 
cha.racterize many others. 

Berlin po terim· of' Oeda1· Jlfountain.1-Tb.e barply ur cl hook of th 
posterior ridge n ar Berlin village exhibit a n itl rabl ar a of ve ·ic­

Flo. 13.-Trap vesicle containing clastic depo it, 

posterior of Chauncy Peak; magnified 4 diame· 
t.ers. 

nlar tructure on its ba k slope, 
but no overl ing sand tone can be 
found. The underlying , and ton 
i beautifully conformabl to the 
curve and clip of b e t rap ridg ; it 
was early perceived to b signift · 
cant of the r lation, between the 
igueou and aqueou ·trata. Per­
cival makes eli tinct record of this 
featnre. 2 

So1Lth Glastonbu1·y tt·ap conglom­
erate.-A trap ·onglom 'rt"L is 
found on a bill id~:. near tb cry.­
tal li ne border, ea t of outh la -
tonbury, on th ea t ide of th 
Connecticut River. It contains 
plentiful fragments of den e a11d 

v icular trap, along with pebbles and cobble from the cry talline . 
This is correlat d with the horizon of the posterior trap she t, from 
which it i now eparated by one of the chief faults of the valley low­
land ( ee p . 103). 

Rocky Hill posterior of Oedat· Jlfountain.-A railroad cut on the back 
of the po ter.ior ridge in the town of Rocky Hill , but uear the v illag 
of onth Weatbersfield , di closed sandston conta.ining fragment of 
vesicular trap simihu· to that overlying the anterior beet at Tal'iffville 
or the main sheet of Lamentation Mountain. 

JJa.r~fon7, posterior of Cedar Mountain.-At tb north end of thi po . 
terior, on the groundR of Trinity College Hartford the ve icular npp r 
smface of the she t i,· 'rell expo ed, with intermixe l portions of ant.l­
stone. The under urface of t he beet, re ting evenly on the and. t011 

1 This part of tb c main sheet wns ca lled Newington hlountniu by l'orc ival. 
•Geology of Conn ecticut, 1842, p. 358. 
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is well xposed in an extensive q uarry (Pl. XI). It wa after obsen~a­

tion of t hi contact tha t the elder Silliman wrot t he stat men t quoted 
on page 16. 

Post rim· of Rag,q d Jl [attntain ·eu· Britain.- The ov ' rlappi11 g etHl 

of t \Y O small t r ap ridges on t l1 e northeastern border of ew Britain are 
regarded a tl •e ligh tly faulted portions of t he single po. te rior beet 
belonging ~·ith t he main sheet f l~agged .Mountain. 1 small . tren m 
run between them. The ea tern ridge i. quarried expo in g t h ba e 
of the sheet lying evenly on the and , ton es. The trap i. h re o-en rally 
den, , but incloses local amygdaloidal area . The upper nl'fac , seen 
at th e eastern baRe of the western ri ~lge close to t he . trea,m, xhi bits 
th e usual vesicuh1r s t ructum of all t he e beet and is covered by a 
mixture of trap fragm ots in and tone of t he ordinary kind bu much 
weath red aud not ea ily acce ible. 

Po tm·io1· ridge of Fa.nnington nrounta.in.- Ea t of Bartfonl Re ervoir 
No. 4, and about 3 mil s north of New Britain, a post rior tra,p ridge i 
cro ed by a small stream. B re the upper urface of the ve icul ar 
trap i expo ed , with a cover of tu:ffa eon depo it, all much weather d. 

o sand tone or shale was visible. 
Post(Yri o?· heet at F at·mington R ·iver Gap.-Clo eon th onth of the 

river, nearly a mile north of North Bloomfield, th e overlyin g sand tone 
apr roacbe the ve icul a r trap wi thin a few feet. An openi11gwa · made 
here and t be irregul ar contact disclosed, but it was so much weathered 
that no good pecimen could be secured. The and tone appeared to 
fi ll inequaliti e in the trap surface. About a mile. outh of tbi point 
a road lie · alopg a hallow t rough on tbe crest of the low posterior 
rid ge, a· if the t rap s'tleet con isterl of two thin flows, the upper ur­
face of tl1e under fl ow by the roadside being ve icular, whil tlJe low 
bluff face of the upper flow is den, e. 

MMARY FOR THE E ASTE R...'< RIDGE . 

Certain£ atures ar found con tautly to prevail in the trap sheet of 
the ea tern ridg wherever ob ervation is permitted free opvortu nity; 
other feature nre f iucon taut occurrence. The t rap of the e rid ges 
iR p t· vailiugly mot'e altered than that of the we tern rid ges. The 
beet how no tendency to cut aero s the beds of the inclosing sedi­

mentary rock , but are, on the con trary, surprisingly accordant with all 
change. in dip and strike of th e Rand ·ton s. Tb trap is more altered 
here than in the we tern ra ng . Tbe upper urface of the beets is 
invariably ve icular; pipe-stem cavities are often noted near and nor­
ma,} to the upper urface. The beddit •g of the overlying and"toue is 
minutely adju ted to the iueqnalitie of th e upper surface of the trap, 
even occupying open ve ·icle ; fragments of trap, geuerally v . icular 
and more or less waterwor11, oc ur in the audstoues just over the trap. 
The, e n.re all features of ·on tant occurrence. 

1T Ws ma in tro. t> ridge nds in o. strong bluft' n.t its so uth ond , callo<l High Rook in P erch,at·a report. 
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Tb under surfa o of t.he sheet is som t ime moothly accordant 
with t!J under :wcl ton · ometime · i xliibits a peculi a.r intermi xture 
of and tone a nd tra.p, ~ts if th t "'o bad b n k11 ead d together. The 
lower part of the he ti s generally dens , but ometime · moderatf\ly 
ve icular. T!J e t rap i ometim es replac d by hwa block a nd a he , 
either at th e bottom or at th top of the II t. l 11 two ca e. a 1Je.et 
appear ·· t o be of om1 osit tru ·tur , a if co11 si ting of two :flow,, ea h 
of wltieh ha a v ' icular ·truc-tur at t h upp r urfac . ·rh adjust· 
meut of t b o erlying and tone to the un v n tmp . urfac and th e 
mixture of trap fi:a()'m nt in the and ton are ul ~ ect to innumerable 
variat ion in qua.utit a nd qna.lity. The ov rlyiu g· a ndston i · orne­
times ind t"Lrated l>ut in no ca ·e doe it give an indication of taking. 
The e are feature of incou tant oc urreuce. 

CO NCIXi' IOS AS T O OIU IN OF TRAP S lllr.Jl:T ;';. 

Recalling the m tbod of in ve tigation de crib d abov the problem 
of th e trap ~-; h eet · may uo 'v be r evi w din a ·orda uco with it ' r qu ire­
ment . If only he ry tallin texture of the trap ro ·k w re ob ·erved, 
t lley wou ld imply b re()'arded a of io·ueou origin wi thout . pecifica­
t ion a to tb ir rela.t ion to the adjo ining rock. . When the linear 
arrangement of t !J e trap rid ()' wa notic d, he trap being een to 
ri e to greater h i o·ht than th >:and ' ton on either itl , it ' a natural 
tor o·arcl the t rap a a dike rock. V\ ben ob, rver in ertain eli trict 
noted the interu dtlecl attit nde of t he sb t a.ud the indurated con­
dition of the overly ing andston s t h e ·be t: wer naturally inter­
preted as intrusions, u.nd tb sa,m in t qn- tation wn.l'> n.ppli fl to var i­
ou other beet of imilar form. On tb other lt and when ob r r 
in other distri ct di cov red the mixtur of trap fragm nt in t h an l· 
tone overlying tlt ·beet , i t was na.tural to regarcl tb t rap a 

flows, and to ext >nd this onclusion to the appar n ly sintilar 
in all parts of the valley. Every advance of tbi kind r ul tell ft'Om 
new ob, ervation of sig nificant facts. The fu ll r det rmination . now 
po ible have been reached iu precisely t l.l e arne way; lt nee it is at 
preset1t inadmi ible to gro up all the slt eets toge her as of one orig·in. 
Tbe beets of t he western ridges are indi -putably un li ke those of tlJ(• 
ea ·tern r idge . Tbe gt'Oup of intrus~ve ·ill deci ively eparated 
from the group of extru iv flows. 

Tbi.- cleci ion does notre ton the permi ive evid nee of a few char 
acteristic , occa iona!ly discovered, l>ut on the compul ory eviden · of 
numerous cll aracteri tic ·, repeatedly ob erved, thi being ~ pe ·ial ly 
true for tl.le extrusive flow . In tb ir ca , particularly, the corre-
ponde.nce of con equence deduced from theory witl.l fact ob erved in 

t he field i so peculiar, so co10plicated, a nd o plentiful tha t t l.l e con ·lu­
iou as to their origin may be regarded as demon ·trated with al l th 

certain ty t hat ·bould be attached to geological rea onin g. 
Not only do the two g roups of sheet s fa ll naturall y in to the classes of 

sillR aud fl ow., but by the presence of t he two classe in a single fteld 
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each illuminates th other by the light of contrast. Thus it happ n 
that although the contacts and other criti ·al tructures bav been een 
only on ontcrop of Yery small extent, the conclusion to which th y 
lead m<LY be justly applied to th t rap sheet. over th wbol xtcut of 
tbe valley lowland. On later pages tbes conclu ion wm freqn ntl b 
utiliz d the sheet of the western riclg s beincr referred to as ill aud 
those of the eastern ridges as flow or lava beds. 

0HHELAT10X OJ•' D !Kif. S1 SI LL . AND l' LOW . 

The und rstanding that ha now been rea.ch d a to th mann r of 
origin of the variou ledge and ridge of trap rock p nnits an impor­
tant advance iu the hi tori al account of the valley. To tb d cription 
of tb proce ses of tran portation and dim en tation alre.tlly given, 
there mu t now 1.> added the picture of vo lcanic ernp ti011 · and ln,-a 
flow itl1 their usual aecompauim nt of undergrou nd in trn ' iOJI. J u ' t 
as the mall exposure of the Triassic foundation in Roaring Brook of 

outilingtou mu t be expand d to represent a br a<l pre-Tria sic land 
surface, ju t a th , local xpo ure of cross-bedtlc(l and ripple marke l 
trata mu t be •arried overs ore and .-c re of mil sin r construeting 

t heir original extension , so the . ·anty outcrop · of the 11pp r . urfa e of 
tile la,·a beds mu t b mngnified till they floor ov r tbc greater part f 
the nncieot d pression; here Rmooth <wd ropy, there loo e nnd ·linkery· 
at one place a firm lava bed, at another la ro·ely ma<le of loos' ash s. 
The <:reeping advance oftbe flow· fro m ome unl,no\\'n :-;ource or onne ' 
should be deliberately 1 icturecl-a low pro ·e::;s t ha t Jll'Obnbly occupied 
•n onths or y a•· for ca ·II ·] , t, yet rapi 1 iu eompari ou to tl1e aecnmu­
la.tion of., diment ; om time - a quick achance, ometim .: a tumult of 
batter d a he and hLVa blo ·k . Three diRtiuct cpi ode::; of this charac­

ter int rrnpted th impler proce e of cl nucl::ttion, tran portation, and 
dC})O ition, by which the gr nter part of the Tria ' i( ~ depo it were 
form d. "ear them idd l of th period of deposition th e placidity of tile 
region wa eli turbe<l by tLe preading of a lava beet-the anterior­
up and dowu t he rough for orne 45 mil iuland from the coa t, n :1rly 
to th l\Ia aclms tt~:~ border of to-day. It tilickne i · geo rally about 
250 f et. Its br ad t.h ca.n not be m asur d, becau its we tern part i 
worn nway and it ' ell t rn part i buried . The vent from which i t was 
extmcled can not b identified with a ny certainty, for at no p lac is a 
dike or neck seen to con ne t rli tiuctly with tile flow. The neare t 
approa ·h to u h ·onnection i - we. t of R.eed Gap, wiler tbe Ea t 
Wallingford dike :1ncl tue anterior ridge of til IIigby Hauge approach 
within about a quarter of a mile of each other. The appearance of a h 
bed and lava blo k ' iu tb onthem a od central pa.rt of the anterior 
imply explosive eruption at no great di stance, but it would be grn.tui­
tou to as ert ou thi account tha.t the eruption took place n.t an defi. 
nite place. It is, on the other band, entirely within rea ou to picture 
the growth of a volcanic cone of greater or le . ize at orne point in 
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the ancient tr ugh, while the lava flow crept far and wide over its 
smooth floor. The con may be buried under t he upp r andstone in 
the ea · t rn part of the trough or lost by eros io11 in t ho urlifted west em 
l)art. of the trough. If in the former, it position is n ir ly nnknown. 
If in the latter it mu t have risou abov some of t b ex i ·ting dike 
~.ncl of the it it uld be r membered that tho e of Mount Carmel are 
the large t of all that stand not remot from th ash bed of the 
anterior beet. I ha.·, however, been uc:rge t i that the a:,;b b ds of 
the anterior he were produced by local e plo ·iv a tion caus d by 
the advance of the hot lava through water be t ill the trougli a,ud in 
ncb case t heir distributiou would have little or no relation to th site 

of the lava v nt. 
After th extrusion of the auterior lava, bed, volcanic n tiou uecame 

extin ·t, ~nd 1lacid condit ions reigned again for a lon o· t ime. Reptile 
once more talked over t.be and flats. Fisrt becam very a.bunuant 
while the anterior black hale were accumuhtting 50 or 100 feet above 
the lava bed. An y volcanic cone that may have b en built at the time 
of the lava flow mu t have been deeply eli sected duriug th depo ition 
of e eral hundred or a thou and feet of and ton and bale before 
the greater outpouring of the main h et took p la . Tbis wa truly 
a gigantic lava flow. It thi kne sis frequently 400 or 00 feet. Ouri­
ou ly enough, it give ·· no ign of xplo. ivl'\ erup tion in t he way of a h 
bed and lava block. at any point in Oonnecti ut, xcept in the mo ·t 
in ignificant way in the Meriden quarry. It , pread much farther 
n.orthward than the an terior, now reaching certainly to Mount Holyoke, 
a nd perbap almost to the nortberu end of th and ton trouglt in 
Ma · achu ·ett. Its length was thus at lea t 70, and po ibly9-, mil ·. 
It approaches clo e to the eastern border of the and tone at s venLI 
point , and a it hold · a good mea ure of thi ·kue · in both it ea tern 

aud western expo ure , i t mn t have originally had a. decidedly gr· ater 
breadth than now. Bence its average breadth may be rea ·ouably 
e timated at 10 mile . It area may therefore have b en about 700 
square mile and it~ volume 70 cubic miles. 

So heavy a flow must have formed lantl nrface for orne tim after 
its eruption. But tbe depre sion of the region ontinued, and edi­
ments were spread over the lava bed once more. Here we mu.· t imag­
ine those minor proce e by which the loo e lava clinker were washed 
about, tlJeir edges ronndetl, and their grams mixed with the and a nd 
slowly ifted into the open vesicle or into the crevice among tlle 
clinkers, until at last all was sealed over, and again the mor placid 
processes of eli tribution and sedimentation of waste from the ry tal ­
lines went on undi sturbed. It was during tlJis quiet interval that the 
posterior black shale,;, with their cotmtles- fish keleton. ·,were depo ited.. 
Ouly once more did the volmw ic forces break forth . Theu the po terior 
lava bed wa, spread out, in extent intermedi<Lte to the otlter two, as it 
reaches from near the coast almost to Amber t, about 70 miles inlat.d, i n 
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Ma acbu etts. It tbicknes i commonly 100 or 1 -0 feet. Aft r it wa 
sealed over there il:; no indication of any r evival of volcan ie acti ity in 
Connecticut, unle sin tl.t ba ic dike of Baileyvllle (p. 47 ). It i i nter­
estiu g to 11ote that t rap-bcariug conglomerate oc ur in apparen t con­
tinuation of the posterior flow at t hree points near the eastem bord r 
of th lowland-north of Branford in the Pond '[ untain re cen t, 
south of Durham Center and in outh Glastonbury. Tlli ug·gest 
that the lava flow was spread out chi efly in the low r medial part of 
the t rough, and that its fragment ' , along with the. wast from t.b border­
in g upland., wer washed into the margin al b elt . 

Tl.te southern division of th e western rid o·es i 1."" miles in leno"tb. 
The northern division , more in terrupted mea ure about J 7 mil to 
the tate bound ary. Their observable volume is tb refore much le s 
t11an t hat of th e main flow. 

DATE O F INTRUSI ON F U, L . 

It is roanife t that t he date of the intrusion of the iuterbedd ed or 
dikelike .·illt; of t he western ridge can not be immediately correlated 
eitlter with the elate of depo ition of any definite tratum of the aud -

ton and shale or with t he elate of eruption of any one of the lava 
flows. They must have been clriven into place after a con iderable 
thickness of sand ton e bad been accumulated above the low horizon 
that they invaded but there i · no direct rea on for upposin g th<1t their 
intrn ion did not take place u11 t il after the t iltin g of the an is ton into 
its prcseDt monoclinal po itiou, although this view ha often been held. 
Intru ion among horizontal trata, are by 110 means unknown. The 
eruption of the extru i ve beet is so closely a ociated with the depo­
sition f the a nd ton es that it is perrui ible to a sociate the intru ion 
with a imilar date. Thi i ' onti.rro d by finding that the iu trnsive 
beet have suffered eli location of a kind very much like that which 

ha effected th e extrusive h et , as will appear in Part II (p. 133). 
By anticipatin g th couclu ion there r eached, that the sill were in 

all probability intruded horizontally before the til ting of th forma.t ion 
into its monoclinal po ition , i t will be perceived that it i uot nece sary 
to refer the ill to a feeding dike on the east of their pre ent outcrops. 
It is true that, iu the ca~e of Eas t Roek, Dana has inferred a ~upply 
from a teep fi ure ou the north astorn side of the rock , but the evi­
deuc· of t hi i gathered ou ly from the ste 1 er slope of thi side 11ear 
it.s 11ortllern end, aud not from unque t iou able expo ure of a npply 
dike.1 It i a lHo true that iu the Pali ade trap sheet , so similar to 
th e W e ·t Rock ridge, Darton ba found more definite vidence of 
s upply from a dike near th e we tern ba e-thi corre 'pouding to t he 
ea tern ba e in the Connectieut monocline.2 But if tlte observeu truc­
tures generrllly prevailing in the West ltocl ridge are drawn in true 
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section and in the attitude that obtai11<'d before tilting, it i. manife t 
that t h argumeut for the a cent of the tntp, ro nghly betwe u the bed. 
cliug plane· of t lJe ~and tone>~, l1a.' littl or no force. The s ill s clid not 
ascend between t ho layers; h ey spr ad laterally fr0111 ·om Ul lknown 
sou rce, wedging tb ir way b w en the layer» a,s tl1ey ad van d , ar1d thus 
npli ftitw all t he overly i 11 ~,; ma s. 'ril e pre nt iu trusi ve ridge need uot 
hav e any definite reh1tion in dir ction Ot' poRit ion to the fi m·<\s from 
whi<.:h they were uppli ed. TIJe J\fouut Oarm l dike and stock appear 
to be t he fis nre~ t ha t are most a' ai lal.J le a.· upply v nts for the ills 
of t l1 e We.:t Rock ritlg nn<l it north rn neighbor ; but tb po, ibj]ity 
of th e npply coming· from t h dik . which now outcrop in the cry . 
talline uplau<l Oil t he we t can l1 ardly be excludt>d by anyth ihg now 
known . 

The obliqu pas age of the "'West l~o ·k sill ncros, the . a11dstone 
trata near it southern nd l1 a been d :::crib d an<l ilhu~trated. ' uch 

a tr ucture does not seelll to l.>e a il y accounted for il' th trap ellterecl 
from the ea t for in t lt ~tt <:a e tlle observ cl stl'u ·tures wonl l require 
the :uhancing ht,·a to br ak it way down \YH rd in to tl<' C: I: ively 
d<'eper and deeper layer;; as i t moved fonv;nd; but if it departed from 
the guidance of a iJIO'le bedding- p lan it wonld most probably break 
upward not downw ard. If~ on tbe otb r lHwd, n,n intru ion f1·om the 
uortl1 i a • um d, th oTadual up tnrning of t he booked . outh n1 end of 
West Hoe;lt is rea onabl y account d for by t he fa llin g in of the roof 
layers near t he end of t he uplifted ·ov rin g 111 a s, mnt h in th man11 r 
advocated by II. D . gogcrs. 1 Pin a nd l\Iill rock prolHtbly occnpy 
transver e fi sure that were brok n a ro .. the a n<l ton at th tiu 1 

of the intrusion of the W st Rock ill , a nd near its r apidly thi11ni1w 
out bern end . . Ea t Rock and its dep 'Dd ncies appear to b in tru ' ion 

at lli gher levels, but clo ' ely a .·ociatcd with the tran ver e dik . Th 
obliqn attitude of tlte northern memb r of tho outbern intru , iv 
rang in Ohe hire, wh re they appar nt ly creel) to highe1! and high r 
hori zon:-;, repeats mor deliberately th uclclen upturning of tb iutru· 
sive. at the south end of We t RoelL 

HORIZON .. TRA \ 'F. RSE D UY .DtKE . 

The dike are peenliar in being limited to the cry talline and to the 
und er and lower di vi ion of tlle sand tones, with the exception of t he 
ba ic dike in Baileyville, which cut the post rior shales, and ·wbi ·h 
by its po ition and compo. ition proclaims itself t9 be t he in gl • mem­
ber of another family of intrusions, and with tl1e further exc ption of 
the very questionable dikes n e~tr the po ' terior ridge of tb e TotoL(et 
crescent. 'I heir not infreq uen t upper termination beneath a and to11e 
cover !J aR been mentioned. The d ike , li ke the sill , h ave , uffered dis­
loca tions simila r to t hose uffered by t he flow · (p. 13"') ; Le11 ce, ou <tll 

'Am. J" our. ci. , 1st series, V ol. XLV, 1843, p. 333. 
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account , it seems mo t probable that all the igneou rock , dike , sills, 
and flow were introduced into the body of the edim ntarie during 
the filling of the &ub idiug trough, or at least befor tilting and faulting 
bad begun. 

VULCANISM. 

Without entering far into the great problem of vulcanism there are 
certai u considerations bearing ou it that result from our field ·tudy and 
that deserve bnef mention. There is an iutimn,t a sociation of trap 
dikes and sheets with the t ime and place of Tria ic lepo ition. The 
a ·sociation in place, not only in Oo11necticut,and Ma aclm ett. bnt in 
tl.Je other Triass ic area of the Atlantic slope, ba, often been remarked, 
l>nt the as ociatiou in time ha been le s generally recognized, chiefly 
be ·au e many writer:; have not felt the force of the ob ervations that 
upport the theory of the contemporaneous origin of the trap. That 

the extru ive flows of tb ea tern ridge. are contemporaneou does 
not seem to me longer open to doubt. That the intru ive ill of the 
western ridge are al o e · utially contemporaneous-that i ·,that they 

F 

A 

Fw. 14.-Reln.tion of T r iass ic warping to vulcani sm. 

wer intruded before tb p riod of depo ition was clo ed by the begin­
ning of deformation-will be argued to a very probable conclusion 
later (see p. 134). There thu appears to be an intimate connection 
b tw· end pression of t he urfacc and emption of the lava from d ep-

at d our ·e , and it therefore eem reasonable to r gnrd the fn·st as 
causH lly related to the econd. Tl1at uch a relation is permis ible 
may b een from the accompanyin cr ficrure. If a region ( hown in 
vertical cro s ection in tig. 14) i warped from a profile AB DE to 
a profile FBGDH there must be relative upward movement on either 
side an l downward movem nt in the middle, and thi is probably 
accompanie l by a com pen ating lateral flow of the deep-seated yielding 
parts of the earth's tructur away from the middle toward either ide, 
as indicated by the arrow M It i conceivable that a perfect co m­
pen ation might be thus effected, but it i also concei able that the 
com pen ation by deep- eated lateral flow might be imperfect, and that 
t he deficiency might be made up by vertical escape through frac­
tures, thns producing eruption of lava in the trough f depre ion. 
Although volcanic action is often associated with ele ation of the 

18 GE OL, PT 2--6 
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region '"here it o cur , thi a ociatiou with depres ion also eelll s to 
deserve con ideration in the general eli ·u siou f vulc.:ani m. 

A corollary of t he SUPI o ition that conne t eruption with deforma­
tiou i · that the expan iv fore of .·team and other var ors may b om -
time or generally di8pen ed with a an ential cau of the a c nt 
of the lava . Thi corollary find dir ct snpport iu th gr a.t sills of 
the "-e. tern ridge a well as in tile hno- 1:-wcoliths of the Rocky 
'fountain region. Tit , e great iutru ·iv mass s hav c rtainly been 

driveu upwar l or forward by ome gTea for but they present no 
indication wh<Ltever that th expan ion of ga · has taken any part in 
tlte labor of driving them to their pr sent po iti n. Tak 11 along with 
the Jllateau-li ke extru ion of Ic land, til is t ndR to the con 1 usion that 
deformation may v ry o·enerally he the fir t can of in trn sions and 
extru ion s, and that tltc gaseou explosious by wltich many cinder 
cone are built may often b lu:trdly more than accid nt of the surface, 
as advo ·ated by I re twich. 

ISOSTASY. 

The doctrine of i o tasy ba been held to accouJLt for u h condition 
a prevailed during the period of Tria ic d position; for all t hrough 
that time the trough wa 1 wly inking, wbil it r <"eived an in Tea ing 
load of detritus from adjoining r gion , and tlt latter were, by rea on­
able inferenc , lowly ri in g· a tltey were denuded. But in this ca e, 
as in many otl1 r it i hardly logical to say mor than that the fact 
permit but do not compel a beliet in tile uoctrin e. A , iu all examrle ' 
of uppo ed i o ta y, an external ini ial can • i · n ' C · ar. tu 1:1 t, tl• 
proce e of deuud;.ttion and depo ition at work. ln our ·ase orne 
local down-bending- mu t ha e preceded the b ginning of d po ition 
and thn have served a it can erath r than a ' it effe ·t. imilarly 
ome other pro e mu t bave put a top to tbe continuance of d pr -

, iou and depo itiou. How largely the i o tati · forces alon aet d 
b tween the beginning and end of depo ition, (•r how small f L prop r­
tion they may have born to greater forces of other kinds, i to-day a 
que tion for peculation rather than for argument. A the problem 
stand in an undetermined position, little il:l gained by a suming l fi . 
nite values for any of the factor involved in it. It i not at I r ent 
advisable to go further than to conclude that for a long time depo.-ition 
about balan ed d pres ion, ani that over tbe land to the ea t a.ud 
west erosion may have roughly compensated for elevation. 

RELATION OF DEPOSITION AND DEFORMATION . 

It i. important to clear the mind of a fal e idea tha.t grow uncon ­
sciously concemin o- the relation of deposition and deformation in su •It 
a problem a this. From the diver e nature of the two proc s e and 
from tbe habit of con idering them in separate chap ters for conven­
ience of discussion, it come to be natural to conceive of deposition 
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cea ing of it elf; a nd then to imagine, after a greater or le interval 
of inaction, an independent beginning of deformation. The two proc· 
e ses are commonly considered · parately, a if depo ition had been at 
work up to a certain hour of the geological clock, and d >form ation 
began to work when a certain later hour struck, perhaps after a noon 
in terval of rest. 

W hile thi. i conceivable, it doe not eem at all probable. It i 
inore likely that d po itiou was, throughout, the creature of d forma· 
tiou. Depo ition might go on as long a the warping of the r gion .. 
depressed the trough area and elevated adjoining <ll'ea , but it wa in 
all probability. topped when th e trough wa~ elevated, with more or le s 
di turbance, above sea level. 'I hi conclu ion seems to be of geneml 
appli cation. Instead of saying a i com monly the practice, t l.uLt after 
the Paleozoic strata of the Appalachian had been deposited th y were 
deformed in making· the ll eghenie , it . eem bet.ter to ay that the 
d po ition of the Paleozoie str::1ta continued until it wa topped by the 
deformation which pr·oduced th Alleghenies. So, in 'onn ecticu t, it i 
eminently probable that t be down·bending or breakin<Y of the Tria ic 
trough wa only au eady stage of the di turbauoo which tilted and 
fau lted the 'l'riassie trata, and lrowever large the type that tand at 
the head of Part II to separate it, for the convenien ce of the read r, 
from Part I, t lre e visible igu hould be interpret d only as hyphens, 
by which ncce. sive ph a es of the ubject are blended, and not as bar· 
rier by wh iel.t tl.tey are held avart. 
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CHANG ES FROM ORIGINA L ATTITUDE. 

cticut differ 

It i in conn ctiou with the faul t by wbi h the forruati n i r p at­
edly brok n that we find the hi f tru tural probl m or tb r aion, a 
probl m who e olution reacbe further than at fir t ruigltt b antici­
pat d for it indicate' th xi tence of ui I < tion in th und rlying 
and adjoining ry tallin wh r they might not o herwi h, v b n 
expected. But a ociat u with tb di I 
there ar occa ioual warping of th 
are not called Hfold ," becan tb dip ar 
amount and till more b can e it i not u ir d 
pr ion acting to produce fold after the manner ordinarily attribu 
to uch a force, bas bad anything to do \-dth tit di turban ofth region. 

It i p .· ible that the bending and br aking of the trata ad van d, 
in g neral, together· bnt, on the other band it might b infi rred from 
the nature of the proc e that the bending probably b gau b fore the 
breakina; and there are on the ground indications that m of tb 
warp wer compl t d before the faults b gan. For exampl in a 
ciatiou with the posterior trap beet in the hill outhw t f Durba111 
Meadow tber i a local flat-warped trough, who ill-d fined axis run 
somewhat west of north. It is eros ed by the faulti that parat 
Pang and Durham mountain -the Pang N tch fanlt-and tb two 
parts into which the trough i thu broken are now out of lin , a wa. 
di covered by L . S. Griswo ld, the soutuern .· tanding about half a mile 
east of the northern. It eems hardly lik ly that the two part of the 
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trouo-h could have been warped independently after th faulting ; a flat 
warping pr viou to the faulting i much more probable. 

In c:onn ction with the other warped tructure ~ the evidence as to 
the r latiYe date of bending and breaking i less definite. .All that 
can be said i tl1a.t the -various fault lines pur ue th eir cour e , a far 
a t raced without y tematic regard to the flat warping and hence 
that the breaks were probably sub equent to the bend ; but on thi 
point no po itiv conclusion i announced. 

WARPS. 

The most manife t waq are found along the southea tern bortler of 
the formation, in th towns of Branford, orth Branford and Durham. 
Here th two irregular crescent of Salton, tall and Totoket n:wuntains, 
and of the a sociated anterior and po terior trap ridge , with th inter­
v nin conglomerate , and tone, , aud shale , are all conformably 
warped iuto half-boat-like basins. If t he outheastern half of th e boats 
ever exi ted, it ba b en removed by the gr at marginal fault that here 
bound t he formation. 'Ihe trata, aqueou and igneous in the north­
we tern l.Jalf dip not only fi·om the ide toward the keel, accordino· to 
tl.J o-eneral monoc1inal dip of the region , but al o from bow and stern 
toward the middle appropriately to the peculiar structure here di -
lo eel. Here, a o often el ewhere, the early interpretation of th e trap 

sheet a dik or iutrn ion prevented the di covery of the real ,truc­
ture of the eli trict. The curved edges of the warped and denu led 
lava flow were tak n to indicate the form of tb fi ure ' in which tb y 
bad ri en throuo·h the crystalline ba is of the Trias. 1 They wer intro­
duced a illu tration on a mall cale of the uppo ·eel habi t of erup­
tion to follow urved fi ure , el ewhere thought to b mani£ ted in a 
Jar (}" r way in th arran <Y m nt of mountain range and i land t r nd .2 

H. D. o,. r , id of tb urved ridge : "Tb and tone b ing di -
rup t din a, pla,11 parall 1 to th dip, tl1 bed on tlt upper ide of the 
.lopin,. dik will b lift d off from tho e on wbi h th y reposed and 
in thi tiltiu<Y of th b dR th r will arise toward the ertr mity of the 
fi ur am or tran , v ' r e ra ·ks extendiug in the dir ction of the 

Thi ' i quo d with a 'eptan by Hovey.4 However applicable 
thi vi w may b to tb hooked nd of W e t Rock (p. 59), it can hardly 
xplain tb urv d dg of the extru iv flow 
On de iding that the tbr trap . h t her included are all con­

t mporan ou lava bed conformable with th and, ton s, they mu t 
be r gartl d a ' entirely pa ive, . o far a. th ir pre nt attitude is con­
cem d. Th ir dge giv no indi ation wha,t ver of the form or posi­
ti n of th fi. nr throuo·h wbi h their material ros from i t deep 

long with tb a,rlier and later stratified depo it , below aud 

• Whelpley, P roc. ssoo. Am. ol. ·nt. , 1845, p. 84 . 
• Dana , Am. Jou r. · i., 2d sories, \ol.lii,l 7, pp. 391-392. 
• Am. Jour. cL, 1st s rios, Vol. - tY, 1843, p. 334. 
• Am. Jour. Sci. , 3<1 serie•, Yol. ~ X --vrii, lSS~. p. 381. 
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above th h va beds, they w r b ut from an ori gi nal horizo nta.l atti­
t ude into tb iqw sent w:trp d tructur , It t nt ·hnal ympathy of the 
di . rs member of t he cri s l1eing a, not:Lbl :C atur of t it di ·tr ict. 

Even t he ma ' ive main trnp tl ow a emingly infl ex ibl It t cnrv s 
ubmi ively aro und t he nd · of t lt cres nt , appropl'i<tt ly ·IJa ng ing 

its dip ani trike along with t ho a ndstones a url onglomMat below 
aucl above. Th is i , marl dly theca· in t it "T nte t· cresc nt f Totoket 
Monntain wber tb lt or t hook · at either tHl t urn ronnel so fa r that 
t ll eir inn r lopes look obliqu ly bact· towar l t h lOJ tger m dial por­
tion of t h riug . H.H.tlt •r mor t h·tn half of t he b a~t ,' tnHtnr t 

ted in t his fin e cxampl . In iu · of tb nortll rn hool t lle 1 o -
t erior h t and the conglom rate und rl in g- i t ar trong-1, warped, 
th ir trike b in g ev n a little outh of ca t "i t h t p southward. 
dip . It wa · undoubtedly t h to p i tH;lin atio n of thi ~;; p ~trt of the 
po terior wher i t d c ud to t l.l r ad ·ide by Lak Ououu ipaug that 
gave Percival t ll idea that it wa a dik e.1 

The separa.ti n of t.b two re ot of 'r tok and 
mountain · re ult. from the gr ater cl undation of tb up! if d part of 
th once contiuuou main lt t t ha t a r·clted ov r t h s pac b tw en 
them. Tll e po terior ridg·es within th r ceut. nr ' parated by a 
greater eli tan e beca u th ir once eo ntiuoou t ,-.,,as originally 
arched up to a great r h ight, a nd i now worn down to a greater 
depth · but in both ca e t ber i ev ry indication that th lava flow 
once t retcb d ov r th e pace where th C' a r 11 0w ab ent., ju:t < t hey 
still str tch under th floor of the ere nt lt r th y are uow buried. 
It i to b noted that the mann r of . tucly ordinari ly applied to 
deform ed an d deuud cl aqo ou beds is h t b ld to b p rB tly appli­
cable to t he e deform ed a nd denude L ig n ou · b d ·. 

The true w · at the p iu L of' !Hint Lion f Llt · m;.du 
ere c nt would warrant the u u h a de' criptiv 
' tran ver e anticlin , with au a t-plun ginrr axi , but a 
give implication of a for of compre iou actin g a lou · t b 
ere cent it willuot be her mploy d. The gr· ater uplift a,t the poin t 
of eparation i ' pre£ rably a rib d to irr gular warping ' itlt whi •b 
term no definite quality of deformin g pro e is a , o ·iat d , a nd for 
which a,t pres nt no pecial exr l:10ati01t a n b a · ured. 

J: orth of Totoket two other ere cen ic tructnr may b r ogn iz d 
but of iucrea iu g dimen ion and greatly compli a t d by fanJt. . 'l' h 
:fir t maybe called t he Middletown ere cent. It i. b st iudi ·at c1 by 
the cour e of the po terior ridge wlti clt turns di tinctly a tward at 
eith rend of it curve. The. E>cond ere cent b gin with t he Uan rr in O' 
Hill at M riclen and end. with the Mount IIolyok Ran eY in I , a­
cbusett . Thi may lJ called the pringfield Ct' cent. Ju t a in t h 
other exampl , but to a le clegr e, the trike and dip of tb aq neous 
as well as of th e ig ueou, bed t uru from t b ir ordinary .{!i1·e ·Lions at 

'G ology of (.;ooneoti cut, 1 42, p. 340. 
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eitlt er end of the ·e Jarg ere ceu t , so a to accord somewhat wi t h. th 
patt em ·o well xhibited in Totoket crescen t; l.>ut the dislo ation by 
faulti 11 g are her so <>Teat t hat t lt e warped patt ru i <l not at ftrst 
recogni zable. 

One of t b mo ·t p eculi ar warred . tructur s in t he wh le valley is 
that by which tlt c main sheet i ' bronght up in edar :Jionntaitt .·outb­
we. t of Uartford , and by whi ch the overlying 1 o terior ridge i o 
notably defl ected ea ·tward ont of its ordinary cou rse. Thi;; uph avn1 
might in one en e be r gardell as comparable \rith that between t lt e 
Pond and Totoket crescent , in a ·much a i t terminat t he Middletown 
ere cent on t he nor th but it i irregular in h ing quit unrelated to the 
gr ea t Springfield ere cent. Jt is r markable in not being con titmed 
we. t ward. On account of t he num erou faults in tbi · district by which 
the t!Jr ·e trap flow are so irregularly repeated the tructme h reabouts 
wa not dcciphere l t ill nearly all the probl m of t he valley were olved. 
Then the ing uion . ugge tion of P rof. Vi. "S . Rice, that Cedar Moun­
tain mu t b a r petit ion of t be main he t locally uplift l, wa hap­
pily confirm d by t b eli covery of the po terior black hal north of 
Hocky ITill village in appropria,te po itiou with re pect to the und erly­
in g and overlyiltg lava fl oYr s, and con tain in g appropriate fo iJ ( ee 
p. 139) . A t no other point in the valley i th ere <t more beautiful con­
centration of varion · line of vidence upon an unexpected conclu ion. 

If tbe outcrop of aJJcl ton s and bale were more plentiful they 
would fnrni h sufficient evidence of warping, independent of the inter­
pretat ion of the trap beet · a flows or si ll · and wb rever the di ­
mentary trata appe&r tltey onfirm t he infereuc s deriv d from the 
more per i teut ontcrop of th anterior main , and po teri or flow ; but 
without t he latter it would be ver di fficul t to eli cover th e true ures 
t !Jat have .iu ~ t b n explainerl. 

FA.l LT 

ravers the onu t i n all y from we t 
wou ld oon n tic tb I r vai lin rr ea ' tward dip of tb trata, 

and w ulcl thererore naturall y a nme that be could, in advancing east­
ward , pa o er th ei r natural uc e ion from the Jow tat th we tern 
mar rr in of th vall ey to tb lti g be t-or at least to t h hirrlte t of thos 
till r maining-a t th astern ide of be vall y· a.nd by a imp! cal­
ul ation he might tb n obtain tL total t hickne of the formation. 

Thi s ·uppo ition wa th e fi1· ton ent rtained by earl ob, erv rs. It 
i xpr d in t b ir d riptiou and diagram · for xample, those 
preparedby mithinl ,2andby Uitch o kinl ~3 - tbe latterprobably 
ha ,in rr rriven fouuc1a,t ion for the more expli it diagram in Le onte' 
E l rnent of eology, 1 whi ·h uta il an enormon denudation along the 
wE> tern id of th fo rmation and an even more extravagant wasting 
of the cry t alline adj oi11ing. 
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Tb vast dim nsion 

of onalom ratic and ton 
moderate tbi kn 

' eo n. R. E merson , A.m. Jou r. 'cl. , 3<1 ser ies, ,-.,1. XX [V, 1 
Vol. 11, 1 91, p . 455 . 

T. 

to tb 

P r ival , r p rt 
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such methods were entirely justifiable whenever the igneou rock 
were contemporaneous lava beds, and it i no exaggeration to say that 
upon the recognition and introduction of tbi simple principle the inter­
pr tation of the trnctmes of the region has turned. It wa. manife tly 
nece sary to determine, in the fir t place, the cbaract r of th e trap 
beet -1 ot their compo, ition and their place iu th cla ification of 

igneous rocks but their structural relation and t heir place in the Tri­
as ic formation; heuce the careful earch alon g the uumerou trap 
ridg s to di over the ignificant upper contacts, as already detailed 
in previou pages. 'I he direct aud accordant testimony of th ve icnlar 
upper ·tufa~es, of waterworn trap fragments in the overlyin 0 fiand-
tone, of infiltrated and and muds in the lo se texture of he trap 
urface, led ·o iu vitably to t he conclusion that the h et of the ea t­

ern ridges were extru ive, and the conclu ·ion was o trongly fortified 
by the contrasted testimony of th den e upper urface of th beet 
of the we tern ridges, that belief wa demanded rather than allowed. 
Th n e of the trap ridge as locating the mor·e re. i tan t memb r of a 
great erie of bedded rocks thus came to be regarded a en tirely legit­
imate; and the succe s with which thi method of tudy ha led to 
the explanation of many more fact than it wa fir t expected to explain 
ju tifie it in the fulle t manner. 

Although the trap ridge here referred to overlap for moderate eli -
tan es in a very y tematic manner, a wa clearly stated by Percival, 
it was not at firBt perceived that thi mi ght be due to their truucation by 
obl ique fault . This significant eli cov ry wa not made until it wa 
noted that the anterior ridge south,Ye t of Shuttle ~feadow n ar .r ew 
Britaiu, wa dislocated and it two parts overl avped to a small extent by 
faulting. It was then undertaken to locate and trace out the fatllt line 
bPtwe 11 tl1 Hanging Hills and Lam ntatioo f uutaiu. The ·y tem­
ati obliqu trnn ati n of one member of the erie· after tb other, 
aqu ou a w ll a ign ou , wa thu fir t cl arly perceiv d and the 
e. ntial l "' t th tructur of the valley wa di covered. Iu looking 
back to tit · ,·ucc 'ive tep of interpretation. the advan e t hrough 

remarkably low. It i now po ible to lead a party of 
ob erv r, to the mor ignifica11t lo ·alitie in a day' excur iou, and 
til u from ,ome minen c> u ·h a 'hauncy Peak, to e:\:-po clearly 
i11 half an hour what ha reC]nired the intermittent earch of a number 
of y ar gradually to bring forwa,rd from the u11known . 

Glt )IH:TR! AL RICLATION 0 1' FAlll, T . 

tration of the xi tence of fault ' iuvolves e entially the 
sam m thod ofiuv igation a that already detailed in the cas of t he 
trap h et . The r p ated occurrence of a certain ucce sion of bedded 
saud tone ;;mel lava wa p rceived, and two a lterna,tive xplanations 
Wt'r pr nted: that til e rep tition repr ent actual imitative repe­
tition in d po ition or that they ar outcrops of a i11gle quence of 
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deposition, llOW rep ;)ted uy faulting-. Th 
nnt0n abl wb n tlt nnmu r of repeat d. eqn<'ll 
laro·er th a n thre nR at fir~ t obs rv •d , and wh n <t p ou liar a 11d l1igltl y 

peoializ cl arra 1wem nt of ontcrop~:> i · found to n.c ·o1npany t l1 area 
of r p <Lted eq tt<:' n · . 'fh ·ond ·uppos itio11 is for •ed upon b li f 

~----- OF"F"SET-----7, 

THROWN HEAVED 
L 

J.t -, 
' -

B 
]'I •. 15.-.1. , plan of s trik faoll, hen.ved on ~Mt; R, s tion 

of fault, hea,·cd on east. 

wlt 11l iL i H tliH l' \ ' •r •d t hat 
all of' it · app ropriate ton ­
seq u ' II · ar to h fo und 
in tit fi •ld a11u that tit 

t ri eal ded 1wtion of 

ton. qn nt 
sarily fo llow 
fanlti11 g~-<tand ut read ' to 
b onfr ut d by the fa t 
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members overlappittg uy a di ·t;-wce tllat · i a simple fun ction of the 
off'ct and th a,ugl e 
between t he ·trike 
of tb trata. a,n cl t h 
tr ncl of the f'aul t. 
Accordin O' as th e 
fault tr en d to right 
or left of t lt e . ·trik , 
th eoffi tand 0 erlap 
will be a rranged in 
what Percival called 
"ac1 va n i 11 g· ., or " r e­
ced in g '' ord er. a:; iu 
fig . JGandll. lfan 
ob erver eros- a eli -
trict tbu·faulted , in 
t he direction of the 
dip, he w ill find orne 
trata to b r pea ted 

and the breadthofthe 
repeated ·tr ata will 
m asnr th offi et. 

Anoth r serie of 

---;:, 
i 

l''IO. 16.-Plnn of NlJ: .• W. fault , hea ,·ed on east. 

ca may b con idere l in which the heave i on the ide f t h fault 

f' - -- - Orf"'SET -- - ---~ 
I 

Fw.I7.- J' lnn of }\'1\- .. Ji:. fault , h n,·ed on oost. 

the eml of orre pondill g members in which the 

oppo it to the dip . 
The, e a r illustrated 
iu, ftg :'l. 18, hl, 20. 
W h e n th fault i 
pa.raU I Lo t b :;trik , 
certain ·tra.ta. will fail 
to reach the snrfa ·e · 
t b ir b t· aclth may be 
alled the los of the 

fault. \iYheu t he 
fault i obliqu fu ll 

queu e of t ra a 
will app ar 011 either 
id . on being again 

offset with r sp t to 
the oth t ' and the off-

t eq ualin g the lo s 
a ju tel fined· bntiu ­
steacl of an ov rlap, 
a in th pr vious ex­
ample there will be a 
c rtain 'lHtee between 
fai l to }Lppear or lapse. 
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If an observ r cro s the fault lin in n.ny of til ·e la tter 
stratawill b mi in g in t ad f r p ated a in th pr vion xampl ; 
th mi . i1w br adt;h b ing a m 'asur of tit lo s. 'urvature of he 
fault lin will 1 av oft' tor lo un ·banged but will alL r v rlap or 

THROWN 
A 

B 
F1 n . l .-A, plan of s trike faul t, benv d on west; B, sootiou of 

fa ult, heaved oo we.~t. 

region. 

hLp ; va.ri ation ofh av 
wjlJ alter boLl1 tl1 ffi· t 

ll 

v rti al fa ult n rL v rti­
cal fault plan . If the 
lin of fa,ult mov meut 

of the 
m no ·line. 

If th faLl.lt ltould 
pr v to b IlUID rou , 
and Ryrnpatb ctically ar­
rang dinparall lor ub­
paral1 1 · ur. "' t h y 
would d i vid tb form e­
tion iu to a nu nt bt'l' of 

Be ide · t h e con eq uences, i u the way f purely g om trical arran 
ment, a. een iu ltorizontal plan, ther are otb r of importan that 
affe t the hape of the ridge formed by re i ·tant trata. J n fig . l 6 
(p. !H), for example the northern ud of the ridg on th b av l sid 
of th fault wi ll lowly decrea in height a it det rmining tratum i 
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obliquely truncated, and i t will fmallydwiudle away in an incouspicuous 
trail of fad in n· ledges; but 
th southern end of the 
rido·e on th thrown ·ide 
of the fault will terminate 
abruptly in a bold bluff, 
there ult of weathering on 
t~ acute point of its de­
termini n o· . t rat um. Thi 
COli rol xerted by fault ou 
form is more fully disco ed 
on page 169. 

Certain . pecial s truc ­
tural featur may al o be 
expected along th line of 
the fault. The adjacent 
strata may b more or l 

. dragged, bent, and broken 
by t he movement. The 
fault may vary from an 
a.lmost mooth joint plane 
to a broad irregular frac­
ture, fi lled with br<:~ccia, 

more or les cemented . 
FI0. 19.-Plan of NE.- ,V_ fnu lt. hoav d on west. 

Subordinate branching o lateral fracture 

,..--- - LOSS--- -- -~ 
I 1 

HEAVED 
1!'10. 20.- Pinn of N,V_. E. fnu l t, heaved on west. 

may b a o iated with a 
ma ter fau lt . 'l'hefault 
face may be more or 
les.' striated or polish d . 
Th attack of er ion 
upon a belt of fau lt 
bre ·cia, may often re­
duce it t a no tch or 
va ll ey, hi ' b ing par­
ti ularly imp or tan t. 
wb re a fault of mall 
brow cro a t r ap 

ridg . 
In a region of numcr­

ou out rop or of read­
ily ide11 ifiabl trata 
th re would b no need 
of o delib rate an xam­
ination ofan elem ntary 
tructnral problem of 

tbi kiud · but when t he 
urface of th country 

i largely covered by 
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drift when th edimeutary tra.ta ar iuentifial>l only in a most gen­
eral way, and when th icl en if\ '<l.tion of the trap ·h ts cl p ' nd R on 
o une entia] a :featur as tlriekn s ·, it i prop r that ·lo~ s rn tlny 

should be given to all asp cts of the prol>l m in order to iu ' Ur it 
·orr ct ol uti on. 

Uter the valley lta>; be n cxpl r d or <L g ological map of th •· glon 
in p ted, there an b no h itation in d ·idiug that tit hypoth(! is 
of fr qu nt r petition by faulting is va ·tly sup rior to th hyp lh is 
of th i nd pendent procluctiou of imitati v eq u u · . nd •r the 
latter view even the r petition ' of tlt s dimcntary stntta wonld b 
extnwrdinarily improbable and wb n the ign ous ro ·k are acldetl 
repetition by imitation bccom >s imply iucr >dibl . It is lt re immat t'i<tl 
wh t lt r the trap ·beet or th eastern ridges ar iutrusiv or xtrusivc. 
ln itber case th y form y t 111 <Ltic memb r in · qu n of aqu <Ills 
a11d io-neous trata an<l it i-:1 inconceivabl that o many yst •matic 
arrangement ' could have be u g<Liu d ind pend ntl in tlte variou 
erie , ither by ills or by ilow ' . All th appareutly ind p nd 1nt 
q11ence mu t really be dis Yered portiou of an originally Hittl{le · 

tructnre. Rational explanntion mu,· t o·iv plac to thr 1110 t graJuHou 
a umption if n.ny other view i ma.intain <1. 

TEST OF JTYI OTnl': ' 1:-. 01 ' F,\ ULTDW. 

\..baltdoning the ·uppo ition of imitati,· ' seqneuc w may t Rt ihe 
hypothesi::; of repetition by faulting by it~; ability to xplain all tbe 

tr:u · ure of the valley-ex· pt the warps already de cribed-on the 
po.-tulat that tlte entire formation con i t of tb m 'tnl> r ' alr atly 
tat 'd, namely, a ma of low r conglomeratic all(] ·ton with <ill 

or tlikelik intrusion n ar th ba e in tb northeru and onthem 
ar a ; then the anterior tmp beet and hal · tlle main trap sh (•t· 
and til posterior hale aul trap beet; follow cl by a great ov rlyia~r 

rie of hale and sand tone . Th climentary 111 mber or thi 
erie~ are o 01 en to variatiou pecially on approa ·bin tb e<l tem 

border of the formation tlmt reliance ·an b plac d upou tit m a 
guide to faulting only ov r bort di ·tauce . Tlle only proved x · p­
tiou to thi tatement ar the anterior lim tone and the ant rior aurl 
post rior black bales, with their a embla e of fo -sil fi h , to wllicb 
pecial reference will be made b low (p. 137). rt i chiefly to tb thre 

lava bed· of the ea ·tern ridg s that we mu t look a guide· to th ·truc­
tur of the regiou . They are iugularly constant ov r tbe whol ar a 
studied, the anterior sheet alone thinning nt and di. appearing n ar 
the northern boundary of the tate. They uow tan<! np abov th 
generally weak and tou and . bale , and above tb wid pr ad drift 
cover, except for drumlins tllat ometime bury tll aut rior and pos­
terior ridges. The trap ridge thus form con picuou guide to the 
po itiou of certaiu horizons ·tanding about mid way b tw en the bottom 
and top of the whole formation. The notches, offset , and overlap of 
the ridges are so mauy proclam~ttion of break and fault . 
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]though t his woul d b e measurably t rue even if t he ea t nT riclo-e 
were determined by f.l. g roup of three intrus iv sills i t becomes neces­
sarily t rue if thE'y a re formed 011 extru ive tlow . Jt wa wh en t his 
p ri11 cipl e wa perceiYe l t hat a. pecial effort wa · made to e tabli::;b the 
tmc uature of t l1 trap beet beyond all qu t iou. I n the belief t hat 
this ha been do 11 e, a 11 d that t he extrusive na ture of th e be t i 11 t he 
e<l tern ridges i t horough ly demonstrateci, they h ;tve been u eel iu 
d eeipherin g the tratigraphy of t he r egion a con fi dently as he Medin a 
and P ocono andsto n have be u u eel in un tanglin g t he tratio- rapby 
of middle Penn ylvao ia. 

J 11 t he following detailed r ecord of ob er vation the mo t co nveni nt 
m t hocl of te t ing t he theor y of faulting will be to accept its t m th for 
t h t im and to empl oy i ts language, fin ally r eviewing tho whole a cu­
mul ation of fa ts to deter min e t he nature of the proof t hat they afiord . 
In t he aecou nt oi· th fa ul t that have b een t bu id en ti fi d, ancl of th 
n um ron b locks into wh ich t hey di vide the formation 111 ntion can be 
made only of t he ·hi f occurrence . Each block will be 11 am cl after 
th e ridge fo rm d on its portion of the main tr ap beet; but, unfor tu­
nately, it h as been 11ece ar.1· in .·everal ·a e: t o invent n ame fo r the e 
ri clo·e in defa ul t of name locall y applied to them. Tb breadth of he 
block a nd t ho th row of the bou nd ing fa ult <Lre measured in tb belt 
of t he eastern r irlge , uu le otherwi e tated. The t rata recognized 
in each block ar briefly de eri b d and t be fau l t limitin o· i t on t he nor th 
or w t i meed. Particular a.ttention i ~; called to t be Lam en tat ion · 
b lo ·k , which exhi bit t he tructural feature · produced by fa ul t i11 g more 
eli ' tinctly an d ov r a larg-er area than any other. Tb e minor faul ts, t bat 
can. e notclJes in t he m::tin heet a nd lightofl>et in t he anteri or a11 d po -
t erior ridge are located a well a po ' ible on t ile ma p of t be region, bnt 
are not in all ca es de cril>ed in t he t ex t. Th ey are of cloubt lullocatio11 
i n th ew Brita.in region . T il marginal fa ul t , co ntinuou along t !Je 

a ' t ru and int rmitt ut alo ng tb 1ve terl? boundary of t he formation 
will b p ially d crib d on page 12""-131. Freq uent ref r 11 ce to 

th map P l. X I X: (in p ocket at eud of volum ) will be uece sary in 
foll owing t lJ tat ment of the text. 

TAUJ-1£ F FA "!.TJ<: D ULOC K • 

T h fo llo wino- t~bular tatem nt, .ba d on p rofile con tru ·ted by 
Mr. Gri "·old may <!rv a an index to t be d tail d description of th 
faul t d blo k i n the ucceediu o- ectiou . It beo·ius at t he out!J . 
Many of t he mea ur are ouly rou o-h ·average values of indefi.ni te or 
varhtble dim ension . minn ign befor the throw indi ·ates up lift 
on t he no1·th or we. t . 'I be fault a lues a r m a ured on tbe line of the 
maio ridge unles ot herwi e t..'Lted. 
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Fa11lted blocks desm·ibed in succeeding sections. 

Blo k . 

Totoket: 1 

al ton tall ore oeut axi 

Totoket ore ceo t axi . . - - -- .. . . . 

Pang . . ...... ..... ·-- -- · ........... . 

Tremon t······- -- -·-···-····- ·· ---· 
Higby.· · --·· .... -·-- --· - ·-··--· --· 
L amentation ' _ ..... .. -- ... ----. ----

eda.r " ·· ·--· .. ... ...... ·---· · ..... . 

HanJi ug Hill s . . .. ---- . ... --· ·---·· 
The sn blli vi ions are-

Quarry._ ._. ___ . _ .. __ _ .... . .. __ . 

Cat-bole . ___ -- . . --- .. ___ . . .. -- . 

Sonth ..... ... .......... -··- ... . 

West Peak .. .. .. . ·· ·-- ·· -- · ... . 
Short ... _ .. _ .. _. _ . ___ .. ______ ... . _. 

Ragged .. _ -- . . - .... . - . . .... --- ... -.I 
Farmington ... ... ... . .. . ........... ! 

Bradley · · - --· -- - · ..... . _______ _ 

Farmin "ton ·-· - -- · - --- · .... -- --
Ea t Talcott _ . . __ _ . ___ . ___ - __ .. __ _ _ 

West Talcott .. . ___ . ---- ------- .--.-

. imshnry ·----· ____ .... ·-- --· -- -- --
Gran by . ____ . _. ___ . _ .. _ . __ . ___ .... . 

Suffield··----····--···----· ... . : .. . 

Lnngth , 
main Rh et 

bluO'. 

j)(;leB. 

3, 
3 

! 
It 

6-7 

H 
5 
6 

6 

4-! 
3 

6t 

nr adW1 r block. 
Tlu·ow nf 

un 1·th hound­
iug fau l~. 

Mil&. 

2 

4~ 

Put. 

-2,500 

+ 500 

+ 1,300 
AtWe t. pl a od,li +2,000 

At Lamentatiou , 2 +3, 000 

AtEa t . Upland, 2~ ~ -- -·· · -··· ·· 
.. - . ---- ---- . - - . . . . . . . +4, 000 

2t ·-·--· ·- ·- --

t ------ -- ----
t + 300 

t + 300 

Jt + 700 

t 200 

Ir + 600 

3 - 1,500 

}

The throw h re giv u decrea e 
rapi l ly to the north ast and 
north . 

!: +1,200 

(f) . . -- .... -- .. 

2-2t 170 

It :l 

2t .. .... ·- .. - · 

'Tbe bou.nding faul t ou tbe southeast of thi s block is the marginal fnnlt of tb Yall y lowland : its 
throw here is 6,000 or 7,000 feet, or more. 

•The Chauncy Peak fragment of this block i• three-fourths mile wid ; ita fanlt is + 400 f t. 
•This aoticliualuplift is 6 miles wid at ita we torn faulted end, n. mens or <1 along the outcrop of 

t.he main sheet, or ll! miles, as men ured between the ends of its posterior ridges. At it• nst rn 
en<1 the main s11 et i not een ; tbe posterior ridtes are l ! mil apart. It• grea t t throw at lb w at 
nd is + 400 feet. 

D'ESCRlPTlON o~- FAULTED BLO K 

Totoket vlork.-A large block of tb formation, including the cr cen­
tic ridges of altonstall and Totoket mountain , i ut off by an blique 
fault h'ending northeast from :N ortbford to the cryst~-tllin e boundary in 
Durham, and thus is divided from the adjoining narrow Pang block. 

When the southwest parts of the main trap beet in Totoket Moun ­
tain and its anterior ridge are compared with the correspondin g mem­
bers in the Pang block, it is een that the latter recede ea tward from 
the trike of the former, and that there i a lapse of about 2 mil e::< 
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between the a nterior ridges in the two block The uplift of th fault 
must therefore in this ca e be on the nortbwe t, with a movem nt of 
abont 2,GOO feet in t he vicinity of Northfo rd. B ut 1-l e .-o 111ewha t irregu­
lar warpino· of the member ' of the Totoket ere cent ·arrie t l.J e northern 
part of the main h et east of the faul t lin e, an d br ing up th a nt r ior 
beet north of tbe ere eent, wber it form s an a h rid o·c and H, eon>;i l r­

able area of irr gular t rap hill in he north at com er of the blo k. 
\.local incr ase of dip to over 300 i ·found iu ·ome a nd;·ton utcrop 

uear orthford , a if 1n·oduced by the drag of the fault. 
T ll e , outb ,rest pro longation of the f~Lult line caerie,· it to th e neigh­

borhoocl" of Ea t Rock, New H aYen. H ere tlre 1r otche.- b twe n hast 
·Rock, I ndian H ad , a,ud Snake Ho ·k, and t he appneently off' et an ange­
went of tbe ·e ridges, are ;;trongly ugge t iv of faultin g rather t han of 
acc id ental rosion r of ier g nlar in tru iou ( ee p. 13' ). It i.· t her for 
pro vi ionally sngge ted t hat t.he Totoket-Pauo· fault line may pass near 
the ·e mailer fractur ~ . The a b. ence of ictent if:iable , equence. of ·t rata 
in the intermetliat ' eli ·trict and t.he great extent of drift and mar h 
make it . eern hopele to Eiettl this question defiui t ly. ~\. faul t wa 
traver. ed by then w tum rel of til Shore Line Railroad in Fairha en; 
the . and tone· wer much broken aud ·1i •k u itl d, and the t uuu 1, 
therefore, lr ad to be liu d "·ith heavy brick work.1 

If the above- ugge ted c m· e for tlt e limiting fau lt b ace pted, the 
Totol,et block, includ ing botlr the ere centi rid ge·, po es es repre­
·eutati ve of ~L great part of t h Triassic seri : th lower conglomer­
atic a11d tone ' , fr qnently ·ut by dike .. eas.tof Fairhaven; t b anterior 
lava bed, coriaceo u and a by for much of it 1 ngth aud t hickne s; 
the anterior sandstoues and sba.les, witlr an impure lime tone near t b ir 
ba e £LDd hi gbly fo iliferou black bale at a little l1 igber hori zon both 
nor thwe t and northeast of t it northern book of 1:otoket; the heavy 
ma in lava bed expre" in g in its tw et·cso u tio r i l •re:s tl r c.;nrious 
W<ll'P d att i ud m mber of t he erie., hav been 
thrown; th po t rior and t n and bale , often •onta ining coar e 
on glomerate aucl tw ic expo in n· t he belt of posterior black hale con-

t. ining fo iJ ~ - t he po terior lava b d ; an d ~L mocl rate tb ickn of t b 
npp r , ncl ston often onglom rati . It i ootic able that in thi ' 
bl cl- t h anterior lava bed a,nd it a ocia ted edim entarie reach tbe 

bluff. 

'E . 0 . Ro,•cy, .Am. Jour. 'oi. , 4th sori a. Vor.lii, 1 9i, p. 2 9. 

18 GE OL, PT 2--'i 

east 
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'Am. Jour. Sci., au Reri s, Vol. XXXV ill, 1889, p. 378. 
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northeast of Round Hill and becoming conglomeratic near the rystal­
line border. North and nortbea t of Durham a broad flat, an ti linal 
dom e r eplace the u ual monocline; its nortl1we tern dip · may be 
a socia.ted with the north -bonn ding faul t of thi block. 

The anterior 1·i<lge eli appears beneath th drift before th e sou thern 
side of tb block i. r ea h eel but it can not be aid t ha.t th a nterior 
Java b d i ' ther wantin o·. A mil e west of Pi ··capaug Pond he anterior 
lime ton wa quarried early in the c n t ury according to Perciva1.1 

A lLba11terior con«lomerate begins to be con picu u in thi block , 
and may be then ce t raced more or le co ntinuou ly to th L a men tation 
block , 11orth of M rid n. It is of iu tere t a occurrin g lo e a long the 
medial axi of t he Valley Lowland and pre umably removed b,v at 
lea t f rom 6 to 10 mile from the hore lin e of its time. Wh 11 t hi i on -
iderecl in connection wi th the i:i11e black an erior shale that approach 

so close to the cry tallin border at the north end of t be Totok t ere.­
cent, it b come wani~ . t that however 1 oteut th e eli tau· from bore 
line may have been in determinin o· textnre of d posits, other pot nt 
control al o had a , bare in deciding th cbara t r of material that 
were strewn OYer t he floor of the ancient e tuary. 

A faul t of sli abt t.ltrow i. thought t o divide thi block into 11 early 
eq ual part: . It i · peen liar in producin g a slight re · ·ion of the maiJ1 
beet and advmlCe of t be po terior a if the fau lt movem nt changed 

from b eaYe to throw in a eli tance of about 2 mile . It il:' fur t h r note­
worthy that the pace between the main and po teri01· rid o·e widen. 
outhward on th e utb rn ·ide of tbi block, tbi bein a fairly explained 

a the re»ult of a local outhwarcl clecrea e of dip ob er ved in the belt 
occupi ed by the post e::.rior bale and and tone . everal mall faul ts 
are indicated by raviue t hn.t c nt the back of th e ma in ridge, de cend­
iJJ g obliquely to the north a. t in teacl of directly ea twarcl a t hey 
would if g nicl d by t h Rlop o f t h su >eL a lou . 

Higby blocl.-.-Thi ' lar«e block i ill d Jjned on tb ou th, ex pt by 
th tbre notch s in the a nt rior, main, and po teri01· riel O'e at 11eecls 

ap a lready mentioned · b ut on th n or th it bounding fault i tbought 
to b tra abl in t rmittently for 5 mile , pa ing a,ll a ro t he valle 
lowlan d 11 a trongly obl iqu course and xtenclin g into t he ry tal­
lin iu th uorth a t a nd . outbw t , a will b cl crib d iu a la,ter 
ection (p. 102). It thu in Jude a full ee ion of th entir forma ion. 
Be«inning ou t he outhwe t, the lona. outinued W e t H.ocl ridge is 

tak n a b ·lon gin g with th lightly broken Higby Mountain. B t ween 
th two ar tb low r andstone , with the ma ive . to •k and likes 
of Monut armel and th many . mall er dike we t of Wallingford. 

om what below th middle of t lti gr a t erie of trata there appear 
to be. ome layer that are a little mor re. istaut than t!Je other , thn 
cl t rmining th e flat-topped and tone rid ge known a Quiunipiac 
Ridge, that eparat tbe valleys of Mill and Quinnipiac river The 

' Geology of Counooticut, 1842, Jl . 363. 

• . 
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ridge may b tra ed from t h north ern id of h blo ·k, about 1~ miles 
north we ·t of Wallin gford 0 nt r along- a. outh-by-we t cour e, narrow-
ing· as it goe , but witlt little iuterrnption, to w Hav n. It does uot 
se m to be displaced by tb fa.ult from H cd ::tp · h n e th re is no 
n ed of s 'parating tlt Tr mont and Higby blo • I · i 11 tlJ i part of the 

aud po terior valley clos 
tbiclm of upper and ton 
ea tern boundary. Tb p •nliar t rap onglo111 rat of 
bury presumably equi ,·a le11t with th po ter ior lu.,·a bed of Lb Oedctr 
Mountain-Ro k l [ill warp b lon g in th Hi..,.by block . 

TIJr e mall fault ' ~tro indicated by not h in t h a nt rior rido·e of 
Hi<rbyMountain a well -defin d advancinn· otns t and o 
with th north rumo t. Only the mil H on of the 
traced over the main ridge, tiJrou<rh Bla ·k Pond ap, wher a di loca­
tion i 1 arly indicated by th tro n..,. bluff of trap ou the nortbwe t 
ide of the gap road, trendin · obliquely north c. t. lf th line tbu 

defined is projected about mile farther it lead to a w 11 -marked 
oblique valley throuo·lt _th po t rior ridg . Tb throw of the fault 
mu t be mall, a it now her produ ·e · <:L ui ·tiu ·L oil's t. An inrlont . . 
tion in the north rn nd of HiO'by 1\Ionntain, ppo it Tiighland t:t­
tiou i · probably une to c f::tult, a otherwi no r a onabl can · nl i 
be sugge ted for it ero ion. 'rlt "'I'adual <lying out of the main rid · 
a the fault cut obliquely aero it i an x ell nt xample of tb rou ­
trot that th un een di plac •m nt ha on th t rmi.nation f th ri<.lg­
formed on tb rna ' ive lant b d of th main . h et. The p· ater br a<.lth 
of the po terior shal aud lava bed north of ::\Edell fi ld1 du t a 
de reas of eastward dip. 

Lctmentation block.-Thi w 11-d fiued block with it ubm rob r, th' 
Chauncy block, i iu many re pect the most remarkable exampl of 
faulted tructur in the vall y . The north-boundin g fault, by wlli •h i t 
is strongly eparated from the Hanging ill bl ck, i traceable for 40 
mil s, even a. gr ater eli tance than the outh-bouncling f~tu l t a.lr ad 
mentioned with the igby blQck. The trongly obliqu cour. of th 
fault line and the strong movement upon them bas produced triking 
offsets and overlaps, as well as num rou local variations of dip a nd 



DAY IS.) LAMENTATIO BLOCK. 101 

''dikes" or belt of breccia . Th e offset on the northwest brin g t he 
lower, an d ·tone· or the Lamenbttion block n.ga in t t he po terior and 
upper bale and sa.nd tone of the Hanging Hill b lo k a nd tbus 
<let rmines lU I open b It or low ground a mi le wid betw ll t b trap 
rid ges on t h east and we, t . Along tbe pas. tbu defi" d th e chief 
ra ilroad of t be vall y find s easy passage from the great lowland area 
of low r ·a11d to11e between [eri<len a nd ew Haven to t be g reat 
lowl ,tnd area of u pper saml tones between Hartford and 1n·ingfieltl; 
a nrl long ag·o thi pa ag was I ointed out by P rcival a ' determin ed 
by t he geological arrnngerne11 t of tb~ country ." 1 

'r l1 e n:i mbers of t be Tria ic form ation r epresented in tbi b lock are 
tb lower sand tone , wi th t he in t ru ive h et of Bethany fonntain 
a n<l tl1e ·ro f'; d dikes of southern Cbe llire: he sand toneR bC'i11g di -
t iuctly conglomeratic in their ba al layers n ar the ry talline a nd in 
the ll]Jper layers near t he a n terior t rap rido·e ; the t hree lava bed' a 11d 
t l1 eir intervenitw ha le a ud anrl ~to ne ; a con iderabl :1rea of upper 
and stone and hal e , compl i }Lted by th e reappeara u ·e of the po t t'ior 
hal s a ud lava becl due to faulti1w and warping, a i more fnlly 
xpla in ed on page 107 a nd a, r ies of and tone and conglomerates 

from El !aston bury to Talcottvill , of problematic po_, ition in t h erie , 
but more likely belon g-in n- near th bottom t ha n 11 ar tlJe top f the 
formation ~ will b bown later (p. 130). Tll anterior l1al contain 
a limeston e near the an terior lava l>ed mentioned l>y Perciva.l,2 bn not 
now visible, and a!. o ·ome fo iliferou black bale , d.isclo d by 
Lrencbing aero. :> their exp ted position (p . 1" ). The direct eli tance 
fro1H th e an terior rido·e, north a.' t of ferideu obliquely aero the 
lower and. tone to t lJe crystalliue bord r beyond Bethany Mountain , 
i , 13 mil e , bu t t he tran ver e measur of t he lower a nd tone square 
aero t~eir average trike i only 4~ mile . With a n average dip of 
n bon t ] no th tlli rkn ss of thi. divi ion f (,he formati n would be 
5,000 or • 000 ~ t in tbi blo ·k. 

Th e two trap r id ge a t of Ea t erlin are a umed to be repetitions 
of th po t ri r lava b d by branch fault , bnt there i uo owplete 
proof t iHtt t lli a .. umption i correct. Th cl1i f rea on for its a cept­
llll · li in t he grea t improbabili ty tlJat a u additional lasa flow hould 
llave be n ponr d ot~t in thi di strict long l> efore tbe time of fa,ulting, 
yet h aving it dge 1 rophetically agr in g with the margin. of tbe 
blo k a d t rmined by lon g ub quent di lo ation. Tb e eli covery of 
t h l> lt of fo sili:fi ron blacl shale that ordinarily lie abou t a quarter 
of a mile we t of the po terior ridge would b a de irable confirmation 
of tlti vi w. in o man v oth r ca e , th fault that are believed to 
l1ave pt'Odu eel th . r I etition are Jl.r , t drawn o a to cut tbe ends of 
tbe ridge , but their location is generall confirmed by the occurrence 
of fault breccia or di torted dip at va.rions points a long their liu 
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The double ropeti tiou of t he po t rior lava u Ll on ith r ill f the 
arched warp in Rocky llill i mor sati fn etorily d te rmined. 'l'IJe 
identity of th , e on tcrop was fir st ugge ted by t h ir relat ion to tbe 
11 avy trap beet, p resumably the main he t of tit Oedar Mountain 
trian gul ar block· it wa ' a.fterward pra tica lly demonstrat d t hrough 
tll eli covery by . 'fr. Ric f th po teri or belt off iliC rou !tal iu 
a po ition appropriate to th m<~ll trap r id«e near Rocky Hill v ill ag . 
Additional out rop of t he hale would b v r w I ·om witn ·es 
to t ile cheme of structure h r advocated; but in pite of clo aud 
perseverino· arch, tb y Lav not been found. 

Tb following uot s illn -t rate t he ·ba.ract r f be idenc bv which 
tbe long-continued bo un<.liu o- f<l Ul t of thi N block ar d fin d. B gin­
ning on th outbea t ide of the blo 1· , etb< ny Mountain i e n to 
b eli tin tly off et in advancin g order from t il nor th rumo t irr g ular 
portion of We t Roc1 rido- , and h. If a mile t th outh' ' t til r is 
a corresponding off' et in t he margin of tb cry, tallitt upland . J int 
occur in iucrea ing number in the t rap on eit,IJ r ide of tbe ap, a if 
th beet bad b n lo ally eli turb d. The cry ta.lliu bi t wlto e 
tre11d hereabout is gen raJly r gular, ar lo a,ll y d form d, br cciat d, 

·and licken ided aloug the project d tr ud of til fault to tb outb­
we t. To the northea t a well-defined br ak o cur · n ar tb . outh rn 
end of tbe besbir dik , produ iu g au off' tof about 50 yard in a o-a,p 
t r ending N. 40° E ., in which a trap br · ·ia is found. T lt e path of l.J 
fau l t aero s tb line of the Walli ngford <.lik i 11 t indicatecl by any 
y tematic off> t, but i t mu t be remembered tha a, nearly vertical 

fault ne d not offi t a nearly verti ·al dik . Quiunipia Hidg- appear 
to gaingreatlyiubreadthwe·t ofWallin n·ford butthi i thoughttobe 
only the effect of v ral advancing offi et cau ed i.Jy uc ive minor 
fault into which th boundiug- fau lt appear to b dh id diu thi eli -
tl'icL. It slwul<l b uu<lcr tood how v r, that t h fault lin s • r 110t 

id ntifi.ed a u h · that uinnipiac Ridg i v ry «eu rally drif -
ered; and that the exi tence and arrau n·emeot of tb fau lt ar i nfi tT d 
entirely from the g neral form of the rid g . itb in an ~trea of h a 
drift ou mouotonon and tone , beyond Yale vill a ud outb a t of 
Meriden, no deci ive eYidence of fau lting i found; but at e ml 
poiut t here are oblique nortbea t - outhw t vall y interrup t in g tb 
lo w and tone ridge and the e are roo t likely due to ero ion iu fault 
breccia . 

Theu come the well-defined offi et and overlap of tb recognizabl 
member of the middle clivi i n, inclicatiuo- a L ave of at lea t 1 · U 
feet, and produciug t he bold outh bluff of Obauncy P ak in contrast 
to the lo11g north trail feom - igby .l\Iountain. r ear th end f th 
latter , where the trap i cro eel by F all Brook, the trap i · much bre ·­
ciated, increa in o·ly so toward the oblique fault line, which i · here well 
_defined. A generali zed ection of thi locality i given in fig. 21, loo k­
ing uorth. A ba nd of breccia in the t rap i weath r d out as a mall 
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cha m trending north eas t, transverse to t he stream near its chief fa ll. 
The very face of the fa.ult i di closed at the side of a. pool where the 
stream flow off the trap; a few layers of haly . and tone lie again. t 
the trap, with a Rtrong reverse clip to the northwe t. The heavy trap 
sheet, which comes for a number of miles from the south in strm1gth 
enough to make a mountain, Lere eli appear , and the line of it strike 
mns throug h meadows. A li ttle farther on the sandstone have rev rse 
clip of from .5o to 40o NvV., and bands of breccia are seen trending 
"· 450 to 550 E . in the Meriden, Wa.terbury and Cromwell Railroad 

cut a hort distan ce west of Westfield station; these give every rea on 
for thinking that similar disturbances would be found if imilar expo­
ure were mad e at any other point along the fault line. 
The, outhern termination of one of th e East Berlin supernumerary 

posterior ridges falls on th e same line almo t opposite the northern 
point of the trailing main beet of Higby Mountain . The eastern en<l 

f th po terior ridge on the outh ide of the edar l\[ountaiu anti­
line d fine the exten ion of the fault line clo e to th Connecticut 

Riv r. Aero 'S t h river, iu onth Ga toubury the trap con o·lomerate 
i di lo at d from it ' probable equivalent, the Rocky Hill po terior 
ridge. Then omes t he udtlen change in the eourso of the lowland 
margin, tu rnin g· at thi ·on1er from a northward cour e, that has been 
maintained from 11 ear Mi lclletown, to a north ea tern ·our , now con­
tinued for mile to a w ll-defi n d corner 11ear the beautiful village of 

outh l\faucbe ter, where tbe nortltward course i re umed. "o ign 
of t he contact of sa-nd ton and crystal1i11 e i seen i u tlii di tan e of 

mlle ; indeed, only one a ·tual conta t has been found along the 
ea.·tern mar crin and that b) t renching; but a line drawn so a· to- epa­
ra.te th outcrop and form appropriat to tbo upland and lowland 
rock accords los ly with th.e prolonga.tion of the fault line already 
traced. Followi11g the arn e dire ·tion b yond th South Manchester 
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corner into tll e cry talli11 ar a, one finds an oblique vn.ll cy alon g 
cour c near the border of th upl aud, aucl 3 miles b yond is th d 
depres ion of Bolton :Not ·h. llcre t he cut of th w York aml 
E ngland Railroad d is lo e num rons fault bre cia f . mall mov m 11 , 

\Yith a 11or th e~L~t trend , ugge ting that br · ias of gr ater movern nt 
may be worn d p r in t he n otch and bu ri d in drift. 'ti ll fa,rthcr 
northea t th d pr , ' iOil S of th vVillimn.ntic reser voir aud of v raJ 
v illage on ei her sitl of Tolland faJ L into 1 h ;tDJ I in . Th il' value 
a evidence of fa,ultiug an not b m a ured nn il t h . trn ture of th 
crystalline upland i ' deciphered. 

It i. tru that drift ob cu r by far the grcate. t part of t llis fa nl t li.n , 
a11d that in ertain part of it ' 1 ngth no dil' ct indi n.ti n of' faul t io g 
is fou n I, 'Yl1il in certain oth r pn.rt id n • of ·ompli ated faultin(l' 
i di ' cov red, a 11 ar tfield; b u t h pro f of f;tulting is by no 
meau cont inuously and Ultifonnlymn.ilttaill d. But whe n a ll t h facts 
are coo ider (1 iti difficult tore i t tlt b li f that a. trOil<Ydi loca.tion 
l1a taken rlace along the Jin e point d out by . o many p nliar aud 
accordant witn 

The uorthw tem ide of t.h long Lamentation block i. defin d with 
a iruil ar mea ure of c•rtain ty. For 1uu h of it l ngtl1 th ·hief fra -
ture eems to b accompanied by a uumb r of parallel subordi nat 
fractmes, chippillg t he ides of t !J adjac nt l.Jlock ·. It b gi ll with 
the stron g advanciuo· off t ani ov rlap of the R nth enu of aylord 
Mountain from t he north end of Betltany }\fountain accom1 fwied by a 
corre ponding off>ct in t be margin of th cr . ta llin e area, indi atin O' 
movement of nearly 2,000 fe t. In th uth enrl of Gaylord foun ­
tain the trap is much wore jointed than u ual. ubordiuato fa,ults a 
quarter of a mile outhea t and northw ·t are indi at d by obliqn 
notche in the ridges of the intrusive ll t both !Jowiu<r a light 
advancing ord r of eli placem nt. Th prolonga.tion of th faul lin 
in tothecry tallinearea leaclsto localdeformation, br cia · and:li k n-
ide i11 the clli t , a on t!Je other ide of tb block. Pa ·ing th 

dri ft-clogged valley of l\fill River, the we. t nd of t lle alli ogford dik 
and the we ·t nd of the Clte hire tlike fa ll clo ely on the line drawn 
from the Bethany break in th e iu tru iv be t to the great of:l>et and 
overlap between Lamentation fountain a n l t he Han <Yi ng ill gt·oup. 
Recalling that the e cro dike give frequent ,indication of top c utacts, 
howiug that tlteir xpo ed led O'e are near their ori (l'inal um mits io the 

Lamentation blocks, one p rceive it is natural that they bould not b 
visible in the next block to the north we t, wbi h i le uplifted by 
about 2,000 feet. On approaching the main fault line, the Oh ·hire 
dike is frequently notched and slightly offs t. Tll e Wallingford dike i 
once notched, but not offset. In this respect eacb dike b haves con­
sistently on t he two side of the Lamentation block, tbu permitting 
the belief tbat.the fault movemeu ts ran in tbe pl ane of t he Wallingford 
dike, but a, li ttle out of the plane of tb e be hire dike. Tear the 
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northern en d of th e latter a number of openin gs were m::ule in former 
year, for barite ttud copper. A s far as they are now aece ibl tbey 
appear to be a ·ociateu with t he compound fractnr of th e main fault. 
Quinnipia c Ri dge i: eli tin ct.ly cnt off' by the fault lin e, and it cont ill· 
uatiou in t lt e n ext block to t lt e Horth lt a: a, tron g adnw in n· offi t . 
:rear Sou lt 1\feri<l cn a fiue exltibi tion of di turbed and r eversed dip . i 

found on both r; ide · of Quinnipiac I iver , we. t of ~til over Pond. 'l'hc 
blufl' north of t he river and we tof herail road in t he n ext block ·he 
per i tent expo ur of ;;mtdstone ledg . on th e east slor e of Quinn ip in c 
]~ id ge, outcrop1)ing eastward and dipping 10 or more degrees we, t ward 
for nbout l1al f.' a mile along th eir strik e, thu ind icating an upli ( on 
t he cast, already known by th adva.ncing order f the t ra,p a,nd and-
ton r id ge ··. :N ear the ea. t rn li mit of thei r outcrop a road ·ide 

expo ur exhibit t he lll all fa.ult shown in P late X ll. Tl1 e minor di . 
location s of the Ona,rr Ri Llgei n f eri tl en will l>e le. cribed in th 11 ext 
ection. The fau l t lin i her indicated uy a narrow vall ey, dos to 

" ·i.Ji ch t he sand ·tone or conglomerat rid ges nr truncated on eith r 
ide. One of tlt e con o-Jom rate rid ges wonld , if ontinu d along it 

. trike, run dir ctly into t lt e tmp she t of QnHrry l~ itl ge. 1 Th e dip of 
th e strata in tlJ is ridge decrea e · a lmo t to hori zontality close to the 
vall y, and the joints are lJ ere sea,med with barite . The edge of t he 
t rap ridge wlt er closest to t h li ttle vall ey i. ern bed to a coarse 
brecci a, now deeply "-eatb ered. On ei ther 1> itl e of t lt e valley the ~trike 
of th e ledge northwe t of Ieriden d iffers by nea rly a riglJ t a no·le, 
owin g to t he warp in the llanging llills block, de ·cribed below. 
F arther Jtortbea t, in the bel t flow ground where t l1 lower "and­
' tone. a nd conglomerate of t he Lamentation block 1>tand oppo i te the 
po terior . h ales of be Bangiu g Hill block , n, nnm b r of low riLl ges 
formed by conglomerat may be t ra eel on by on northwa rd to t heir 

ndin g. . ach morl' e<H;terly memb r oC t l1 e ~odes xtou 1i11 n· J'arti.Jer 
north ward, a a n oblique fault would requir . North of the invi ible 
fracture tb " ' 'ak po terior , hale, nr Reldom Yi ibl e, tue urface being 
\1'01'11 do,vn low a nd co v re l "-itlt drift o·ntv 1 and nnd s or with the 
wat rs of Beav r Poud. T he posterior trap ridge of t he .fi rst ubblock 
of t h llaugin g Ilill o-ronp fail. t npp ::tr in thi low ground , proba­
bly 11 a ·count of weak ' U in g by man y faults. (S e p. 113.) 

T he nortl1 m end of the Lam nta ion anterior i ' l ightl · not lJed a nd 
di splac d in advan ·in o· order wh re tb Berl in road t'O it. The 
outhern part of the po teri r ridg of th Oe<lar Mountain block tand 

oppo it th anteri r valle of Lamentation Iountain, but i ts preci e 
end in o- i buried und er heavy gra.vel . Farther on, th bold face of the 
lt eavy main he t of La•'nen tatiou Iountain ouliquely r'treat obeyin o· 
the ommand of t b in vi ible fracture a nbmi sively a t he little con­
o-Jomerate ledges just mentiou d . It trailing end may be fo llowed 
l!Orth of a cro sroad aud down Spruce Brook. t lJ e fault liu(l i 

• 'ee Am. J our. Sci., 4th series, Vol. I, 1896, p . 8. 
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approach d the overlying hale· are irao·ged to a northwest dip, an tl 
finally end in a violen tly ern ·bed and di ·located ledge, beyond which is 
au open meadow with no outcrop, thu · closely r peatino· tb feature 
of the northern nclin g of Higby l\1Iountai11. littl farth r on, t he 
projected cour>;e of t he f:1nlt 1 ads alou g- t lt e bas of the slop betw eo 
the higher ground of t l1 e Lamen tation block and t h meadows to th 
nortbw t; and her i fo und n, local anticli11 in t b red hal s with 
we tward dip toward the faul t lin , a featu r noted by Percival,1 but 
fiudin o· no explanation un til it i brought in to line with t he Yariou 
other di turba.uces f t bi long- ontinu l fracture. ex t follow som 
i olated ledge· of trap, much jointed, without defi ni t mOJIOClin al xpr -
si011, and unconnected with a.ny of the adja en trap ridge . The e are 
thou ·ht to be chip from the po terior trap beet, dragg cl about 400 
feet clownwardiu this compound omminuted fractnr , and now l1 appily 
expo eel in the pre ent tate of ero ' ion, a illustrated in fi g. 22. TIJe 
north ern end of the normal po. terior ridg i oon rencllecl near Ea t 
B erlin , two ~mall chip bei ng neatly detilcl1ed from it, with small advanc­
ing otl'set. and overlap ·. Tile supemumerary po terior rid o·e of tlli 

di trict are hardly reached by the main fau l t, but rather b y th medial 
fault of t he Lamentation block, of which mor beyond (p. 107). 

}Tothing could be mor ·ati factory in t he way of g ometri · eviden 
of a fault t han t he broadening of t iJ pace betw en tl1 po terior riuge 
of the Cedar Mountain a,nticlin e as it enters tb uplifted Lam ntatiou 
block, and nothing more un ati ·factory t han th L mi le of drift- over d 
surface that then intervene before the V ruon corner of the ea tern 
cry. t allines i. reached. Througll all t bis blank ar a, wh re the r are 
outcrop of normal·clipping and tone are a! way to one or t h other 
side of tbe projected line, the fault i nevert!Jele s lJeli eved to pa, s, 
for the oblique boundary b twe n , and tone lowland and cry tallin e 
upland tands ju t in liue' ith it, and i r markably well d fmed by 
sharp corners at Ver uon and Rock vi ll e, before a nd after which tb 
geueral nortb·sou th conr e of the boundary is re. umed. This i almo t 
as demonstrative of a fault a the broa lenin o· of the ewin g ton anti ­
cline. Beyond Rockville the fault line ba been probably located by 
local contortion:, breccias sli ·ken ide , and alteratiou in t l:e ry talliu es, 
for abou t 8 miles, nearly to West Stafford. 

'Op. ci t ., p . 357. 
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Viewing the north-bounding fault as a whole, i t may be r gard d a 
somewhat better e tabli heel t han t he south-bounding fault of the 
Lamentation block. The evidence i. of essentially t he am kind along 
the two line , but i of greater quantity on the northern tlmn on the 
outhern side. The e sential paralleli m of the lines to each other and 

to the va.rious fault lines t hat have been t raced for horter di tance 
betwe n many adjacent blocks de erve to be given a ltigh value in the 
demou stration of t heir occurrence. The repetition of imilar ofti-ets in 
the western cry talline border on each of these long lines i ' highly ug­
gestive; but the explanation of th e retreatiug offset iu botll case on 
the ea tern border i postponed until it may be considered in connection 
with the ea tern marginal fau lt (p. 129). 

The medial fault of the Lamentation block sets off Ohauncy Peak 
from the outhern end of Lamentation iountain, the throw of the fault 
here being about 400 feet, p roducing a very di tinct oft' et aud overlap 
of normal arrangement. The fault i first recognized in an oblique 
valley in the lower and tone and conglomerate northea t of Meriden ; 
then in the lli placemeut of the anterior ridge, a small chi p being di -
located from t he Lamentation anterior on the northwe t id of the 
fracture. A an ''example for practice, ' there is hardly any thin o· in 
tb .. e valley better tha,n thi . The anterior of Oha,uncy Peak terminate 
dire ·tly outh of tho main sheet in Lamentation Mountain. The trend 
of t h fau lt line, as thus located, carrie it through t he deep and 
narrow rocky Hotch b tween Lamentation aud Obauncy to a di place­
ment on t h ir back lopes. The further cour c of th fau lt i for a 
time ob cured by heavy drift; but a eli tinct di ' locatiou in th I osterior 
ritl ,. a a in witll normal off. t and overlar, fall · in ran o·e with t he 
pr ion lylocated I oi nt . Farth r north • tthefaulti n trecogniz cl. 

ed(l1· Jfotmtaoin block.-Thi ' abnorm <ll m m b t ' of the erie i ' wed o·ed 
in b twf\ 11 the Lam en tc tion an<.l llangino- ill blocks, whi It would 
othcrwi e follow in reo·ular u ce ion a ll along their length . The 
out.h rn point of th w dged blo k is indicat d by the B rlin po terior 

ridge north of Lamentatrou fountaiu. It · w . tern maro-in mn t lie 
betw n tlti . po teriOl' a nd that of the Oat-hole m mb r in the llanging 
Hills blo k, a n<.l fnrth r north it mu t lie between the ba e oftll e ma in 
sl1 t in 'edar l\Ionntai u m1l t h mall po · terior ridge we t of ew­
ington tbatprob~tbly b long · in tbe Wet Peak member of the aoging 
Dill blo k . Judo-ing by t be moderate height of the main he t in 

dar fountain an d th ridg s that continue it outhwanl, t he fau lt 
honltl run n ar i ts w tern bas a otherwi e the e rid o-e ·hould be 

a high a. t ho eel ' ewhere form d by the main h t (seep. 17 ) ; but, 
except by th is argnmeut, no preci po ition for th i bounding faul t 
can b a· ignecl. It n ce ary indication by a line on th map i one 
of the lllany en. e where graphi repro entation is more defmite t lt an 
the actual tate of t he problem warrants. Minor fault ar intlicate<.l 
by notches in the maio rid o·e. Farther north the main fault must run 
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along t!Je oblique northern termination of 0 tlar Mountain a11d of the 
posterior ridge ou wlJich Triuity oll ge taud s in Hartford. n1 a 
tream bedjn tHorthoftlLe ·udoftl1 IIHtin hcettb faulti rev aled 

in a belt of breccia, on of Perci al' · 'clay dik ·. 1 At otb r poiuts 
between t l1 e e11tl of t he main and po tcrior rid"· , and along tl1e cnrY d 
prolongation of this lin iuto llnrtford, ju t we f th 'apitol, th 
fault i indicated by r ,·er cd dips, eveu to oo or 45° . in th ·a nd -

tone . 'Ihe r vers d or w twanl dip of 100 or J5o, 10 mile · north at 
Dayden, and. then· w t toward I• armingtou IUv r may be attributed 
to an exteu ion of the, ame fault. 

The mann r in wld 11 tb edar fonntaiu ridg of t!Jo main l<wa 
bed~:> are flanked on the Horth and south by tb • uverging }JO ·tcrior 
ri(lge of Hartford and B erlin clearly iudicnte t l1 at t his block i ,' an 
arched warp, with t he axi~:; of tll ar ·h pitching a twartl tow ~trd Ro ·ky 
Hill, wher the sam })air of po terior rido· i · om wha more uplifted 
in the Lamentat ion b lo k, o a · to delay their ·onv rgen . The main 
trap beet in tbe Cedar Mountain ridge a w 11 a · the B rlin memb r 
of the po terior ridge , i di loc<Lt d by veral ·mall fault· wl10 
exten ion ean not be trac d. 'rb outbernniO ' t m mber of tu B erlin 
po terior ridg termiuat ' a t tbe uot·tu rn nd. in a w 11-defmed book 
around which a eries of aud tone layer · curv' in ~L p rfectly conform­
abl manner, noted.' by Percival/ but then 110t xplain d. 'Io day th 
book must b e explain cl a the manife ~ ign of a warr or drn.g of th e 
aqueou and igneou trata near tb miuor fault u it a tern id . 
In spite of tl1e extr mely vesicular and ·oriac 'ous upJ er part of the 
lava bed on tl1e inn r slope of tbi hook, no actual on tact with the 
ov rlying lmta lla · l.l en fouuu (p. 74). 

The po terior ridge b tween artford. and Gri, wold · vi lie do not 
appear to be fcwlted. n indeflnit rie f upp r ~wd tone· and 
hale follow in the DOI' thea t xteudingacro · th 0 nu cti ut Ri r 

into Ea. t Hartford . 'l'b coutinuat.ion of tid bl k into hnche ter 
and beyoud will b' di cu ·sed in conne ·tiou witu th ea teru boundar 
of tl1e formation (p. 130). 

Banging Hills ulock.-Tbe fin group of tb Hangiog Hills uortllw t 
of :i\1eriden is one of the mo t pieture ' (! ue li ·tricts wi hin tl1 vall y 
lowl and . Although ubdi ·ided by event} minor faults the narrow 
member or labs into which it i tbu lH'Ok n may all be •-roup d 
under one block . The notable change in th cour e of th trong 
bluffi formed by tbe main beet, o that th y treud ab ut ea t and we t 
in the district north we t of lVIerideu, k du chi fly to a cone ponding 
change of tr ike, in which the whole ·erie of layer IJ reabouts l.Jar s; 
but it is secondarily due to the greater retreat of th e main beet in the 
narrower eastern labs of the great Hanging Hills b loek, a i furtb r 
explained on page 173. Tbe greater part of Gaylord Mountain, 

I G ology or Qonnecticut, 1842, p. 387. 
' Ibid ., p. 358. 
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includitt o· the high ummit of Mount n,nford is the basal intru ive 
member of thi s block . Only Olte hort dik runnin g ea t and west at 
Brook ·va,Je i here found in tb lower sand tone . ~ imilar freellom 
front <lik :;; contiuue througll all tl.te re t of t!Je lower clivi ion of tbe 
forma,tiou to it. northern end in fa acbu ett , thtls strongly cou­
trastiiw with the frequ ncy of dike in t he lower and tone of 
' h bir , W:allin gford, rt 11 c~ Ea t Haven. 
'rhe igneou aiJLl afjueou members of t!Je eri .in t!Je eli trict of 

t lt e Hano-i ng Hill · do uot call for pedal remark a to t!Jeir trnetural 
features, nnle. ·it may be on account of the very infrequ 11t xpo ·ure 
!Jer o[ critical strata and contact· . The ubdivi ion of t!Je block iuto 
many ' nbonlinate blocks or slab i of mor interest. Fir t i th 
Quarry l.tloek , a na tTO\Y ·lice in which th m~Lin s!Jeet i · the only lava 
berl id ntifi ed ; the anterior and po terior eem d to be too mu ·h splin­
tered to .'tand up in ridge . The main she t, bowever, is of much 
i11ter ·t from it.- di section in large quarrie::; wlter its compo ite truc­
t ure a a double lava flow, d scril.ted ou page 70 and its Jtumerou 
minor fault are well ltown. T!Je minor fault <tre rouo·hly parallel 
with the oTeat marginal faul , already detailed in couuec ion with the 
de cription of the Lalll ntatiou block; they ar marked with a br ccia 
of angular trap fragwent , often lickem;iclt>d, th inter ·tice' b ing 
filled witlt infll tnttecl saud ·tone d 1bri , adju ted to be trap frao·ment . 
Secondary fau ltin g of t he breccia i ometim s ·een, a ' if tlt move­
m nt had b en long continued. A well-defined depre ion parallel to 
t!J gen ral cour e of t!Je y tern of fault , and more or lc interrupted 
by local plinter or ledge of trap eparates the Quarry l~ido-e from 
tl• next ' trong r uut · of he main b t. Half a mil or more outb­
wc · t f th Quarry H.itl.re tb aud tone ledg have a trike :LbOU"!i 

t. 
th narrow g<tp know11 as "Cat-bole 

on t he a tar th outhern cud of th maiu t rap s!Jeet iu W"ha t may 
at-hol block. A media,! fault i indicated by th clivi · 

ion of the trap in to two ridg epa\a,ted by a narrow, rocky vall ey. 
Th w ' t m f~tce of th ridg i more variable in treugtlt of outcrop 
than is u nal, from wbi h it i · inferred t hat tb r i ome \'ariation 
in tlte h<' ~L of the w . t · bounding ffLult. The anterior and posterior 
rido·e arc both id ntifi d in this block and both ar notched by tb 
medial fault recoo-nized in tb main sheet. Tb anterior h~tle here 
xpo d a.re p uliarly bright r d. 'I be e, with the anterior trap ·b et 

and the adja eut low r ~md ton , hav a northwe t trike. li'or a 
mil or more outhwe t of the anterior rid o-e t.he our e of t he we t­
bonndino· fau lt may be traced l.ty tl.te oblique truncation of ev ral and-
ton ridg ' , and th n by the cour. of (b valley or depre iou between 

low bills. The e minor feature , a well a the di location of the 
v ral trono- r ridg-e from the corre ponding member of the next 

adjoining block, are well viewed from a hill that tands about half a 
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mile nortbwe t of t b 1erideu tation of t lte 1eriu n, Wat rbury an<l 
Cromwell Railroad . 

The outcropping bluff of th main sh et in th next su bordi uate blo lt 
of the Hano-ing Bil ls forms outh or Notch Moun tain, which i mu h 
hio·h r thou o·Jt of mall .r area, than the o~Lt-hole ridg ' TlJ ant riot· 

'=' ' trap beet forni a well -defi 11 d ridge beueiLth tb main blufl' with , trik11 
about nortbwe t; the p terior beet for 111 s a lon g r idge, partly (lrift 
buried, ext n<ling northward to 13 rlin Junction. Th o-mdtutl d rea 
in height of tb 111ain h t, a it is cut back by the obliqu bonndin~ 
fault ou t he northwe t i a.n excell nt illus ration or thi tru tnral 
feature, o often r p a.ted an d o dcmoustrativ when it m ani11 g i 
on e per eived. It may be the outhwe tward x · n ion f t bi. f'ault 
tl1at cau es th oblique o·ap in the iutrn iv 1·idg of a lord Mountai11 
ju. t north of Mount Sanford wh re t h t rap i much jo in t d ~tJI(l 

broken ; t.lu~ Jes cou pieuou oblique not ·he in aylord Moun taiu 
farth r. outh 11 ar its termination ma.y be a o iat d with tiJ . mall r 
fault that bonncl at-hole bl k. 

The vYe t .P ak main he t r i e to th high t ummi t of th trap 
ridge in onne •ticnt. It ha several 11otabl featur s in a.dditiou t 
it larg , ize. It back E:lope i · nrmount cl near he ba ·e by a, uppl . 
mentary ridge apparently the topographiC\ xpr . ion of an upp r lava 
bed, eparate1l from the main b ·d bywf'aker m mb r ; the latt 1' 1 bow. 
ev r , do not outcrop in t he wooded vall y ben }Ltb t h upplem ntary 
rido-e. Tb.e chan ge iu tbe fron t f th bluff from facin g. outh to fa ·iug 
west is well xhibit d in t his part of th main h et, a. the bltdf 111a 
be trac d COJitinu U Jy around the CUlminating point (' V t p ale 
The anteri r hale , ant rior trap and adjac nt lower and ton 
conformably wi th tbe main beet, and it i bel i v d tbat thi ur atur 

entially the r ult of a warp in the tructur f t he e ma i'' 
at thi point t he outhwestern om r of the gr at pringfielcl 

ere ent. Th homology of thi curvatur to th ere cent of .E 011 1 
an l Totoket mountains ba already beeu remarked. Quinnipi a Ridg 
broaden 11ortb of the Q.uinuipiac gorge a if . om what affect d by tu 
''arp; but it eli apr ear a litt le north of theW eHt Peak coru er, as if its 
determining trata bad weakened or thin n d out. I t i ·uri on· to no ic 
tbat in tbis local ity the more r i taut trata b which th e ridg i 
determined stand near the top of the lower and to t~ , while in th 

ew Haven eli trict they are below it middle. The po sibl beariug of 
th i · on glacial ero ion i mentioned on page 17!>. 

Par t of the posterior lava bed a igued to t he e t Peak blo ·k 
extends north of Berlin Junction, beiurr ·lightly dislocated from tl1 
po terior of South :Mountain i n advancing order. Th gap between th 
two is occupied by the Sebethe River, in whose bed t lJ ere is a fortunate 
expo ure of the fault breccia, with trike . 400 E. and h ade aboutv r­
tical, the breccia being about 2 feet thick a1id compo, ed of sand toue 
a.nd shale fragments, much ern hed and lickensided. The locally 
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rever ed dip of the strata, as iu fig . 23, A, indicat s that the heave of 
the fau lt wa , n u ual, on the southeast ide of the fracture. Thi 
breccia, so manifestly connected with the fault t hat defines the gap in 
tbe po terior ridge, i one of Percival' ''clay clil;: s: n mong the po . 
t rior hale i a group of strong-colored red bed not infrequently 
lll akin o- good outcrops in this block but less erviceabl in d terminino· 
fault line than it wa hoped they migh t be. 

A close sympathy with the general . y tem of fault line · i shown by 
several oblique g ullie that trench the ba k . lope of the We t Peak 
main heet, and lead, when prolonged, to rece iu i t · bold bluff. 
These are taken to in- w E 

dicate lines of weaknes 
caned by slight ' clis­
location s in an otber­
wi e nearly homogene­
ous ma , and hence 
are selected as guides 
for d nuding force in 
pr fereuce to tl1e line 
of slope ordinarily fol­
lowed iu the di ection 
of monoclinal ridges. 
In one ca e a narrow 
band of breccia, about 
a foot wide, and trend­
ing . 50o E . e · enti­
a lly para,ll<>l to t h 
cour e of t he gullie , 
wa ob, rv diu arlit h 
tbat led th tr am 
from th mountain into 
the re ervoi r b tween 
v t Peak and otch 

A 

B 
FIG. 23.-A, breccin nnd drnj!ged strnt1> cans d by fault with benvo 

on oast ; B , snmowith hoo,· on w st. cnle, about 15 feet to the 
jnch. 

Uonntain . It is probably a , outhwe tern continuation of some of th e 
minor fault that produce the band. of breccia ncounter d in th 
i . olat l trap ridae Jlorth. of 'be hir in mining copper. Th y bow a 
mallamountof' opp r tain, a,longwithcement.ingcalciteand barite. 
'Ihe notch in which the re ervoi r taurl l>etw n We t Peak and 
otch fountain bas a. our that i ' iu striking contra t to that of the 

gullie of the hack lope and to the cour e of tbe ma ter faults. At 
the south end ito cupies the fau lt gap between the bluffs of the adja­
cent mountain ; but wllile the fault line between the two blocks then 
runs ea t of tb reservoir about N. 400 E ., as is well proved by t he 
r lative attitud of the two par t of the di loeated maiu lava. bed, the 
notch pursue a cour e leadi ng abou t . 10° E., and undoubtedly 
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erod l for the greater part of it leJJ gth in the ma.in . h 
on the we ·t of th fault lin . Au expln.natiou of thi>~ di v rg 
be offereu in Part III. 

Th posterior ridge of v e t I ea1c i . tro ngly ·ubdivided a if by one 
of the minor fault that notch t he b luff of the maiu b t and th 
aut 1 ior ridge, th e greater di ·plae ment of th po, t rior I robably b ing 
dn ltiefly to the chau<Ye iu trike. Tlt fa ult r·o. e. the ant rior 
n arly square, and the pot r ior v ry obliqnel but it i>~ al o probabl 
that the fault ltas inereas din throw to the nor thea t. It must how­
ever, b avowel that tb po, t >rior ridge from h<'re northward for 
everal mile beyond New Britain are ery ·omplt at din their an·ang -

ment. The correlation uggcstecl on the map ar th b t tb:ott many 
trial an invent, Lut it i highly probable that tb aetual di. lo ation 
are much more complicated tban tho e ber de cribfld . fau lt brec ·ia 
of trap and sand tone is een at the dam of a burnt mill in the villa()" 
ofKen ington . Iti abont4fe ttbiek,with ,trik N. 40° E . andhad 
15o from the verti al toward t lt e northwe t. Sl·i keo id on tb faul t 
face indicate a nearly v rti cal movement on t he fau lt plr111 e. ertain 
subordiu ate outcrop of trap, iu ~•11 pro Labili ty J ortion of the I o terior 
lava bed, o curb reabouts in li <Yht di ord r, for wbielt no ati. fa tory 
explanation bas been ugge ted . trap ridg of con iderabl ' ize ri s 
ju t we t of e~in o-ton villag , departing mo t conspi uon ' ly from tb 
sy tern that el ewhere prevail . It may be m rely ugg s cl that i t i 
mo t likely a di location of tbe po terior beet, anti that it occu1-r uc 
here serve as a or t of forerun ner of the greater upltft by which the 
main beet ri e in Cedar fonutaiu, a li ttle farther ea t. 

· ho1·t Io1mtain block.-Short Mountain i tlt main h 'et of a narrow 
block or slab in wbi h the u ual middle member are repre utecl. It 
member follow tho e of e t P ak in lightly advan cing order better 
e n in the anterior and po terior tban in the main ridg . In th gap 

bet·ween the anterior ridge there wa ' formerly a' paint mine.' Old 
wa te heap lie about the haft exbi bitino- a quantity of breccia of 
den e and vesicular trap, cemented chiefly by barit . A · iu th 
Cbe ·hire paint mine , the occurrence of the e exceptional trncture. 
preci ely on line that are otherwise know11 to be followed by fault 
mu t he r egarded a a crucial test of t.he the ry of faulting. Th 
bounding fault 011 tbe nortbwe,t, eparating Short Mountain from th 
Ragged fountain block, i one f the exceptional di location that 
produce a retreating order, eli tinctly hown in the anterior ridge le . 
eli, tiuctly in the maiu ridge, but recognizable again iu th po terior 
ridge also, a it i interpreted on the map · hence thi fau lt mu t hav 
its heave on the north we ·tin8tead of on the outbea t a i the gen ral 
rule. It i interesting to fin d that the permissible path of thi .. fault 
lead · us to a and tone breccia strikin o- nortbea t, on of Percival' 
"clay dikes," 1 in the bed of a tream a mile soutb of ew Britain Cent t, 

'Op. cit. , p. 320. 
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and at the eastern ua of a great drumlin, and that the drag of the 
adjoiniug bed of haly and toues confirms th exceptional move­
ment on the fault line, the dip being locally i11crea ed to 300 SE. on the 
uortbwe t ide of tuefanlt, a indica,ted in fig. 23 B (p.lll), in contrast 
to fin·. 2-3, A . Examples of rever ·ed dra.g are rarely kuown in the valley; 
hence tile occurrence of this one on the line of a fault otherw· e indi­
cated a heaved on t ile uortbwest is of considerabl · value. Farther 
northeast the fault ha not been traced . 

Ragged Jl[ountain block.-From th broad notch north of hort foun­
tain to the oblique valley now flooded by Shuttle Meadow re ervoir the 
main be t .-tand · out in strong bluff , forming ·Ragg d Mouutain . The 
oblique trun ation of the t rap . heet on tl1e ,outbea t and northwest 
and it obl ique bi ection by the valley of Panther wamp 110w con­
vert d into a reservoir, te tily cl arly to the rr neral cour e of the 
bounding a,od medial faults. The bluff turu from the westeru face of 
the mountaiu around. it outbern point, where it cli ft' face i very bold, 
aml continues for a eli tance around to the outueast border, thus 
repeating t l1 e form that i. o con picuou in Chauncy Peak. ... orth­
ward. the bold we .. tern bluff gradually fall off in height and trail 
away, as tl1e bounding fau lt uts obliquely aero it. The long north­
ea tern tra. il of the trap . beet i cut quarely a ro by a broad valley a 
mile outhwe t of Tew Britain, a continuation of the broad an l de p 
valley by wuich tbe main heet of the Bradley an l Farmino'ton ll1oun­
tain block is tran ect cl we t of ew Britain. Thi aberrant feature 
will be ~.:on icler d. in Part III. 

The fault lin e indicated by t he form of tl.Je mai11 be tar ft1ll con­
fir·m d l.Jy til di ·lo '<Ltion . of tho anterior ridge, and ar p rrnitted if 
not d mandcd, by the arrangement of the po teriOI' ridge , a they have 
b n mapped after v ry car ful Sf'arcb, A already tat d, the ante­
rior and po terim· ridge exhibit the retr ating order, with lap e of 
occurrence alouo· th outhea t bord r of the block, better than the main 
h t. Th y are b th di locat d in the line of the Panther wamp 

bi ection of the blo ·k. 'rlte duplication of tb mall ridge in the uorth­
ea t part of tl1 city of w Britain i a cribed to bran he of thi fra~­

ture, who mov m nt ha uere become of much greater value tba.n in 
tb main and anterior rid ·es; but it bould not be concealed that the 
interpretation of the e po t rior trap on t he map i om what doubtful, 
o" iog to t h heavy drift that frequent ly covers their low rillge . It is 
pr babl that the actual tructure i mor complicated t lr au the map 
wouldimply. 'l'lr stratifiedm mb r ' oftbe erie are eldomofcritical 
valn in thi block; b·ut a far a tb ir outcrops are traceable, tbey are 
term in at din a manner p rfectly ouformable to the ·hem of faulting 
iuC rred from tb trap ridge . 

Farmington block.-A great mas of tb main sheet xteoding from 
the bluf:l of Bradley Mountain north of Shuttle Meadow re ervoir, 
8 miles to the end of th long trailing ridge uorthea t of Farming-ton, 

1 GEOL, l"l' 2--
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must be included iu a ingle block, in spite of the d ep vall y by which 
it is cut square aero betwe n "ew Britain and P lainvill , t lti · aber­
rant feature seeming to be entirely independent of faul ti ng, and find­
ing au explanation in Part III, along with it bomologu , already 
mentioned, betwe n otch Mountain and W t Peale To tbe .·outb of 
tbe trau ver e v~~ll ey the main b et form Brad! 'Y ::\'fountain; to the 
nor h the greater part of th ridg is known a Farmington lVfon ntai n, 
but its high northwestern knob forms Rattle nake 1ountain, eparated 
from Farmington Mountain by a narrow ravine and b longing to the 
next block to the north. The variou middle membe1' of tb s ries 
are fairly w 11 hown although tbe desired outcrop of the fo iliD rous 
sl1ale bav not b en found. 

The boundin g fau lt on the outhea t produ a well·<l fined ad vane. 
ing offset and ov rlap in the trap ridg-es, the mea ore of ov rlap 
increa ' ing greatly in pa ino- from the anterior to th p sterior ridge, 
and t ho iuclicating a Ul'Vatme of th fault lin from a more tran ·ver e 
toward amore longitudinal cour e, as well a a probable in ren iu 
fault movemeut ou tbe northea t. The curvature of th fault line will 
be reca lled as of importance when tra<;ing tl.J cour e of otb r faults 
farther north. Tbe bluff of tbe ·outbern part of the main c b et in 
Bradley Mountain i somewhat irregular, indic~bt in o- ubordinate fault , 
on of which i perc ptible in can ing a r,;mal l notch and aclvan ·ing 
overlap in the · anterior ridge at the outhino·ton re ervoir. arious 
oblique depres ion and gulleys in the back of the main beet ugge t 
the occurrence of oblique dislocation of ma,ll throw. 

The boundillg fault on the northwest is proved to be of r ver d 
movemeu by everal p ·uliar ~ ature b t considered in couuect..ion 
with the next block. l'he long trai l in which the main heet of Farm­
ington Mountain terminate northward is remarkably well developed. 
When followed uorthwarcl tbe mountain ridge torus to the north­
north at back of Farmington, and gradually decrea e in height until 
it di appears under the drift in low ground near the Hartford road, 
north of Burnt Hill. It tbu repeats the habit of the main sheet in so 
many other blocks, especially in We t Peak, South, Lamentation and 
Higby mouutai:u . In trong contra t with the loug trail of Farmington 
Mountain, lowly de cending to the north: is the bold bluff from which 
Bradley Mountain looks south over Shuttle Meadow re ervoir. Here 
the outcropping base of the main sheet curve· around from it u ~ual 

exposure and forms a cliff to the outheast, gradually clecrea ing in 
height as it turns to tbe northeast. All this i perfectly conformable 
to the pattern deduced from the geometrical discus ion of fault on 
page 89. It is ouly a repetition of what bas been repeatedly een at 
the soutberu end of the main sheet ridges in various other block. , as 
Ragged, Short, and otch mountains, a.t·hole <Wd Cllauucy peak., 
and Tremont Mountain. When the e con i 'tent and orderly features 
of form are appreciated it will be easier to overlook the cl ep tran. -
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verse valley iu the Farmington block, aud to regard Bradley and 
Farmington mouu taill s as eli s ctecl parts of an uufaulted portion of 
tbe maiu sheet. . 

East Talcott bloolc.-The ea tem of the two trap ridges tiJat form 
Tal ott fountain gives 11 ame to tbis block. For 'implicity of tate­
ment, th e aecount of l"{.attle ·nake Mountaiu and i t auter~or will be 
postponed until the larger part of the block, farther north, is xplained. 

The west face of East Talcott Mountain stands with a retreatin o· 
offset of about 2 mile from that of F armin gton :O.Iountain, and there 
is a lap e of about 5 miles bet,Yeen the south end of .East Tal ·ott 
Mountain and tbe north ~nd of t he corresponding blufl:' of Farmiugtoll 
Mountain. Similarly, th e anterior of Ea t Talcott Mountain retreat 
witb au eastward off et of about li lllile ·from the anterior of Fanning-­
ton founta in, and there i a lap e of about 3 miles uetweeu the outll 
eud of the East Talcott autel"ior and til e uorti.J. end of the Farwiugtuu 
anterior (the anterior of Rattle nake :Monntain not being now on-
idered). Tbe e r etreating off·et and lap · of out rop agre in 

dem an din g a reversed mov ment on the fau lt plane by whi h th two 
block. are eparated; ::wcl tl1is is confirmed by t l1 J)eculiar rela.tion · of 
tbe po, t rior member . Tb po terior rid ge of Farmington block may 
be cout inued northward a far a · Bloomfi lcl through a rie of inter­
rupted rid o-e , which may be call ed the FarmitJO'ton- im bury po terior ; 
although often con ·ealecl , the conr e of til ridge run , teadily without 
any of the confnsiug off's t or overlap tbat have been o con l)icu­
on · in tb e ew Britain eli triet. It i therefore impo · ible that the 
trong f<'tnl t by which the anterior and main he t at'e can d to Jap e 

and il' t ov r di tan e:~ to be mea ur din mil , IJould inter ect tb 
po, t ri or ri d o-e · the fault lin mn t curve to tb we t of the ridge, 
alon .... th b lt of low ground bet,'l•een t he ridge and tbe ba of Ea t 
Tal ott M untain. I• or part of thi eli tance t he fault probably rnn 
clo e to t he ontcrop of t h Farmington- im. bury po terior for he ridge 
i eli onti nuou a if the beet were h re and tbere plinterecl and 
batt L' d. 

The urvatur of the fau lt line to a more northward cour i , how­
ever p r ci ly what might have been anticipated from th curved conr e 
already clcscrib cl :D r th e hntt le 'Meadow fault. The lo ation of the 
fault betw en the long Farmino·ton- im bury poster ior and the main 

lJ e t of E a t Talcott Mountain i furth er confirmed by the v ry narrow 
space here allowed for the po terior hal , althougiJ the dip mainta in 
it usual value of about r o E. In th ew Britain eli trict t lJ e hale 
generally occupy a belt at l a t 2 miles wide, while b re th width i 
reduced to about two-third of a mile; but tbi is preci ely tiJe nece -
sary re. u1t of a fault parallel to the trik~ of the trata and with heave 
on the we t id . 'I be greater part of the posterior hale thus lapse 
hereabouts; and t he posterior trap sheet of the Ea t Talcott block is 
not to be eeu. A curving fault, at fir t tr ncling northeast and then 
north, with , trong hen.ve on thew st, is thus fully e tablished. 
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Inf]uiry is n.-Lturn.lly awnkened as to th forth r conr e of the curved 
fault. If it continue~ to turn to th left., it mn. t again inter ect the 
main and tl1e anterior sheet , OllC mor cli»locating- th ir ridg s with 
lapse and otf-et appropriate to it · mov m n t. Precisely uch an arrange­
meu t is foun<l at \\r eatoo·ue (lap, between Bloom fi ld all(l \Yeatogue; 
but the di location is small, the lap aud off e of t he main h et not 
being ov r 2,000 aud 600 feet, re pectivcly, and before going mu ch far­
ther the fault mtlst die out, for the anterior ridg i not broken . 

Jt !Jonld ue noted tl1:1t1 a the fault l'UI1 llOrthwe t the offset tbat 
it causeR i in advaJlcing order w tward; but a tho h a,v i till on 
tll west ide there is a lap e a · b fore, althotwh its m asurc i . . mall. 

A cnriou. and un xpocted consequence of til e •urved conr of tbe 
fault is that Sim bury lotmtain, 11 xt farth .r north, mu t li in tbe 
amc block wHh T<'nrminoton :\fountain ; and if' tb sy tem of curvature 

be continn tl to the other f<:tult.' otlt r nortbcm and out II ' m member· 
of the main trap ridg north and outh of Tal ott Mountnin WOtlld 
likewi e fall iu pairs within in gle ulo k , but unhappily 110 other fault 
to tl1e ea t of thi on· l1a ' ueeu traced from tb .... Tew Britain eli trict 
past the latitud e of liartforcl. 

Retumi11g 110w to Rattle nak ::\Iountain outh of Farmington it i ' 
fonncl to be eparated from tl1e main trap h et of Farmington .i\-loun­
tain l>y an oblique ravine, with tntp blutr on the wes a ' well as 011 the 
ea t, in the path of the curved faulr; above clescrib <1. 'lb greater 
height of tl1 Hattle nake summit i probably cine to tb grenter alti­
tude in which erosion found the main .· l1e ton tbe west ill of the fault 
lin ; not thnt the movement of the fault directl y in<·rea ed tl1 beigbt 
of the mountaiu, but t!Jat i t placed tll trap at a oT ater heigh t to b 
acted on Ly erosion . 

The anterior of Hattie nake Mountain i. separated from that of Farm­
ington lVIouutain a mile north of the PlainYill -Ne 11' Britain gap by a 
small retreatin <Y offset, "IYith brief lap e of outcrop. 'fhe Hatt.lei'nak 
anterior ridge thence continn north an d 11orthea twanl uu til it aln10 ' t 
abut again t the foot f the main trar bluff in the Farmingtou ulo k 
back of Farmington viJlage, causiug a nearly compl t lap ·e of tlle 
anterior shale . Tlli · mnst mean tbat the b ave ~f the fault in ·rea e 
to the northeast. little farther on the anterior slleet it ·elf lap e ' 
thus in<licatiug a till gt'eater increaRe of beav . But shortly after­
ward, passing obliquely northeastward, and hence Romewbat tlown th 
dip of the monocline, the anterior reappear , this being the portio11 of 
the ridge that fronts the south end of Ea t 'falcott Mountain meu ­
tioned above. 

The exceptional arrangem nt of tbe anterior and main trap ridg· s in 
thi block gives a more sev&e te t to the theory of faulting than it 
encounters anywhere else in the valley, al ld at the same time leads to 
results that are as unexpected as they are ati fa tory. It is afe 
to say that so long as the trap sheets are regarded a intrusive sills 
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the irregularities here met would be explained a the re alt of un ys­
tematic intrusion, and the peculiar order of faulting ,.-ould r emain 
un nspected . Bu wh 11 varied and con. istent eviden ·e prove the 
l1eets to be xtru ive flow , origin ally of great continuity for many 

mile north and outb, their interruptions or lap . t o-day call for orne 
ystematic explanatio11 such as i given a.bove, consi tent with that 

applied succe~. fully el ewbere in the valley. No refuge is then ne ded 
in eli orderly intrn ion for the features of tbi xceptional district fall 
into perfect ae ord with the regional y tem of faults of th entir for­
mation . The explanation offered thus not on ly demands acceptance 
for it. If. bn t permits, nay, compel , fuller belief in the ipterpreta.tion 
given by t b arne gen ral s beme of explanation elsewher i11 the 
valley. 

1Ve t Talcott block.-Tbis block contains the higher of the two paral­
lel ridge to wh ich t h name Talcott Mounta,in i ordinarily given. 
The monntai11 i normal on it westem lope t he trong trap bl uff 
de cending to an elevated and narrow anterior valley, followed by a 
high anterior trap rid ge; the e special form b ein g apparently due to 
a decrea e of thickne sand a local increase of dip in tbe anterior b ales 
a11<l and t011e . But tl1e imilari y of the terminal bluffi 2 .. t t he north 
aud outh end. of the maiu ridg , tL overlapping nd of th ant rior 
.ridge, and the abrup de cent of t h main ridge ea tward down a blnff­
am1-taln. slope into tbe narrow valley t hat separates it from Ea t 'ral­
cott MonJ1tain , are three as ociated feature not r peated el ewb cre. 
Exceptional ::1 . they may be, they are the nece arj re ult of another 
curved fault tb Talcott fault, parallel to the one jnst d escrib d, but 
with uplift on th ea-t in th fa hion o-n rallypr n"Lilingin the region . 
Tit Ea t T::~lcott l>lo ·k may now be de,·cribed a. a narrow· con avo-
on vex , lab. 'l'he north ast c·our. of the Talcott fault at the outh 

e11d of th mountain giv , offi t uncl ov rlap orr ponding to tho e so 
fr qu n t ly , n fartb r ·outh; tl1 northwe t cour of the fault at tbe 
11orth end of tlt mountain cbnno·es t h ov rlap from outhwarl to 
Jlorth"' ard, and r ver ·e tb offi et to tb retr ating order of arrange­
ment. H r t b off t i-' about 3,200 feet, and the~ tlu·ow 1,125 feet. 
The gradual ·urvntnre of the fault into a cour e parallel to tbe trike 
of th mono lin e can es a parall ' 1. duplication of th e main . beet not 
el cwh r to l>e foun<l. Tlie !feet of thi arrangement of tbe fau lt 
lin on th ast-facin g ·liff ::~nd talu by which W t Talcott Mountain 
is ·u t off on it a ·tem lope, as well a on tbe moderate hei o·li t of 

1 a t Tal ott Mountain, will be further con idered in Part III. v ra.l 
minor fanlt are imp li d by oblique notches and gulli in tb trap 
beet, a indi at don the map. 
The <t(han ing order of the ridge, in the outb rn divi. ion of the 

iu tru ' ive b eet · a od tb retreatiu g order of tbe Jlort hern clivi ion make 
one of the mo t igoiocant ontra ts of the two divi sion . . Them an­
ing of t he contrast is evidently to be fonud in the directwn of tbe fault 
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lines. The adva.ncing: order is maintained by certain ubordinatefaults 
somewhat north of the middle of T al ·ott fountain, but bey011d this 
point tbe arrangement i iu retreating order in t he ridg of t be intru­
sive ill , a well a in those of the extru sive sheet . It is urely most 
sugge. tive of a common ontrol that the e peculiaritie of arran o-ement 
should agree in the two group of ridge , one form d nan intru ive 
and t h otb ron an extru iv sheet f trap. 

I t will be uoted that only in the Lamentation block hav the bound­
ing fanlt all been traced aero s the n,ll y Lowland. E l 'ewh re the 
fault line are well defined ou ly a they cro the middl m mbers of 
the formation . Al though t he northern intru. iv beet i undoubtedly 
faulted, th e orr lation of individual fault Jines in the ud!ldie and lower 
member of th form ation can eldom be afely accomplish l in tlle 
northwestern part of t he Valley Low laud. It can, l1owever, hardly be 
doubted that the fau lts continue through t he monotonous a nd o-enerally 
covered lower ~1ntl to n s and conglomerate~ , and that this p art of the 
form ation i broken into block probably of coucavo-convex form about 
a completely a the re t. '£he pace occupied by t he low r and-
tone we t of Talcott fountain hould not be regard ed as a s i11 gle block, 

but rath r a cousi ting of everal curved block accordan t wi t ll tbo e 
containing East Talcott aud vVe t '£alcott mountain . faulted struc­
ture probably prevai l al o in tbe great area of and tone , lar o·ely 
drift covered uortb and ea t of Hartford. It is highly probable that 
if th ·trata there occurrlltg could be a 'Yell trac d a tho e of tl.te 
middle clivi ion they would be found di located iu om . imilarly com· 
plicated. fashion, and tLe pre ent implicity of that part of the map 
woul<l b ch au r <l to a complex i ty m r a· ·o r<laut with tba of tb rost 
of tbe Vall ey Lowland·. 

imsbu1·y blocl.:.-.r. orth of Talcott 1ountaiu tl.te main t,rap rau O'e i 
nowhere o troogl y eli located a it is farther south , and perh ~tp for 
thi rea ou it di fferent parts h ave, a a rule, ill -defined lo al. name . 
The names bere used for i t chief di vi ion are tak n from the adj iniog 
village . 

Sim bury !founta in, extending from Weatog ue Gap to he not h of 
Farmin gton River at Tariffville, may be subdivided in to three roughly 
equal parts by minor oblique faults, indicated by gullie , not ·l.lP. , and 
offset in the main ridge and by light iuterruptious in t he au terior aud 
posterior r idges. Tbe middle portion of the main ridge is called Pinna· 
cle Mountain. The breaks in t he subordinate ridge can not, llowever 
in all cases be well correla ted with those in tb e main r idge. The b t· 
proved ontinuity is along the pair of faults tha t separate the ecoud 
and third subd iv isions of the main slJeet, 2 miles ea t of Silnsbury vii · 
lage. Here two faults , about 500 feet apart, i olate a narrow splinter of 
the main sheet a.ll(llittle knobs of the anterior and posterior beet ; 
their combiued th row i 160 feet. Tbe oblique course of many gullies 
in tbe main sheet is highly characteristic hereabouts, and de erves 
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attentive recognition on the map. A subanterior and tone makes a 
distinct bench here and farther north, beneath the anterior trap ridge. 

The termination of the main sll eet in tbe Sim bury block in Round 
Hill at Farmington River Gap i again defined by a pair of faults, 'Yith 
combined tllrow of 170 feet or more, slicing off a knob of the ant rior 
and a narrow lab of the main sheet, about 60 feet aero s, hut appar­
en tly diverging southeastward, so as to cat off a wider lice of tbe po~­
terior ridge. The view of the e fault from the Bartlett tower ou the 
north summit of the main sheet near Tariffville is v ry in tmctive· 
various detail of urface expre sion, so faillt a to elude all but the 
roo t rniuute , arvey, fall into accord when the cheme of oblique 
faulting i ' applied. The ridges end abruptly on the north, while tho e 
of the next block becrio gradually; thi expre i\ e fea,tme being fre· 
quently repeate<l from llere northward. 

The im bnry blo k i s~ as already tated, fa intly separated from the 
Ea t Talcott block on the outh t!Je offset of the main beet m a uring 
perhap GOO or 700 :fl et, and the line of tbe fault being Jocat d by a 
well·define<l ol>lique gap with advancing <li . p lacement; but, a l1a been 
stated, the fault eli ar pear before reaching the anter ior he t, an 1 the 
di placement here eem, to be accompli heel by a ·Jigl1t warp indicated 
iu a deflection in the cour e of the trap ridge. The bounding fault on 
tho ea ·t side of the b lock aud the ubordiuate fault w.ithin the block 
ca11 not be traced ea t of the po teriorritlge, although if the, an<l tones 
were laid bare of their <lrift ~over Hi l1ighly probable that t hese faults 
could l>e followed alono· 'curved cour e until they met. ome of tb fault 
of the New Britain region. 

Following th block to th nor-t.hwe t on " es t hat it m rg · with 
tlt Ea. t Talcott block, but the som what broader block thus fot'med i 
w ll parated fro111 tb "' e t Tal o t bl k by the fault that produces 
th ofl' et and ov rlap at tbe d p.worn entrance of Weatogue Gap. It 

em probable that thi fanlt may cro the northern intrn ive sheet 
in the n ighborlloocl of the Bamdoor IIills for here oc ur the mo t 
di tin t r treating offi et of that rauge, as if to be orrelated with tbe 
strong retreating offset between Ea t Talcott and We t Talcott moun· 
tain ; but tll fault b twe n the two Barndoor Rills, a lo ally deter· 
min d, is deft ·t d to the we t of outh, and would not r a h the 
W n.too-ue Gap unle ·s ·trongly curved. The subordinate fault of 

im bury Mountain may be corr lated with th note he in tbe intru ive 
rang outhwe tof Granby village, and the north·bonndiug fault may be 
pla nsibly carri d through tb gap north-northwe t of tbe village. lt i , 
however , quit po sible that if the and tone floor were -.;-isible a some­
what different a.rraug-em nt of fault lin s ,-.;ro uld b di cover d; for it 
must be remembered that tlte intru ive sheets may themselves have 
broken obliquely and intermittently throuo-h the and ton , aud that the 
arrangement of tb ir rido·e , l1 ere interpreted a the result of faul tiug, 
may be to a greater or le s degree tbe re ult of orio-inal intrusion. 
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Although po sible, thi i not thou ·ht to be probable; for i11 th few 
plac s where outcrops permit ob ervation, br ccia, bav beeu founcl 
in the gaps and no tche of th intru iv l'id rre , t hus indicati ng that 
fault have been controlling factor. in locatio<>" t h gap !J ere as w l1 a FJ 
in the once und eniably continuou ·heets of the middl 1. a flows. 

G1·anuy block.-Tbe eparation of thi blo ·k frolll it n ighbor on tl1 

~~ ~~~ 

,, 

north i ' not d ma nd d by 
th mall amount f di loca. 
tion betw n them, but i i& 
convcnien t to give t b t ' (' 
blocks parat on 
a otmt fth ab 

Like tl1 
mainrirl g of the in1 bury 
blo k that of tile Granby 
blocki .. • ubdi v id dbymiOOI' 
fa11lts, tlt ftr ' t two b iug 
iclentifiabl in th ,ir obliqu 

a li tt l a t of 

th weakn 
rid ·e near t he termination 
fit lava b et; whil th 

thirtl fault di locat . th an­
t rior but not the posterior 
ricl g . The 11orth-bounding 
fault defines Ea t Granby 
notcli . Tl1e inter tin th i. 
block ·ent r in th peculiar 
di.·location · of H northem 
entl, in g nion ~l y !)xplained 
byi\1r.Kiimmela ' tll re ult 
of au ex ·epti nHlnorth a t-
outlnvest faul t (F 4 , :fio·. 24) 

FIG. 24.-Abnorma.l fault in Granby block, causing Vine- through ineyarcl ap 
yard Gnp. 

which i ' suppo ed to cro · 
three northwest- outhea t faults, F 1, Ji'z, F 3• The north rmnost of th 
latter i the bounding fa-ult of the Granby block , with a throw of 200 
feet or more, against which the subanterior saud. toue , the anterior 
trap, the main trap, the posterior and stones, and tbe po terior trap all 
end in abrupt blua· of appropriate f01·m , beginning again , aft r a light 
retreating offset a nd overlap, in the next block. Tile adjacent north-
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we t- outhea t faults cut off two slab from Hatchet Hill, the chief 
main ridge of the Gra11by block. The irregular dislocation · of th main 
sb et, as well as tbe peeuliar form s of bluff' and trail in the main ridge 
of each slab, may be fully accounted for by the fault. as here figured, 
but the behavior of the subordinate ridges cause some trouble_ Two 
portions of the anterior are missing, a iDdicated by dotted lines in the 
figure. This may be partly the result of low ero ion near so many fault 
line , and partly the effect of burial under clrift, for a large drumlin 
occur on part of the area of the outbern missing member. The 
ab ence of a po terior ridge in the village of Ea t Granby may be 
accou11ted for as there ult of wealuw , duo to it · inter ection here by 
one of the subordinate fau lts of the uffield block; and its continuity 
fartiJer ·outh, where it llould be di located, may be explained by sup­
posi ng t he fault, wl1ich ureak, both the anterior and the main ridg to 
di e out before rea ·lling the po teriOJ'. Tlle difficulty i11 this ca e loes 
not lie in any inherent improbability in th ' ugge, ted arran gem nt of 
fault li11 es, but only in the ab euce of outcrop , by which t h sugges­
tions might be proved _ Tbe car ity of outcrops is particularly to be 
deplorerl for here the explanation offered i of an ex 'Optional char­
acter, not upported by repetition of its es en tial feature I ewh re, 
and hence demancling much fuller local proof than iR needed to confirm 
the exi teuce of any one of the uumerou fault farther outh, that . o 
plainly belong to a ingle system, wh re the evidenc in on example 
supplem ut that in another. Manituck Hills, wo larg members of 
the intru ivc range, probably belong in this block. 

1t:{field blo k.-The only members continuously recoO'uizable in this 
bloek are tit main and the p ._ teriot· trap slJ >t . Th outh rn part of 
tll m::tin ridg in lud Peak M nutain, or 'opper Hill. The anterior 

II et w ak u and. eli ap1 ear , ex ept for two mall led O'e near the 
outh rn i l of tb block at the old copper mine, known a NewO'ate 

Pri on and tho on t rop of the po terior hale and a.n l ~ tone , are 
mu h interrupted. part from the peculiar di location already 
d rib d under th Graubj blo k th r ar only two - P cial features 
to b note<l h r . ' ir t the broadening of the main ridge in Bald 
Mouuta.in, near tll midclle of the blo k apparently the re ult of two 
v ry bliqn minor fault of 150 and 500 feet throw, th conr e of tile 
fault b iuo· indi a.ted by ra ine , tr nding nearly north and south. 
'fb narrow block of trap betwe n tiles fault ravine form Bald 
Mountain. It ha a bold bluff on the north, while the ridge to the 
east gmduaJly trail awa southward. J3ln£r and taln :slopes occur 
on bo h id s of the fault ravine . It i to the fau l t tllat we may 
a riu the weak niug of the po ' terior ridge in the village of Ea t 

raJ.'l by, as above tat 'd. cond 11ear the village of We t Suffield 
the· po teri01· riuge olf ct and overlap in u h manner a to indi cate 
tbr e parall I fau lt , strongly oblique and clo e tog tiler of moderate 
di plaeement. TIJe effect of tb e fau lts on tll main sheet may be 
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per eptible in the low gap of m ing' notch, ju t north of the tate 
boundary, but it i not certainly identified. 

M \" EM I~NT 0::-.' IJEDDING !'LA Jr.,. 

It i not uncommon to find th beddio o- plan I tale ' mor or le 
li ken ided , with the triation about in th dir ction of tb g n!}ral 

dip of the monocline. ometirue a v ry perf ·t mirror urface i ' thu 
p·roduced. Th a nd ' tone n,r mu h 1 aff'ect d in thi way. 'l'he 
tr-ap beet how pra ·ticaJly no igns of ncb rlisturua11C . TIJ amotlnt 
of movem nt thus indi ated doe no m to be larg a ud it do 'S not 
ar pear to have be n attend d by any oth r cou q nence tha n tlJe e 
ubordinate re ult ' of frictional lippiu ·. ln thi ouclu ion i i llec­

e ary to differ from that rea hed uy Dana, who thought that the 
b ddiug.plane movem nt produc d ov r hru t of sufficient mag nit11de 
to pack thP. trata tog tb er in a ma f gr at r tbi kn than i otig­
iu ally po, e ed. He wrote : ' 'ril abrad d urfa of th b d xten­
si,·ely ex hibited in om region , indi ate tbat t h re wa a va t a molmt 
of iu te tinal mo,·ement a well a ordinary fau ltino-. 'Ih snod ttme 
houlcl therefor bav a quir d it a-reate t t tri ·kn , from piling 011 

it If, on tile side of the area in tb dire ·tion f mov ment· that i , 
on th we t ide in t he ' onue ticu t Yalley.' 1 

)IAH GINAL ~·A LTS. 

The fau lt thu far de cribed tra•er th Tria sic formation obliquely 
with varyi11g throw. Th y ar be t defin d wh r t b cro t b tr·ap 
rid ge but in a} w <:a e th 'Y ]Jave b n plau ibly tnt l through tile 
and ' tone to the border of th forma,tion on the ea t a nd we ·t, w]1 r 

they determine t h pre nt boundary betw en t he Tria ' ic lowland and 
th e cry talline upland for a reater or le eli tan ·e, a indicat <1 b r 

full line in fig. 25. This i be t e u in th two north lL:t tr tcb 
of the ea t rn bouudary from South Gla tonbu ry to outb :1\Iao ·be t r, 
and from'\ ernon to Rockville, alr ady meutioued in c uuectioll with 
the Lamentation block. On the we t rll border tb ffect i much lc . 
marked, aud i een di tiuctly only for bort di tanc on the : id 8 f 
the Lamentation block, outbwest of the two notches that limit B 'thauy 
Mountain, and at certain point farther north. ~ear B thany Moun· 
t ain the ame two faults that defi.ect tb ea tern boundar'y for o gr a t 
a distance can e only sligtt off ets and overlapR in thew stern bound· 
ary. The reason for thi change i probably to b found chiefly in a 
diminution of the fault movement but it may al ·o dep ud Oil ondi­
tions eli en ed on page 130. 

W e have now to inquire whether other part of tbe Trias ic boundr~ry 

may not be determined by fault . It boulcl be recalled in thi · onncc­
tion that the present boundary stand in a n indefiuite .relation to tlte 
original boundary of tbe formation. Since depo itiou was int rrupted 

'Manual of Geology, 1896, Jl· 800. 
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by uplift, t !Jere has been ample time for the denudation of great bodies 
of crystalline , as well a of le s resistant andstone , a will appear 
more fully iu Part III. The hypotile is of a wide pread Tria sic cover, 
stretching far across the cry. talline areas, is not to be excluded becan e 
of any difficulty iu dispo ing of its lost parts; for in Jura sic, Creta­
ceou ·, and Tertiary time good· ized 
mountain ranges mio·!Jt have been laid 
low. The objection to a Yery broad 
original area of tbe Tria lies first in 
the ab nc of d irect. evidence indicat­
ing th existence of ucb a cover, aud 
more poiutedly in the occurreoc of 
coarsecouglomerate alongtbepre eot 
border, "ith pebbles that are fre­
quently identifiable in the ueig!Jbor­
ing rock of the crystalline upland . 
It would appear from tbi that t!Je 
Triassic bore line wa not very di -
taut from the pre eot border. An 
originall..>readth 10 or 20 mile o-reater 
than the present breadth i the utmo t 
that known fact demand. 

The present in(}uiry is to determine 
whether tb exi tiug boundary ot the formation mark the present limit 
of partial str ippino· of the formatwn from it · foundation, or whether it 
mark the line of va,riou fau lt which ba\7e brought tbe aud tones 
anrl <'ry . tn l line, toge her on ith er ide of n, s t p -dipping fr·n tnr , a in 
fig. :w. 

W est rn bo1tndm·y.-Tbe we tern boundary, a a whole, seem to be 

Fro. 26.- \Vostern boundary, determined by faultiug. 

independent or fault . Tile lou g, traigbt stretch of the Southington 
eli tri t ( , fig. 25), wh r the ba al sandstones and cooglomenttes 
appear to lie normally upon t!Je cry talline lope of the Western 
Upland , indi ·at !:1 merely a low tripping· of the weak r formation from 
th re ·istaut tloor ou which it lie . This simple rela-tion eems to prevail 
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for about 20 miles, from Bristol to Bethany Mountain; then it is 
briefly interrupted by the off et above mentioned only to be reestab­
li bed parallel to West R.ock rido· , and til uc outhward to th ea.­
shore a di tanc.; of a littl e over 10 mil . lt should be r membered, . 
however, thaJt in the total di tanc of 30 odd mil thus iuclud d the 
ba al bed of be Tria are a tually Rcen iu outa ·t with the cry tallin 
onlyattbe itwlelocaJityof ( outlliu gtou ) l~oaringBrook. Fv rywb re 
el e tb two t of rock a re ' epara.t d by tho noiv r al drift co' r; 
bu t as fa r a outcrops n ar the bou•Hla.ry lPal' t ~imony, tlJ r lation of 
uorm<Ll . uperpo ' ition pr vai l ' . 

The fault that repeat dly di lo a.te til xtm iv flows cem, a a 
rule, to die out b fore reacbino· It '" tem bord r. The live w ll­
determined fau lt betw n W t I al and Fa.rmingtou are n t trac able 
to the cry~tallines. Tlteir extinction r ·a lls the eli app aran e f the 
strong Farmington fault at it 11 rth nd in W ~Ltogu ap wh re, 
after breakiug the maio she t, it fai l to dislocate tb ant ri 

"orth of Bri ' tol there are everal locaJ itie wh r tb 

appears to coincide with fault lin r·atl•er than with tll normal conta t 
urfaee. Th di ·tin ·t change in th dir ction of tlle b undary from th 

north- outh outbington tretch to tll oblique north-north a t tr nd 
from Polkville to vVe t A \ on (I fi o-_ "'5) i ugo- tive of tb trnn a ion 
of the formation hereabout by a fault with uplift on the we t; and thi 
is countemLnced by th paral leli m of thi trend wit!.: tllat of the fault 
in the Farmitngton ridge fa,rther ast. Th rei ome lo al vid nee 
of faulting, but there i no opportunity for c rtain d termination. 
Between Canton and uiouville, in the valley of ( anto11) Roaring 
Brook (C fig. 25), there appear· to be a dowH -faulted wedge of and-
tones, un conformably overlying t1Je crystalline on tile w st, and 

apparently cut off from a bill of cry talline on the ea t by a normal 
fault, as in fig. 27; but outcrops are o few and far betw n that thi 
can be only a tentative e ' planatio11. The lon g intru, ive ridge east of 
North anton is eparated from the crystalline by a de p, narrow 
ravi11e, with walls of trap and chi t, and it is believed that thi i 
determined by a fault of moderate downthrow on tbe east ( "0, fig. 25). 
F arther north, toward Granby, there are everal short stretches where 
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the crystalline border does not tand parallel to the strike of th e sand­
stone and conglomerates, and where fault are therefore inferr d; but 
in the e cases the faults mu t have upthrow on the we t. From Gran by 
northward there i uo indication of faulting along the boundary. 

Taken altogether, the faults ou the western border do not seem to 
define more than L or r miles of distance, or about a. quarter of its 
length. They are di continuous, of small throw '''ith uplift iudiffer­
ently on the east aud we t. Although somewhat irregular in the 
Canton-Granby eli trict, these western marginal faults may be plan i­
bly associated witll the great ystem of curved oblique fault that pre­
vail withiu the Tria ic area, a already de -ribed. 

Basten~ boundary.-In striking contra t with th w tcm boundary, 
the eastern border i determined by . trong faults through its entire 
leu O"t,h . Tbe e fault have two dominant trend , north-south and 
(about) northeast-south we t. South of Middletown the two trends gen­
erally m •r<Ye on curved cour e · north of that place they are eparated 
by rather well-defillell anglo~ or" corner of the Eastern Upland. 

-.. 

F1o. 2 .-Ea.atorn honndary, ns o,~o P1 np. 

TJ1e hi f rea ·on forb ·lieving in tbe oxi tence of tb ea. tern mar-
ginal faults i found in tbe abrupt termination of a bea,·y monodin of 
andston . , wi h as ociated onglomeratc , hale , and htYa bed , at 

the a tern border. \~talking outhea tward aero the trik: of the 
alton · tall or Totok t crescent at their middle, or ea t-southea ·tward 

from th ant rior ridge of IIigby ?IIountain, the ob erver pa se over a 
ontinnou erie of trata, which may b gin with the sand ton sand 
onglomerate under tbe anterior lava bed, and pa regularly through 

th normal u ce iou into th upper andstone. above tbe po terior 
lava bed, the tlti ·lm s invotved varying from 6,000 to 1,000 feet at 
lea t. uddc>.nly and with comparatively trifling eli order near th 
margin the and tones are replaced by tho cry talline , and the low­
bud 'han()'e to the upland. It may at fir t ight eem pos ible to 
explain tui by uppo ing th crystal line floor to de ceud very gently 
under th 'Iria ' io trata, wbo e upper bed overlap by increa ing dis­
tance to the ea tward, as hown in fig. 2 ; but tlli po ' ibility is 
excluded when it i p rceived that all horizon , from ubanterior to 
superpo terior trat<t abut 011 the boundary in one place or another, in 

.. 
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con equ nee of t he warping in the cresc ntic ar a . If th Trias lay 
unfaulted on the crystallin floor tlJe obs r d warping of the trata 
would r equire a strong urvature f tb boundary, a ncl t il crystallines 
would advance toward t.b Tria i area, wll re t he trat~L ar warp d 
upward. o such . st matic curvature i.., to be found . Tb boundary 
line run stra.igbt nero s tb trongly warp dar h wher th cr nt 
of alton tall and Totok t mount~Lin ar eparated, and it g 11 ral 
trend i well pre erv l outhwestward from the nd of th main sh t 
in Brnufor l aero the lower a11d tone ' to ew Uaven 13ay and agrLin 
northward from Lake Ouonnipaug aero tl 1 po t rior, main and 
aut rior lava b d , an d t!Je a ociated edimentari n th nort!J end 
of Totoket. It i th r efor , no t con i va.bl t hat til urfa e f epara­
tion betw u the Tria and th cry tallin s h reaboul · should tand 
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otherwise than n arly vertical, and in uch a po ition it must b inter­
preted a the plane of a great fault. It i per hap imaginabl tltat uch 
a fault might have b en developed during the period of depo. iti<m it 
downtbrow being greater in the middle of tb crescents than at t h ir 
end·; but wll i1 e geometrically po ibl , thi i geologically impr bable 
in a l1igh degree. The surprising accordance of the variou member 
of the 'fiia ic . eries involved within the ere cents with tho e found 
farther north is not compatible with depo ition in variou lo alba in , 
but proclaims bl'Oad and even con.ditiou of accumulation . Not only 
are the lava beds discovered hereabouts with much regularity, but the 
anterior and po terior shale , with their fossil , are found hardly a mile 
from th e crystalline border, the anterior bales under the nortlJern 
curve of Totoket , and the po terior bales near the southwe tern end 
of Pond lVIountaiu. Thi · can mean ouly that we have here to deal 



DAVI .) EASTERN BOU DAllY. 127 

with a o-reat series of even deposits, a.fterwards warped and faulted. 
The eastern boundary in this locality mu t be a fault line, and in the 
middle of the ere cent the throw must be at lea t G,OOO or 7,000 feet, 
a in iig. 29 . 

ti ll furth r evid nee of the 1nar-o·inal fault i found in the trough of 
low ground tlJat i tra eable almo ·t continuou ly along the boundary 
lin , tbi feature being better d fined her than farther north. ~\t no 
place do any member of th e Totok t block orne in conta ·t with the 
cry tallines · th rei ahrays a drift- ·overed cl pre ion b t\\- en the two. 

Con idering the magnitude of the fault, there i. singularly littl di -
turbauce in the adjacent rock , tbe ouly important in tance being in 
tlJe Salton tall Mountain ere. cent. Her Percival's ' ecoml po, terior" 
trap rido·e, 1 ue<tr the village of Branford (B, fig. 2u) is interpr ted by 
me as a drago·ed portion of the normal po tcrior. The rea, ou · for tllis 
int rpretation are a.- follow·: 

'Ihe extrn ive nature of the trap ba already ueen shown (p. 72). 
It is in a remarkable flegree improb-
able that here only in tl1e whole val­
ley a ccond po ter ior lava bed wa ­
ponrel1 out and pregerved . The npr er 
llori,zon a,re a,lmndantly repre ' ent d 
farther north without a ign of trap. 
'Ibe ridge ba not tl.te north we, tout­
crop face and outbea t back ,;lope 
el wher so o- nerally found; it face 
outheast and lope northwest. 

and colwlom rate. ar 
e l1 0(\11 ath its face with aCCOrdant FIG. 30.-Broocin. in posterior ridg . near 

Brrutford. 
nortlll\"e ·t <lip of moll rat mea ur . 
Br ccias of trap and and tone, a iu fig . 30 are di ·lo ed in a tran -
v r r ad cut ·bowing that th rna i disturbed by miuor faults. 
lutting all thi ' tog ther the ruo t probable explanation for tbe ridge 
mak it a laro-e frao·m nt of the po terior, dragged npward by the 
movement f h, g-reat marginal fa,ult which pa se. clo e along it 
outh a t rn ba ' and at t)Je arne time tilted from t.h n ual outhea t 

dip of thi tli trict to a nor th we t dip. A. d iagram of the inferr d rela­
tion i given in fig. 31,2 

'Ib rc i~ a, mall pa,rt of tbi pe uliar ridge t l.tat ha given ri e to 
diverse interpretati ns. Thi i ale lg of firm t rap .iu t outh of tlJe 
eros road; itsc mstodip te ptot.h southea t a nditi (apparently) 
ov rh1 in ·onfor mably by a couglomerate. Thi i w wa taken by 
Bovey.:1 

•G eology of 01111 cticnt, l 42, p. 325 . 
2 1'ho r petition of tho po t riot· trap as hor explained tl ep nds chi fl y on faulting, nnd thi seems 

pr~ fernbl to repetition by wnrpin" , ns fig ured in th o ' oYcnth .Annual Report of lh .. • colo>:ical 
Snr,·c•y, p. 4 o; for, as U oYoy hn s s hown , tho uccc sar·y warping is not pormittotl by Lho ubson •cd CliJls. 

3Am. Jour. c i. , 3d SL' rles, Vol. XXXV 111 , 1 9, p. 372. 
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The opinion here pr fetTed i t hat tlli i only a local o erturning of 
a small block of tr a.p with i t uud r conglom rat . Tbe trap b iug 
shown to be xtru iv by evidence of la rg r areas near by, tlt e d use 
trap her se u must b r ferr d to t b bottom of th 11 et, wh r such 
a texture i normally found . 

F rom ..c w llav n Ba.y to Ouonnipau o· Lake ( , fio·. 25), tb mar inal 
faul t may be treated a b long iu o· with tlH:} . eri of bliqn fault · by 
which the Tri a i brok n into blo ·k . uch , it ta.ud roughly 
parallel to t.h fault on the other i l or Totok t bl ·k, whi ·h lH I ' been 
de crib ll a running from :tbout Ea. t I o 1· thr ugh b a ll y b tween 
Totok t and Pan~ mountain . c eptin g th i · . ngrr , tion, w ar led 
to look forth ontinnaLion of the marginal fa.ult 11 orth a t f1· m Lake 
Quonnipaug t hrough t he cry ta.lline · lmt a car ful . arch tbr ugh the 
wooded hill a nd valley f<Liled to eli ·cover d ·isive vid uc of it. 
There i truly a cer tai n a li O'n ment of vall y ' t hrou gh Rockland, past 
Calllllewood I [ill and on to t it onn ti ut, a li t I a.bov ITi O'gaoum, 
all trending fairl y well in prol ngatiou of t iJ marginal faul t; but he 

ettlem nt of the matter mn t b left to futur work on t il e cry tallin 
them elve . If it honld appear tltat b oblique fault i · thu pro­
lougerl , tlte hort northward marginal tretch from Lake Quonnip<tug 
to the corner of the upland near lVIount Pisgah should b s t apart a 
b lougiu g with the north· outb group of fault . 

The long curve of the ea tern border from Moun t Pi gab to South 
Gla tonbnry i not marked by a per is tent dept· ion; iud d the 
outcrop of andstone are oft n found upon lore, tbat lead dire tly 
to t he orland hilltop . Yet a fault i con fidently b lieved to run al ug 
tbi line, for, as in the previou example , the and tone ntono line is 
abruptly cut oif at the boundary. lVIoreover, there are iu tbi tr t lt 
of tbe border many local irregnlaritie · in the dip of the and tone aud 
couglomerates nch as have been found nowb re 1 e in t he valley I w­

land. There are also certain characteri tic featur in the crystalline 
rock near the border line, e pecially uortb of the Connecticut, th at 
are not noticed in the body of the upland. The greater developm ot 
of chlorite along tb border is a marked occurrence. Micros opic 
examination ·llows that the cry tal of the different mineral in the 
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schists and gneis es are commonly broken; in many places ncar t be 
border t he simple gneissic or schistose trnctnre ha been lo t, and 
the rock appears to be twisted or broken. This is the more noticeable 
be.eau e t lr e belts of th e various erystalliu rock trend llOrthea t away 
from the marginal faul ts hereabouts, and thu th change in the chara . 
ter of various belt may be ob erved a they approach the marginal fault. 
The bordering parts of the cry tallin es is ometime a loo e breccia , a 
in the quarry for road metal at South Glastonbury; sometim s it is 
re emented into a.n exceedingly tough rock by quartz or chlor ite or by 
barite. .Although to-day a firm rock , none of its fragmen ts are found 
in the neighboring Trias ic conglomerates; hence it is thought to be of 
later origin t han the conglomerates. Taken altog·ether, these marginal 
feature of the crystalline are strongly confirmatory of the exi tence 
of a po t-Triassic marginal faul t. ' Where the Connecticut flow into it 
gorge in th e Eastern pland below Middletown, the uplift of the fault 
is e timated at more than 7,000 feet. The measure i somewhat urH:er­
tain · first, becau, e of the uncertainty as to th e thickness of the Trias ic 
·eri here, aud second becau e of our ignorance as to the height a t 
which the Triassic floor once stool1 above the pre ent cry talline upland 
on the ea.;t of the fault. 

At the Mount Pi gab corner the curved marginal fault app ;u·::; to be 
the ("Olltinuation of the fault between the 'l'otoket aml Pa.ug blo k , 
d :cribed on page 96. Likewi e, ~tt the outh Gla::;tonbury corn r tlr c 
marginal fault may cont inue it 11 orthward cour c aero s tlr e long 
oblique faul t that separate the liio·by and Lammrtation blocks (p. 103), 
thn leadi11g it directly into th great drift. ·ov red Trias ic ar a of 
Gla toubury and East Hartford and the11ce indefinitely b yond . Ther 
i , unhappily no mean. of d l'idiug- thi po ibility, but we belie,re the 
witne. se · in tlr cas are ilent b can~e they are all gag d by dr·ift, 
and not at all becnu e they have nothing to ay. If as is probable, the 
fault coutirm e iuto tlr drift-cov red arra there ar ome i11tere tino· 
con:equeuc H or it, eli placement that d erve bri f consideration . 

Problem of th e 'outh .l l anchester cm·ne1·.-L t it be as umed tlra.t the 
north- outb marginal fault run. indefinitely northward, 111aintainiug 
the tbrow that it ha at the onth Gla · tonbury corner (S G, fig . 3~) . 
lua:mn ·h a tbe north- outh and the obliqn faul ts both appear to 
have steep fra ·tur' plane , and a the movement on the plane may 
be, with mall probable error, taken as parallel to their line of inter-
ection, neil her fault is r pres uted as d isplacing the other in the fol­

lowing cliagnun. v"Vhile the marginal north-south fault follow the 
Tria, sic border outh of the corner, its throw, t, i equal to the sum of 
thr quant itie : the depth x', of t he 'l'ria . ic floor beneath the lowla ncl 
surface west of th e fault line at. B, plus the height, h, of the npland 
above the lowland plu the uukuown height y, of the lo t Tria ic 

1 coL. . Griswold, Bu ll. G~ol. Soc. Alllorioa , Vol. V, l 893, p. 5U. 

18 GEOL, PT 2--9 
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floor :tbove tb upla11d n xt east of tlte fau lt at D · or I = x' + h + y. A 
rea on a b l valu f r .'C 1 i 4,000 or 5,000 ~ t. 

'l'he obliqne fault b as its uo,vll t ln'ow on LlJ northw t, witl1 a move­
m nt off feet. 11 horizon in the Lam en tati n bl k nHJ.' t tand f feet 
lower than tlt. y twd in the Higby l>lo('k. The Tria ic fl r for 
example, mu t lief ~ et d ep rat thau at l · imilnrly, the :tioor mu t 
li f feet lower at than at D. \ t th lowland i o cupi d l>y the 
Tria. , of d pth .x;"', while at 1 tb nph.tud i o copied by th cry, k'Ll-
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Fw. 32.-Diagram of the South nJastonhu.ry and South 
Manchester corner . 

Jin e , abo which th Tria 
on <'e tood a t th l1 ight y. 
It follows from tbi that 
f=.r' " +h+y, r .JJ

111=f-h-y. 
Th gen ral differ 11 e, h be­
tweenlowlnnd and uplanu l1ere­
abouts i r uo· ltly 400 feet. 
Tl1 throw of th obliqu fault 
i probabl 2 0 o or 2 ~oo f et. 
.A<lop iog t b smaller vain 
we have .t·"'=2 000 -400-y . 
B 11 eY n if .11 be zero the 
<l ept lt of th sand ·to11 at ' 
i at lea t J GOO fe t . Tb 
cry ta lli 11 · fl 
found i 11 bor <l w lis of no nTeat 
depth. Further if tbiR b the 

' t:tt of tlt the 
llOt 

tones whi 'h are 
found only we t of th tr iLp 
ridge . It is unfortuna te that 
for tb pre nt thi 011 lu~ion 

i reached only by ge m trical 
argum n t from avo tula.t a. to 

the proual>le path of the north-sonth marginal fault · but th e con -1u ·ion 
i . o ·urprising and o peculiar that it eem to de erve tatem nt in 
order to erve a a te t of the po tnlate on which it re ts, when OPJ or­
tunity arriv s.t 

The oblique tretch between the ontb Gla tonlmry and South J:an -
cbe ter corner ba already been de cribed (p . 103). ext come t.h 
uortb-south border between the South M anche ter and ruou coru rs. 
Here, in addit ion to tbe general evidence of fau lting from th termi na­
tion of the Tria ic monocline-evidence of co mpar·atively small vahLe 

1This argumeut was firs t worked out by L . . Griswold, Bull. (:eol. Soc. A.merica, Vol. Y , 1 93, I'· 528. 
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becan e the outcrops of andstone on the lowland n.re few and far 
between-tbere wa by good fortune an opportunity of finding· t he 
actual contact fau lt plane by a . mal l amount or dig-o-ing 11 'ar a paper 
mill at Highla ncl Parlc T.be contact ' urface of tl.le Trias and crystal­
line was found to have a dip of 55° to the west, with trike north and 
•outh. The couglomer<Lte and sandstone layer dipped 430 \'i .. a if 
sl1owing a trong drag from the usual ea tward dip of th Triassic 
monocline. :rear t he contact the cry talline~ were much shattered aud 
decomposed . The field relation left no doubt that the contact marked 
the plane of the marginal fault. 

The throw of thi · fault is not directly mea m·able for no values can 
be given to the depth of the Tria sic floor under the lowland we t of 
the fault or of the height of the floor above the upland ea t of the fault. 
By m ans of a serie · of not unrea onable po tulates and geom.etrical 
construction , imilar to tho e employed about the outh Glastonbury 
comer, ome interesting result may be obtained; but o long a the 
po. tulate have no ufficient proof in ob erved facts, it doe not eem 
nece sary to rehear e tbem here. 

Hl£T, AT!YE AG !~ OF THAI' f'HmtT AX11 l •'AULTS . 

In the early period of more peculative . tudy of the Trias ic forma­
tion, when all the trap , beet wer commonly r garded as iutru ion., 
it wa uppo ed that tbe date of their intrusion wa later than tbat of 
the ti lting of the monocline. The fa11lt , who e exi tence wa at that 
time merely ba ed on tl.1e a umption thn.t so great a monocline conld 
not be an unrepeated eries of . trata, were as ociated in date with the 
t im of tilting-: aud thns the intrth ion of the tr~p sheets wa~ h ld to 
b later than tb tiltino· and faulting. 

Wlt u th xtru iv origin of certain of the trap beet wa recog­
nized, tho e h et · wer ·e n to be or much earlier dat than th time 
of faulting; but doubt remain d a to the date of the intrn ·ion . 'liJe 
prevalent opinion wa still distinctly in fa\or of a igning them a date 
later than h tilting, and hence pre muably later than the faulting. 
Tbi was explicitly argned for the Pali ade sheet in New J'er ey by 
Cook and other , a well a for the sill of East aud West rock near 

w llaven, by Dana. Hovey stated in his earlier paper that th ' true 
dikes do not appear to have b en faulted, and therefore mu, 1; have been 
formed ince the ti lting of bbe strata 1; he afterward fotmd that one 
of the large t of the Fairhav n dik s i slicken ided, and recognized that 
' some differential movemen ~ in the region have acted on the trap as 
well a on the and toue." z There i , indeed, much to b aid in favor 
of the view that th ill and dike , as well a the flows, are of earlier 
origi n than tb disturbanc by which the faulted monocline was 
produc <1. 

'I here is, in tlte fir t p lace, no inh erent probability that th ills must 
---- - --------

' -<n• . Jour .. c i. ,3d Reries, Yo!. XXXVIII, 1 9,p. 382. 
• .am. Jour. d ., 4th HOI'i R, Voi.Jll, 1897, p. 2 9. 



132 TRIAS I FOR fATIO OF 0 NEC'I'ICUT. 

have been intruded n fter, rat II r than b , tb ti I t i ng of th , . trata 
that include them. ills of cousid rabl xt 11t and or 11 m·ly hori-
zontal attitude in nearly horizonta-l ro ·k t~ ar kiiOIY II ls wh ' r , n.s in 
the famou wbin ill" of York hir , Euo·la,nd or in a w 11-d fi11cd 
example on th wn.llsofPurgatoryRi r n.nyon, ' olorado. ' J t mig-ht, 
indeed, be argued that a t he intru ive and xtm, i v sh t ar <Ll l 

Fro. 33.-Displacements of trap ridges near 
Lamentation block. 

much alik in ·ompo i­
tion, th bnrd n of proof 
r t ::; 011 th SCW]IO would 
mainta in n, ·on iderable 
div l'Sit ' Ofag for them. 
But all this J ad to no 
d finite onclu ion . The 
only mea11s y t invented 
of datin g t b intrusion 
are by the relativ ar­
rang ment of tb ev-

ral ridg- forn1 d Oil the 
s ill and on th flow , 
and till more po itively 
by the br · ·ia found in 
tll e 110t ·b of tll intru­
. iv th y 

ob­
the 

ar pr · 
vai lin gly pl a · d in ad­
vancing order; n r th of 
that city in r tr ating 
ord t. The fault bound­
ing the Lamen ation 
block in parti ular have 
been bown to dominat 
th fLrrang ll1ent of the 
we tern a w ll as that 

ofth eastern ridge . B thany Mountain, the intn1 iv in mber f the 
Lamentation blo k, ha every appearance of b inrr a faulted m >fib r 
of t he sill , el ewbere ontinued in theW t Rock ridge Oil tb sontb 
and in Ga,ylord Motmtain ridge on the north. Tb . ev rnl obliqu 
notcbe l1 ereauouts (tig. 33), with their advancing off ets and v l'lap , 
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accord perfectly with t he effects of tlt e northea t- outhwe t ystem of 
fault , as determined el ewhere. The ·rystalline (hydromica- chi ts) 
enter tLe angle west of Bethauy Mountain and south of t ile terminal 
bluff of t he Gaylord range, and are obliquely cut off acros the t rencl of 
their foliation by a narrow valley, located on t he path of til e pre umed 
faul t line. • 

East Rock is separated from Indian Head by what may be called a 
double-notched valley-that i , t he gap between the two rock i~ not a 
simple V- ·haped notch, but, as described by D ana/ ha a low rido·e of 
trap in it midd le, so that it shape somewhat re embles a W. 'Ihe 
direction of tlte li ttle ravin es on either side of the medial ridg is 
nor beast. 

The northern clivi ion of the western trap ridges exhibits the retreat­
ing- order of the northern extru ive ridge a if bo h an angem nts 
were controlled by a common cause. Local ·tudy of the Barndoor Gap 
convin ·es t he ob erver of it depenuen eon faultin g, although he may 
not be able to lead other to his conclusion, as the eviden e is general 
rather than specific. 

J might be contended that an intrusive sill guided by orne ea;;ily 
plit tratum would follow t he lead of that tratum even after it lt ad 

be.en faulted, an d thu the sill would come to have an apparently dis­
located arrangement even though the iutru ion wa latel' than the 
fanlting. While this may be pos ible, it doe 110t eem to be very 
probabl . It is more rea onable to suppo e that an orig inally contin­
uou ill roughly accordant with the bedding, was dislocated along 
witb th flo w a nd the re t of the formation, and t ha t the pre ent 
adva.ncin o· and retreatinO' off et and overlaps are thu to be xpla.ined 
in t h we tern a w ll a in the eastern ridg e . 

Tbi ondu ion i well upported by.the bands of brec ia or thor­
ou o-hly joint d truc.turc t hat are occasionally found in t lJe notche of 
the we t rn ridge , on the line of fault that come obliquely aero the 
lowlmtd from th ea tern ridge . The trap i much joint d in the 
B t hany notche . 'rrap breccia i distinctly een in tlt e trea m that 
follow . tl t notch ,in t lt Ortlt of Mount Sanfol'd, and here the and tone 
on tbe 11 rthw t may b se n abutting against th d n e trap on the 
soutbt.a t of a vel'tical phwe of eparation which strike in accord 
wi tl1 t it lo ·al fault RY tem. few sign of brec iatiou have been 
no t d in some of the gaps of t ile Barndoor Range, where, a above 
stated , the arrang ment of the adjacent r idge ha ev ry appearan e 
of eli lo n,tion by fanl tin o·. In tlte f, urth not h we t of Ba,rndoor 

ap t he t l'ap i · fin ely plintered, as if near a fault line. Belts of 
ureccb and lick n ided joints are seen in a trap ridge farther south, 
wh recut by tit entra.l New England and W e tern Railroad. Their 
bearin g varies ft ·oin IIOl'lhea t to ast·northea t. Although not accord­
aut wi th the :sy tcm of urvin g fau lts hown in the extru ive ri(lg-es, 
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th e breccia. and lick nsides ·1 n.1·ly prove t ha t ;;ome mov m nt bas 
taken pia e s i11ce tb ill wa!'; iu t rudecl. T lt 11 ext. rn a.ll tntp ridge on 
the south i di plac ·d fro m t he la rger on <' in which lhe mi lr ad cut is 
mad pr oi ely a if di loc~~ted by a n01· tbea t fa ult of mod ra t' t hr w. 
The same is true of a ecoml . lll all ridge a CJOart r o r <t rnil far t her 
south . The iudications of faulting in tb dike north of Mount armel 
have be n tated on page 10-J-. 

\ \' h n all the. e ig11ifi ant fant · ar 
li ar ymp<t hy in th order of arrall''" Ill nt betw 
we:tern ri ige , it e ms con ln iv t hat th 
a the heets, were pr ent befor the formation wa ' eli ·turb d, and 
that all offered t ilting and fau l ting too·eth r. Looking at tb forma­
tion a a whole, t he sill a w ll a t lr flow may l> nil 'd ·ontem­
poraneou , because they ,,~er in rnd t1 before tb b gin11in •· oC t he 
defor rn n,tion t hat pnt a top to d position. It need not b ar u • l from 
thi that the ·ills of Ea. t and W i> ro k ver :fi rm d a ntinnou 
~lreet or that t be various members of t!Je Barud or Haner v r f'ormed 
a. ingle ill clo e to th bedding pla11 :->of the ' a nd t n s 
b argued that b for ' til time oC dislo ation th ill w r 
nearly continuous she t. ttran th y ar now. 

S UFJ-'1 IEN Y ( >F THE EYIDl>NCE Ol•' YAlJLTIN G . 

In Part I the rstern of faul ti ng ll()W c1 crib d wa provi ionall y 
acceptP-d, and th wl1 ol di , cu sion under wlli<'h t he sh ts or lt e n t­
ern ridge w r show n to b fragment. · of only thr ext ru i\· flow wa 
founded on this acceptan t t ii O beginnin ·of this chapter it wa 
:o;tntNl t.hnt t.h t.heory of faultin g \VOnlrl hr tt>. tNl hy nrrt>pt in g it .. 
r ult and employing it langu<lo-e. while r vie\\·ing th di tributi n of 
the Yarion memb r of tb forma,tion . Thi ha. llOW be n do11e, and 
the value f t he theory particularly with regard to th obliq n fan lt · 
within the Tria ic ar a) mu t be e. tinwte l. It m rit a nd 1l flcieneie 
may b briefly sumrnariz d. 

The theory of faulting lead t hrough logical <rE\om trica.l <1 d uction 
to a variety of p nuliar a,nd hi crhly pecialized co n quence . \ h ' ll 

the e are confr nted with th fa<lt' of ob rvation tb , two g r·oup.· are 
found to ao-ree in a. rem arkable m~wner. It is well known that t he 
verity of a theory i te ted by agr eement of thi ort · ancl furth er that 
the degree of verity if ucb an expre ' ion may be u:ed i. m a urccl 
not only by the accuracy of agreement, bu t by t h complication and 
sr ecialization (If the facto r in the groups of deduced consequen e and 
observed fact , respectively. In the problem under di cus ·ion i t may 
be fai rly claimed t hat the complication and pecia lization of both 
groups of factors a re so gr at that their agreement by cha n ·e i out of 
the quest ion. Th agreement t l1at they how can mean only that IJe 
theory fmm which t he complicated cons 11uence. are lled~;c : d i a cor­
rect one. 
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The tb ory or fau lting reduce confusion to order. Tlti. must be 
umciently clear from the ;;pecinl account giYcn abov of the varion 

trap ridge . The po ·::;iuilitr of r clueing the labyrinth of trap ridges 
in the di trict bounded by Hartford, Middletown, Meriel n aml ~ew 
Bri t ai n to a rea. on able geometrical sy tem i ·· alone a trong argument 
in favor of the ·cheme by "·hich the reduction i accomplished. I can 
recall very eli tinctly the meaniugle s confu ion of the trap ri lges 
betw en leriden and Westfield when fir t een, over ten year ago 
before any suspicion had arisen that the anterior, main, and po terior 
ridge , a described by Percival, were perhap dislocated repetition of 
a iogle series o lava bed , and that their termination might be on· 
trolled by a system of oblic1uc faults. The turbidity of the vi w, in 
regard both to tructure and to topography, a seen ou that dar' walk, 
wa clariti.ed o11ly a~ the sy tematic peculiarities of arraug ment were 
percei\'ecl and a cheme to account forth m was invented. 

'rl1e theory by which confu. ion is reduced to order ha the oTeat 
merit of calling for only one es entia! element in itself. The r peated 
operation of a ingle imple proee, is all tbat is needed. With ,- ry 
repetition the igns by which it i~:> kuown are more ea ily and certainly 
recognized. In this respect the theory of faultino· re em ble. the tb ory 
of extru ion for the trap . heet of the ea ·tern ridge . 

The theory of faulting reduces omplexity to impli ·ity. Thi alon 
may perhap. not be regarded a competent testimony in it favor yet 
it lHI!::i a cert~Liu value whi h de erves mention. It is uot to bed nie<.l 
that th pro ess of nature could in their marvelou variety of action 
produce ::;ucce sive intrn ion. an l eruptions a Teat in number and a 
peculiar in eli tribntion as the lava ill and tlow that may ue counted 
in the parate trap ridO'e of th Yalley Lowland· yet no one cau avoid 
leaning in b lief to~·al'(l til simpl r proce R of origin, ou finding that 
it i pcrmi ttecl by tu theory of fa,nlting. When, fLutber it i found 
that th a ' nrnption of many i nder en dent in tm, ion and eruptions in 
a n no faulted monoclin im·olYe th ac ·identa,l oriO'in of repeated sy · 
t mati arrmtgem ut of outcrop, while the theory of t "·o ill and 
thre tlow in a faulted mono line give immediate explanation for 
tl1ese p culiar arrnng tllent. choice i oon made between the two. 

Tbe theory of fan! ing correlate many fact prev iously noted, but 
110t en to ha.ve any bearing upon one another. Mo t notable among 
the e is the arrangem nt of the ridg in what PerciYal empiri ally 
ailed ' n.dYan ·iug order ' :tncl ''retr ating order, now een to be a 

natural con qlleuce of fau lting and ero ion. The ,form of he ridge 
ell(lingR i mo t p ·uliar. South of Hartford the outh end of a ridge 
u.-ually nd in a bluff wbil th north en(l fall off in a long, slowly 
de cending trail. orth of Hartford this arrangeme11t is reversed. 
This i., like the nclvan iug and retreating order of di ' location, a Itat­
ural cou equence of f:.J.Uiting a,nd ero ion, a ' will he more fully . tatecl 
in I art III. Th RY tematieally trun catell ridge of conglouwrate or 
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sand touo a socia,ted with the trun cated trap rid ges are inexplicable 
on :"IllY other ground than raultiug. Finally, ther a.re t h many p in t 
of detail, ncb as tl1 .oblique g ullies on t he ba k or the trap ri<lg s 
th variations of dip in th sandston alon g- tl1 0 uppo ed fault line , 
a11d the occa ' ional expoHure of 'clay dik s" or f"lwlt brecciaR. A 
theory tl1at give nttional orr lation to o man y facts lllll t ·omrnand 
onficl nc '. 
Th t heory of faulting ha · t lJ e further recomm ndation of XJ..I Iaining· 

much more than it was intended to xplain, of givi1w rntional111 aniug 
to many fact not known wh ni t wa fir t cone iv d. Tb r wa at fir. 
no . nspicion that its appli ·a.tion would. be o g nera l, t hat it would .·o 
etrectually account for all he ridg , from Bnwford to Granhy a tl1e 
outcropping edges of ou ly tl1r c lava bed . [ndeed, for a number of 
year. the ridge of t he edar {ountain blo 1· wer t ll ongl1 t to call for 
oue or more ·uppl mentary trap h ot · their finnlrcdn ·tion to ord rly 
meml..ler ~ of the general seri was a, most g ra.tifying w;lrra,ut of tile 
theory, lacki11g o11ly the addition of tb' anterior l1ales a.nd trap we t 
of cdar i\Iouutain-caref"Hlly sear ued for l..lnt not found-to mak it 
perfel't. Likewi o, tllt're wa at fin;t 110 thought t hat th fault line by 
whi ·h t he Lamentation block is Jocally bounded b tw(' n Ierid nand 
\Ve tfield "Would a count for various brec ·ia · and di -turl..lc<l dip and 
for tho Bethany notche in the intru ive ridg all aft n,·ardR found to 
li 011 the ext n ion of the fault li ne . \iVben t il es <1b rrant phenomena 
were found to fa ll iJ1 line with th ridge endi n g~ of th extru ive flO\Y , 

a· urance "-a. made donbly ure. 
The tb .ory of faulting l1 a ven a.uotber anu a final recomm uda­

tion: it upplies, ton, limit d degr c, tl1 p w r of prediction. A fault 
once well defin ed by . everal rid ge end in ~ . R rv K tn for •t 1l th 

ncling of nbor<linat ridge before tb y ar e n. This te t ha be n 
frequently applied in the fi hl, and with relllarkable , u<· ss. ' ri tical 
poinL a r tim quickly earched for located, and xamin d . If th 
<1rift di<l not . o generally limit th opporttlllity for ob rvat ion pr ,dic­
tions might be made and verified in mu ·h gr ater cletail. Tl1e t h ory 
of faulting, far from a king for snpport from its advocates become 
their guide. 

The deficiencies of the tl1eory lie rather in th difficnltie of applica-
tion than iu a 11 y yao·ueue of it deduction . lo ·e and continnou 
ob ervation of outcrop being impos ible the fault a drawn npon the 
map are probably too few and. too imple. Many small fau lt are lost 
to. ight. Tbe laro·er fault , repr ented on t he map by si11gle line , ar 
probably com]JOun l omminuted fracture· . The branching fault that 
seem well proved in a few plact:' sugge t the o curren ce of irnilar com· 
plications on a smaller scale el ewhere. The large dist ri ct northeast of 
H artford i cloubtle faul ted thoroughly, bu t it mu t remain a blank 
on t he map. In t h ew Britain-Meriden di strict, and in a sma,Jl r area, 
about Ea t Bel'lin, doubt mu t still ~Lttenrl the interpretation reconled 
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OIL the map; it may claim to be reasonable, n.nd in most ea e probable, 
but it does not reach the grade of certainty . Over the formation as 
a wbol , if the drift were ' tripped off and the rock laid bar the 
faulting would probably be found mu ·h more extensi\' n,nd intricate 
than it L represented on the ll1<1P; but the main fan lts by whi ·h the 
larger blocks are eparated are thought to b corre tly lllcated. 

It may seem to the reader that nndue attention II a· been given to the 
demon tration of geological strnctLu'e so eommonplac a fau lt ; but 
it must be remembered, after all that has been aid about them, that 
they are till imaginary, as far a direct ob. ervation goes. It i true 
that at a few points trifling exposures of breccia or slickensided sur· 
faces are found; but these alone would by no mean uffice to prove the 
exi ·t nee of an extensive sy tern of fractures, many miles in length and 
thousand. of feet in depth. They are not known by observation · they 
are entirely the creation of inference and argument. They can tbere­
fore be assured only when the inference is legitimate and the argument 
logical. The erection of these creator of the imagination to qual 
rank with ob. erved fact is not a light undertaking. 

TUE A:"\TEBIOH AXD POSTEH!OR FO ILIFEROUS DLA K HALl' . 

The occurreu ·e of black hales containing fos , il fi h aud imprc ions 
or plants at variou point. in the Valley Lowland has long been knO'I\'n. 
\Yhile h eretofore of value in determining the O'eological age of the 
formation a a wbol , tbeir value in this report lies chiefly in the 
confirmation t hat they give to the theory of faulting. They are tbere­
fore now describ cl in supplement to the preceding paragraph r gard­
i11g the Yalue of the theory of faulting in leading to correlations and 
predictions. 

When the eli location of the various blocks into wbich the Tria sic 
formation i · divided wa perceived it became plain that certain of the 
b ds of blaek hale might prove to belong to a singl horizon. If so, 
their eorr lation might well be claimed a te timony in favor of a theory 
that wa fram d without a thought of its bearing on these bed . 
l~urthermor it wa oon I erceived that if the beds of hale were tbu 
correlated, a11d if a in the ca e of lava bed , variou catte.red 
localitie of black sbal were shown to belong to only a few horizon , 
it would th n b possible to tra ·e tlle approximate po itions of the 
hale horizon in the variou faulted block', and thu perhap find new 

localities at de ignated point , or at lea t within de ignated limits. If 
in a formation o g uel'ally unfo. siliferou as the Conuecticut Tria 
such a earch proved ucc fn l, it mio·ht 1 e claimed a a thorough 
tc ' t of th prophetic I ower of the theory of faulting, after whi ·lt no 
furtl1er t t ne d be a ked for. It i therefore chiefly with regard 
to th ir correlation and prediction that the fo ' iliferou .·bale have 
be n tudi d. At the same time, a fine collection of plants and fishe 
ba b eu brought tog tlter and d posited in the "'atioual 'fu ·cum at 
Washington, awaiting spe ·ial >'tndj . 
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On revi wing the r>corcle<l loca.litie ' at whi ·h tb black shn,le were 
known to have yield d fo. ' ils, it wa fonnd that with a few ox· ptions 
all of them fell itber into th a,nter ior shale· 50 or 100 f et above the 
anterior trap ·h et or into the po t rior haJe about a third of the 
way lown from the posterior to tho main trap h t. A simpler r more 
ati factory correlati n could not have been hop d for. Thu ncour­

ag d, a y tematic ·ear •h for n w localitie wa made at the proper 
horizon for a considerable di tance along tb ant rior and posterior 
valley in th larger block , from Totoket II:onntain northward to the 
gorge of the} armington River at 'rarifl\rill . Mr. ' . ard J,op r wa 
engaged as special a i tant in this 'vork on a count of hi ·xteu ive 
acqnaintan ·e with the previou ly known fo il localiti . 'l'h drift 
eover proved a serion ' ob tacle to ucc s , l.Jut did not >utirely defeat 
the earcb . After repeat d failnre to find outcrop in tb Ion rr ant rior 
valle- from 'l'remont to the north ud of Uigby Mountain, tb bale 
holding a few fi h cal w r di covered in a, littl ravin n ar the 
north-hounding fault, and on making an op ning l1ere, ome of the 
ebaracteri tie fo i1 of the anterior ::;hale wer spe dily found. As o­
ciated with them wa a bed of andstoue containing pl Htifnl la.rrre 
reptilian foot printN. A econd a,ttempt wa ' made in th anterior val­
ley of Lamentation blo k , and a n natural outcrop wer ,·e n here, 
it wa · d cicled to open a hort trellch as n ar the prop r horizon as 
could be determined. .A. less likely pla e, a far as lo<'al .· ign . a: · con­
cerned for tllis ort of "fishing" could hardly b imagined, hn t the 
hale. and their fos il were neY rtheles un ·arth d not 20 feet from 

wh ere the opening wa begun. imilar bla k hale · w re found at 
three other point in th anterior vall ys fartlier north-on near the 
outlet of South in rrton r ervoir in Bracll y f u ntai n hloek a no h Pr n 
the nortbwe t l'lope of the same mountain, iwd a third 11 ar tho ba eof 
tb anterior hale on tb "-e t lope of Ratti nali: )fountain· but in 
all the · localitie tl1e xpen e r •quired to make nftici nt tr n ·hes for 
thorough te tiug wa more than could be justin d and the · ar ·h 
there wa given up before finding any fo sil fi b. 

Search in the po t rior shales W <\:-l hardly le: , Hutc s ful. During 
the progre ' of fielu work in the variou topogra]Jbic quadrangle my 
as ociates were in tructed to keep a close wateh along the horizon 
where the black hale might be expected, and to examin all outcrop 
carefully, with a view to openiug tb bed if they eemecl promi ing. 
T"'o roo t fort.uuate eli cov rie · of the po terior shale \\ere mad in 
this way. Mr. B. 0. Huvey found tbe sbale with fi h-print near tho 
south end of alton tall Pond, about 100 feet b ne~tth the po terior 
trap sheet of Pond Mountain. Good pecim u of fi h and plants 
were afterwards taken out from a treneh open d here by Mr. Loper. 
Later, Mr. E. L. H.ice found black hal es containing fi It prints north 
of Rocky Hill village. When further opened by fr. Loper th bed · 
yielded the IschyptentS giga8, known in the 11orrnal po~terior . bale 
el ewher , and were therefore held to be of the po>'terior horizon . 
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Both of these discoveries of the posterior shale are of pecia.l value. 
'l.'he 11r::>t is important uecau>ie the sequeuce of maiu trap sbeet po ' te­
rior sandstones and shale' with fo ·ils, and po terior trap ' heet in the 
Pond Mountain eli trict is thus shown to be stratigraphically equiva­
lent to that of the arne series of aqueous and igueous beds in the Higby 
block, where the posterior black shales with fossils have long been 
known in a stream bed about half a mile northwest of the village of 
Westfield ; and where the trap sheets are more generally admitted to be 
of extrusive ·origiu, and to be the eq uivalent of the main and posterior 
trap sheets in the various other blocks near by. Au extrusive oriO'in 
should therefore be a siguecl to the main and posterior sheets in Pond 
Mountain, even if"no other evideuce on the point were tc, be found. Tile 
r a on that cumulative evidence is de irable here is that the e trap 
sbeet of the Pond iountain crescent have, in spite of their very ve ic­
ula.r upper surfa e, with tbe deta-ched trap fragment in the overlying 
sand tone (pp. 67, 72), till been regarded as iutru ive ill by orne 
obser·ver .1 

The po terior black shale.· near Rocky H ill are important in affording 
acceptable evidence of the icleutity of the nei'ghboriug trap ;;beet '"i il 
the normal posterior beet of other localitie , and thus re ol\'ing- a 
doubt which, a ha already beeu aiel, was Long felt a to the . tnlc­
ture of that parti ular region. A now repre eo ted n the map with 
color to de 'ignate the various division of tile forma.tiou, and fault 
lines distiuctly drawn to bound the variou block , no rea on for doubt 
may appear; but the case is very clifJerent on the ground wh re the 
trap beet cliff r only in thickne , wher th anterior, po teri01·, aucl 
upper sanclstone and hales are eldom eli tino·ui ·hable, where the 
fos ilif' rou~ bed nre very rn.rely found, wh t'e the fau lt lin are iu \ ' ISI ­

ble, and where h avy drift cov r, a larg-e part of the Rurface. nder 
u h condition tho eli co very of the black hale, with the eli tiugui b­

ing fo il of the po terior horizon, in uch po ition as to fall in pre­
ci ely with th ch me that bad been tentatively held before, was an 
u.nexp ct c1 piece of good fortun e. It served finally to confirm the 
belief as to th edar Mountain anticline first advocated by Profe, or 
Rice, whicl1 l1acl become trong-er and tronger as field work advanced 
ov r the debatable area. 

Black ·hale without fos il , a f~tr a examined, were found at Gil ­
letts Mills, in tlt posterior vaHey of Ta,Jcott Mountain, a u<.L agc~in in 
North Bloomfield al>Ont a huuclred fe t under the po ter ior t rap a hort 
di;;tance ontll of Farm itwton River, here bearing many plaut remains. 

S eral otb r localiti~ of black hales at various ltorizo11 have not 
yet been orrelated.2 It i , very desirable that a careful watch should 
be kept by intere ted ob erver on the ground for any chance openings 
that may in future disclo ' e 11ew localitie of the f'o sil·bearing sl.tal es. 
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New horizons may y ,t be di ·over d , and it is ery probabl that the 
two horizon here de cribed in th e a11terior and po terior shale· will 
each be found to consi t of several clo~ ely n.s. ociat d bedR. 

ORIGIN F TilE FA LTED MO. 'OCL I NJr.. 

The pecific under tanding now gained of tlle attitude into which 
the formation ha been thrown b. · tilting a,nd faulting make it po i· 
ble to reach a correspondingly pecific determinati n or the haracter 
of the deforming force . plausible solution of thi problem was 
a.nnounc d in 1 G, and an account of it wa given in the Seventh 
Annual Report of the urvey. Since then th faulted structure has 
been traced over a larger :wen.; the u pee ted t urn from tbe south west­
Jlortllcast trend of the fault line in the outhern eli trict to the outh­
east.nortbwe t trend in tb northeru di tr-i t ha ucen fully confirmed; 
the extension of the faulting over the drift. ov reel aud ton ar a in 
th northeast, aud to a le xt n t into th adjac ut ry tall ine upland 
on the east an d we ·t ha been shown to b highly probable. But all 
tbi addition of ,yeJ!.proved fact and well- upport d probability ha not 
ignificantly 1nodified the expln.n ation 1 revionsly announc d. The 

araument leading to th explanation having be n fu lly pre ·ented 
befote, it need only be outlined ltere. 

The hypotbe is that the present monoclinal attitud of t he formation 
r present the original attitude of depo ition 1 n eel now lt ardly b dis­
ens eel. It wa ugge ·ted when few of the more cl tai l cl fa ·t of 
s'tructure now known had been eli covered, and it di appear ntirely 
before t he arra-y of tructUI'al detail concerning th conglomerates 
along tbe ea tern border, the extru ive orirrin of tbe lava flow and the 
variou features of warping and fn.ulting. 

The opposition that tl1e mono l inal attitude r ulted from the intru­
sion of tbe trap 2 is also only of hi torjca l inter t. It would not be 
maintained to-day by it advocates. had tlley lived. to trace the uppeL' 
contact of the pa ive lava flows aud the oblique· and curved path · of 
the fault line . In recent years Hovey sug.,;e ts that' ince the tran -
ver e anticlinal (between Pond and Totok t mountain ) an not o,,-e its 
exi ten ce to the general tilting proces , it may be a igned to another 
one, viz, dike having a general WNW. cour , roo t of which have not 
yet been exposed. 3 Tbi sugg stion i not ac ·epted, becau e none of 
the visible dike in the valley are accompani cl by ignificant deforma­
tion of the adjoining strata. Th heavy ills of the we tern ridge ' 
the large dikes north of ew Haven, and tlJe great intrusive ma . of 
J\Jount Carmel proflnce no noteworthy eli turbance in the general 
monocl iu . 

1R.ll. Rogers, Thir<l Ann. Rept. G ol. Survey Pennsylvnnin.. 18:l9: (;~ol. N<•w Jersey,! 40 , p.L66; 
nn!l other authors. 

2Thia view was held by Percival and ao,·t.u·a.I other on rh· writ(•ra. 
3 .Am. Jour. Sci , 3<1 seria•. Vol. X . XVIII , 1 9, p. 3 0. · 
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Tbo e who advocated a simple mono linal ti lting of the whole t rma­
tion did so before good evidence of fau lt ing tra.n verse and parallel to 
the bedding had been found . The facts known to-clay woulclnaturn lly 
lead them to modify their fir ' t supposit ion . 

Whatever the true explanation of tbe deforming for e is, it mu 't be 
so framed a to account for some very explicit peculiarit ie of ·warping, 
fau lting, and tilting. It mu t be competent to war p the strata into 
crescentic curves of variou climen ion , and this without the exertion 
upon them of strong lateral compression, of which there ar no indica­
t ions in cleavage and minor folds. After or in the latter part of the 
warping process the deforming force mu t break the whole formation 
into great blocks of variable breadth and length, ometimes traigbt, 
sometim s curved, here nearly parallel- ided, there wedge-sLaped . The 
blocks mu t then be tilted ea tward and faulted, with uplift generally 
on tb east ide of the fracture. The faults must affect not only the 
Triassic trata, but must penetrate ea tward, we tward, and down­
ward into the crystall ine floor on which tb strata re~t. That the 
cry tallin floor Lould be aff' cted with the re t of the formation ha 
probably been an implicit OJ Jdition of all t lteorie of d formation bnt 
omething i gained by rai ing it to tLe rank of explici t .·tat mont and 

recognizing t hat tbe sand tones, ho\>ever great their thi ckn e s may 
eem ,..-h en we pace across their strike, are really only a part of t lt e 

deformed mass, probably only a mall part. The value of th sand­
stone i indeed not o much a a mea ·ure of tbe rna s t hat wa deformeu, 
but a an ind x of the amount of movement that a g i'eat rna · of other 
rocks uffered along with them. 

It e m ad i able to attach con iderable impol'ta-n e to t hi explicit 
pa,nf'. ion of the probl m of deform ation, so tliat i t, . hall cone m not 

only t b Tria ic strata, but the ry talline scbi ts a , well. Thi i. the 
mor n c ', ary becau e of th tendency when tndy ing th chi t of 
the upland' to r egard th ir exi ting attitude a havi ng b en a . urned 
at an anci nt date and to overlook t ue probability that their po ition 
wa sigui£i ·an tly affe ted by a ny dis t.nrban e o !at as in post-Tria ic 
time. The same tendency may be en in the tudy of the Paleozoic 
trat a of Penn ylvania. It i demon trable. in t b neighb6>rhoocl of the 

tilted Tria ic trata of th at tate, tbat the dii of t he 'a mbri an bed 
in pre-Tria ic time diffi red by 15 or 20 degree from their dip in po t­
Trias ic tim ; y t it i ldom that tll i ano·l13 ha been ubtra ted from 
tl1 pre ent clip in order to I arn what mu t be account d for by pre­
Tria ic d form ation. 

In our own region when a lib ra,l measure is gi v n to the downward 
extension of th e fau lt pla.ne , and a ju ter idea is thns ga-ined of the 
great lab of crystallin rocks involved in the problem of defo rmation, 
the a-ttention ma.y b more easi ly diver ted from th e Ruperfici al to the 
dec11 r re(]uir ments of t he probl m. A fuller .Ill a ure iR thu gained 
of the fa ·t to be explained, and natural y ~L afer approach may there-
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after be made toward their true explanation. Tr ated as in fig. 34, 
the faulted monocline i een from too near b.r, a.ud it· gr ater <limen­
ions are not easily realized. Treat d a in fig. 3:1, the r la.tiou of the 

snrfa part· to the whol i mor a il y perc iv d. lt may thu be 
een that a horizontal for , n.cting ea. tward near the nrface with rela· 

tiontoth deeperma sandembracino·agr attbi·kne soffra tur dor 

fracturable ea.rth ru t, would pn ' h one sln b on au 
manner a to produce a fcmlt d wonoclinal . urfa o wh t' a peneplain 
exi ted befor , and that a rie of horizontal trata re tiug on the 
peneplain mu t adjn t them elve t the eli t urban ·e wh n i t com s. 
Th slipping of lab on slab would produ · fault with uplift prevail­
ingly on the e~t. Th · nn qual yielding of t-he differ nt part fa lab 

,- ... -. ' . . , . ,;· ....... .. .. __ , -.... 

, ..... .. 
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F10. 35.-Deep ~ect ion of fa,tlte<lulocks of Trias"io slrnta nod nnd rlyine: scloists. 

--. 

would cau. e more or le s warping at it surface alld in the ov rl ying 
layer , and in this general way the ere centic ·tructnre of Pond and 
Totoket mountains may be explaiu din connection with the monoclinal 
faulting. Irregularity of deep tru tore might result in branching ani 
curvinO' faulto, or it might produce occa ionaluplifts on the we t of the 
fault line. 1 The local shearing forces produced in the faulted blocks 

1 Seventh Atm. Rept. . S. Geol. urvey, 1888, I>· 489. 
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would naturally cause slicken ides on the dip lines of the weaker trata. 
To a limited extent a corre pond nee might be expected between the 
structure of the schists and t he fractures by which they are broken 
into labs, anu. it is thought that the bouudin o- fracture of the Trias ic 
blocks may be thus related to deep underground tmcture, · but it is 
felt that more importance wa. at first attacl ted to thi point than it 
deserves. The correspo ndence i. strongly sugg-e. ted by the parallelism 
of tile strike of the s bists with the trend of the fau lt in the outll­
we t part of our area, but it ll}ay well be that here is not o much cor­
re pondence be.tweeu the dip of the sehists and the dip of the fau lt . 

ntil t he cry tallines of the upland are attentiv ly tudied tbi ele­
ment of the problem remains indefinite. It doe not eem ad vi able to 
pursue p culation further in this dir ction at pre ent. It i ufftci ,ut 
to have brought t l•e frw lted monocline within the accompli bment of 
horizontal ea t-we t (but not ne es arily from ea t to we t) sh ariuo· 
fore . , a.nd to indicate that the fracturing of the block in th 'l'ria . ic 
overi plan ibly connected with t befaul tingofthecrystallinefounda­

tion. The for es by which the hearing wa don appear to have acted 
in o·eneral in the , arne direction a tho e by which the trough wa 
made, and all seem to luwe been of Appalacl1ian habit . 

. ~ w words may be given to the ea tern margin al fault . If the 
north-sontll fault. are not continued beyond the . hort tretche wllere 
they form the 'l' ria ic boundary, and if the region be then view d a 
a wllole, the marginal faults of the eastern boundary may be regarded 
a a large- cale y tem of northeast-southwe tjoint plane with bort 
connectino- fractures, accordin g to the scheme a(lvocated for smaller 
joint structure by Woodworth. ' Thu treated, they omewhat r s m­
bl tl•e sy>;tem of fault, that de rmi n s th nstet' n nrn.rgi 11 or tlr n­
tral plateau of Franc , wh re it i uddenly cut off by th descent to 
th Yall ey of tit !:~bon . 



PAH:r III.-DE~UD '.riON. 

GEN E RAL PRINCIPLE S O F LAND SCU L PTURE. 

The implied , eparation of natural proces by t he division of this 
r eport into distinct par t run t bb even more carefully guarded against 
in pas ing from deformation to denudation tl::.an in the earli r pa age 
from deposition to deformation. It is true that in a geueral way the great­
est deformation occurred after th deposition of the formation bad b en 
practically completed and before the great work of denudation ha,d 
been far advanced. But, on tbe other hand , slight marks of both 
deformation and denudation are recognizable during the fir t hapter 
of depo ition ; denudation un loubtedly made f'Ome pro~ne during 
the movements de cr·ibed in the second part on deformation; and oue 
of the roo t important and far-reaching le ons nf the region if' found in 
the occurrence of <L general upheaval-a gentle deformation-late in the 
final chapter of denudation, whereby the weakened for ·e of de tru t iou 
were a\vakened into the cycle of renewed activity in which we no'v find 
them. lndeed, it is quite possible that tleposition - uot Tria· ic, but 
Oretaceou. - occurred over at lea t a part of our area durin g t l1e pan e 
of denudation before the last general upl ift. From begiunin o· to end 
the contrasted proce es are interla eel . They are bm·e uutangled and 
pre entecl epanttely only in order more easily to follow the thr ad, of 
de cription· and argument. 

During the early year of geological tndy little valtle wa · given to 
the ordinary p1·ocesse of weathering and washing in the culpture of 
land form . P roce es of uplift, deform ation, and fra,cture w re 
regarded as rapid and it was thought that their almost unaltered effects 
were to be seen in mountains and valleys. The mighty curreut of the 
ea, and not the maller tream of the land, were r garded a ero ive 

agents where ero ion wa so manife t that it could not be overlook d. 
By very gradual degrees a greater and greater value ba com to be 
given to the slow but long-acting proces es of weathering and wa h­
ing, and a slower rate of action i given to proces e of deformation. 
Thus guided, land forms are, as a rule, seen to be carved, not built. A 
noticeable phase of the advance in this belief was the int roduction of 
the idea that the shore w ve of the sea were the most e:ffecti ve agency 
for the greater tasks of denudation, an d that broadly abraded urface 
were best explained a ' 'plains of marine denudation," as t h y were 
called by Ramsay in 1847. It was admi tted at this time that subaerial 
proces es might carve valleys, but the wl10lesale reduction of a land 
mass to a surface of moderate relief wa. re erved for marine processes. 

144 
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It wa hiefly among American geologi t t hat there afterward n,ro e 
a confluent uelief i11 t l1 e competency of ubaerial 1woce, e · to wenr 
clown any lalld ma to a pen plain of modemte relief; aud although 
tbis · ems to be nothing more than a. legitimate ex.ten ion of th gen­
era l principles of denudation it ha. as yet fonnd le K favor " ·ith 
many Europ&'tn geologi t . 

The proce$ es f den udation are all <1 pend nt on antec den pro­
ces e · of uplift or deformation, by which a laud mas i raised above 
ba ·e-lc\·el a nd pl;teed witllin reach of the d tructive attack of w ather 
aml water. I11 contrast to earlier view , it ha later bee11 dis ·o,· r d 
that while light movement a,re attendell by earthquake ho ·k th u-
a,nd of snell movement · are r quired to produce great clcfoi·mation 

and uplift; mor over, long intervals of relative repo , occur b tween 
the time. of th se comparativ ly light di turbance ; a,nd, furtbermOl'e 
con iderable change of elevation probably go on without any Yiol nt 
di tudJan ·e wha,tever. Deformation i , therefor , ron ·h 1 , rapid in 
compari on with denudation than wa formerly uppo ed. curious 
re ult of these tli cov rie i a on radiction of the early beli f tbat 
river always run away from regions of uplift, and a v ry g neral 
acceptance of th e p rinciple that in certa in case:-; river arc compet nt 
to ma,intain their cour e in spite of an uplift, cuttin g tl1eir hannels 
downward nearly as fa t as the hmd beneath them ri_,e . River of hi 
kind are called antecedent. It i n verthele bio-JJ!y probabl that only 
large and favorably itnated river can maintain antec.ed nt our e 
aero · str:oug uplifts, and that mo t of the great r uplift of th world 
have determiued the eom es of many of the streams by whic;:b they are 
at fir t drained, uch trearu being C<tlled on eqn nt. llowev I' tbi 
may be it is not to b doubt d tb<Lt mo t uplift are rapid nongh to 
initiat Jan I- form ~ fa ter than the o- neral pro ·e of denudation 
on th interstream urface can wear them down. E en where ante­
·e<.l nt riv r oc ur th land urfa betwe n them probably attain· 

a formlarg ly d termincd by pro e of deformation and i influenced 
but littl . 1Jy d nuda tion during the advau e of the e processe . Aclmit­
tino· fr ly t.hat ome d nudation mu t occur durino- uplift, it never­
tbele ' appe~tr fair in pra 'tically all ca . , to e timate the p riod of 
uplift a of nm ·h le · durati n han th . ucce diuo· I eriod of com­
plete d 'uud<ttion. If the long n nmea ured period of t.im that is 
re(J_nired tor due an nplifte lland ma " to a smooth plain of d nudation 
b all d a geographi cal cycle, tb ni t may be confidently aitl that the 
duration of th p L' iod of uplift or deformation i r lati ,·ely . bor when 
compar d to the cntir cycl . Initial f'<rt·m · l ightly wom clmracter ize 
inter tr am surfac during the arli r ·ta,O'es of the ycle; tbc la.ter 
ta,g witn - · the cl v lopm nt of n. sue ·e ion of chang s, endino· iu 

th r duction of all form to a urfa e of fain reli f clo e to ea level. 
L tit be cone ived £ r the mom ut that aft r the initi a l uplift ' no 

movem nt of th l:.mcl ma s ccur during th cycle of llen ndation. It 
1 GEOL P'l' 2--10 
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may t!Jen be pro,·ed by a g r at vari ety of vidCJ I · t hat t he fo rm · pro­
due ll by tb proc ss C denudation ar remark:1l>ly y tenl :Ltic iu 
tu eir u ce sion, rtain form b iu g ,1 so ·iat d witll 'arly ·ta ·e ot l1 rs 
with later stag ~, and still o h r s with t h nl timate tap: f t !J de­
• tructivc pro<: ss s; au d this tatem nt l1old s true ' h th r th ::tO"en y 
of d truction i · wholly uba rial r wl1oll ma ri11 e, or a r aso nal.Jle 
ombina t ion of both. It h a tlm com to b conveni en t to s ubdivide 

a ·y ·le of d nudation into iuf'autil , youthfu l mature, a nd s nil tao-es, 
ach on merging into it StH' e ·or. 'rbe infau t il tage is v ry brief. 

'l'h · tage of ab olute old age would b everla tiug but for th in ter­
vention f new d i. turban ·e . 

L aviug a ntecedent rivers out of consid ration for t l1 mom e nt, it 
may be hown t ha iufan y i ' ch aracteriz d ·ui fly l.Jy sli gbtly modifi d 
initial form with 011 eq ueut clra iuno·e, the ·tr am ·ba,nu I l.J iug 
littl in i ·ed beneath t h :urfa Youth wi tn '· e t h de p r di c­
tion of the ·ur.fa e by t he str am , a ud t he produ ·tion of 11 arrow, 
, tcep-s idccl consequent valley , all running down the lop ' of the 
initial , urfa . Lak · t hat migl1 t have occupi d ini tia l ba. iu are 
larg ly obli t ra.t d by the d t ri tu that i acthely wa h d f rom the 
con ·equent valley . Youth advan · toward maturi ty wh n t l1 chi f 
con qu nt tream l1a\·e cut dow n th ir chann el ' to uch moderate 
decl ivity t hat t heir a.b ility to do work i ju t qual to t he work t h y 
hav to do; or, in bri fer term , when be t r a m ' hav grad d. tu ir 
cour e . Thi8 re ul t i , accorupli h d 1J t1 grading th ir cba11n ),; in 
the uplaud ' and nggradino· depres ed a rea ot· ba in . t he graded 
s l p i approached th e trea m i acted u by a ma,ller comJ)QU nt of 
gravity th an befor . . uy ob ·ta ·le in i t path is ther efore, m r ffect­
ive in deflecting it, a nd i t tbu begin, to sw in g irr g ul arly from ide 
to ide, fi r t und rcutti ng on valley , lop and tlten th other and th u 
widening th val ley floor . Tllll flood plain are ioi tiat d, aud a ft r 
thi ·tao-e h; r ached they are cbaracteri ·ti ~ atures of l:tud urf<LC . 
'When t he beautiful qnilibriu m involv d in the grad d lop is on 
gaiJi ed it i ·al way pre erv d by mean of very light an l f' l w cha nge 
through th re t of til(:' cycle, a lon g as th land ma · i und'i t urb I. 

Youth advauce · into maturity a t be maller : ide tream ~>Tow head ­
ward fro m t l1 e con equeut. teeam and di ect t he upla nd , increa in n­
the Yari ty of urface form to a max imum. Where t h sid(:\ tream 
are located by what may be alled ac ·id ental 
t)l form of the initial urf< ce and inclepencl nt of int rn al ·tru ·tnral 
g uidauce t h ymaybe all din equent bra n ·be of on quent tram·. 
Where t hey are ubject to gui.dan ce by bead ward ero>;ion a long w ak 
structur ' ·, la id bare on t he valley wall of the con equent stream , th y 
may b ealler1 sub. equent branche 1 here followin g t h d . criptivo term 
u erl by Juke. in his important e ay on the origin of certai n r iv t' val­
leys iu t h . nt h of lr laucl. 1 Sub quen t tr a.m are eli tiugui !Pel 

I Qun 1'1;. Jour. ..~ol. . 0 • Loodoo, , .. ol. X vru, 1862, JJ . 378. 
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from consequents and iusequent wjtj10ut much diflicult.y, ina::;much a 
tile first foll ow the lead of the initial slopes and t h c ·oud are unrelated 
to weak internal structares. With t he hcadward growth of the in e­
quent and sub equent bruu be· of tlw CO il equeut tream tile initial 
iuterstream urface is more and more di ,· ected, alld from h<w ing been 
imperC ctly apportioned among tbe varions river ba in in infancy i is 
more a nd more sharply and definitely divided and . ubdivid cl among 
tl tcm a maturity i reached. ot only so ; it frequ ntly happens, 
and e pecially in region, of eli ordered ·tructure, that t he subsequent 
stream · g row so far and so rapidly along the weaker structure a to 
tap the mailer con equent tream and di\'ert t heir upper courses to the 
ba ins of th e master consequents, leav ing t he beheaded lower course 
of tlt e smaller consequents to surviv as be t they mar with dimin­
ished volume. All adju . tment of strearu: to structur i tbu brought 
about-an adjustment of the most wonderful kind, not to b a com­
pli -heel in any other way t ha n t hrough tbe most deliueratc and t horough 
search for the best lin e of drainage by the proces e of uba rial denu­
dation . Althougl! tlte principle of uniformitariani m, liberall y inter­
preted, do not need more proof than has been given by t be school of 
Hutton , Playfair, and Ly 11 , it hould be noted that the occurrence of 
well-adju ted drainage ' YRtemR afford them a confirmation of t he mo t 
unequivocal kind . 

In infancy and youth t he strea,m are for t he roo t part ngaged in 
cuttin o· down t l1 eir channels, because t he initial lope offered for their 
guidance generally give tiJem a greater ompetence than they need in 
the performance of tl1eir worl, . But, a a re ult of iu trencbing th ir 
ciJauncls, tb ir lower and middl e cour es become flatter and tbeir 
ability to ean · their load of la nd wa. te i ' le ·ened. At t he ame t ime 
tb area of valley-Hid ·lop is expand d and the load which omes 
chi eJl y from tht"e lope i therefore iucrea ed. Thu the two v:triable 

- qua nt iti ability to do work and work to be done, approach and reach 
e<1uali ty · thi . taO' in the larger on queut . tream erving a bas 
alr ady been aid to mark the entranc into maturity. ~ow t he ide 
tr ams in scquent and nb equent, arc growing rapidly. A t h y dis­

·e('t the int r tr am urfa es th area of . te p valley ides i even more 
expanded and the load delivered to the la rger . t reaut s grow far 
beyond i t " carli r mea. ure. Th graded rna tcr treams are therefore 
oft n r qn it·cd on approaching maturity, to increar-;e their abilit.y to tlo 
work to eq nali tywith h increa ed work tha,t t h yhav to do, and they 
obey thi r qu irem nt mo~ t ingeniously by continuall y laying down 
som of t h xcc iv load a nd in tllis way steepenin g t heir lope and 
ther by at onco in ·reasing their ab ili ty and deer a in g t hei r work . o 
that t h r lation of qmtli tybet\Yeen t l1 Yariables i ahYay. maintainel 
after on e bein g e. tabl i !ted. \\'ben thi ,' proc s is coupled wi th the 
lateral . wingin g alr ady m ntion ed t he de,·elopment of allnYial flood 
plain becom , di~ tin ct; nnditi tltougltttiJat man,rtloodplaiu arc iu 
gr '(l,t part thus determined. 
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Matmity is he p riod of fu lle t developm nt of fun tion . The 
draina,g tnsin of a. river i th n mo ·t pedi ctly divided a nd subdivi<leu. 
Th cour s of the tt·eam hav com to lle well adju ted to th struc­
tnr that they aJ· workino· upon. T h rainf<tll i . mo t p rf •tly h d 
from the di ected. urf'ac to the tr am , ldorn lclay lin lak , el-
dom impetuou ·ly hurrying ht fa11::;. l tlt ongh tlt vall y ide. ar le, 
, te p than in youth their n rea i greatly enlarg d that th rat at 
"~>hi b land waste i ' !Jed to tlt 
treams are nevertbel ev ry" her 

i wa hed into t lt em; there. i · an active tntnsp rtation dowu tb vall ys 
to the a. But, a· further tim I a e , tb a ti,·iti of maturity are 
tamed down to th pia idity of old age. 'rh mountain a nd hill are 

l O\~' I y ubdued, th ir I0]1e becoroin,; flatt r a nd tlatter ~wd their 
wa t cr pir:g down the lope more a.nd more lowly. · itlt lo.· of 
height. rainfall normally clecr a e · bu with I . rainfall a ud le lo11e 
the tream bead hrink a littl n::; th . mailer twicr fall from au old 
t ree. 

In only one featur is o-r M r ]1 rfe •tion -~ ntt<:\ in old ag than in 
maturity-the ext 11 ion of the o-raded eontlition from the str am ·ban­
n 1 , wh re it i .fir t develop d to tlt general int r tream ·urfa e over 
the whol of which it finally pr ad. . Iu or i r to make this more 
appar nt, a clo e analogy may be dra\vn betw n .-tr ari1 of water in 
cl1atmel an d tream · of wa to on un ·hann led lope . Th 
onr of every water tream i · a wa te tr am· 

oth r . Water tr ams alway ontain om wa, te, and both water anu 
wn te vary in volume with cltano· of weath r a:on and ·limatc. 
"Wast tream often contain wat r, the pror ortion of th two con­
st ituent va.rying a before. Both are guitled by a ' mpon nt of 
gra.vity; but while one run the otb r creep . Both attain a grad d 
condition by tb e tabli bm nt of an quality b tw n ability to clo 
work and work to be don . on. C)Uent wat r tl·eam o- ner:tlly e tab­
li h a graded lope by entreHching their chann I , b cans their initial 
lope i · commonly o steep that t h ir youthful abilit i in xc of 

their work. Con ·eqnent wa te tr am·, on t it other band, gen rally 
e tabli h a graded condition by calling f r a reduction in tb rat of 

upply and a r efinement in the tex nre of tb load to b carri 1, because 
their initial slop are eldom teep nough to enable th m to mtrry 
forward all the waste that is provid d for t h m by th weather. The 
early products of weathering remain on the urfac , bar lly mov d; th · 
further atta k of th weather t hen dcepeu.- t he layer of loo. cn d 
material-the" di crete' of Gilbert; at the ame tim tb texture of 
the urface wa te i refin d by the continued atta k of the weath ron 
it, and the rate of underweathering i decrea, d by partial prote tion 
from the atmosphere. With the decrea e in the rate of production of 
wa.te, and with t he refinin · of the urface texture the work to be 
don e fall. to equali ty witlt t he ;vorkiuo- abi lity of the wa te tr am. 
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Then tue graded condition i ' reached , and thi is tile ordinary ondition 
of ~:;oi l -coYered nrface . 

'orne con ·equent \Yater streams, howE>Yer, find t he initial laud lope 
v ry faint, or even re,·er ed, a in initial lake ba ins. llere they a.re 
unable to carry for~>ard the load thnt i brought to them, and tltey 
mnst incr ase their loitering velocity by aggrading their floor to a 
t eper slop . Cot)versely, some con ' equ nt wa tc stream, find the 

iuitial lopes very ste p, as on initial cliff of displacement; and here a 
grade Jnn t be stabli ·hed by tue same proces a that ordinarily 
employed by youno· wa,ter streams. 'l'he cliff must be we<1th red back 
to a le · declivity o that the remoYal of detached wa te shall be uo 
fa ter tltan i t· upply. But th i. i. a. very slow process; it is not accom· 
plished nearly so oon a tlJe gradi ng of the water tre;wt . 

As. the 1·e'ult of the action of water a,nd waste . treams, the whole 
area of a u initial laud . urface gradually a sume ' a new form, which 
may in general terms be called a sequential form. The development of 

q uential form by COIL equeut \Ya tc stream i. gen rally very . low, 
but their developtnent on the valley s ides of con eqnent water "trcam 
i, rapid. On t he e s quential Ride slope both in equent and tlb ' e· 
quent wa te stream are to be found; indeed , tlte water branciles of 
cou qu nt treams alread.\· de -cribed alway begin a wa te . trram . 
A <L rule the eqnential \\'aste tream on tile ides of ·on equeut 
\' a ll eys at fir t lta'" an ability of tra~rportation mucil ill xce of 
tlte supply of load, hence bar rock facf's ar commonly found along the 

id s of narrow Yallcy . But as the Yalley widen and tileir lope 
flatten a greater and greater part of the lateral wa ·t tream i · graded . 

'l'lte ~tnalogy to he drawn between stream of wa te and. tream of 
wa ter mny b extend d to yariou · detail ·. Tb long wa ·te-covered 
lope.· that pre\'ail 011 many of om· w tem mountains are clo ely anaJo. 

gon . to th floo<l plain or our gn•at river . Trnly the two llitfer in Yari· 
ou~ a ·p cts, thr lope of on 1. iug faint, oftb otll r teep; t it texture 
of tit wa te in :t tlood·Jllained river b•ing fine, on a mountain ide 
coar e· th on b>inga ol'iatedwithalargoriver,tlteotlteronlywith 
w t-weath r wa h · yet both ar form n ' umed by the wa te of the lauu 
on th w c y to th ea. aud t heir likene are a important a tileir dif­
ference.. Tb bar ledge from which tb even wa te lope de cend 
a t· lik the nngrade<l upper course of tream ' · both water and wa te 
here plllltge in tort· nts or rock fall , au l th ' force' of trau portation 
ar able to ca rry much more load than i given t.o them. Tho ledges 
tilat int rrupt tltc grltde of wa tc s lope are like falls in tl.te course of 
young tr am where ability i locally increa eel by increa c of decliv· 
ity; thi intumre ultingfromthequickerdegradati.onofsomeweaker 
trnctm· farther down ·tream. "¥' n te falls <~re therefore much like 

waterfalls, cveu tilongh iutermitteut in teacl of relatiY ly continuou iu 
behavior, and truly a· much les picturesque iu tlte laudscape as t hey 
are l · manifi tin action. 
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Dnril1 g e:wly infa ncy mu h t h greater part of' a la nd Rnrfa e is 
oc upied by the ungraded couseqtwnt wa!';t , tr a n1 >\ which modify i t 
surface very lowly. rl' ho los. cr part of t he mfacc is tr nch d by eon­
sequent water tream . As time pa s a gr at r and gn' ate i' part of 
the initial surface is r dn ced to a eqncntial su rfa ce. '\Vher th water 
stream act on the eqneu tia l snrface t hey reduce it to a grad' in tlle 
lat yon thful tage of tlle cycle of denndn tion if' tb y arc large, in 
tl1e late mature tage of the y 1 if they :tr of moderate Riz . v lJ ere 
only wa. te tream act t hey do not n ·cecd in gradi ng t l1 whol' ·nr ­
face until a very late U1atnr or early !';<'nil e , tao· . for 110t until t hen are 
all th e 1 dge cloaked over with waste and the wlJole I'UI'fac r due <l to 
smoothly modulatNl profile , the for cs of tran portation b ing vel'y­
where competent top rform the work offer rl to thelll. la nd eape of 
tlli s kind i found in certain part ' of the drif'tl s. area of vViscon s in, 
and although the mental effe t produced by it iti altoo-l'tller unlike the 
en, ation can ed by vigorou ' maturely dis c ·ted mountains, t he htnd­
cape is never th leR extrem ly pl asin g, a nd ;til th mor RO wl1 , ,, it i 

r ecognized that t he fiowing 1 rofil · everywhere appar nt ar' t he s ign of 
th p rfection of drainage pro ·e es, in the wa ·t trea,m . on the ' lope. 
as \Yell a in the water tr am in til vall e) s. A complet ly grad d 
surfatf' of thi kind where the abi li ty to mov' the wa t down the 
slope i everywhere jn -t eqnal to the work required in moving it , is 
another ''itne, to tbe v rity of uniformitariani m ancl11ot a 1 s tru t· 
wortl1y wi t ue than is found in a sy tem or well -adj usted water 
stream . . 

The a count tllu far g iven of the proce eR a nd forms approp1·iate 
t o various tage. of a geographinal cycle has been tat d in a gen ­
eral ma,nnct·. It pos tulat, s an on1lnur y condi t.ion of diumt •, ueither 
glacial nor ariel. It do " not , pecify the stmcture of t Le land rna. s, 
although upou t hat will depend the detail a nd arraugem nt of fo rm at 
every stage of developm nt. It omit a.l l on id ration of mov mont. 
of tbe land mas clur in o- the progres of t ho cy ·le, by which it orderly 
advance from infan ·y to euility might be interrupted. All tbi , gl'n· 
eralityis intentional,forit i on lyaft rreacbingthomo15trr 11 ralview 
of the C~'cle a nd it tage, that the var ia tion from it can be fully }tppre­
ciated. o land mas ll a ~ been ob e t·ved to pa.' through its ey ·l of 
changes. It is only by putting together examples of many differ nt 
land ma se · in earlier and later . tages of d nudation t hat th eir ucce. · 
sion can b determin e 1, and even tben many ga.p in the eri must 
be filled in by r ea onable deduction. But on the \rb ole the g neral 
seq uence of proces. e and form . through tl1e 110rm al eycle app ar. to 
b e well e. tablished a nd its verity i atte ted by a great ar my of a tual 
occurre nce . 

In order to illustrate tbe elasticity witb which tbe gene ral cbeme of 
the geogr~tpbicnl cycle accommodate it elf to spechtl ca e, , variation 
in structure a nd in ·li mate may be bri e f:l.y cousideretl . Variation.- of 
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structure call forth appropriate variations of i11itial nnu equential form 
and llrai nag . In region of hori zontal strata ubsequcnt . trea rns 
a re wa,11 ting, ancl the rearrangement of drainage line· by captnre a nd 
di version is relatively unimportant. The master con, eqn ut · have in 
matnri ty a great nnmber of iusequent bra.nches, di vid ing again and 
again and the wa te stream. as well a the smaller water stream , 
bave JJum e!·ous falls over t l1 e benches or cliffs t ha t contour nrou11d the 
digitate hill spnrs between t l1 e divaricating water way. . In regions 
of t il ted or ·folded structure the ma ter stream. develop 11um ron 
snb eq u nt branches along the weaker structure in youtl1 and matu­
rity, ancl the l1ard r structur urvive in ridge . Hearrano·ements 
of dminage· by capture and divers ion or ·onseqnent headwat r along 
·ub eq nent courses :ne extremely co mmon; ben e maturity witne::. e 
exten. iYe aLlju ·tment · of streams to strnctures. vYaterfall s arc rela­
tively rm· . \Va te fa ll t> are common. They arc not sy,temati<:nlly 
arranged on contouring cli ff's, but follow the di ordered ou tcrops of the 
hard er tra.ta wherever they lead. In maturity t.hcy are ch iefly head­
waste fall s on t he ledge near ridge crest , being in this respect compar­
abl e to hea.dwater torrent in the upp rmost courses of water stream . 

In a n ordinary climate with sufficient rainfa ll \egetation cover the 
greater part of t he interstream ' urfa ·e , diminish ing the number of 
wa.ter streamlets and increa -in g the area of unch an nelecl ·lopes during 
t he var ied eli ection of the uplands. In ·a ubaricl reo·ion; where vege­
tatiOll i canty, the number of tream chann el i greatly enlarged in 

pite of th e small meaRtue of rainfall ; nearly the whole urrace i 
carvE>d by li ttle water way , and the proportion of wa heel wa ·te to 
creeping \l::t te is greatl y increased . Tbu tl1e difference between the 
flowing profi les of t h drift le s area of Wiscon in and t he a no·u lar 
form . <)f t he · bHcllandR 'on the \¥estern P lain play be in great part 
ac<:ount d for. Tb i.r· chi f contra t i found in the greate1· competence 
of water- tr am •arving on t h bare surface of t he latter, and in tbe 
reh1tiYcly gr ater comr tim e of the wast - tream creeping under the 
gra sy cover of t b former. In on t b d ivides are almo t sharp, a is 
appropriateunderth action of'runnino-wnt 1" 1 in t heotberthe<livides 
are broad ly COil \·ex a i q uall y appropriate m1der t l1 coutrol of creep­
ing wa te.2 In r g ion ·of greater aridity th au theW tern Plains tlJe 
wind becom t h ehi ef means of transportation. nder a cold and 

, damp climate ice ·lJ eet are the ·b.i rag ncy of movement; nnd each 
of t lJ e:-;e produce it a-ppropriate variations from tl1 e sequential forms of 
th e normal cycle. 

No cla of interruption · in th normal advance of the cycle i more 
important t han ha,t wlli ch re ul ts from la nd movement of a ny kind. 
Movement of la nd ma.- with re p ct to ba e- Ievel may happen at any 
time durin g the advance of~ cycle. 'I bey may be of .any clegeeo of 

1 ill rt., eology of tho llenry \fnuntnin•, p. 110. 
1:5, HOle by a.uth<lr n Con,·cx 1n·ofih\s of bnd .ln ud <hddrs : cieu t', Oc t. 28, l 92. 
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complic~.tion from simpl r eo·ionaJ Ill lift to tl1e g r ntcst rl 
of monntnin range. . Th y ma.y b long parnt d in t im , as in t h 
mor table part r tl1 earth's crn .' t, or t lt y may follow <tt h rt inter­
vals, a in nn a y n,nd O'l'Qwing mountain rang s differe nt r g ion how­
in o· :1 gr >at diver ' ity in t hi r spect, a i n st~tn ced by th tabil ity of the 
old land , of \ i con in and Min 1i ota fro m a m brian time to t he pres­
ent in contrast to the nn a sin e. of t he A1)pnla ·llinn b l t dnrino· th e 
. amc looo· l>Ortiou of o·eoloo·icn l lti tor~. ] n ll O part of t his n.ttnt t ive 
field of tudy i ' tlte importan or th detlu ·tive Ill t ll od gr at ·r than 
l) re. Th ideal advan t lt rouo· lt a normal nninterrupt d ·ycle of 
d nudation mu t first b delib rately inYC.'ti ·at d. i<:(plal att ntion 
ruu ' t th n be gi ,·en to variatio11 from tb norma,] y l for 011 ly in tbi 
way can t b elem nt of t h s ·h nt hop to rn at h t h vari ty of naJurc. 

'[he imple. tint rrnp t ion in t he ltOrmal y ·lea r a u ;;; d by uniform· 
r gioual moYerneut · f el nttion or d pr sion . r gio11 t ha.t lta 
rea •h >d n certain ta o·e of d .nudation while st<Wdin O' in a. l'tain 
attitn le with r o·ard to ba · -1 v 1 may b rai ·ed r lO\Y r d , a11d it. 
furth r development then acb ·ance with r p ct to a ll w ba c-len'l. 
Grad d , tream and graded wast lop are particularly s n.'itiY to 
all uch chauo·es. fauy example or compo ite top grapby rc. ultin o­
from e s 11 Lia lly uniform vertical mov m nt of l an d ma es a r now 
f;-tmi li a r . G n tle cleforma.tion i more probabl than nni ~ rm uplift OL' 
clc1we. ion· certain t ream are th en a. elemte i, other · ar r tanl cl· 
·aud if the warpin g occ·ur in htt maturity or ld ag 
meut ' of drainag may be expected to follow, a. ha 
Campbell. 1 

trong and r elat ively rapid deformation by folding a nd faulting may 
occur. Then-£ w Rtream be id tit l arrre t 011 ' an ,' urviv in th ir 
fonu er ·ourse · · ~wtl lt r we Jiucl t il appropriat pla e for th c n -

id ration of antecedent riv r . 1o t or th mall r tream will b 
xtin o-ui hetl or bift d. by t1·ong deformation and replac cl by new 
·on equ nt tream . Many mountain r gion · offer opportunity for Rtudy 
of river rearrangement ' by tron rr in terruption of this kind; ~ w 
bett r than t he Rocky f ountain · of Montana, wh 're tb form and 
drainage e tabli bed in one cycle of mountain developm nt have b u 
gr atly affected by t he trong waq in g that produced t he basin ,· a11d 
inclo in o· range · of lat Tertiary and Plei toceuc time. 

The reagon for introducino· o long ad partur from our local prob­
lem at t hi part of t he report i the d e irability of mphasizing th 
principle t ha t ouly by t hu s generalizing a ll p rtin en t kuowl d e can 
appropri ate explanation be found for th e xi t in O' form s of the Tria ·si 
b lt. Theca e i · e sentially . iroilnr to that by which the rigin of the 
lavasheet ,or t lteexi tenceantlarrangementofthefaultliue ha ben 
determined. If exi ting form are to be explained by d enudati ou, the 
gen >raJ principles goveroin rr la ud · ulptnre mu t be tuclied out a 

1 Drainage modifications and thei r iuteqll'etatiou: Jour. Gool., Vol. IV , l 96, pp. &67-5 1, 657-67 . 
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carefully as t lJ e la.nd forms are observed; and only by corre r ondencc 
between obser ed fa t und deduced couseqn nee of t h ory ca n a, afe 
cou ln ion b e reached . 'Ihe comp tence of subaerial cl enudatiou to 
produce a penepla in may be doubted by some to-day j u t a. it com­
petence to carve valleys was doubted a century or t wo ago. It is only 
by om paring the dedu ced feature of a. peneplain wi th the obsen eel 
feature· of a land urface that the donbt af the a e can be settled. 

CYCLES OF DENUDATION . 

Th r a.re thr c tages in tlJe g ogmplJical d velopm nt of t he Tri­
a · ·i ' Yalley lowhLJH.l that de erve special attention. The fit· ··t include 
tLe form iu i t iated by deformation and mor or le;3S modified by <·on­
temporaneou erosion . 'lhe econcl i the peneplain to which the ini tial 
form wa r duced by long-continued denudation , this being inferred from 
the r mnaut f Ll1 e pen plain till pre erved in the Ea tern and We t­
em upl and s. The t bir i i tue fo rm of to-<lay, ·an·ed in the pen 'plain 
after a g· ntle Ianting uplift to about it pre eut nl t itude. Shortly 
befor t he ex i ·t ing form was a sumed came t he gla ·ia l im·a ion com-
1110rll.r r ecogui zed in :Yew England and a , ociatcd tuerewith ar -certain 
cllano·e of level e peciall) signifi au t near t he hor<.> line; buL the e 
are minor epi. od co mpared to th e long n.nd a lmo t compl t cycl of 
ero. ion by which the geuera lpeueplain wa made or even to th _partial 
eye! tluring whi ·h t he ' alley lowland was worn uown l>etw en. the 
upl and-. 

For ea e of de ·cription and XJlanation t l1 e geological date of th e 
cri t ica l tage:s may be given at one . The topoo-rapby produced by the 
monoclinal tilti11g a nd faulting may be rottgbly dated a fallin g a.t the 
initiation of Jnra · ic t,im ; Jura ic bein g u d here not to indicate a 
Y ry defin it ep ·h , but ra.ther to imply a ucces ion after Tria ·ic 
d po ition. Jnra i tim included a cy ·le of d nudation that sufficed 
tor dn the fornt initi at d by t iltin o· and faultin g- to a p neplain ; a.ud 
a · the latter i found to b . as~oc i ated with retaceous strata, i t will be 
spok n f a t he Oretaceou p nepln.in. lt pr p<tration appear ·, bow-

v I ' to b hiefly t!J \VOrk of Jura . ic t im , and a r ord of t hi ' did­
ion of t he geologicaJ seal on our Atlantic slope i more likely to be 

f un<l in th work of obliteration here mauife ted than in t h u ual 
r co rd of deposition. The uplift and tb ca.rviug of the peneplain in to 
the form of to-chty were ~Lcco mpli ' heel in Tertiary tim ; l1e11 · the 

all y L wland will b pok n of a ' the work of the Tertiary cycle of 
d n ndatio11. 

THE INITIAL FORM OF MONOCLINAL FAULTING. 

Iu Or!l •r to empuasize tho progre of denud ation during the pro­
du ction f t h fault d monocline, t lJ.e topographic form attained at the 
close of tbe p riod of fan lting and tilting is discn . eel in thi ratller 
than in tue pr ·eding part of t it report. If t he Trias ic formation 
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con istecl of rr ista n t lava bed: tln·oughont, flllll if t h <'r wen· any 
ren>;on for thinking that tho climat of tiler gion aLtho ti1ne of' drfonna­
tion was arid, then it migltt be nrg-uocl tltntdcntHlntion made in . igiliea t 
progr RS dnring d formation, and tlwt t.lt initial form of the r gion 
could be reprodu eel by a pnr ly g omctrical r con . tnt ·tion of the 
fanltrcl block . Th warrant for this i. found in tltorclllnrkable rcgi n 
of fanlted lava blo ks in . outhern Oreo·on, afi clc cribt'd by Hu s. ell. ' 
I11 certain part ' of' tha,t remarkable di triet ' the orocrrnplti · blo<·k>; f 
dark YOlcanic rock ar literall ' tos ed <tbout lik the C<tk s m a 11 i · tl oe, 
tlteir upturned edg , forming bold palisad s that r ender tit n•gion < 11 
but impassable. l\Iany or tiles fmgm lit ' mea. ll1' \ a mile or 
so on their edge~;, and are tilted in variou. dir ctions l aving- narrow 
rugged valley betw en th •ir upturn cl margin . Tb div r tilti1 g 
and th nnmerou · fitult carp, that rise without y trin into Jtnked 
pr ·ipie (·ombin to mnke tbi , a r gion or th roughest <LIIcl wihl ' t 
de. ci·iptiOJtY om of the displa<:cment mea nre - 000 or G,OOO ~ t. 
Th fault carp overlooking \Varner \ "alley i: about 2,000 [! t ltiglt. 
'l~h orographic blo ·k ma,y be trn,ced 10, 20 :50 mile · t.ll y are lo11g 
and narrow om time in n, ratio of 50 to 1. • om or. the f'ault 
.carps b;we been carved more tha11 others; that formino- th ast Ill 

face of the v\ arner [ountn,in has dee1 rcce:scs bet\Ye n outstandi1 g 
pinna les, with exten. ive nlluvial fmts outspr adiuo- from tit • month 
of the ravine . Other carp are , li ghtly affect d by the attac-k of tiLe 
weatller, pre erving their ev n, fractnred fa e, and having a rE>Inti,-e y 
small volum or d tritu accumulated at tit ir ba e. :;\Inuy of thrse 
blo ·ks tim repre, ent hardly nny advance fro111 a purely initial topu­
gra]lhirform. Som ofth fa,nltsa,re,intlteirhttermovem nt. ;;orecent 
a to di. plare the alluvial fan that ,.;pread 011t from tho ravin saud 
tbe Plei tocene lake bed that occupy the d pr s ' ions. 

1 ITIA..L DRAIXAGE F 'l'H~~ FA LTED :JlONOC'LlNE. 

It i ' not, bow ver to be exp ·ted that the faulted Triasflic. andstone 
and pebble becl in Oonne ticut were so littl modified by eroRion at th 
tim when deformation wa r eJttially complet d a" the tilt <llav<l bedfl 
of Oregon no'' are. The Tria i · tmta are e,- n now comp<tratively 
weak, and then mu t have been weaker. The climate wa at that time 
probably wetter titan now, for, in ,Jura ' ·ic time, tlte Great Plain of 
the vYe. t lay beneath a long and broad arm of the ea that tr tch d 
front th Gulf of 1\lexico toward tbe Arctic Ocean a nd the Appala­
cbiall w re probably not a lofty range of mountai 11s. Yet it i belie,· d 
that even under tl1e e unfavorable condition the form initiated uy 
faulting mu t have for a time domi11ated the relief or the Tt'in,. sic belt 
and of its border ing ar a . Tlte uplifted edg s of th t il ted block , 
ravin ed a11d di ·se ·ted even while riRing, mu. t luwe determi11ed tbe i te 

1 A ccolog i<·al roconna..issruwo in southtH'II OreJ.{o n: Fourth A.un . H pt. L" . s. U.-tHl l. . ' tu·\· y , J 8-& , 
pp. ~ 33-464. 
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of initial ridge.' . Short consequent tream must have run down the 
back slope, and shorter streams must have gnawed into the faulted face 
of ea0h block. Much of the drain-
age must have been discharged 
along the fault lines between the 
ridge , for the lines of relative de­
pression along the down -faulted 
side of each block must have deter­
mined the. com e of many longi­
tu linalcou equentstreams. Lakes 
may have for a t ime occupied the 
lowest depression s . between the 
tilted blocks in the Hartford area 
and a.loug the >a tern border , but 
it i quite pos ·il>le that the long aud 
narrow ba ins may have been filled 
as fa t as they were depre ed 
by tue wa,·te brought down by · · · · ·: 
streams, aggraded alluvial plains ;:>~}: 
tlm taking the place of boclie · 

F lO. 36.- Diagram of <'OilRO(JH C' n t Jnras~ic drain ago. 
of standing water. Omitting for 
the moment all con ideratiou of antecedent streams, the lon gitudinal 
consequent . honld have overflowed eastward from the ba in of 
deprc sion in the direction of the general tilting, an cl thu e caped 

. :.- (J:j·.,-

~ :>J.: ·;:· 

-~·-~: ~ ::...:·: 
·.: .· ·c-: : :: 

toward the sea along variou 
unknown path . Each warped 
ba in, from the mall outhern 
crescent of Pond ?!Iountain 
to the great Springfield ere . 
cent (p. 86), may be uppo ed 
to have it own ea ·t war 1 di::;­
charge; and it is pos ible that 
for this rea on the Ooune ticut 
leave the 'l' rias . ic lowland a ·. ·u .· .··. __,____, ___ ........:..·. ·: .·. it ~Lpproacbe the southern end 

· .. .'.: :: of the pringfield rescen at 

I 
11_:,·~.--~--~~-~-·~· :_: •. < ·.·:.::.::_;_ :·.. 1idclletmnt. Thi scheme of 

::: -- draiua.g might be call ed the 

; ~:~··· . ~-~ ~:~:~-.:<;·{§\~H\-, :~~~~~~~~;~;~~~~~~:~~ 
retain ed by antecedent streams, 

FJG. 87.-Dingrnm of nute dent '.l'rinssio drainage. 
that is, by snch streams as held 

th ir predou cour es i11 SJ ite of the monoclinal faulti11g-. The e might 
be called t Le persistent Triassic treams. They are ketched iu fig. 37. 
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It may be plan ibly npposed that i11 th later stages of th chapter of 
deposition Jturuerou · treams entered t!te'l'rias ice tuaryin utri.pe(al 
an·a11g •mentfrom th land area on the east aml we, t; :Lud iftb Tria ic 
strata had been eveuly uplifted lJ c> ntripf'tal ' tream,; might have 
bee11 gathered by a singl axial riYer, pr nm ably flowiu b· sonthwar•d. 
Th looa ion of the month. of tb drief c ntripetal tr am migltt lHJW 
be iden iti ed by t.he coar er texture of th margiual edim 11ts, i f it 
w re not tllat drift ·overs o muL:h of the lowland. 'rhe Rlro11g r 111 nr­
ber: of such a sy tem might per ist dttriug th 'lllOl tOcliual faulting, a1 rd 
thus determine a cb 111e of ftlltec dent drainage, ga,ther in g nnm rons 
subordinate streamR tlJat were d veloped con qu nt on th faultirtg 
and tilting. • 

ORANGE FROl\I INITIAL TO EXl ~ 1'1 G ]))MIN GE. 

If the antec deut Trias ic or the con equ ut Juras"ic rivers {)nce 
e tabli ;;hed lta<l maintuined the ·ame pa.ttern from the tim of mono­
cliua.l faultin g until to-day, Jtotbing would be ea i r thau to <1 termin 
t he origin of the xi tiug rivrr yst m~ of the region by comparing th m 
·withtbeveryunli kepattemsofanteeed n t~md ·on equ ntarrang m nt 
inferreu to exi · tat the beginuiug. But i11 tb long time b1 · th mono­
cliual ti lting ther have been mauy pportunities forth ne"' arrang-e­
ment of tream cour e,;; henc it i ' not to b xpectctl thn t tlr xi ti rrg 
tream pattern bould clo ely re embl tbe pattern that prevailed wb 'n 

the carving of the mooocliual block began. TIJ er must hav been in 
the tirst plac , many po11taueou rearrangement from th e initial 
com:-;es, due to the developm ut of ubse<1ueu t tr am .· and the lJ1igra t itm 
of divide during the Jnra io cycle of ero ion that followed the first 
period of eli. turuance. The e will be bri fly •on id r d ln.ter (p. 10~). 
During the phase of veuephwatioJJ it i quit pos ible tlrat th lar (l' r 
rh·ers may have wandered laterally from the eour tha.t tb y bad fol ­
lowed previou ly. It i ·eminently po ible that aft r p neplan ation the 
outheru part of tb tate wa ubmero·ed and bhtnket d over with n. 

. erie of Oreta<.:eou sediment , and tlJat the e, when aft rward. uplift d, 
formed a smooth coa tal plain, extingu ishing all the pr exi ting rr am 
beneath it an<l bearin"· on its nrfac an entirely new :erie of tr am, ; 
tbe latter would then be uperpo ·ed upon the under tru ture as 
the coa tal-plain cover wa wot'n ott'. Manifestly ncb :>tr ams could 
. ltow uo e ential re emblance to tho e that prevail d ill the sam 
region at the time of monoclinal faulting-. Tbi · part of tlle problem i 
tli ·cu ed011 page 165. Aftet'J)elteplanatiou and th pos ible pi ·od of 
the coa tal plain , the region wa uplifted with rt !a nt to the south. All 
t he streams, whetltcr on tlJe never.eovered or on the uncovered : urfacc 
of the uolifted peneplain, then had a new opportu11ity for spo11ta tt eou: 
rearrano-ement duri11g the di ·ectiou of the uplifted p ' lleplain. A f w 
example of change~ thu prodrlCed are <lescribed on page 175. Fi11a,ll y, 
tlte c:hangcs determined by glacial action, directly or ·indirectly, are 
considered ou pag-e 18L. All these po sible changes, can ed by two 
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erie of .·ponta neou · r carran o·emellt , one period of wand rin g- on a 
penepla i11 , one probable opportunity for upeq)o itiou , and a t lea tone 
di ·wrba11 ce by gla ial nction, ron t b e allowed for before the existing 
river can be compar d wi th t heir ancestors, aud t l.J e complexity of the 
probl em t ltus be om s o great that i t i. l10p le sat present to a.ttempt 
a po itive solu tion of it; but a •ompari son of theoretical initial dra inage 
aml existin g river y t m will be briefly made (p. 18-1). 

THE CRETACEOUS PENEPLAIN . 

The ro ion ini tiat d by the fa ul t ing and uplift is believed to ha Y, pro· 
gre eel . o far durin g a l)erio<l rougllly n1ea ur d by Jura : ic t im and 
before any later rnoYe m nt of sig nifi cant a mount occurred, a to have 
wept away all the initi al reli ef and reduced the region to a low pene· 

plain. '.rh cdde nc of thi i fou nd le~ in t he Trias ic area than over 
tb adjoinin g upland s. 

A vi w of t he Ea tern ~tud W e -t rn Upla nd ·· from auy colllma nfling 
summi t of the trap r id ge , snclt a \Ves t Peak n ear 1\Jeriden or 1\1ount 
Tom, in ~la achu ' tts,di clo the e\·en ky lin to wbi ·h theirroll ino· 
bill so regularly n cend . Th ame per i. tence of accordant altitudes 
over large area may u e H fi'Om nny of th ell1inences that ' nrrnount 
the o·en eral 1 v l of tl.J e upl and by a mall a mount, ucl.J a s Great 
Ilill, near the vi llag of oba,l t, north of the Con necticut gorge in t he 
Ea t rn pland~ . The upland hr. a gentle outhward slnnt, o tl.Jat 
it be om a lowla nd near t he coa· t linr and it further continuation 

beneath ea lenl. Th e t ep-~ided 11arrow vall y of the 
upland are unk b eneath th e general ummi t level tlm m~trked. 

Befor the exca,-ation . of these valley the upland mu t Lave been 
mu l1 mor ontinnon~thannow· theymn, t, ind e d. have con tit nted a 
gently rolling re(Tion f mod rat relief-a pener lain. 

It is 011 of t h m t importan principle of land culptur that a 
prn phtin of t iJi.' kind in a region of gr atly deformed cry tallinero k 
an b xplaiu ed only by . uppo ing lon rr.contiuu d an<l wide pr ad ero­

ith r by ]< nd r uy a fore 'which red uced a ll' trncture 'crys­
tnlliu a nd Tria . i · incliffer ntly to a urface of mall relief everywh re 

to th ontr llin g ba ·e.J cl of the tim . In no otl1er wa · can 
v n 1.> Yel in O' of th l'iurfnc a r·o - tb di ord red rock be 

a ·onn te<l for· in n oth t' wny can the complete Jack of Ry mpathy 
betw 11 ·trncture and form find mtional xplanation. 

In . ncb a th p n phtin mu t ha\·e tood ·lo to ea lev l, a nd 
la ter t im could it pre ent altitnd hav been g-niued. 

H nc t mov ment of po t -Tl'ia ~ i levati ou in conn t ion with 
them no •linal fault in O' conlu not hrwc lifted th reg ion so high as it now 
tand . Th pr , ent >leva.tion of the region mu t lt ave been gain d 

after pen planation u y a proce of g 11 ral uplifting without signifi.cnnt 
d forma.t ion. 13 tween the fir . t p riocl of lcva.tion, with fanlting and 
tilting, a,nd t h econd p riod of I vation, charact erized by a broad bodily 
uplift, tuere mn t have la p ed a t ime of long-continued d nuda tion . 
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A lthongh t lli d and applied in 
rua ny re earchc ' of the la t t wo de ad it i uriou on readin o- ov r 
older geological report. and treati e to sc how g 11 rally it l.J a 1J n 
overl ook d. Per ival r cognized th e pl ateau lik form of t he upland , 
but bis xplauatiou of it was ua racte ri t i · of t iu1 wit u d uucla.t ion 
bad ;10t gained it pr ut rn nk of quality in t h lon g ru11 with <.lefor. 
mation. He wrote: 

The en teru a nd west rn l>rimary may both be regnrd tl as ext n ·iv plateau , 
u nally terminatitw abrnp tly towanl the larg r ccoudary h a iu [tho Tria ic \ ' a). 
ley Lowlancl of this r e) ort), bnt inkin g mor t."Tad nally towa rd tho ouml ou the 
south. Tb s pl atea u JH'es nt, wh en view ufrom an elevated poiut on th ir s ur fn e, 
the appearance of a gen rall vel wi th a rllll in g or un d ula ti ng- ou tliu , ov r wh ich 
tb view often xtouds to 11 v r y g r at d i ·tau c , iut rrnpted only by isolat d sum­
mits or ritl g , nsuall y of uta H extent. . The · w stern P r·imary . . . 
forms within th e limit of t hi tat n. w icle platen n, snch n h as he u d scri h u, gt·n -

rally very n,brnpt, both w t and east, towa rd that valley [th B rksl.tiro l imestone 
valley] andtho larger , e ond:try ba iu [the Tria sic \ all y Lowland), nnd of o uni­
form an eleYation t ha t from many point l ittle d ntt<' d abov its 11rfa th vi w 
extends ncross i t onti r width anfl to a gr a t di tanco north And sou th pr ~ nting 
tl.trou..,.hout its whole ~den t no x t ns ive range of mountain , bnt only a . eri of 
more or le · d ta. hed and i olated elevation . . . Th a t rn Primary, Yi w~d 

·~': 

from i t more elevat d poiu ·, present th ame genernl nppeamn · a the wo tern­
that of au exton iYe undulating surface of n arly nuiform 1 vn.tion, dh· r.:;ifi d hy 
d tached ·umm it. and in only ono in ·ta noe mar k eel by an xt nd d mountain ran"' -
t hat of t he Bolton J\lica. late ra.n"'e. Th n niforrn !ovation of th g u­
eral surface of the eo ter n Primary i vi dent from t he fact thn.t from tho summit of 

now Hill (a smooth ronud cl eminenco i n the northwe t corner of Ashford) tl.to vi w 
extends from Monallnook and \Yacbusett mountains on t he north to Lant. rn J I ill and 
the E ast Haddam Trill on the outh. . . . Thcs plat an . a r nl o int r. ted 
by •alleys nnd basins, which s ITO to mark the arr anrrcm nt of tb ir nrfac ,·eu 
more definitely than the elevations. This arrangement will be found too rr sp nd 
Yery exa t ly with that of the geolo.,.i al formation s, inrli('ati ug t hat it was can ei 

entially by the ori..,.inal form of the urfac of tb so formatiOns and not l>y any 
sub equen t deuudati on. 1 • 

The la t . en ten· i p arti ul arly tr iking in illu tratiou of the li ttl 
Yalue formerly attached to t h proce · of d 11udation iu l1 api n 0" Lb 
eartb:s ·urface. 

Tue di cu · ion of the floor on wltich t he Triassic formation re t , in 
Part I (p. 23), migl1 t be repeated h r , in o far a i t touches upon 
t l1 c reduction of a r eo·ion of trong relief to a gently rolling lowland; 

'Geology of Connec ticu t , I ~2. pp. ~77-1 0. 
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but the previou di::.;cu , ion was concerned with the reduction of t he 
great folds of the cry talline scbist from their initial mountainous 
elevation , to a pre-'rrias ic peneplain, while the pr ent ection con-

it! er th recln tion of snell elevation a wa given to the cry tal line 
area by th warping, tiltitw, and faulting of Tria ic and immediately 
following t im e to a po t -Trias ic peneplain. The relation of the ·e two 
peneplains i indicated in fig. 3 . Of tlte fLrs t, PrTr, a great part is 
lo tin tlte a,ir a con iderable part is buried under tiJe Trias. ic trata, 
a mall par i. rcYealed with moderat change in th slope wh r t he 
We-tem upla,nd de cend to the Valley Lowland in th e ,·en outbing­
ton belt of the Tre tern border. Of these oncl peneplaiu, OrOr, a large 
part remain , with moderate change, in the rolling urface of the 
uplands · an unknown part is lost on the outh, where the bnting 
upland d end · to a lowland and pa se b neath th sea leYel; a cer­
tain part i lo t wlter t he valleys of the UJ)land ar now excavat d 
auu an illlportaut part i lost where the Trias i Yalley Lowland has 
been etchc<.l ont . 

RELA' l'ION OF TRAP RIDGE S '1'0 THE PENEPLAIN. 

lt i only in the even crest line of , ome of th e trap riclo·e · uch as 
Totoket Mountain clo' ely accordant in altitude with that of the 
n igiJboring Ea teru p land that the peneplain i re ·oguizable within 
the Tria ic ar a. Yet it can not b doubted tiJat th even urface of 
denudation r presented in th geutly rolliug uplands wa once ontinu­
ou aero the region of the p re. nt Vall y Lowland . Tbe proce of 
p neplanation is not lo a 1 but far-r aching-. If it finds application in 
the Ea tern and We tent uplands, it urely must be a,ppli abl O\ r 
tb intermediate nrea. and the more o when it i remembered t ltnt t ile 
'l"'ria i tra ta <~rc with th xc ption of the trap ro k , llotably 
w ak r ban th g n ra.l b dy of the ry tallin ·lti t . Tb Tria ic 
belt mn t ltav b n m re than a p tt plnin; i mu ·t ba,-e b n a true 
plaiu of d nnllation during tit lat r pba e ' of the Jura - ic ·ycle of 
d · nudatiott, reli v d on ly her < ud t here by low well · of tony oil 
mrtrkin · th ont rop of tit trap h t aud eli);: . To thi ' nltim,tte 
form mu t th initLtl faul t d block lJav been at hl ' t reduced, pa ing 
on h wn y tltrongh a, whole eri . of intermediate form . . During o 
long- a cy I of d nudation a ti ng upon a, ma of greatly varying 
hanln . , many pontau ou adjustm nt of tream to tructnres 
mn t lt av taken place, :111d at t he ·l o, e of th y le it is not to be 
c n ivecl that an bnt the lnrg-er tr·eam co ulrl have pre ened the 
com. . that t lt y h ad 110 ' ' e sed ither th rotwh ant · dent or on-
equ nt ori<>·in, at it beginttiug. 

Tb re on · ruet d ection of Pl. .:.' ~~ ·1 a.rly indicate that ti t trap 
sh et as well a and ton mu~ t have uifered mt t ·h denucbtion in 
tb r du tion of the original faulted monocline to a peneplain. Thi 
can admit of 1to doubt wit n t it tOLTC ponuenc of the trap beet ·, 
iutm:>.iv as w II a extru iv , iu a ljacent Llo ·k i once perceive<l. It 
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is, moreover. n ·h tl nuua ion au ·in g a r t rea.t of t h out­
crop in the clir 'dion of t h monoclinal dip , that tl1 extm siv t rap 
rid(>' s ar now o sy t matically off · t from on ano h r and :t imilar 
proc , s co11trol at lea t to a c n idembl ext nt th relati e lo a.tion 
of th intru ive ridg . Tit ff ·t t of' th rid o- s ha f:! h r for nothin cr 
to do with lateral faulting; tb i is exdurlcd byth 11 carly v rLi cn.l posi­
tion of tll slickenside o (·a i011ally Je \·eal d n tll faul t ph111 . , a in 
the 1\'Ieriden cpmrrie . T he trap ridg- of the Lamentation block afl'o1·d 

xc ll nt illu tra.tion of this ·on ·ln i n. tanding on th bold blnfT' at 
the outh nd f bauncy P ak Ot' on om of t h bi gl1 r point along 
the a,rchin'g cr t line of Lam ntation l\Ion11tain it · lf~ on may, in 
imagi11ation r con tru ·t the tra.p h t obliqn ly UJw;·ard alo11g t he 
plan of dip into th air, or bliq11ely d wnward untl r gronnd wiUt 
equal confidenc , as in fig. :~9 ; but in i h r dire ·tion i mu t be 
extended only a far a th f<tu lt plan t hat bound t h blo ·k. o 
definit limit may 11ow b t to t b oblique ext nsion of th JJJ :tin 
h t, or of it aqueous and ign ous fellow 1citldn t h La m ntati n 

blo ·k, but tber e' ery probabili ty that it i h r to b m a ·ur d in 

----- _.:. ~~-.. - -- ----

FIG. 39.-Donuclntion of trap sh ts. 

mile rather than in :D et. It i 'nhrely to long-a tin a d nudation that 
the eonsnmption of the a rial portion of the rec n tru t d t rabt is to 
ben cri bed. 

The ame i to be. aid of th intru. ive trap be t and tlr ba al ·and· 
stone in the southwe t pa.rt of the Lamentation ulock. The ill f 
Bethany Mountain L, it may be said inconte tably a part of th ill 
tl1at form We ·t Rock and Gaylord Mountain rid«e . Th pr cnt 
form of t he ridge an b explained only by the retr at of til , ill in 
Betl1any Mountain from th trike line of th ill in aylord rid(>' , 
and by the retreat of the ·ill in W t Rock ri lg from h trike lin 
of B than Mountaiu. Tlre e are minimum m asure. , for t lr 'r torn 
bluff of aylord ritlge i · as bold a tlre blufl' in th oth r rid g . 
Beari1w in mind tll a t all the eddence t hu far f0und point to th 
intru ion of thi great ill while the strata that inclose it till Jay 
e entially horizontal, and remembering that h orizontal intru ·iotl must 
have been about a ea y in one direction a another, and, fin ally, 
recallin o· that the most probable ouree of tlre ill is in the region of the 
Mount Carmel dik s th ob~>erver will e that the pre. ent ridge cr t 
can not s tand in any defin ite relation to tlre original limits of the sill, 
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and that here, as in the flows, the ridge ere. t practically mark the 
edgrs down to which the unlimited ill wa worn during the long cycle 
of denudation that produced the Cretaceou peneplain. In view fall 
th is, it se m nece sary to call upon extensi' e denudation to produce 
tile ancient (Cretaceou ) topography of the Tria sic area, a well as to 
produ e the even upland of the cry talline areas. 

On the nearly even surface of the peneplain all the monoclinal lay­
er of the succe sive faulted blocks would outcrop in sy temati pat­
tern. In the absence of any drift cover at that time the strata would be 
well defined by their surface soils, and the deciphering of tlte structure 
wight have b en ea i r then than now. But excepting the few beveled 
crest lines on the trap ridge , the peneplain is now extinct in the Tri­
a ic area. The low-hanging clouds at upland height in winter storms 
are to-day it most material image above the Valley Lowland. If the 
invi ible fau lt de f:ribed in Part II make a strong draft on the imagi­
nation, the vanished peneplain tbat once roofed over the Trias ic area 
i even more difficult to realize. Yet it must once have stretched evenly 
aero the region of the Valley Lowland at the height of the uplands 
on eitber sid ; and all the Valley Lowland, so important in every 
economic relation, is the work of a later chapter of denudation. 

SUBAERIAL ORIGIN OF 1.'HE PE EPLAIN. 

About the middle of thi centru·y the peneplain of the uplands would 
have been explained if con ider d at all, as the work of marine erosion 
when the land stood lower than now. During the la t quarter of the 
century an opinion has been gaining ground, especially in tlti country 
that ubaerial forces are more eompetent than marine force to prod nee 
xtensiv p n pl ~,in . I i n. diffi nlt matt r to mak ertain choic 

b t\y en th two proces e · and uch te t a have been d vi ed for 
the olution of the problem are not applicable to our district in the pres· 
n tat of knowl dge. But on tracing the peneplain of the upland 

w t and outhw t, through the Highland of the Hud on, in J. ew 
orl State, into the ighland of northern ew Jersey, it is there 

found, by mean of aro·ument ba eel on the arrangement of the streams, 
that ubaerial rather than marin ero ion give be t explanation to the 
fact· 1 and in lack of other argument the same onclusion will be held 
appli abl in Conn ticut. 

In order to avoid mi under tandi11g, it i advisable to state that the 
Ire ent ltor line of Conn cticut doe not tand in any definite rela­
tion to the bore liue of Juras ic penepla.natiou, and that it i till 
more remotely connected with the bore line of the pre-Tria ic I ne­
plain di ens d ou page 25. When the upland sky line of to-day is 
traced outhwa.rd it may be followed till it gently dips under the 

' Geographical <1 v lopment of northern Now J rsey: Pro . Boston Soc. Nnt. Ris t. , Vol. X..'\:IV, 
1 9, p. 374. Riv t· of north rn New Jorsoy: Tot. Geog. A{ag., Vol. II, 1890, p)l.1-30. Plains of marine 
nne\ suba rial <lGnnclation : Bull. Goo!. Soc. .A.morioa, Vol. VII, 1896, PJl· 377-398. 

1, EOL, PT 2- -11 
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waters of tho Sound; and, although at c rtain points there i an 
appearance of a local an d slight increa e of slope on approaching the 
water's edge, it ba not yet been shown that tbis lop marks the 
southward limit of the peneplain. To all app aran ·es the p nep1ain of 
the uplands may continu e as an inclined plane many miles into the 
continental belf of our Atlantic border, there buried under marine 
depo its of late Me, ozoio and Tertiary d::.t . The bore line of the 
cycle of peneplanation may have lain many mile off at sea from the 
exi ting shore liJte, 

ADJUSTMENT OF STREAMS TO STR CTURES. 

During the long process of subaerial peneplanation h r wa exc 1-
leot opportunity for the development of ub equent stream along the 
trike of the relatively weak strata and for tbe diver ion of t be upper 

cour es of tran verse streams by tbe growing ub ' eq uent tr am . 
The great depth of ero ion from the initial snrfac of th faulted mono­
cline to the level of the peneplaiu, and the strong contra t between the 
resi taut trap beets and the weak an l tones and hal s, would favor 
rearrangements of stream cour e to nearly a exten ive a de r as 
has prevailed on the strong sandstone and the weak bale and lime­
stone of the mirldle Su C)_uebanna district in Pennsylvania. Th out­
crop of the trap beet would generally ome to be divide , whatever 
their relation to initial drainage, and only the tronger tr am coull 
maintain their cour es acros the e iron-like rock rib·. The outcrop 
of thew ak r members of the lower and upper sand tone would come 
to be occupied by extensive longitudinal valley' and trearr. running 
along the strike of these trata mu t have been the or<l r of the day, 
as tli yare lu middle Penus lvau ia and. ea ·tern Teune s ; uut ·ucli 
streams could have bad nor pre entatives among eith r the antec dent 
ortbecon equent treamsoftbeinitial tageoftb Jura iccy le. Tb 
greater part of the adju tment of this kind would have been accom­
plish d in the earlier stages of the cycle; the later stages would hav 
witne eel little more than the con ummation of the proce a the trap 
divide were slowly forced to retreat down the dip of their beet . 

It should be for the e reason expected that on the e ential compl -
tion of peueplanation all the area of the lower and stone bould hav 
become tributary to a few large rivers; that all the area of the upp r 
sandstone should likewi e have a relatively unifi. d dramage ystem; 
that ouly a few of the stronger tran verse stream. wonld cut aero the 
trap ridges by which the upper and lower -and, tones are divided; and 
that onl y such longitudinal con equent stream::; as ran along thoroughly 
shattered fault lines could still maintain th ir cour es through th e low 
notches between the trap outcrops. This arrangement i indicated in 
fig. 40. The basal sand tone· between t he crystalline floor and th 
intru ive sill are hardly thick or continu9us enough to det rmin e th 
development of extensive sub equent streams, but to a certain extent 
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ut:h tream miO'ht be expe ted to follow their . trike. o ncb system-
atic statement can be made for the upland until their structure i 
worked out. 

The xp1anation of the adjusted drainage here given is fo re bad­
owed in one of D ana' es ays. Be sugge ted that t he drainage of the 
undi turbed Tria sic surface might have been outbward to the Som1d 
at :New Haven as r er re ented in :fig. 37 (p. 15o) but the sand tone 
wa intersected by dik es of trap, and c: as ero ion went forward, the 
trap dik s o came the trap ridges of the country standing with some 
of the inclo in g indurated sandstone , as high barriers between differ­
ent part of the sand tone ar a. * • • The e trap barrier~ naturally 
determined to a large extent t he drai11ag l ines· of the area. • • • 
South of artford • • • a ucce ion of ridge • • • crowd 
toward the river, and, con e­
quently, the Connecticut, after 
passing Hartford, lo e it 
we. ting; and then a t Middle­
town • * * t urns abruptly 
out of it old va.lley through an 
opening heading southea -t that 
tlJen offered no doubt an unob­
structed way to the Sound. 
Thu ·the ea ten1 part of the val­
ley lost t he Connecticut river. 
Thi event in ew England hi -
tory occurred before the Creta­
ceou period." 1 

'l'h larg r tr am may have 
wander d in om what m an-

.. : : .... 

. ·· . . ·· . ·.· 

. .... ·. 
• • • ~ •• ·:. • • • 0 

d ring cour on the floor of ,, 
tiJ peneplain, after tbe habit of 
good- ized ri er in their old 
age. If ante edent or ·on e­
qu nt, they might t hu depart 

FIG. 40.- Diagr!llll of dmiuuge on tho Cretaceous 
pr nupla.iu. 

to on id or the th r of the com· es which they bad held ince the 
beO'iDJling f th ·ycle; if ub equent, they might stray away from 
tb w ak Rtratum under who e guidance they had b en developed. 
It i , ther for , Hot to be exp cted that when these tream come 
to be reviv d by the elevation of the p neplain to it pres nt upland 
altitude th y bould adh re v ry lo ly to the cour in whi ·b t hey 
fir t learned to ru u. 

GEOL L D A'J.'R OF THE PE EPLAIN. 

'rhe geolog ical date of the o-eneral comr letion of peneplanation i of 
in tere t n marki1w the , epara.tion of tbe two bapter of denudation · 
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but here again, no definite statement can be g·iven on local eviclence. 
It is t rue that th Or taceou tra,ta of Long- I la11d 111 to li , in a 
geueral way, on th outhward ubmarin prolongation of l1 e p ne­
plaiu that de c ncl from the slanting upland of outh rn w Fng. 
land· but the in tenT n ion of Long I land ound and the ·on id rabl 
deformation of th Or tac ou bed ob ' erved at arion poin t on Long 
I land render th ir relation to th pen plaiu ob ·ure and doubtful. Ln 
.r w J er ey, Penu yh-ania, and farth r outhwe ' t tber i bettor oppor­
tunity for d termination . There the Potomae a nd Or ta eon· ~trata 
manifestly li on the peu plain in the attitude t bat is inferred to obtain 
underneath Long I land; and bene it may rea on ably be aid that the 
peneplain was essentially completed b fore th se later 1e ozoiu strata 
were depo ited; that i. , in early retaceon or in late Jura ic time. 

The unconformable nperpo iti n f th reta eou strata on the 
eaward border of tb 1 eneplain shows that aft r p n planation tb re 

mu t hav been a time of clepre ion and partial ubmerg n ·e, the 
un ubmergecl area on tb nor th and northw t furni bing the wa te 
now seen in th trata that w re depo ited on the ubmerged ar a to 
the outhea t and outh. By t ho e wh do not ace pt the uba rial 
origin of the peneplain another interpretation might be given here. 
Instead of arguing that Oretac ou · deposition follow cl clepre ·ion and 
subm ergence, it ulight be contended that the ea cut it ' way in to th land 
and thnt the r taceous trata are the product of it de tructive 
advance. Here, again, no deci ion can be rea bed in onn cticut; but 
in w Jer ey the few relevant fact are again t th latter nppo ition, 
and the former is consequeutly adopt d. We are thu l cl to th con­
clusion that not only wa tb re a long pau e b tween the two move­
ment of levation by which our region gain d it pr s nt altitud but 
further, that before tbe econd uplift there wa a moderate depr iou 
affecting at lea t th outhern border of the peneplain. 

It is entirely po ible that the cl pre ion, , ubmergen , and burial of 
the peneplain under the Oretaceou trata extended much farther 
inlaud than the present border of the retaceou ~:;trata in Long I land, 
for the ero -ive force of po t-Oreta eou time are competent to eli po 
of a great volume of weak strata, ·uch a ccur in the later M ozoi 
formation on the tlantic slope. The ~r taceous cover may very 
probably have reached 20 or 30 mile inland from the pre, ent coa!'t 
line, and even farther than this up the cour e of the main river . If 
so, the pre en t auangement of the rivers in tb outhern part of on · 
necticut an be explain ed by superpo ition, a wa first ugge t d by 
Tarr. It is in tbi. possible condition that we encounter there umpti n 
of the proce of depo ition over a part of the Trias ic area referred to 
on page 144, and the al tern ative explauatiou of some of the river 
courses mentioned on page 1-6. 



DAI'IS.J 

165 Po SU!LE S PEJ<po lTJo OP El<TAJ~ Sl ·~E~J . 

A. ,.,. inlaod a tbe •·etaceous co~,, •·eaoueu tb t 
t ·eam • tb 1 · ' e PI· · re aceous 

' ' 'Ot 1 nep au, Would b >nore Ot· les compJ telye.'tinguisbed 
When po <·Creta e~n elevation ra; ed tbe landward Part of tbe •·e.· 
taceou. PoHepJam toto a, Dpla,d and converted t l1 1·. t 
fl · t 1 · ac )a en a ·om·'" o a oping coastal plai~, the stream fro., tho Upland "'ou)d b 
extended a ro .· 'he Plruu, gnJded in their new cou ,·ses by it 

1 

toward tLe new hore line, a in fig· 41 Tile u tlaZ f 

01 

e 

ce es ""'">ally obtamlOg ou "' oldJand •nd a coa tal Plaiu elevated . . · · , eque,ce o J>ro. 
together. fr?m a fo~·mer lowe,. stand 1Yonld then take place. As the 
stream Inc, ed the>r ~alley tbroo•h tbe coa tal plain and di co~ered 

tb . burf d part of tl> oldland hen atb tb y would Bow in path 

n '" ly IUcJ P "" n t of "' e ldl a oct , tt·u tore •nd ind i &Oren t to the 
tt· am COur ·e · that obtai Hcd in II> J, ler Ia • • of Penepianatiou befo, 
nbm rg " , and ll>ey wo<ild tl>u lake on tJ, cba•·acte,; t; of ·•Per. 

PD_ ed ·It· am . ts tlt oreriu • st,·ata gradually wa t cJ away tJ,. 
'"Pl!cd b It of tJ,e oldlaud 1You)cJ be ·baracterized by th uper. 

po •d lr ""' x ept iu o fa,. a new adju tme,t to oldlaua true. 
tnre.· nttght be •aioed Jal'li ularly by tb mailer tt·eam, . The 
Con"ecti nt below .\JidcJI to..-, may tho be an example of a up , .. 
Po <d cou,. ' •ud Hot Of. COut" e 'ODRequ nt Upon iuitiaJ Warp;,,g, a 
_ugg te,z o" Page 15.J. Tz, 1 .-. ,. co,,. of tbe 1J ou atonic "'•Yha 

1

-e a ~Origin.' Tl, ame e. p lauation may be • iv n to , •~•cal swan 

'"· • . """• '· ' "" ,,., ., M c,,,~,,.,, '"'"· , ~• .. ""· 
1

. , "· ·~ 
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stream which drain the Totok t and Salton tall -rescents outln ard 
across the eastern crystallines to th ound. 

It Lould be noted that the a.r a of th Western lJ1)lands which 
drain intotheTria iolowlandb ·om narrowertotL outh. Tl.Ji i 
not con istent with the per i teuce of ante d nt (Tria si ') dminage 
but accord very well with t here ult of aclju tm ut to 1.> lt of weak r 
cry~tallines trending abont north and. outb, or with the on quen0e 
of upcrpo,ition. Again, it j iguificaut that within tl1 limit of on ­
necticnt tbe e<lstern upl:1nd b d but little water to the Yalley Lowland. 
Thi i not con i teut with the per i ten e of a Tria ie drainag , in 
whicL numerous strong tream mn t bave, in all probability, ntered 
thee tuary from the ea t; it i much mor con::< i tent with the per i t­
ence of con. equent (.l ura ic) tream . , wbich gain d au ea tward cours 
on t he broken urface of the tilted mouocline. \i ith Lbe pre ent mall 
under tanding of the upland tructure nov ry d finite . tatement can 
be made on thi a pect of tLe drainag probl m. 11 that an be lou 
her is to indicate the hanwter of the alternativ explanation for som 
of the river courses, thu blocking out t!Je work for future explanation. 

UNEVE UPLIFT OF 'l'HE PENl.;PL..UN. 

A oon as the rolling upland· ar een to be r mnaut of a ]Jeneplain, 
eitb r of subaerial or of marin denudation, th uplift of the region 
since peneplanatiou becomes evident. A peneplain ron tat the time of 
its completion tand clo e to the ea. level and it tream mu t have 
grade o flat that no further tren ·hiug of the surface i po ible. A 
peneplah who e nrface is now evera.l hundr d f~et above ea level 
and i · deeply di ected by numerous valley i' n•anife tly an uplifted 
peneplain; and su h is the ca e here. Tllerefor , a ha already been 
tated, the pre ent po ition of the Tria ic formation i not there ·nlt 

of a ingle initial uplift; it ha ' b en gained by two uplift , and tb~ 
date of the uplifts were eparated by a period long enough for the 
ba e-1 veling of the form initiated by the fir t before tb cond took 
place. till fu rther ubdivision of the total movemeut may in time b 
recognized. It i intere ting to notic tl.utt her , as in many other 
similar ca e , the e ·ond uplift i. not recoguiz cl from g ological but 
from g ograph ical evidence, and that iu thi way geography i making 
partial payment of the great debt t!Jat it ow to it old r i ter 
science. 

The greater hei o-ht of the upland iu the Jlorthern part of the State 
than near the coa t, and the greater depth of tb chief valley in tb 
i11terior than near their mouth . nggest that t!Je pen plain with tit 
Cretaceous eover of indefinit wid. t it alon g it outhern margiu, wa ele­
vated more in the interior t han near the coast, o that it lanted south­
ward. Thi i confirmed by tracing tlle upland· and. va lleys into 
l\1a ·acbusett , at who e lJortbern borller the uplands reach altitude ' 
of 1,400 to 1,600 feet, whileD erfielfl. Valley i 1,000 feet deep beneath 
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the We teru Upland . It is evident from t his that th southward slope 
of the upla nd s during the e. cavatiou of the Ya1Iey in t l1 Tertiary 
cycle of ero ion i · de id dly greater than the faint slop of th p ne­
plain at the t ime of it completion, before it fiat-graded stream were 
disturbed by depres ion or elevation . It is further vident that, 
although the exi ting altitude of tb . land has been affected by the 
ups and down of the 0 lacial period, it neverthele i not far different 
from that which obtained for a lon g pregla<:ial time the chief ditfereuce 

lnllial and Ulttmale Jurassic Profile. 

A 

c 

D 
Fig. 42.-A., Po ition of shore line at close of Jnrns lc denudation ; B, Position of shore line during 

Cretaceous subm rgencc; C, Position of shore lioo during Tertiary dissection; .D, Prescn~ position 
of •hor line. 

being found in a mod rated pression, cau in o· a, lioht ubmerg nee of 
the low r al l y ourses, to which. fnrth r r fereuce i!'l mad onpage183. 

Th a ·companying di<Lgram , fig . 42, illu trate in rough fa hion the 
ucce ·ive attitud s of the regioit at certain critical tag sin it geo­

graphi ·al d velopment. All tlte profil a re drawn from 11orthw t to 
outhea t, o as to ro the 1'ria :c belt obliquely and extend 

di ·tance into the tlantic of to-day. Tl1e vertical ca le i ' uece ari ly 
exagg rated. Th first proftle,A,exhibit tlte initial form of tlte Juras­
sic cycle (un haded ) aud the penephtin formed at tb eutl of tile Jura ic 



, 
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cycle; the shore liu i placed om d·i t~bn c outlt of th , h re 1 i ne of 
to-day. Tb second profile, B illus tra.tes til r>taceous ·uulnerg­
enc a nd depo ition, with the hor line tandin g inland. Th third, 
0 h w the gently ht11ting uplift of the p neplain from wl1ose back 
the retaceou cover l1 a been generally ·trippt>tl almo t a far as th 
inface of tbe Long I ·land cue ·ta, whi le th \ ;tll ey Lowland i et bel out 
on the Tria sic trata, a explain d below. T h fourth , D xhibit 
the ummation of tile o cillations that are ommonl r a ociat d with 
the Glacial period re ulting in the Rligbt depr · iou by which the 
ioner lowland of th , retaceous coa tal plain l1a , b n dr wn .d to 
forw .Louo- Islan d ound, the cue ta. of the i land 110w b i11g IU'­

mounte l by moraiui ·hill . No att mpt is rna le to show tb <1 forma­
tion known to exist in the Oretaceou· trata of b ue tn . 

TERTIARY DISSECTION OF THE UPLIFTED PENEPLAIN. 

It wa in the o·ently slantinn· upland that the ordinary pro· of 
land cnJpture, und r the guidanc of th r viv d tr am 
uplifted peneplain, carved out the g neral feature of th xi ting 
topography. The r > i tant cry talliue rock of tb upland · bav b o 
treuched by valle of moderate width, while the r I. tively weak Tri 
a sic sand tone · and shale have been broadly on um d, tllU. illu . 
trating the great va.riations in the rate of topographi ·al d v lopm nt 
or the length of til geograpbicnl ycl in resistant and in' eak rock , . 
The trenche of the upland are, a a, rul , rather steep- id (l Yalley ' 
one or two mile wide, and _i n the in t rior fonr or five huudr d feet de p; 
but already the greater part of the Tria ic ar a i r due 'd to a new 
pen pl ain of denudation, a pen plain of th ond g n ration. ' Jm ­
portant a the Tertiary denudation i in determi11iuo- the di tribotion of 
upland and lowland, whereby the di tribntion of population i: o laro-ely 
controlled its amount i small <:ompar d to that of the Jura ic y l 
or coinpared to the volume of and tones till remaining below the 
lowland of to-day. 

It i only tiJe heavier sheets of trap that still tand b Jelly above th 
valley lowland at pre ent forming th, ca. tern and w tern trap range , 
to which r ference ba been so oft n made ou arli r page . All the e 
ridge mu t therefore be regarded imply a th r<' idnaL, of th second 
cycle of erosion in the Tria ic ar a, after the general peu planation of 
the whole reo·ion in the first cycl . In no en e does a trap riuge owe 
its pre ent height above t!J e sand toue lo,vland to a local uplift· for 

I When "iewed from the s ummi& of W est r Mk, i& is noticeable thRt th. pe noplnin of tho"" s tern 
pJand i6 TCillnrknbJy well preserYed west •>f 'on thington, and from thisjn"tiHcation may I> found !'o r 

tlle belief tba& tho pre-Triassic llenU<lalion of tbflt di tdct, as illustrnted in flg. 3, page 21, r pr sent.~ 
n ot merely a local , b ut a widespread den uda tion , pm<ludng a p en plnih . For, in nsmuth as the pr sent 
upl<tDd the•·eabonts is still cl sely accordant with tho altitude up to whic h i l was raised at th begin ­
ning of tho T ertiary cycle of denudation, it follows thllt the rocks of th o di stri ct muat be among th e 
m o t resis tant of the region. and. ns such tb y could not w ell llaYO been locnlly worn down to tb 
pre-Triassic floor, unless nil their fello ws were sim ilnrly worn down. · e pp. 22, 23. 
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RE SERVOIR IN ANTERIOR VALLEY OF CHAUNCY PEAK. 

The talus slooe of the ma1n Hap sneet descends on the left. The back slope of tne anteuor ridge appears on the rtgni of the rP.servoir. 
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trap and sandstone were uplifted equa.lly. It i en irely to the trong 
re is tance of the trap again t weathering t hat the pre eut emin nee of 
it rido·e mu t be a. cribed. In a fe,y place ' the ridge r ;wh abov 
the l vel of the adjacent upland , a in Ea t H.ock, certain l>art of the 
We t Rock ridge, Mount armel, and West Peak, aud th e eminences 
of to-clay mu t have formed low mounds above tile peneplain of early 
Creta eon time. The even cr st lines of Pond aud Totoket mountains 
and of Talcott MoLmtain farther north are o near to or o little above 
the level of the adjoining upland that they may be tak n a r mnants 
of the peueplaiu a· yet littl aff' cted by Tertiary ero ion. E lsewhere 
the intru ive sill an l the main heet of the extrusive flows seem to be 
worn omewhat lower than the old peneplain urface, and the anterior 
ancl po terior flow are alway worn down to ridges of moderate height. 
Within the limit of a iugle bluck each member of the erie~ gi' e an 
appropriate relief where it is no worn down o low a to be mothered 
under the drift. The surface thu orne · to have a distinctly monoclinal 
expre i n, the teeper bluffs of the higher ridges facing westward with 
bold outer ppiug cliff' of ungraded rock and rocky talu of graded 
waste, while the back lope fall off' gently ea tward . Thi is ruauifest 
not only in the troug ridges of the main extru ive beet and in the 
more evenlyinterbeclded part of the intru ive sill, butal o in the nb­
ordinate ridges of the anterior and po terior lava bed , and, in a mall 
way, in numerou ledge formed 011 relatively re istant and tone aud 
conglomerate lay rs; but, on th other hancl it often happ n that the 
alternation of tronger and weaker and tones in the vall y lowland 
are so gradual that uugradecl 1 dg are rare :mel monocliual ex pre ion 
seldom appea,r in th ir rounded well ·. 

'l'HE 'J'R.A.l RIDGE . 

Th 

mall, o tha t th dislocated 



170 TRIAS~IC FOR 1ATION OF CO ' ECTJCUT. 

:parts of the main she tare not altoo·etber thrown out of line, it mi ght 
be expected tiJat tile r irlge formed upon them would cross tiJ fault 
with li ttle interruption; but uch i not t he ca e unle s tbe fault is of 
insignificant movement. It is surprising to learn from the depth and 
breadth of tbe notches, op ned obliquely acros tl• e main sl1 eet on the 
line of small faul t , how gr atly the t rap i w aken d on the fracture 
plane . Fore ample, the valley of Sbuttl Meadow, outhw st of ew 
Britain, i prolonged a a well-clefi n d oblique notch between tile two 
masse · of the main sheet in Ragged and Bradley (Farmington) blocks. 
So between South Monntain and Cat-bole Peak , or between Lamen­
tation Mountain and Chauncy Peak, the fault fracture uffice without 
the aid of weak underl ying hales to determine well-defined oblique 
ravine from one side of the trap ridge to the other. I e rvoir for 
water upply are often on tructed in the e ravines. The raYi11es 
can not be ascribed to local weakue s or irr gularity in tiJe onginal 
structure of tbe trap sheet, for th e main :flow bears every indication of 
general uniformi ty over large di tance, . Iu the same way the slight 
reentrant angle~, often found iu th cliff of the main ridges, may 
fairly be associated with fault lines, a on the south bluffs of e t 
Peak, outh Mountain, an d elsewhere. 

The . ame is believed to be true of the ree11trants in the face of the 
intrus ive ill in t he western ridges. Wintergreen otch, for example, 
a mile north of the south eud of West Rock ridge, is not cut , quare to 
the trend of the ridge, but enters omewbat obliquely, thus falliug into 
general accord with the northeast- outhwe··t fault ystem; and t~e 
crest line of the ridge ou either ide of the notciJ are a little displaced 
in advancino· order, a Dana ha sho wn. Here form and structure are 
r gardl?.d a. mutually XJ)]anatory; the notch reveal a small fault, and 
the fault determin s tbe Mtch. It i therefor oncluded that the uar­
row belt of breccia in the maller fault aud the iucrea e in tiJe num­
ber of joint planes near the fi ure are competent to determine the 
location of reentmnt , notclle , and gullie ' ; and that the large fault 
are not clean.cut fi sure , but are-rather belts of battered rock, accom­
panied by minor fracture , thu determining tbe erosion of oblique 
ravines and valley for a certain di tance on either side. Thi is con­
firmed by the ob ·erved structures in the Quarry Ridge, north of Meri­
den. Here the trap ha beeu much fractur d and brecciated at the base 
of the ridge near the little valley that follows the great fault, and sev­
eral minor belt of breccia are noted iu the quarry (p. 109). It i prob­
able that. similar structure occur elsewhere, alt hough t lJe opportunity 
of ob:erving them is seldom offered. 

The well-defined effects of the larger fault on the larger topographic 
features warrant the inference that smaller faults would produce simi­
lar but smaller effects. Reversing this rule, i t may be safely inferred 
that the little 11otches and oblique gullies, by which t he front and back 
slope of the main trap ridge i often indented, mark maller faults 
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wherever they occur. The fact that the gnUies do not run down the 
back lope in the direction of it dip how· that they are not to be 
explained by ordinary erosion on a rna sive Rtructure. The occurr nee 
of faults, inferred from the notches and gullie · in t!Je trap ridge, as 
already considered under the de$Cription of the blocks into which the 
formati on is divided (p. 130) i thus ju tified . 

If the boundi11g fault of a block were squarely trau ver e to the 
strike of the monocline, the ends of a trap ridge would be . ymmetric­
ally rouuded off ns the general denudation of the surrounding sand­
stone advanced, as in fig. 43. No such ridge is known in the vall e . 
But if the fau lt run obliquely to the strike of the strata, the ridge 

FIG. 4a.-Termiuntion of tra1 ridg sat trans,-erse fault lines. 

ending would be tm ymmetricalJy d nuded, a lowly descending trail 
of trap, JF, fig. 44, beinO' developed at the obtu e angle, GEF, 
betw en trike and fault line, and a harply rounded bluff HKC, at 
the acut angle, BC. Thi contrast of form bas been repeatedly 
m 11tioued in de cribing the variou block . A far a opportunity is 
giv n iu the mall faults of retreating eli placement north of Talcott 
Mouutaiu, th harply rounded bluffs face northward, and the slowly 
de ending trail point outhward, thi being tbe r ver e of the 
arrangement occurring o di t inctly in the district south of Hartford, 
wber tb advancing displacement prevail . We t and E a t Talcott 
mountain are alone in po sing sharply rounded blutt at both 
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ends, and these are the on ly ridges that have the acute ang·le between 
stril;: and fault at both nd , on account of being cut by curdng 

faults (see pp. 115, 117). 
F" The cliff' and talus lope normally oc-

cur on the outcrop or western. ·ido of a trap 
· ridge, but it ometimes happens that in ti 
la\ form are determined by tb bas et 
edge ou tlt ea tern sid of a trap ridge, 
wllere it is retreating from a fault near its 
ea tern base, as in the ca e her figured. 
The opportunity for ncb a profile is rare, 
be ·ause it depends on th fortuitou com ­
bination of threo independent lin in 
parti ular relation, namely, the dii line of 
th trap beet, TT; the fault line, FF; and 
the base-lev l of to-day, VL, fig. 45; a nd 
in order to maintain thi form along the 
back of a ridge, the fault line must run 
parallel to it strike. The only con pi uou 

__ __ case of this kind i in West Talcott Mouu-
taiu. The en tire a, tern side ofthi mouu­
tain is of exceptional form. It doe · not 
de cencl, as do nearly all the other ridge 
in the vall y, by dipping under t he po · 
terior shale on a moderate lope, but in-
tead it plung clown in cliff and talu of 

FlO. -14.-Termination of trap ridge at moderate beio·ht, but of as prOUOUU •eel 
oblique fault lines. 

form a any in the valley. lthough o 
exceptional, it is entirely explained by faulting (p. 117). Similar 
form , but of much less extent, are found b hind the barply rounded 
bluffs at the acute angle end of many trap ridges; and on ver ely tbes 
have been many iiimes employed in evidence of tlle exi tAnce and direc­
tion of a fault. 
Good examples 
are found in the _C_r _______ _ 

:F 
' 

cliff' of Bradley 
Mountain over­
looking Shuttle 
Meadow "otch; 
in the cliffi and 
talus of South 
(Notch) Moun­
tain, descenclin g 
into Cat-hole 
Notch; in the 

FIG. 45.-Cli.ff on tbe back slope of a trap rldge, near a fault. 

cliff' at several appropriate positions in the Bethany Mountain district, 
and at many other point , as illu trn,ted in , eetious d ore, fig. 44. 
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Faults may determine a reduction in height of the main trap heet 
ridge in two way., whi lt may b be t appreciated in contra t to the nor­
mal ridge form, fig. 39. There no faul t occur for orn e di, tau ·c on th 
outcrop side of t he normal ridg face. But if as in fig. 46 th e fanlt 
cuts the trap . beet o as to rob it of . orne of the normal rid g face, 
then the remai11ing ridge mu~t be lower than u ual. Tbi is well 
exemplifted in 
East Talcott Cr F : PI 

------------~--------------------- ---
Mountain, which 
a a rule, fails to 
reach the height 
of West Talcott 

fountain ; and 
better t ill in 
Cedar Mountain, 
which 1 · much 
lower than the 
ridges of the main 
heet in it neigh­

borhood. The 

' 

arne thing i seen in the long Cat-lJOle Ridge, where an abnormal 
warping of the main heet brings it trike for a mile or two abOLlt 
paraUel to the fault that i inferred to ruu along it western ha e. · 
The e are all analogou to be lo s of height in th lowly descending 
trail of the ordinary ridges, as in e tious a, b, fig. 44. 

Fto. 47.-Loss of height of t rap r idg 
bot we n two fan.l ts. 

The econd way in '' hich fault may 
deer ase th hei""ht of a trap ridge is 
by occurrin g clo e together, o a to cut 
narrow· slabs, in tead of broad blocks, 
betwe n them. Here th cur ve of the 
lowly d cendiug trail, o b a fig. -17 aud 

the haq ly rounde<l bluff f b d, m tat 
b in the middl of the lab and pr vent 
the a cent of the trap sh et to th u ual 
height. Exampl of thi kind appear 
in h rt Mountain, and again in the 

at-hol and Quarry ubm mber of the 
anging Hill block ; aud in the latter 

the fault eem to be o num rous and 
o clo e too- ther that the anterior and 

p terior t rap ·he t are w alih red 
down low euough to be concealed by drift. It is by tbi exces ive 
r treat of the main , heet in these two nanow slab that the great 
turn iu t h cli ff fa e of the anging Hill is in part accom1li h d 
(seep. l 10). The aid of a tran ver e fault, invoked by me ou erver to 
a ·ount for tbi tul'll, do not. e m to be nee s ary, uor is there any 
ind p ndeut indication of it occnrreuc . 
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GEOLOGIO.A.L A D GEOGRAPHl .A.L EFFECT OF FA L'l'S. 

Several of the precedino· ect~ons give good Hlu tration of t h differ-
nc lletween th g ologi al and geographical ffect. of fault to wlli ·h 

suffici ent atteution i not alway paid. Geologically, a f}tnlt i a di . 
plac ment of one mas with r pe ·t toano h r; tb valu of th di ·1la ·e. 
ment r main fixed unles ome htter li turhance bauo· it. H nee, 
it may be s;ai l once a fault, al wa a fau l t, to ti.J g ologi t. Geo­
graphically, a fault di lo ate' part of a pr vionsly COJ]tinuon nrface. 
The b o part are initially eparated by a lift' of di ·placem nt; but a 
denudation progre se ou the eli lo •at d mass tb !iff fa· i · eli. ect d 
by ravine and forced to retr at until it ya,ni be , and h h ~LV d <Hea 
is worn down low rand lower until, wb n the pen plain tao· is rea ·bed, 
no diffi renee of height remain on the two id · of tb fault line . 
Th fault ha vani bed, as far a topographi reli f i cone rnecl , aud 
appear only a a udden chang of oil wb n the fault lin i pa eel. 
Doring this cycle of denudation the g ographical tr atment of th fault 
require the ·on ideration of four factor : ti.Je g n ral tru ·tur of the 
region, the form that tb re0 ·ion had hefor faulting, the amount of dis­
placemeut alono- the fault line and th tim va ' d or amount of d nu­
dation accompli b d ince faulting. Th fi·eqn nt omi ion of som of 
the e factor in publish d account.' of faul ted r o-ion makes it difficult 
to interpret their topography. 

A further complicati n en u if a r o- ional uplift take pla e after 
peneplanation~ for then the fault ruay again om to hav much topo­
graphical importance, provided that r sistant and weak tructures 
have been brought into juxtapo ition on either ide of it, for on will 
wal'<te slower than the ther, au<l tl.Ju ooaiu a relaLiv r li f; but lter 
the inequality of altitude ha nothing to do with th original mea urE\ 
of di location on the fault p lane; it depend imply on the amount of 
r gional el vation by which deuutlation wa r viv d and on tiJe con­
tra t of re i tance in the adjoining tTucture . Moreover, the abrupt · 
nes in the form of the revived fault bluff gives no indication of be 
date of faulting, a it did in the fir t cycle. It indicate only the cou· 
tra ·t of re i tan e in the adjoining trn ·ture a deuuded in the 
second cycle. Finally, a revived fau l t bluff may eparate an upland 
on the downthrown side of a fault from a lowland ou th upheaved 
side of the fault, if resi taut and weak tructure are appropriately 
a rranged; thus giving an appearance of r ver ed movement. Duriog 
the second cycle the geographical treatment of the fault bould there­
fore in ·Jude, be ide the generall'itrncture of the region, a tatemeut of 
the form reached when the preceding cycle was interrupted by uplift 
or other disturbance, the character and the amount of the uplift or eli . 
turbauce, the structure on the two sides of the fault, a ud the time 
pa:' sed or amount of denudatiou accomplished ince then. 
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FURTHER .ADJUSTMENT OF STREAM TO STRUCT RES. 

The system of adju ted tream , as deduced on page 162, would 
still prevail ou that part of the peneplain never coveretl by Cretaceous 
strata.; aud in the Tertiary cycle of l'O ion the adjustments would be 
maintained or extended. To-day, in the la,te maturity of this cycle (as 
far as the Triassic area is concerned), t lle trap ranges might be expected 
to form a more perfect divide between the river sy tern of the lower 
and upper sandstones than they did at the beginning of the cycle. 

In the southem district, where the streams might have been super­
posed from the Cretaceous cover, discordances with structure might 
still occur to-day, in so far as they have not been lost through new 
adju tment . But it is to be noticed tha t the general southerly course 
of the trap ridges is about parallel to the expected course of the super­
posed stream , and hence tha t few traddling streams need be looked 
fo r from this cause. It is believed th at the maiu valley of the Quinui­
plac from i eriden southward and the Mill River Valley from orne 
distance north of its pre ent head are either of purely subsequent 
adju ted origin or are t he valleys of :uperposed tream omewhat 
modified by Tertiary adj u tment. The Quinnipiac drain the upper 
division of th e lower andstone ; Mill River drains the lower division . 
Onl y in crossing the 1ount Carmel and Mill Rock dikes does t he latter 
river work to disadvantage. Between the two rivers rise· the long, 
round Quinuipiac Ridge of saud tone, of which some account was given 
in describing the Higby, Lamentation , and H anging Hills blocks 
(PI . 99, 102, 110). 

An y streams that crossed the main trap r ange independent of fault 
lin es at the b ginning of the T r i tu·y cycle but were diver ted to other 
cour es before th present tage of the cycle should leave a record of 
their tran er e paths in t he form of wind gap , or of large water gaps 
now foUowed by di proportionately mall treams. In this respect the 
adjustment of the T rtiary cy lear more discoverable than those of 
tl.le Jma ic ·y •l , in which he wind gap were obliterated in the pene­
planation of the ridges. It mu t be for the latter r eason that the 
unfaulted ere t of Pond and Totoket mountain are so even now. 
Th re i e ery probabili ty that som con equent streams must have 
drained iuto the warp d crescent of the e mountains in the earlier 
tage of the Jura ic cycl , and uch stream may have then cut deep 

notchc in the main sheet before they were beheaded by a sub equent 
tream t hat mn t have grown northward on the lower aud tones. :ro 

record of tbis proce s of Juras ic adju tment can be brought down to 
u. in the form of the rido-e ere t', for they were practically base-l veled 
after t he notche were cut; th e record is to be found only in the 
arrangement of the tream ·. If it were not for the chances of uper­
po ition, the ance tor f the Quinnipiac in the Juras ic cycle mi gl.lt 
with much confidence be regarded as the subsequent stream that '-vas 



176 TRIA.'SIC FORMAT! N OF CO 

chiefly re ponsible for the beheadi"ug of the con quent tr arns of tlte 
TotokP.t and Pond Mountain wn.rp '. 

The adjustmeut of the T r·tiary cycle may be a •iated with a pre. 
vailing northward migrati n of livide , on a couut of the greater 
northern uplift of t be p neplain, in accorda11c with the prin ·iple of 
river adjustment a nnoun ced by Campbell. 1 The large ize attai n d by 
Mill River when, as described below, it probably drained all tlt west­
ern part of tlte Valley Lowland from the fas achn ett line to t h onnd 
i thu a counted for. The strea,m captor by which tbi,; r markable 
growth was accompli bed involve the descriptio11 of t he t' o wind gaps 
here following. 

Cook Gap is a deep and broad cut, quare aero tl1e main trap ridge 
we t of New Britain, and to all appearance indep ndent of a11y fault 
line. The anterior t rap beet i d eply worn in it path. 'Ihe main 
trap stand' up in full tr ugth on eith r ide, and ~1t om point is 
seen on the floor of tbe cut. 'Ihe mountains on the 'Outh anclnortb, 
Bradley and Farmington, are t.herefi re to b r o-ardecl as tran cted 
parts of the main beet in a sin o-le blo k, and w re tbu cl cribed on 
page 113. o other example o eli tin t as thi is to b foun l iu the 
State, and no can e can be a~ ign d for such a gap but a larg tra,n -
verse stream formerly running through it. On e tending the course 
of the valley ea twarcl it seem to turn omew·hat to th right after 
pa sing the Shuttle Meadow fault line, aud it then ut a ro the 
northea tern trail of the main trap beet in the Ragged Mountain 
block, for here again the broadly open clepre siou i inclo cl by trar 
on either side, although uot o eli tinctly a' in Cook ap. It i still 
entirely iudependent of any known fault line. Th li ttle stream now 
draining the eastern part of the depression runs eastward down the 
Sebetbe to the Connecticut above Middletown. lt is therefore con­
cluded that a considerable river, draining a large area of the we tern 
cry talline upland and of the lower an dstone , persi ted in thi tran -
verse course until the pre ent cycle wa well ent red upon, and that it 
was then diverted southward by the lower- lying headwater of om 
tream flowing outhward along and tone only to ew Haven Har­

bor. The most plausible origin for neb a tran ver e riv r i that it 
was an ante edeut or a con equent tream who e volume had been 
much increa eel by the capture of the headwaters of adjacent tream 
we t of the trap range during the Jurassic cycle, but this is admittedly 
pu bing inquiry far into hypothe is. 

The Reservoir Notch in the Hanging Hill i peculiar in departing 
from he fault line by which it wa at fir t located. The fault line bear 

. 400 E.; the notch, .100 E. The notch and the fault coincide on 
the line of tbe south-facing cliff's of the Hanging Hill , but diverg 
steadily northward until they are nearly h alf a mile apart at the ba 
of the back slope of the main sheet. The trap bordering the northern 

1 Drainage modifications and their interpretation, Jour. Geol. , VoL IV, 1896, pp. 567-587, 657-678. 
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end of t il e r servoir on tll ea t ide therefore belongs in the W e t 
P ak block , not in the ontll Uoun taili block. The faul t line here 
lie farth r ea t t han t he 
notch, and i · trareabl by 
a bluff of trap wh ere the 
ma in h et in on thl\1ouu­
tain i~ li ft d ltiglter than 
the am ' he tin th e West 
Peak blo k. · 

As in tiJ preYiou a. e, 
no adeCJ nate expla nation 
for uch a notch is found 
except in t lte rosive power 
of a con iderable tran. -
ver. e tr am wh o e head­
'raters have l>cen diverted 

· to orn uc~V clraiJtao·e y.' ­
tem. n re tl.le mo. t plau­
sible orio-iu for t.h tr n,m 
'"onld make i t consequc11 t 

l•~ tG. 48.- Stl·c:un wnndcring from fnult liO(' on Cr( taceous 
pencplnin. 

on th fault line, initially flowin o· nor thea twarcl in the direutiou in 
which t he trou o- lt line between t he adjoining faultec.l blo ·ks de end d. 
The lo s of the la t of it lt ead water outh of the trap. he t mu t h ~we 

oc urred wh n 
it . 
t hrou g h til 
Hatwi II p: l rills 
main rid e had 
b en ut down 
to "· i t llin 300 
feet of 1 r ent 
ea 1 ,. I, and 

llence mu t be 
n cribed to tbe 
'rertiary ycle; 
but it is ltigltly 
vrobabl t lt. t 
the in it ia 1 dmin ­
ag ar a of tlt e f 
treamltadb en 

mnch r ducecl 
l!'l(l.•lO.-J.'ornw•· wakr!fap. no" " intl gnp, <·ut intrn.pritlgo t.l un s id of in t he Jura ' iC 

fnnlt l ine. 
·ycle. 'l'h loca I 

d partlll'c of tho notch from th o fau l t line uuLy b t lJU explnin d: 
On t h 'rota ons p neplain th t ra1 ·hect wn ' reduced to a, low 

rid ge, a s in fig . 48, f llllH.:h Jc pr adtlt t ban i to-day occ upi tl by 
1 ' GEOL J'T ~--12 
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th bluff, ere t and back lope of the main sh et. The c tr arn at that 
time cro ed the low rid · at th fa,ult lin e, and was th r l1 1<1 iu pla · 
by th low tra,p wa1ls on it her side; but on th outlt and north tbe 
tream wa free to wand r on th base· I v 1 d ]>lain of weak r ro k.. 

Let it be as um d that the tream on t il Jlorth of tl.t gap wanl r d to 
thew t of th · f<tult lin , taking an arly 110rtlnvard ourRe, and bat 
it wa in this po ition when t he uplift of the region occurred. On 
incising it ne'v: vall y beneath t h path tlla.t it hapv n d t o ·npy at 
the time of uplift, it nee sa rily lo t the nid of th fault lin for mu ·h 
of its' ay nnd had to cnt a gorrr in th . olid trap. Bei11g thul'l ri­
onslyd lay tlindeep nin git - cour ,it headwat r · w r aptur d and 
div-ert d by he reenforc d onth-flowing tr am a in fig . 40. 

It i b lieved that wl1en tl1 tr am. of Cook Gap and H.e ervoi r 
Not ·h were thus bell aded all th drainag of the low r nnd ·t n 

ran outbward to til on nd 
/:·~.}:/:::.\~. at New Daven, and that only 
. · .. :: ... · .. ' the upp r <llld ton (witllill 

. .u(xJil~ tl;: :~;v::~~:~ ~~~0~~~· 
::: .. · ::. ::.:=-:·:.·<-.:.:,-:.:"<. ne('ti nt gained its low r conr e 

Fw. 50.-Din:rrnm of pro~ln ci~tl drainage. 

. . tl1rough tr1e Ea:tern pland 
it ha per i ted tl1 re by r a on 
of it · larg size. mall r 
ri,· r ":onld ha,·e b n divert d 
to th much 'a ·ier path between 
Lam ntation fountain and th 
llnngi11g Hill , or p rbap 
tbrouo-b one of the <1 1 notch s 

on· either ide of Pauo- Mountain; but tb r i uo indication t,bat a h 
a cour o \Ya ever follo''" d by tbe Ooune ticut in thi or in any pr· · 
viou cycle of erosion. ertaiu it i that the pr ent lower cour lta 
been followed by the river at lea. t through all the Tertiary y 1 , for 
only tbu can tbe dimen ion of its valley in the crystallin be 
explained, it being of the arne order of form a generally prevail in 
tbe uplands now dissected by T rtiary ero ' ion. 

tanding on one of tl1e hill n · ar Middl town, a.nd ov rlookin n· the 
river to tbe north and ea t, one may ee on the l ft tbe broad op 11 
Valley Lowlaud, and on the right the narrow valley ntering- the ea. t­
ern upland. IT re is illu trated one of the most imvorta,nt prin ipl s 
of land culpture-tbe relation of an inner lowland to tbe deep ancl 
uan-ow trau ver e valley by which it is drained through tb inclo iog 
upland, a principle concerning which tbere is a very general popular 
mi apprehension . It is nearly always tacitly assu med t hat the upland 
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a nd lowland bad their present forms before the outlet vall ey was cut 
down, and that the outlet valley is the result of t he overflow of a lake 
that once occupied the Jowla.nd, or of a "convulsion of nature ' t hat 
di rnpted the upland. There is 110 ev idence whatever in favor of these 
uppo itions, and there is fulL array of evidence again t them. The 

ouly explanation penni sible for a u outlet valley of this kind makes the 
inner lowland an d the outlet valley of the nm e date. Tbe deepening 
of the inner lowland proceed at the Sttm e rate a t l1 c trencbiug of th 
n<trrow outlet valley, but while the latter. ti ll remain r elatively narrow 
becan e it i inci eel in re istaut rock-, the former i already broadly 
opened, becau. e it region i oeeu1)ied by 1i'eak rock . Th mnrvelou 
con ideratiou here is that very grain of the upper sand ton e.· , and of 
snelL portion of the lower and ton s as were for a 11art of t h 'Iertiary 
cycle drained by t he stream of Cook Gap '- nd Reservoir otch was 
eauied away through the narrow outlet valley of the Conn c ieut . 
.Altbongh impressi ,.e thi · arrangement i not rare. The relation of 
inuer lowla,nd , inclosing upland, and teansver e river outlet is repeated 
many times ou our Atlantic lope, the fin est example being seen along 
the cou1"e of the Hudson River. 

GLA C IAL MODIFICATIONS OF FORM AND DRAINAGE. 

o critical measure ha been made. of the amount of topographic 
change produced in. our di trict by glacial action . In N · w J ersey where 
many tructnral feature of crystalline upland, sand tone lowland and 
trap ridge are r epeated, t here i no striking- difference of form ins ide 
and ont ide of th terminal moraine of t he later glacial in va 'iou which 
crosse that district transversely, and from thi it maybe fairly argued 
that o·Jacia l action cau c l no gr at modification f the forUI . produced 
iu onn cticu t by tb ion of th Tertiary cycle. lthough neee -
arily indefinite thi is a gr at aclvau e from that early ta,ge of 

in quiry wb e11 11 0 dat s " er a iguable for the ori o· in of the general 
upland ani lowland form , a.nd when it wa thought admi ible to 
attribute 1110 t of t h exca\ ation of th valley lowland to glacial ero-
ioo. A lthough glacial action ext nded outhward beyoud th pre ent 
bore line f Coon uticnt, th re are no larg topographic form that 

must be nece arily a ·crib d to glacial ro ion. et it mu t b recog. 
nizP-d tha.t l d cr were som what worn down and that weak valley 
floors wer om wba.t deepened by th ke she t. It may be that the 
oblique departure of Quinnipiac Rid o·e from the middle horizon of the 
low r sand t.one (p. llO) i due to glacial gou rr in o- on either. ide, while 
t he north end of the ridg is a tmilleft in the lee of vVe t Peak. 

In ew Jer ey and Penns lvania, beyoud tbP. limit of glaciation, 
the cJ.itl:' are dull and tll ~ lopes beneath tl.l m are of gentle declivity, 
generally overed· with tree . In Connecticut many of the trap cliffs 
are very ste ·p and the talu lopes a.re often bare and reele s. It 
seems n if the trap ridges had resisted the de truetive pres ure of 
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the ice, wilicil therefore made repri al on thew ak uu lerlyino- trata, 
dragging away the preglaci ttl talu and cra1 ing out t ll hale to o 

teep a slope tha.t, when til ice m lt d away, a fr . Il ·up ply of talu was 
quickly furni b d from the unduly ste p ·lift' above. To-da th tn,lu 
ju t below an occa ional tre i of a different color from tl1at u ar l>y, 
this b iug du to a greater growth of lichen · b low the trunk hat 
tem the low flood. Hence it may b ioferr d that th talu j . , a. a 

whole, in relatively rapid motion , having a yet hardly r establi it'd a 
graded lope. 

The most significant change that may b ' ith certainty as ocbt d 
with g lacial a~;tion ar all eon teucti ve, in tll for m f broatl h t of 
till veneering the lowland nrfac , th icker ll p it: of t ill producing 
dmmlins, kame , anrl and plain formed 11ear tbe ice margin durin g it 
retr at, an l e -ten iv valleyuepo it of clay and aud that ~Lr 'Otll­

monly a ociated with a lowur tand of til land in t he latyr sta,g s of 
t he Glacial period. ll of the depo it ar of ubordiuate value 
when compared to the trap ridge anl to tb alley of th upland.· . 

Glacial till is wide pread ov r lowland and nplautl, but call for no 
m ntiou h r xcept wilere it form larg·e drumlin , such a o ·cur in 
and south of New Britain southea t of Meriden, and around Durhn.u1. 
Mauy of the e are typical examples of tlti interesting t l of glacial 
action. s already mentioned the o are the on ly on id rabl mi­
nences of the alley Lowland that pay no att n tion to tb fault lin . 
Strong kame and a ociated and plain o ur_ iu the d pre. ion 
between Lamentation fountain alld t h H <wging Hill making it 
somewhat uncertain whether tbe exi. ting divide that lwre separat 
northward and outhward trearn had the am po itio11 a now in pr -
g lacial time. T mporary tream or riv r ehaun ls w r tnk n in the 
later tag of the Glacial period. On of t.hese i followed by the 'on -
olidatecl Rai}road ju~t uorth of B rliu Junction. ther ar> iudi at d 

by the rehttion of terrace and divides a further d cribed in conn c­
tion with MiJlW ver below. Clay and , aud · cover a. Jarg .tr a of th 
lowland a ea t and we t of ind or and Hartford, north and .·outh 
of Farmington, and about\ altin o·ford. Her i i emin ently po. sib! 
tbat a tripping of tl1e drift would rev al hallow and broa 1 ba in ' 
eroded in the underlying . trata. a11d tbat the exi ·tiug . tr an1 cont-. .' 
d part ratlier widely from tho of preo-lacial tim . Thu tl1 e cautic 
l'oduuk and Ho ·kanum river , branclJ of th 'ollltecticut Oil the 
ea t above Hartford, eldom reveal tbe rocky floor. '.rb y pre:·ent 
mau feature. of youug tl'eam with fertil flood plain s in i. ino· th ir 
vall y beneath t!Je in~ rtile drift plaiu. Th flood plain of the Oll· 

necticu t is a meadow of great agricultuml value, alth ouo-h in lano· r 
from overflow. Stony Brook, draining the town of nffield uts down 
into sa11dstones for much of its cow· e, b >ing ma11ife. tly . uperpo ed 
upon hem through t l1e drift cover. None of the e ·a cs, howev r, 
invol ve erious departures from the o·eneral adj ustment of drainag 
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ystem to lo w rand upper . and ·tone that i infen d to bav exi ted 
before the glacial acci(lcnt. 'I ll fo llowitw exceptional examples are 
tlterefore worthy of pecial attention. 

THE FARM! G'l'O A D Q INNlPJAC ll.lVER . 

It i ' beli eved that the. c two streams, F and Q, fig. 51 d part di -
tiuctly fro u1 the adjustment of t heir preglacial cour e., a ha been 
ngge, t d by -Ki:imm J. i Tbe Farmington and the Pequabuck, i uing 

frou1 tlte western upland, probabl repr ent th upper water of t he 
riv r that r:ut Cook Gap. By pontan ou adju tm nt late in tbe 
T rtiary cycle their water appear to have been diver ted n e~r Plninville 
by a tr am that carried them southward througlt J\Iill River Ynll y to 
New IJa\ en Harbor. ow, the Pequabuck, i suing from t h uplands 
as befor and fiowing lirectl.r to­
ward ooks Gap for part of h 
di tan ce aero s the lower a nd- · ·· · 
tones, turn 11orth at I'lain vill , 

and . oon meeti ng th Farmington 
th united waters flow northward 
nearly ""0 miles on a very fl at grade 
b fore turning ea tward and cr 
ing tl trongh the trap range at 
Tariffvill . 'Ihere i. no r as n­
able explanation for this ingular 
behavior by an tecetl n t, on ·e­
qnent, or adju ted origin . Di,·er-
ion by glacial drift giv . tit only 

rational ('au. that h a ll en yet 
ncrg ~t d for the abnormal north­

w:ud our , n.nll to nppr ciat 
th . no·g tion. · made b, Ki.i.mm 1 

.. . 

::'·:· .... ;.·· 
FIG. 51 .-Dingrnm of oxiating drainage. 

in his direction it i d . imbl to xamine fir t the notch in the main 
trap ridg at 'Iarifl'vill , and then the divide . ontb of Phtinville, by 
wltieh th P C]tt:tbnck i' ·e11arat d to-d~Lyfroru tlt outh-flowino- treams. 

Tb 'l'at i ffvill Gap i a narrow o-orge i nci eel in a broad ao- of the 
ritlg· ,, . t: Th a - i xplai n d by Ki.int m las t he r mnn.nt of the cut 
of a tran v r tream from w t to a tin tbe early part of the Tertiary 
eye! ; its ns o ·iHtion wi band d parture from t h 'Iariffvill fault line, 
s parating im bury nnd ranby mountain , recall t b a e of Reser­
voir Not b, a :xplain <.1 on pag 177. The floor of the ag, before th 
gorg wa nt in, i estimated to have tood at an elevation of about 
JOO f t fLbo e pre ent ea level. The gorge i. o narrow and teep 
· i<l d that no road follows tb tr am bank t hrough it, but road and 
railway are p rched w 11 up on it lor in rock- ut nich e . TlJe gorge 

1 omo r i vors of Conn 
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i from 0 to 100 feet deep nn d i free from drift.. There an b little 
doubt that the goro·e is n. po tghcinl tream cut the work of waters 
that were turned acros t il e sag a~ t h lowest avnil<tble cape after 
their former pa.ths had b e11 omewbere blockaded with drift. 

Th e most importan t part of th . in~ rr d drift blo l;:adc eero to be 
the divid e below ., laiuvillc, at a 1 v l e entially e() ual to that of t he 

Meriden 

M 

F IG. 52.- Ding rnm of Quinnipitw anu .hl\ll Riv r headwaters. 

e ima.ted tlo r of t he 
Tari lfvi ll e ag in the 
trap ridg . The ter­
rae ' b rea.bou t ar 
somewhn t hi gher th~tn 

tb sao·, ri i ug nt lea t 
~00 fe t abov tide. [t 
i t her fore concluded 
th<tt the pre g ln.ci a l 
outh ,..-ard ·our::; of 

t l1 e Farmiugtou-Peq un.­
buck along tb strike 
of t he lower and to nes 
wa · obstructed by drift 
b low 1 lain vil le, ancl 
tllat the ' •at r N to the 
north w rc p o n d d 
high •uough to over­
flow nt Tarif:'h ille CLlt­
tiug th gorge in tb e 
ag of t he trap ridg , 

and ontinui11 g a~t­

ward to tb oun e •ti­
cut. It i t bourrh t tllat 
a large part of this bar­
rier may have been the 
delta-lik e d posit of 
the river · from the up­
laud. 'The likene of 
thi s ca. e to that of the . 
Deerfield River in Ma. -
sachn tts h a been 
pointed out by Kii.mmel. 

The Quinnipiac (Q, fig. 52) now receive its headwater from the 
ponds in the western part of Cooks Gap. It hould, as a ub eqneot 
stream, flow southward through Cheshire village t o Mill River, and 
thence to ew Haven Bay, uch being the probable cour e of the hief 
preglacial river of this district, then including the Pequabnek and 
Farmington river in its headwaters, a. in .fig. 50. Tbe a tern bound­
ary of tbi sub equent vall ey rise 100 or 200 feet above it 1ioor in , . 
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Quinnipiac Ridge, a long, wunded swell of sandstone, capped wi th drift, 
exten<l in g outlt ward from the angle of the Han o· in g Hi lls, past t lie 
Mount Carmel group of dike to the ity () f New Have11 . This ridge i a 
con t inuou divide, except where cro ed by t he Quinnipia · iu a 11arrow 
val ley, 100 feet de p, at South Meri(len . The sag in the ridg in which 
t hi s transverse gorge wa tarted has a heighl:; of 200 feet; the terra e 
ou the divide between t he Quinuipiac and Mill ri\ er in Clle hire vil­
lage, are a little above this level. ·It i th refore concluded t hat lt ere, 
a below Plainvi lle, the preglacial water way wa divided by a drift 
barri r, a in gle lon gitut1iual ··ubsequeut tream of preglacial t ime 
bein g now divided into thr e, t lt e northerumo8t part flowing northward 
and eros ing from t be lower to the upper sandstone through t he gap 
at 'rariffville, th e middl e part escaping aero s Qui nnipiac Ridge at 
South Meriden, and only th e doubly beheaded trunk stream continuing 
in i t former conr e directly to New Haven Harbor. 

i\fucli of tbi explanation aceord . with the interpretation given by 
Dana . H e de. cribe t lt e t rrace of the lower (w·e tern) ' audstoue val­
ley from :1\ fas acbu ett · fa r on It ward, their grad beiug very gen le 
north of t lt point where the Pequabuck and F armin o-ton em rge from 
t h we tern upland, bu t relatively teep farther oath ; their compo­
·ition bein o- of fine c1 po, it where they a re flat, but of 'cobble, tone 

coar. eue 'where tlJ e grade is steep. ~ ontinuou di ' charge of glacial 
"·at rH is t im argued along tho w .·tern part of tbe lowland. A . be 
Quinnipiac below Meriden lta.s low-level terra e of fill material s, it 
is inferred that the gorg by whi h it come through t he and tone 
rid ge on tho we twas ob tructed by ice, or p rb ap not th n formed.1 

GLACIAL AND R ECE ' T SCILL.A.TIO:N' OF LEYEL. 

he C n-

Fnrmiugton Yall y to 
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the retaccou peneplain . The pr ent relative attitud of l:wd and 
water ubmerges the lower end of t b reex av, tetll>a in , formin g w 

av n Harbor: and if it wer not forth great olurue f the \'\ allin g-
ford bel t of clay aml a nd that oc npy tl1e floor f th ,uinmp1 a 

aUey t hu,t h arbor '"'~'Onld reach much fartiJ r inland t han it doe · now. 

REVIEW OF ORIGIN OF DRAINAG E . 

The remarkably uece sful manner in whi h t he r idg of th main 
trnp beet a t a~ a rli ide (see fig. 51) demon trate tllat th d rainao·e 
of the region is, n. a whole n iLher antec dent nor co n cp1 nt, but of 
ub equeut origin aud well adjusted to t he stru tur . 'll1is adjn t m 11 t 

can ]J a 'i'e been gained only by t ll growth of . tr am. along tbe strike of 
the wea.ker trata. o complete i ~ tl1e obliteration of t l1 po ibl 
antecedent or con · qu nt tream of the initi al tacr of t l1 Jura. si 
cy le t l1 at it i · impo , ible Jl OW t decid wl1 ther one cla · · r t h oth r 
prevailed in that r emote epoch . The lower onnecticut may b io at d 
inth eat rnuplaudin cou ,~qu nce ofthe warpin t he outlt nloftb 
great prin o· fi eld ere cent (p. 155), or i t may h~we been 1 lace(l th r 

by up rp ition from t he po ible retaceou ov r of th oa tal 
border (p. 165). Cook Gap may have b 
antecedent tr am, but there a.re o few xampl s of t hi s la 
generalization and explana.tion ar diffi cul t and doubtful. The Farm­
in gtml , at Tariffvill , i certainly a new ettler, and can not be r g~trd d 
a related in any definite way to an ini t ial Htream . Ex· ptiug for th e 
glacial accident , t he roo t trikin g· feature of tb drainao· <Y' t m of 
the district i certainly the extraordinary accord between divid a11d 
b ard structur s and bot we >n vall ys :t1fd ~>o ft s l'liChll'e. , wi li on 
Tegard to Tria ic or Jura •sic drain ao- or topog raph y·. 

1'he remarkabl d gree of adju till nt of tr am · to . tnt ·tnr t hat 
mu t lJave pre,~aiJE.'d in irnm di ately preglacia l t im e · i an xample of 
a g neral principle that is believ d to be of wide a ppli cation. D nuda­
tiou of a region in on c,vcle all ow a con iderable but . eldom a nea.rl y 
compl te, obliteration of antecedent and c n l} uen t treams by the 
development of u b equeut tream . D enudation of a r g io11 in two 
cycle, of \Ybich t he fir treach d a.n ad va 11cecl tage, give much better 
opportuuity for. uch obli teration, for t he nb equeut . treams produc l 
durin g t he fir t cycle carry on a t ive depreda tion tln·ough t be early 
s tage· of the . econd cyele, and tbns accompli .·h gr a t re ult. . It i 
therefore fair, in general, to say that in a region wb re ub qu nt 
streams prevai l denudation has been carried on throu o·h more than 
one cycle, aud the Triass.ic area of onnecticut i no exception to t hi 
rule. 
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THE GEOLOGIC T.J ~LAP OF THE r.rRIA RE . 

In the prepm~ation of ~L g ological map of a glaciated ar a, wl1ere a 
definite ·olnr mu 't 1> a ·signed to very part of the uda ·e, there i a 
a rul , much difficul ty fonnd in tra ·ing t he limit» of the weaker ub­
divi ion , wlli cl1 ar so gen rnllJ sl1 e t cl ov r with dri f't. Thi diffi­
culty i fully xemplifi ed in tll e Tria ic lowland of onnecticut where 
th e sand tone and ·bale outcrop in r latively .·mall and catterecl 
letl o·eH, and o·nly the trap sh ts form ·ontinuou exposur ·. It i 
tl.Jerefore a(hisa.ble to fore ·tall cri tici m of t he map th at ac omp<tnie 
t!Jis r port by explicitly announ ing t hat many of i t line ar neces­
·arily in£, renti al. All that can oe aid of them i that they haY b en 
located only aft r areful earcb for all gniding ontcrops and after much 
consid ration of all admi ible interpretation of unl rgronnd t ruc­
tures. Tl1 work of compilation wa chi efl y perform d oy 1\fr. L. S. 
Gri. wold. 'J'h e follow iu o· note conccming tb cv ral subdiYisions of 
the forlllation indi ·nt d by color will aid the reader to judo-o in telli­
gently of t he mea. ure of ac uracy reached. 

'r l1 e ooundary line wh ere tb Tria is adjoin ed by the cry talline 
rock ::; on the a t and we t are occa, ion ally defiucd by neigh boring 
outcrops, bu t they are much more largely g uided by tile form of the 
. urfac:e. When ontcrop are . een, i t is found that t ll e ery ta llinc 
occupy the ·I pe · of tlHI uplan d de. ending nearly to th e lowland 
1 vel. Occa:ional outcrop of th seu imentarie m· found at or near 
tl1e base of the . lop ; at one poin t on the wt' tern houndar.) (H.oa..ring­
Bro k, Clt esb ir , p. 10) t he an d~tones are seen actually lyin g on th il' 
cry tall in foundation · a ouc point 011 th eastern boundary (Highland 
Park p.1 31) the andston nr fo111Hl abnttino- again. t t h ·rystallin · 
from wlJ i ·h t h y are pam eel by a fa nit. ry tall in l dges are gen­
erally ornm n near t h boundary al though t it y may be cover d with 
drift for good part of a mil ' at a tim bn t t it ·and tone· are oft u out 
of sigh t for a mil e or more from the mat·r:in of t l1 lowland . Hence, 
as a rnle topographi c form ha, hren t he chi f guid in lo atin o· th.e 
boundary y t i is though t that no signifi ·ant ' rror has b en t im 
introduc d. Hlthono·h tb line tna b at ome points out of plac·e by 

t , ncar h ' "' rster11 bord r of t he lowlau l are 
g n rally w 1l cxpo.-ed ver th ere t~ of t l1 e rid o·es t hat th ey form. 
vYh n hey on l<'rop in trong west-facin g bluff , their und r conta t an 
b closely loeate.d by t it d cr a ·c of , IOJ e b 11 ath it · but tlte upper 
co11ta ·tor a ·tern limi of th trap is ~· hlom w ll d fin ed. The ov r ­
lying- . an L tone rar ly appears lo to it; h nee th boundary i , as a 
rule, om wha t arbitrarily drawn n :u the ea ·teru ba e of t l1 e ridge, 
below t!J lowe t ontcro1 of t rap. 
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The main exten. ive t rap It t i prouably bet r uou11ded than a ny 
oth r ubdivi ion of the formation. Jts under outact; wi th tlle salld · 

tone follow veryr gularly a.l ng t he ba e of th out roppin g bluff; it 
upper conta ·t, wh en found , li es with almo t qual regularity near the 
l.>a of the ea ' tem slope of' t he r idge. 'rhe adj a.c nt andl:ltoue <tr , 
however, very gencrnlly ·on· a letl-tho e beneath by tmp talu tbo e 
abovcby <lri ft. T h greate tdoubt.b er on ernsthc up1erconta t f"rorn 
t bcvVe ·tPeak t;o theFarmi1 wto n blo·k wh r th br adth a si ·nel to 
t be main beet i ' gr a.t r t han n ·nal in rd r in ln cl orne outlyi ng 
trap l do·e, . It is po. ibl ll t hat the belono· to a l cal ,;upernnm rary 
flow, opamted fro m tb ma in Rht tbyathin >:edi m ntary d po i t (p. 71) . 
'Ib oeCtllTence of d pres. ions b tween t he maiu h t a nd tb outlying 
tra.:v ledge lend ome upport to tbi . v iew (p.llO), but in th a b nee 
of lirect proof t he whol · ar aiR ·olor d as if th trap w r •o nt innou.· . 

T h a,nterior a,ud po terior xtrusi' e sh ets a r of var iaul d ti11i tion. 
Th former generally mak a tronger and m r onti1111 0U r idg tlHtn 
tue latter but at the 11 ortbern bound ary of t b t~tt t h an r ior b . t 
is wanting (p. 121) ; in the Tremo11 t block th 
be w ak, as it i much ob cured by drift; and 
ontlt end of the a lton tall cr •sc nt (p.!) ). 

at t be e place for a r tai n eli tan· , and tb nnd r nnd anterior ' and­
tone,:; are brou g-ht tog: tb 'I' on t l1 map . 

low ridge ge11 rally mark the outcrop of tlJ po terior heet n,ncl 
for t b 1110, t part i t may b r('g:arded as w II d fined; bn t in IJ 
Britain di trid the map mu t b accn ed of much un rtainty. veral 
redundan t i.'i tl ge occu r ther about-' aud it i. nly by a, re111arkab l 
y t em of fault ing tbat a . inglc 1 o t eior be t can b r p a,t cl fr . 

quently euough to arcouut fo r all th outcrop, t lJ at are r clite1l to it. 
'Ihedi criminr.tion of th ant ri or and po ~terior . h t wh r th yare 
confu edly arrang d in the district north of Totok t and ea t of Pau,g 
Mountai11 i ad mi tted ly doubtful, yet a far a ('Xi tin g utcrops go 
t he interpretation offer tl on th . map i · thought to b · n~ i tent a nd 
on t l1 e whole probably correet. 

The dikes in th sontl1 ern part of the lowla nd ar drawn with some­
what gr ater co ntinoit than their actual out ·rop warrant· and thi 
ca n not be o w 11 defen led a in theca e of t l1 e interb dde1l heets, 
where continuity i a n a lmo ·t es entia l cbaracteri t i ·. It i · 1 o ible 
that a and tone cover till remain over certain part of t h dike ( ~e · 
p . .r) that are mapp d a:' ho·;vin g per i t nt outcror . nnmber of 
mall dikes a,re nece . arily omitted, e'pecially in tb Fairhaven di trict. 
Th everal snbdi ision of the and ton , ha les, and conglomer­

ate - the under, ante!·ior, po terior, and upper and tone , so c~tlled­
are id entifi ed a lmo t '"holly by th eir relation ro the extrusive trap 
sheets. T he colors on the map by which these , ubd i vis ion a.re di . 
tingui heel are therefore not, as a rule, warranted by dir ct and iude· 



DAY! . ) LOCATION OF FAULT L INES. 187 

pendent ob ervatiou, although they a.re demanded by tho interpreta. 
tion given to t he strueture of the en t ir region. For example a c rtain 
trap ridge near Berlin i regarded, for reasou ·· t hat appear ufn cien t, 
as au outcrop of th o po terior t rap . li e t. Then t he underlyin g beds 
a re callecl po terior andstone ' and t h overlyin g b d npper sand ­
sto nes · and their areas a re t liU appropria tely colore(l on tlt e map. 
'rhe general co nsi tence of tbe re nl ts gained by this method i.- th 
chief warrant of its correctn .- . The occa ional di covery of t he 
an terior and _posterior fos ili ferous ·hal s is, as far a' t.bey go, a till 
more ·tr·iking peoof of t he correctue fl of t be method ; and ina mu ch 
a t b loca.li ti s of the e shale. are eli t ribu ted in a mo t ha1 hazard 
ord r , a fa r as t he g neral outline of the r<'gion is concerned their 
confirmation of tlie method adopted may l> regarded a applicable 
over a much larger are~t thau that of tbeir actnal expo ure. 

It i · mauife ·t that t b stratigraphic in terpretatiou of th e bedded 
serie would be much more conclu ively e t abli heel if every nbd ivi sion 
of the formation h ad it O\Yn characteri tic compo itiou or fos iL ; but, 
with t it e ~ception of the anterior a nd post rior fos ili ferou shales, 
it secnt impos ibl e to illentify any of the subdivi ion of tb bedd d 
rock by their individual features. Th e po terior ubuivi ion for 
xample, commonly consist of fine sandstone, and sba.les · bnt it 

in clncl es a coarse conglomerate in id of th Totoket cr' cent . The 
und er and t011e , next beneath the anterior trap h et, nre g nerally 
weak and relatively fin grained in the norLhem p<trt of t it nrea but 
ea t of Meriden they are frequently CO<tr e conglomerate , maki ng 
trong r idges. The coar e, rou o·hly bedded andston es, o common at 

vnriou hori zons, have no ubdi i ion t.hat can 'erve a.s ·tratig raphic 
gnide . The drift-cov red area north and ea t of Har tfo rd , with no 
trap rid g 8 and mr a ntl to n outcrop ' ca ll uot be ·ub<li vided . It 
i onl y when th .- variou. difncultie of iden tification are rcaliz d 
that tit impor ta n of tl.l tl.lre extru ive l.lee a horizon marker 
an b appr •iat d. 
Tit fault li n that follow the a tern boundary of the formation i 

tb ught to b as well ' tablt b d and a accurat Jy lo nted a., the 
b undary it elf. The o ca ionaJ fau l t indicat d on t he we. tem 
boundary (p. 12') are mn ·lt mor problematic. The oblique f;u tlt. 
by whi ch t he r o·ion is trav r eel are, a a r ule, well d tet'min ed in the 
n io·hb rltood f tl.l thr xtru iv tr, p beet , and <Lg·a in in ertain 
notclt e ' by which the in trn ivo ·l.l eets are di lo ated lmt awav from 
tit t rap ridg 8 t b fault lin , are with tbe ex eption fa few point , 
ent irely infer utial. Like the color a igned to t he drift-co ered ub­
divi i 11 of the and tones, the fa.ult lin are for t he 0 T nter part of 
t heir I nO" b drawn so a to give r ational correla tion to many well­
determ iu d fact , rather t ha n to indicate th e re ults f immediate 
observation. It may be thought .ha.zardou to introduce t l10 fault line 
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where they are not . en but, in tbe light of wltn,t is cen elsewhere, it 
would be mu ch more ll ~tzarclon to leav th m out, <tn d th e btter 
l.Htll:ll'd is taken Only W]ICre th e exten ' iOU o(' a fnnlt line WOUld liOt lead 
it to new oufirmation . '£he termination of a fanl t line on t he map can 
not tiler fo:·e be taken as proof that t l1 fault ba n ' tually e a eel, but 
only tha t mcanR of tracing i t <Ire wantin g· . 

. ccepting t l1 existen ·o of thre , and on ly thr e, extru ive tmp 
she t 11ear tb e uliddle of t he formation, w mu t admit, tb occutT nee 
of 11t1merous fau lts, bu t t l1 e preci ·e location and t rmination of th e e 
fault · is often a matter of erious doubt. rl'be diffi nlty here i one 
that i . common to all o- raphic repre~entations of . omcwbat indet r­
minate phet1omena. Th xi tence of the fault . is prove 1; lJe preci e 
location of t heir entire l ng th i a matt r of doubt, bn t t he map 
make their lo ation a di . tin ct H tb ir occurr uce. T he rrrave t 
cbance of error und er t.hi head i ertainly ~unon g the po terior ridg . 
in th e New Britain eli tri ·t, wber it hould be clearly uu lerstood tbat 
the f<Ullt ' are witb llnrclly an exc ptiou, matt r of in terpretati 111 , not 
of obsen ation. Yet ev ' ltll ere the oceurreuce of a few ' clay dikes or 
fau l t breccia ( e pp. 111, 112), r vealed by tb e cha nc ·u ttin g of 
streams, co11 firm tbe occnrreu e of fn,ults a demauded by the trunca­
tion of the trap ri<lge , a.nd, li ke the rare 1i Co \·er i or th fo . iliC r­
ous black ·hale , these occa ional confirmation deserv an <tpplication 
far outrunning their actual area of o curreu · . Tiley are, like a f w 
samples of mauufactUl'ed goods taken from the open market fa ir tests 
of their many uut ted fellow . 

About w Britain , as el ' ewhere, the interpretation of the faulted 
blocks a.ud chip has been gaid d by t he beli f that only thr e extru­
sive beets occur, and hence that., a mn,ny ridges a::; tber may b in 
th at di trict, they ruu tall be explained by repetitive faul t in g. The 
main n,nd a1Jterior ridge ' offer no erion diffi ul ty, although t he lapse 
of th e anterior near Farmington wa for some time a my tery; but th e 
posterior. are very trouble ome. For example, t he low trap ridge w t 
of ewington i taken to b a up ruumerary ou tcrop of th e po ·t rior 
sheet in the nortberu of th e two We t Peak block . Th po. terior and 
upp r and tones are therefore appropriately colored in ou either , ide 
of tlte ri ige, and a fault line i introduced to epara te thi .· threefold 
group of ·olors from the same group nearer the main heet. l!'or all 
this grn.phic definition th re i no wanant bnt th two trap riuges. 
The fault line here mentioned is ab olutely un en. 'l'be and tone 
give no ufficieut indication of tbe ub<livi ion to which they belon cr. 
Yet it is seriously believed that tl1 e acceptance of the econd po terior 
rig ge a. the outcrop of a ecoud and indepe11dent po terior trap ebeet 
wou ld lead to much greater difficult ies than its explanation as a repe­
tition of the first posterior sheet by f<Lnlti ng. In the northern part of 
the Farmington block there is another . upernumerary po ' terior r idge 
so curiou ly out of place that no attempt i made to explai n it. The 
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repeated posterior of Lamentation and Chauncy block, are open to 
various interpretation ; th one given on th mnp eem · :impler a.nd 
more accordant with adjacent trnctnre t han. a11y other y t sugge · ted. 
Th error, iuvolv din 1lrawing the hypotlJetical fault line ar chiefly 
su ·has are inherent in the graphic method, which r quire~ th definite 
location of a fault liue, when it i · cler:;ired merely to expre, in a mo. t 
general way that a faulL probably occurs somewhere between two trap 
ridge . 

'ompli atecl a the color pattem i among the numeron fault of the 
.r w Britain ciistrict, there cau be li ttle qu stion that it is much Ie . 
complieat cl · hau t !J e r ality. Tl1ere mu t be ma11y mi11or branch fanlt 
iu the and tones of wid ·h the trar> ridge giv no indicati n. If tl1e 
drift could be tripped away: and the ,·ubdiviflions or t he formation 
accurately eli criminated, a much oTeat r eli order would probably be 
discovered than is here indicated. 

'RECO:N TH.UCTION OF r.rHE OlUGINAL FOR~LA_riiO~. 

eoloo·y being a tudy of th earth in relation to time, it f()llow that 
tl1e name Tria sic formation i ' properly applied Ollly to the entir 
produ t of tlJ e accumulative proce. that were in op ration in 'Iria -
sic time, or duriuO' tLe accumulative portion of that time iu any r 1Yi011 . 
What we se of the 'I ria sic formatiou iu Conuecti ·ut to-da i · uut a 
fra tiou of tlt original a ·cumnlatiou. Heuce i t is de irabl to re ou-
truct as well a po ibl tlJe whole from the remainiug- part:;. Thi 

ta k is similar to tLat , o well accompli bed by the pal outologi ·t who 
recon ' tructs an eutire orgaui m from it fo . il fragments. lie ntay 
make mi take iu hi reconstruction but u h mistake · ar ·mall om­
par d to t he rror of r gartli no- t ll fo · ·il fmg-m ut ' a th 
orga11i m. o with tL o- ologist.. II i rtainly liabl to rr in l1i 
fl.ort · tor con tru 'tau otir formation th completed pro<.lu ·t fa 

certain p riou of accumulation, but hi rror are mn h l s eriou 
th<tU the apital mi tak f a muing- tl.lat the xi ·ting remuant of a 
formation i · tb formatioo. It i .11 t from the remuant but from the 
otir formation, that the hi ' tory of its form ativ periou lllU t be 

written. 
Th · are p ·uliarly appli ·able to the ·a in hand. 'l' b 

ro ·k ·tructnr mmouly known a · the Tria. ic formation of ouuec-
ticut ar mani~ · s l uu a part of that formation. 'I he part that i no 
found ·hould, wh n hi · t rically oo icl red be a ' Ociat d almost a 
clo ely with tit Jat 'l'ria i or a.rly Jul'a :,;ic d formation with th 
Ion 0' Jura- retaceous cycle f p neplana tion, and with tlJe iucowplete 
T rtiary cy 1 of lowland · avation a ' with tbe Tria ic p riocl of 
ac umnlation · for th part, a w e i , can only be under tood when 
deformation n.nd d uuda ion ar ' takeu aecount of ~Llong with depo i­
tion . The real operation of Trias. ic ti1ne ·an not be uouerstootl until 
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a, r con truction of the entir produ t of hat p riou of a umulation 
i accompli hed . 

ln ord r to follow out this id a, four true-::; ·ale er traver •. 
in g t he valley lowland from about west to C<Lst, w r ·on tm ted by 
Mr. (+ri wold from the data pre nt rl on th geologicttl Ill a]) . 'l'h 
uncler oTOtllld trnetur ' w re t h i1 drawn in b 11 ntl1 the profil ··, 
accordino· to t h observed ~tnd inf n d dip .· . 'l'he f;wlt were pr -
longed dowmvard at the a ra.g or the ha.dcs ob. erv cl in th few 
])lace where the fanlt wall. ar exbib ite<l. Th un ~ler and tonP "- re 
drawn in beneath ::~II the bloc!' until their thi ·kne about ecp1::tled 
that found we t of t h a nterior trap ridg- , n.mi n, 'Olnpnrativ ly ' V 11 

crystnlline floor was outlinerl for their ionndatio11. Overlying , trne­
ture. wer nex r tored by th aclditi 11 of tl1 mi ,, ing · tr::~ta 1111 t il 
om thin · more t h::tn th total ob~ rv d thi ck11e of th ~ rmation 

'Ibex· rcOIItrllctclurpr· 
urfnce f the formation ov r tl1 high e t, observ ,d memb r of th 

sa11d ton e. wa cl ma.nd d b. the fact that d nmlation hn removed at 
least -ou feet of ' and tone ab v th hi gh st bol'izo11 11o\\· , e 11. 

On aeconn t of the pr v:tilino-Jy gr ater dip on t l1 w tern tllfln on 
tl.Je eastern ide of tlle lowland, it ha b en con lud d a tat 'd on 
pao-e 3 that a continual movem nt of nb ·i] 11 e oc ·u1T d clnring 
the periol of 'irias ·ic depo ition , r nlLi11g in th productio n of a 
trough-like depr ion, alwa.y filling with euim nt» nearly a ' fa t a 
it deepened . 'fhus interpr>ted, th u c , j,· strata mtl t be drawn 
of dccre:d ng thickne from t he middle of the trouo-lt toward >iLh r 
s ide, gradnn.lly weclgiuo- out at tb, orio-iun l m~u·gin of the trough. I 
is highly probable, as tated on pa.ge 33, that the ma.ro·ios of t it 
Tria ·i' ·eclimeut advanced and receded by moderate m a::;nr . dur­
ing Lbe pel'iod or <.1 pre ion and <.1 po ition, and be1t · that uc e -
siv ruemb r of the formation w dg d out and ovel'lapped om what 
irr gular!.); bn no attempt i made to illu tra.te tlti , probal>l . trn -
ture in tlte ectiou . The rate at wbicl1 the for111ation thin. out lat­
erall y and !ten e tbe cli8tance to it origi na l margin can no t w llue 
determined; indeed, thi el ment in the problem of r oustrtl ·tion is in 
greater doubt tban a11y other. The ction do not indicate any fault­
ing durino· the time of depo ition · but it i not de ired to exdnde tb 
the pos ibility of neb movem nts. 

'rite diagram thn con tructed exhibit t lt e completed .·ection of ach 
block in it faulted po ition. ft r cutting the ection apart on lle 
fault line and t hen " nnfanlting 'and ''unt il t in o·" tl1e ·ev ral b lock , , 
a little accommodation , ufficecl t.o make t he upper ·urface of all Je el 
and continnon · an1 l to brin cr t h col'l'e ponding tra,ta, all in lin . A 
fair approximation i tb u made to a eros. ction of t lt e ori g in a l Tri­
a ic formation in it. complete l form . One of t.IJ e~ four ecLion , 
cro ing the lowla nd from a littl e north of Bri tol to South Gla ton ­
bury, and pa in g .Rattlesnake and Cedar mountain on the way, is 
reproduced ou Pl. "'X, in 'both its faulted and it re ·tored po ition. 
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The da.rker tint repre ent the !':tructures a they ar bcliev d to 
exi t rllldergrouud to-day. The ligbter tint ar. tbc restor d par t::; 
abov th pres nt 'urface of t he ground. The very . light differenc 
b tween the profile and tlle sea.-levcl line illu. t J'<ttes l1ow mall a sl1ar 
of the total fonnation i. iuvolved in ti1e reli ef of tbe hwd to-day. 

ix fanlts near t he left end of tb section are iutroducecl wi thout any 
fi eld evideuce for t heir occurrcn in order to diminish Loth the hick-
Jl e s of the tmder and ton e ' and the a lllount of denudation O\ er t h 
W stern plauds in th Jura- rctac ous cycle. In d fense of thi· 
apr ar utly arbitmry con t mct iou: it tn ay be urg·ed tbat the oc ·urrenc 
of faults about a. · l1 re r epr sented is much more probable than t i1 •ir 
a,bsence in view of t he fr queu cy of fa,ult farther ' a t wber th r ·all 
bed tected. It may Le aduell t hat tbe character of tb original form a,­
tion would no t b erionsly altered by their omi · ion . 

There are variou, 1 m uts of nne rtainty in work of t lli kind. Only 
th e a ·tual outcrop are within the rea ·h of direct ob rrvation . 1:h 
extension of the mall obsen-ed area of the various sedimentary m 111-

b r of the formation ov r th e re t of th e drift-covered lowland the 
identifi ·~Ltion of tltc repea,ted outcrop of certain lllember and t he 
limi tation of th ev ralm ' IUuer · by fault line , are a ll matter of inter­
pretation. The interpretation i · well upported in certain di ' trict, 
but i t i open to considerable error in oth t" . The cba,n ce of error 
increa e a oon a the attempt i · mad , to extend ob erv d t rnctures 
uud rgronnu and till more when the am at tempt i made with 
respect to overgronod tru<.:ture _ The clip of tb' st.rata are, bow ver, 
generally so regular that it i thought 110 riou error is tim~ intro­
duced. The hacle of the fa,ults i observ d in but few a , and the 
underground prolongation of tl.Je fault liues must remain greatly in 
doub t. 'l'be cry tall in tlonr i drawn throughout as a p neplaiu ; tll 
video eforthiscon lu ionba\' in u· b nfullydi cu 'cl npa,n·es~0-26; 

but i t i of lll' p ibl that uuri d monadn ck may.o::cur bercor 
tli 1' ingly or in gronp b n a tlt t lte Tria sic trata. 

· t when a ll t bes many ch<Ll1 e of enor are recognized, it i 
b liev d t hat t he recou trnct c1 e ·tion are of rviceable apJ roach to 
tl.J truth. Tit ir rror i ·· chiefly that of overdetini tion ·uch as is e sen­
tial in graphic pre· ntation· bu t, to counterbalance thi di advantage, 
th6y rve a valuabl purpo ·e in c mp lling the ·tud ut of tbe region 
to give definite on ideration to an important part of it geologica-l 
hi tory that migbt oth rwi ben gle •ted. 

ertaiu int r ting re nlt follow from the ·ection a now lrawn. 
The intei'lH' tation of th e existing , tructureR, a p art · of a repeatedly 
fault d ma , i fo und to b con i tent with a rea onabl pro e s of 
origin in a broa(l trough that wa. filled at abou the arue rate as that · 
of its ubsidence. I t appear further that no Teat ori<Yiual ext nsion 
of t he formation is ne e sary on Lhe ea,t or west of its pr ent limit . 
Indeed , a uanowing veu within the li mits gi'ven ou tbe ectiou would 
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be accomplish d if the hy1 oth i. of mar .. ·iu a l _faultiug- duri11g ac unm­
la.tion were adopted. It is uo t tile inte nt ion, in ei h e text or diag-nLru , 
to rul ont that llypothe i -,but as it .i ' les' ·on i ·tent witlt t b ob ' rv l 
fact than the hypoth • i of troughi no·, it i ' r'rot g raphi cally r pr ·sent 1L 

Tb exi ' ting remainder appear to be ~Lbont ha,lf th e volurn of tb 
origiual formation, £LS r co nstructed. lf limited by margi nal f~Lults, 

in ·teal of gradually wedo·ing ont, tbe ·istino· r maiml r would b 
about three-quarter of tile original volum . Jf st nd d far ov r 
the cr y ·talliu on the e<L t and w t, the propor ion would b ' ·orr · 
pondingly reduced. l\1o;t of the denuda.tion of t he original ma ', wa. 

accompli bed in t he Jura-Or tac ou ' cy I of peu phLnatioll; I :-;. than 
a tentlr of the denuded ma ' S was carried away iu tb '1' •rt iary ·y •lo. 
The exist ing volume, a letermined from th NevenLl e ·tion i · rongl 1l y 
720 cubi · mil . . The original volume, a ' drawn in the r ·onstrnv d 
section , is therefore about 1,400 cubi mil e· · it would be retlu ed to 
about 1,000 cubic miles if limi ted by maro·iual faults; it would b 
iucrea ed to much greater mea · ur if xtend d fae over t he crystallin ·. 
The e figure may be r gard d a giving approximation to t be order 
of the quantities involved, but t hey mak no pret nee to precisi n 
ina much a they are ba~ed on cumulative bypotlr e ·, a lt~ " be 11 
tated ufficieutly above. 
There is a uatura.l he itatiou felt an·ain t accepting a conclu iou tbat 

involve . o great a denudation a i required by tbe s vera1 re tored ec­
tion , but when tlti be itatiou i confronted with tlr' r a uable line of 
inve tigatioutha.tleadstothec nclu ion,itca11notbew llju t ift d. It 
i · the order of the world that one period witn tl e de11 udation of th 
depo it formed in pr viou p riod . 'l'he 'I ria ' ic stnLt.a w rebut the 
ruin of the laboriou accumulation of earlier times. :-; n h a part 
of th ir great odginal volume may have b eu •all d on for contribtl­
tion to the Jura ic and Or tac ou formation that pr umably co ll-

titute a considerable pa.rt of the tlantic oastal h lf of th ... nitetl 
tate . Tbere can ben doubt a to th , ufficien y f time aud proc ,·s 

to accompli h vast works of denudatiou in the Jura · ic and retac ou. 
period·. Iude d, when the restoration of the ri (l'i ual formation ti.·o11r 
the ob erved structure calls for Lhe xten ·ion of trata deep uucl•t·­
ground and high overhead, there is no legitimat ground for objectin O" 
to one of the e hypotb tical con ruction more than t· the otb r. 'rhe 
first view of the formation as re tored iu ' ectiou rna.y ' u <me t di trust 
but a con id rat.ion of the whole problent that i · pitomized in it wi ll , 
it i» conficle11tly believed, lead to it · acceptance a a reasouable ·ouclu­
sion to all that precedes. 
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GEOLOGY OF THE EDWARD PLATEAU AND RIO GRAXDE PL.U 
ADJA 'EN'l' 1'0 A TIN \.ND I , \ ANTO~IO, 'IEXA . 

By ROBERT '1. HILL and T. IY AYLA::\D YA GJIA • 

INTl{ODuCTION. 

The arte ian sy tems of the astern half of Texa are numerous and 
underlie seventl large areas. 'fhe productive a.rea extend from near 
Heel Hiver, Denton County, to Del Rio on the Rio raude, and from 
near the center of the tate to the coastal i laud of tbe Tulf. ol· 
lectively they compri e a district 450 mires in length and averao·ino· 300 
miles in widtlJ. It i · doubth1l if there has been anywhere a more 
remarkable development of arte ian wells iu th la t teu year · than 
in thi s region. At num rous places copiou tlows of water have be u 
obtained, and di trict which a few year ago had only inadequate . np· 
plie now po e s arte ian wells furnishing water in large qnantitie to 
citie:, ranche , and farm , improving the l1ygienic condition and yield­
ing water for the stock raising, agricultural, manufacturing, and trans­
portation ind u trie . 

Th arte ian w ll of the a t rn h~tlf of Texas belong to ·everal di -
tinct . y tern ' the t erm sy tern in ·lnding all well having their ource 
in tl1 t of rock he t or . trata. It would rcquir n large ol­

ariou arte iau y t m . In the Creta­
ceon formations alon th r ar no fewer than fi e, and two of the e­
tb Travis Peak or "YVaco, n.ud the Edward ·'-receiv con ideration in 
thi pal r. It i e pecin.lly prOJ:)O d to xplaiu a · w 11 a po ible the 
prin ipl . of the upply of the nrt ian belt uppliecl by tbe Edward 
y tern and the pwbability of ucce:s or fa.ilure of well' unk in differeut 

pa.rt f it arPa. 
Within t lJC l a~t two decades num rou ' a,rte ian w ll have been drilled 

in th vicinity of an utonio, 'fexa , aud for many year the 'ource of 
tbe water ba been a matt r ofp rplexity. nfortunately it has not been 
within our {ow r to cure <tccurate log of these well ~L companied 
by pecim n , or even to a ertain with accuracy the number a.nd lo a­
tiou of th well , or to collect other e entia! data of a statistical 

1 Th terms "Trn,,. is Peak ., nnd '' Edwnrits 11 are formation names used iu this paper iu place or 
"Trinity nnd•" nn<l "Caprinn limoston ,' ' hitherto employed. Tho rensons for tho employment. 
of theso new nnmes nre given on l ater pages (pp. 216, 227). 
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nature, such as tlle Government has deemed expedient to collect in 
other arte ian regions. Such fact as are herein presented have be u 
coilected iucideutally by t lle writers while making private reconnai . 
sauces or official geologic surveys in the region, and tl1rough corre­
spondence with citizenR. Accordingly, t his report is not to be ·ousid­
ered as a stati tical or engineering pap r, but rather one wllich d als 
with the o·eologic side of tile undergronnt1 water que tion. 

The source of the San Antonio water supply llas been as ertained by 
detailed studie of the structure a11d outcrop of the water-bearing 
beds in t.he adjaceut regions. A detailed map of the Au t in quad­
rangle wa made, a.nd the t llickness, equence, paleontology, mineral 
compo ition and water capacity of every portion of the Cr taceous 
section along the Colorado River were ascertained. A reconnai ance 
was next made southwestward from Au tin via Frederick buro·, Kerr­
ville, and the headwater of the Frio a11d Nueces to Fort Clark, Texas, 
for the pnrpo e of 'tndying minutely the variation of the ro ·k beets 
out ropping in that direction, which, owing to tb dire ·tion of tlleir 
dip, mu t nece sarily underlie the city of San ntonio. At the outh­
eastern end of this line detailed studies and mappiug were resumed 
upon the Nneces, Brackett, and Uvalde quadrangles. By thi method 
a ba e line of geologic ection , so t o speak, was established along the 
tr ike of the outcrov of the Lower Cretaceous formation , the ection 

at the extremities of which were determined with the greate t accuracy 
possible, while check sections have been made at numerou intervening 
points aJong the line. 

The result of th is work was the discovery that, whi1e these well water 
come from the same series of beds that upply the arte iau well of the 
Vi aco, Fort Worth, and Dallas regions north of th e Colorado their 
occurrence presents om important difference of detail. Instead of 
having their immediate source in bed of porous sand ·, l ike tbe well 
about Waco, they are derived largely from the E dwards lime tone, 
hitherto suppo eel to be one of the most impervious formations of the 
whole Cretaceou section. 

It became apparent ihat thi hi therto unappreciated water-bearing 
form ation had great po sibilities for npplying \vith either flowin g or 
nonflowing well a large area of country lying between Austin and a.u 
Antonio, extendiH g west of tlJe San Anton io I iver along the northern 
margin of the Rio Grande Plain toward the Pecos Piver, and even com­
pnsiug the extensive summit region of the Edward Plateau. 

There are also many remarkable prings iu tllat portion of the Rio 
Grande Plains and Edwards Plateau lying between t he Colorado and 
Pecos rivers, whiCh will be discussed in this paper. These belong to 
two distinct classe , each characterizing one of the geographic subdi­
visions mentioned, a nd each exhibiting a method of escape of the 
underground water of the region. One line of these springs follows 
approximately the margin of the H.io Gdtncle Plain, close to the line of 
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The ha.chufed l1ne IS the Balcones escarpment, the Edwards Plateau is to the north of It, and the R•o Grande Plain 1s to the south. 
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the railroad from Au tin to Del H.io. The oth~r cla s embraces the 
springs of. the canyon of the Edward Platea u. 

In order to understand the occnrrences of water of the au i1tonio 
system, it is neces, ary to carry iu mind: 

(1) TIJe geography of the regio n. 
(2) The simple laws of the occurrence and di tribution of nuder­

ground water. 
(3) TIJe composition, variation , aud arrangement of the rock under­

ly in g the region and a:ll'ecting the di t ribution of water. 
The geueral map (Pl. XXI ) will illu trate Ute geograph ic relations of 

the Edward Plat au to th adjacent and lower Rio Grand P lain. Tbe 
local ·. ection · and de cript ion of the form ations given in the geologi · 
portion of this paper (pp. 215-2GO) can be referr d to for all nece ary 
geologic data, such as ·tructure and variation in thicknes . 

G 0 RAPITY OF THE RE ION. 

The traveler by rail from Au tin via San Antonio to Del Rio, on the 
Rio rande, sees from the car win low two con. picuous region , each 
having it peculiar geographic feature . On the left is a gently undu­
lating plain whose margin the railroad follows. This is here termed 
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the Rio Grande Plain.' u the right is con ·tautly visible a 1 iue of low, 
circular, flat-topped bill , t lle Balcone :trp lin , \vhich repr ents the 
jagged southea ' tward front of a higher region whi h lta been call d the 
Edwards Plateau.2 'fbe R.io rande Plain, tlle Edwards lateau, a11d 
the Balcones scarp line are the chief geograph ic features of t h region. 
Broadly con idered, they are a lowla.ud plain inclinin o- g ntly oath­
eastward to the Gulf of Mexico, an upland plain rising gradually toward 
the northwest, and a rugged zone of eparation wbi •b include a quick 
a, cent from plain to plain. 

The Atlan tic and ' ulf coa t of the nited tat from t b Hud on 
to the Rio Gramle a.re margined by a broad lowland ailed the oa tal 
Plain. The portion of it lying farthest to the outhwe t is call d the 
Rio Grande P lain . One of th mor important geooTapbic clivi ion of 
tbc interior of the contineut is be reat Plain . It. mo t south rly 
divi iou.i the Edward Plateau. Farther north th ' oa tal Plain aud 
the Great Plaius lie far apart the l\fissis ippi all y and the ppala­
cbian belt and oth r o·eogmpllic provin s beiuo- included b tw en 
t llem; but ouLbwardtl1eycuuv rg ,:finallymeetingin . onth mT xa 
o that the Rio Grande lain aud 'the Edwards Plat au lie id by ide. 

RIO GRANDE PLAIN. 

In hap tbi plain i au irreguJar quadrilateral with angles turned 
toward the four cardinal point . On the nortbwe t, as ju t tated, tlle 
Balcones carp liM eparates it from the E il.ward Plateau. On the 
southeast it i bounded by the Gulf of Mexico, and on tll nortlJea t 
it i arbitrarily limited by the Colorado River. On the outhwe tit i 
limited by tbe fo1ded mountain of ~lexlco wbi ·11 lie beyon l LlH~ t1olley 
of the Rio Grande. It al o end a tongue for many mile up the Rio 
Grande. 

The plain' ·· drainage, which follow the general lope from northw t 
to ontbea t, include the Nuece. , San Antonio, and Guadalupe riv r 
aou their branches, bef:ide variou minor treams which join the Rio 
Grande and Colorado or enter the Gulf direct. · 

As compared with the adjacent plateau and mountain r gions, its 
characteii tic topograpbic featur is a low reli f, but it urface is 
broken by occa iooal undulation and in place. by hill !'! of con iderable 
height. Some of. the e are the low carp lines of drainage valle.) ; 
others, like the Dos Hermanos Hills of Webb County, are buttes 
capped by limestone; others, like Pilot Knob, in Travis County, are 
old volcanic necks; Pinto, Las Mora , Turkey, and Elm mountain , in 
Kinney County, are butte composed below of sedimentary rocks and 
above of cap. of igneous rock; Sulphur Peak and Fort luge, in Uvalde 

'The indentation of this plain up the lUo Grande bas been called t he " Rio Grande Embayment" 
by Rill: Bull. Geol. Soc. America, Vol. ill, 1891, p. 93. 

2 Rill, ibid. , p . 90. 
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County, are masses of solid basalt (see P l. XXII) ; the .A.nacacho Hills, 
extending ea t and west in southern Kinney County and constituting 
tbe most rugose part of the plain, are of still another type, con isting 
of a monoclinal plateau, or cue ta, sloping southward and pre entiug a 
teep carp to the north . (See geologic profile, fig. 66, p. 260.) 
The eastern part of tl.le plain belong climatically to the humid and 

subhumid regions; the western part, to the arid. The fertile "black 
land " occupy large area a far onth west a an .A.ntouio ; but con­
tinuou cultivation is limited by increasing aridity west of Bexar 
County. The plain as a whole i mostly grazing land, and upports 
one of tlJe greatest tock-rai ing indo tries of the United State . San 
Antonio i it comn1ercial center. 

In pas ·iug we tward from comparative humidity to aridity there is 
a cone pondi ng decrea e in the dep th and ricbne of the residua,! 
soil.' . Soils derived from certain geologic formations which in the 
Black Prairie 1 and ea tern Texas timber regions are fertile l1ere bee me 
progre sively more terile and banen, and are impregnated or coated 
with a pectlliar calcar ou incru tation known in tlJe Soutbwe t a 
"tierra blan ·a " or ' tepetate." 

Much of t he region i · covered by the peculiar flora known as chapar­
ral, cou i ting of a thoruy growth of many species of scrubby acacia -
mesquite g·uaxillo, and bui atche-betw en which i an undergrowth 
of cactu ·, e. pecially the large Opuntia known as nopal. For this rea· 
on the region is sometime called the clJapa,rral country." There are 

also tretcbe of open pra.irie covered by nutritious gr<t se . 
It is uot within the provin ·e of the pre cut paper to deal with the 

plain in it entiretJ, but only with a trip along its we teru margin not 
exceeding 30 mile · wide a belt underlain by the Cretaceous formations. 

BALCONES SCARP LINE. 

The Balcone carp line i the frayed and ragged coa tward border 
of the Ed ward Plate~H1 . From the mor open and level lower country 
it appear a a harp liue of timber-covered hill , and t lJ e e are univer-
ally called mountain ' uy the people of the region.2 It commences 

n ar tbe northern line of Travis County and continue a little outh of 
we t, through Travi , - ay , Coma!, Bexar, Medina, Uvalde, and Kin­
ney, to alverd ' ounty wh r it meets the Rio Grande. Near Aus­
tin it hi gbe t nmmit are about 400 ii et above the margin of tbe lower 
plain· in valde Oouu t.), 11early 1,000 feet. 

' 'l 'b " Blnck Prairie " r gion is Lbnt underlain by tbe oft pp r Cretaceous chalky limestones nnd 
marl y clays, wbero there is onsiderable rainfall. It omprises tho r ichest ngrioulturnl lands of tbe 
S~ate. The it.ies of A.ustiu and Dnlla.s are situRte<l near its w tern margin; Terrell and Corsicana 
nr ncar its enstem margin. 

' A s ingu lar fn tin r.be progres h' e cartography of our country is thn.t notrvithstancling the con pic· 
nonsness of tho llnlooncs sca rp litre na a topographi feature anti that it WllS shown npou all tb mother 
tna}>d f tho re.~tion, snob ns those made by Dartloss, Roemer, n.ud J'. De Cordo,,ns (J'. H. Colton & Co., 
New York) , it IHU! ben ornitted fro111 Lhe more r cent maps. 
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The drainage tlow directly aero the scarp line and bas ut great 
canyon backward into the Edward Plateau. 'rbe depth and precip­
itous character of the e iucreas in the str am uccessively encoun­
tered as one goe. westward. The portions of these tream lying 
within the area of the plateau before they cross the fault line 
have cut their channel approximately down to the level of the Rio 
Grande Plain. Their bocas 1 in many place cut the scarp line into a 
serie of tongue-like alient projecting toward the plain, and tb line 
is further diver ified by plateau r :nnant in the form of outlying 
butte . Tb position of t he carp i determined by a complex di loca­
tion of the rocks the Balcone fault, which will be described in a sub­
sequent section (p. 258). 

EDWARDS PLATEAU. 

The Llano Estacado and the Ed war l Plateau together con titute 
in Texas the Plateau of the lain . This lies within th area inclosed 
by the Canadian on th north, the Pecos River on the west, the Bal­
cone e carpment on th outh and onthea t, and an irr gular lin of 
carp a]ong the headwater of the eastward-flowing drainage or the 

Colorado, Brazos, ·and Red river of Texa . The general outline of 
thi area iH hO\Tn in the accompanying pbotogTaph of a mod 1, Pl. 
XXIII. It i over 500 miles in length and in places 2 0 miles broad. 
It i a va t quadrangular me a, nrrounded on all sides by de cending 
escarpments. In its horizontal geologic stru tnre and it relatiou to 
the urroundiug region it may be broadly compared to a book laid 
upon a table and very 'lightly tilted or rai d at o11e end. Its com­
ponent strata are almost as parallel and regular as the leave of the 
volume. Wbile its central portion till pre ent a general level, its bor­
ders are cut by headwater ero ion into a fringe of projecting drainage 
divide accompanied by many r mnantal buttes and me a bowing 
the great erosion by which the plat-eau ha been and i being gradually 
etched away. It ea tern margin in particular ha been gr atly reduced 
by this proce ~. 

The Llano Estacado and Ed ward Plateau merge into each other 
along the c ntral portion of the summit of the greater plat au and 
there is no known line of demarcation between them. There i a great 
difference between the characters of their surface, their soils, and the 
underlying geologic strata, wtich collectively gives to each of the two 
regions a distinct character. The oil and underlying rock of the 
Llano Estacado consi t of no indurated loams marls, and sand . Hardly 
a tone of building size can be found in its broad extent. ·The Edwards 
Plateau is in part a rough lime toue country, resembling in some 
respect the we tern margin of the limestone cour:ttry of the Grand 

1 Boca, a Spanish topographic term, used to indicate tho mouth of a canyon valley wheroit dohOJlOhea 
on a plain. Example, Boca del Ag11a , .Jnmaico, corrupted b_y the En"lish into "Bog Walk. " 
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Prairie region ( ee P l. XXIII), with which its rocks are geologically 
identical. The hard Cretaceou.' rocks of the plateau partially underlie 
the Tertiary formation &f the Llano Estacado, and it is probable that 
the latter have been eroded from the plateau. 

It is in the latitude of Upton and 1\'lidla.nd counties, or a little north 
of the thirty-fir t parallel, tbat the bard rock of the Edwards Plateau 
be ·orne covered by the marls and ·ands of t he Llano E tacado, and it 
is here that the line between them is provisionally lrawn while awaiting 
fill' her explqration. In these countie$ the narrowest width of the 
whole p lateau is found . 

The Edwards P latea,u occupie nearly the whole of the ouuties of 
Crockett, Valverde, Edwa.rds, Sutton, Schleicher, Kimble, Kerr Ban­
dera, Gillespie, Kendall, and Bla1tco, and about one-half of th ouuties 
of Crane, Upton, Tom Greeu, Irion, Concho, Menard, Travi , Hay , 
Comal Bexar, Medina, valde, and Kinney. The northeastern and 
we tern l.Jonndarie are cliffs du to erosion. 'rhe uortbea tern over­
look a broad denuded a.rea 'traver eel by the olorado River and it ' 
tributarie . The we teru margi11 the Peco Valley, which at the north 
i a.n opeu plain aud at the south a canyon. Beyond the Pe o, are 
folded mountain , but in the region of the cauyon the ·e are eparated 
from the riv r by a broad plateau imilar in type to the Ed ward . 

The outh a tern boundary is also a cliff, the Balcone carp, but a 
already tated, was primarily determined by eli location rather than 
ero ion . The mam water-parting lies near tb we tern edge, and the 
greater part of the plateau is drained by tream running ea tward and 
southeastward. Tbe e have cut de p canyon, , dividing it margi,ual 
portions into long, uarrow tongues. 'Ibe drainage we tward to the 
Pecos bas accompli bed only a moderate amount of ero ion, o that 
th w ~tern clifl' is ·OUl]JaraLi ly !:! imp! i u con tour. 

Th part of tb plateau which ba been mo t thorough ly tudied and 
with whi h thi r p rt i ' more p eially one rned i th ea tem and 
outhern, the portion adjoin in 0' be oloratlo Yalley and the Rio Grande 

Plain. The nha.racteristic of th' plateau are mo t trongly impres eel 
ontl1eob rv rwho nter itfrom t heRio ,-randePlaiu,forinceo sing 
the Bal ne line be xperi nee a uddeu a.11d complete hauge of 
ceu ry, with a companying cltange in floral, geologic, and cultural 

conditions. In t a.d of long, wide weep of prairie, void of sltarp 
relief, he finds a region of steep canyon and sloping bill ides. The 
monotony of d ep and dusty oil i, repla d by alternate outcrop of 
c~ am- olored rock and marl · occurring in long, continuou -, and hori­
zontal line of tratitication . A deciduou flora suddenly appear. in 
the ·anyon valley, , r I lacing the miarid chaparral. R.ivers offiowin"' 
wat r, fring d by fore t , replace th dry and tony stream way of the 
plain, the mere trace of whiclt i ofteu lo tin time · of drougltt, and tbey 
now become fi ·eel feature of th land cape, boxed in with . teep-walled 
canyonH. Rugged evergreen hill ucceed the long tretches of low 
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undula iug land with the yellow-browu adobe soils. ome of the beds 
of stratification compo ing the eanyon walls a•·e ba.rr n of foliage; 
others are occupied by the dark evergreen shrub , juniper 1.111d Sophora, 
extending· like garland' around the brows of the circular hill . With 
the increa itw altitude the air .become more exhilarating and tlte heat 
of the day is temper d by cooler nights. 

The .Edward Plateau, like the wltole of the great plateau of which 
it is a part, pre ent three simple topograpbi · element - (1) the fiat­
topped umruit of tb deeaying plat au,(-) tlte break ·• or 1 p of it 
crennlated. uorders and canyoued vall ys, (3) the str am way<. In loca,l 
parlance the main summit regiou i called the "divide,' the margina,l 
breaks and di ·connected me a · the ''mountains,' apd the stream way 
are mostly "rivers." 

Th su'mm_it of the plateau i reached by ascending th long anyon 
of the streams and pa ing out upon it t.hrough their draw ' or 
caletas.2 Like that of the Llano Estacado, it is flat and void of on­
stant-ruuuing stream . 'rher are a t w ·shallow, pondlike d pres .. ion 
or "sink , which occa ion ally cont~tin water imm diately after rainfall. 
In general i t i covered with a thick growth of nutrition gra ·sand i 
without fore t. Here and here, however, may be eo tbi k patch 
of crnb. live oak, known a ' shin oak ," growing in d n ·e patcbe 
called ' sbiun ries." For mile anil mile th l vel, gra -covered plain 
stretches before the eye like a great ea, the vi w brok n only at long 
interval by the tall shaft of a raochmau windmill, ri ing like the sa.il 
of a lonely ve el on the level ea. This summit r gion has an aUitude 
of bout 2,400 feet iu the northern edge of Edward. County, gradually 
ri ing, with an a cent of about 4-2- fe t per mile to the we t and north­
we. t and falling at the ame rate toward tb ea t. 

In the dissected bord r of the plateau are hundred of remuanta.l 
butte or bills, like Mount Bonuel and Lone '.rree Mountain, n ar Au · 
tin, and Round [ountaiu, in northwe tern valde County (Pl. ~ IV). 
Standing upon oue of these bill , one can s e that its horizontal layers 
of rock once extended aero the valleys to tbe opposing bluffi and 
ummits and realize that the valley have been cut out of tlte on 

continuou rock :sheets. The major tream ways have eroded their wide 
va.Bey below the ummit level, o that the urface of the old plateau 
is preserved only in the divides. 

Ultimately the headwaters of the streams will all meet and the «en­
eral'summit level will be cut into innumerable buttes and me as, like 

'This expressh·e term, denoting the cUff Tllilrgin of an upland plain .vhere It breaks away to a 
lower plain or valley, bua not yet fonnd its way into the dictionaries, but is in commou use in many 
dis~icts of the far West. 

'Fl:om the pllllisb. This is a useful word for the ultimate and smallest bendwuter ramification of 
a lateral stream . It is synon.vmous with the term "draw," used in t.loe middle plains region of the 
United States, the "coult.e" of :hlontaon, and •· drain" as ns <1 in Colorado. In this paper tbe looal 
topogra'J'bic nomenclature of panisb-America will frocptently be used. 'l'bis loas been Rot forth in a 
paper entitled Descriptive topographic terms of Spanish-America: Nat. Geeg. Mag., eptember, 1896, 
Voi. VU. 
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those now found along its border. T.hese in turn will be planed d wu 
to lower and lower levels. By this process many layers of rock have 
been tripped from t he plateau iu the past, as others will be in the future. 

The present plateau summit exi t becau e of the superior hardness 
and the capacity for resisting ero ion of the rock sheet that caps it. 
This cap rock i the Edward lime tone. 1 It not only everywhere con­
stitute the ummit , but gives character to all the sw·rounding scarps 
and hills. The bed · which originally overlay it were comparatively 
soft and yielding, a.nd have almo t completely di appeared . 

The tream of the plateau have important bearing upon the ques­
tion of underground water, and a they con titute a group of rivers 
characteri tic of a larg r gion in Texas, they are well worth the 
erious attention of tho e intere ted in the economic and geographic 

problem discu ed in this paper. 
TIJe Rio Frio will be de cribed a a type of tiJe river flowing 

tiJrough the outhern margin of the plateau . From wher it pas es 
out of the plateaL1 onto the Rio Grande Plain, just north of the South­
ern Pacific Railroad, for fully 50 miles toward it mouth its bed is a 
hallow n ually waterle s tream way meandering aero the gravel­

covered country. Flowing water i u ually found iu this portion of its 

d 
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FIG. 54.-Dian-rammatic profile acros the outhern margin of the Edwards Plateau, in Edwards aud 
Kinney counli s . hows the coast1~arcl margi n of the plateau rocled into butte . a, b, o, summits 
of Edwards Plateau ; d, Ealcou fault ; e, Rio Grande Plain. a- e 'ueces River. 

cow· · uly during short int rval of time, immediately ucce ding 
p riod tr am ' a · i h re a trivial topographic 
featur , forming only a hallow ind ntation below the general le l of 
tb ountry, aud ldom po in.,. t eply carp d canyon wall . 
Low r d Wll it our b fore it finally nnite with orne oth r drainage 
way living water may r app ar, but not \vi thin the r gion tr a ted of in 
tbi pal r. 

ortb of th railroad tb t1· am emer.,. from a bo a (like that seen 
in P l. .. 7X ) of th alcon arpment, and till farther northward it 
trav r a c< nyon f th plateau . In thi canyon tb tJ·eam way is 
in th bottom of a flat vall y .fill d with an ient gravel depo its and 
bord r d on a h ide by hi.,.h bluffi of tratifi d lim tone. In it::; 
low r portion the valle averag '"'mile in width and contains orne 
fairly g d agricultul'alland . Entering th canyon, ~he road follow 
the dry, . tony tream b d a bort di tau e befor fl.owin.,. water i 
ncounter d. i artb r up th tream running wat r ao·ain cea e and 

th dr b d again app ars. Iu tbi manner tb continuity of the river 
is interrut t d aud it bed i · broken up iuto alternation of dry and 

227. 
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water d egm at . In the flowing egm nt are cl ar and wift bodies 
of water, supplying a much a 1 000 gl'tllons per minut and ·ompe­
tent to irrigate many acr of land. 

Wide, flat-bottomed canyons of tlli type continu from tho Balcon 
scarp line via Va.n Pelt and L akey to th "water bole' n ar th head 
of the West Fork, and the numb r of priug. and quantity f living 
water progre ively increa e in that dir ction. Above th b adwater 
' hole' a different type of canyon set in and perrnan nt wat r c a 
The fall or gradient of t he meandering tream way iu tb canyon i 
about 23 feet per mile in tb l'luece, , and i probably the ame in th 
Frio. The fall of the l>ottom of the cR.nyon, without con id ring tlte 
tream meanderings, i about 60 feet per mile. 

The carps which make the outer bord r of th e flat-bottomed val ­
leys are nearly alway te p u ually on, i -ting of alternation of 
bluff' , bencbe an 1. • lopes corr ponding with th l10rizontal lin of 
stratification and giving to the laud cap a terra d topography. 
Between th widely eparated e carpm nt wall are the broad, l vel 
se ond bottoms, standing some 50 feet above the 1 vel of the pre ent 
stream way . These bottoms con i t of an alluvial depo it (the valle 
formation ) and record a peculiar vent in the hi tory of the r gion­
an event to be di en sed in ub, eq uent page . 

Nearly all the livino· or perennial water of th tr am way CUI" in 
the flat-bottom d anyon , and they ar tlr s at of tL lri f agricul­
tural popula.tion of the region. The bed of their trearn wa are 
usually compo. d either of the mooth nrface of orne ltorizoutal lilll -
tone tratum, ov r which the water may fl w for a gr at di . tan or 

of clean-wa bed fliut and lime tone bowlder often bl ach d to a 
chalky white color in the glaring un hine. 

In place the waters make witle and deep pools bavino· th JH' ·ulittr 
light ea-green color cbaracteri tic of all th ,·prinu riY r l>reaking 
from the Cretaceou lime tone of outhwe t T xa . El where they 
flow for long distances over a single tratum of l10rizontal lime tone. 
In the latter ca e the water spread out in a thin lre t onl an in It or 
two in depth and sometime 100 feet wide. 

It i almo t impossible for the traveler who has e n the continuation 
of thi same tream in the dry region of the Rio Grande Plain tore og­
nize it in the l>eautiful flowing river now b fore him. F re t of a b 
pecan, and elm fill the valley, while gigantic cypre es border the wat r. 
If he . hould chance upon one of these water bole without having 
traced the continuity of the tream cour e, be would believe that lr 
stood upon the banks of a large and continuously flowing river. Be 
would oon find, however, that after flowing a hort distance the water 
wonld disappear, either by ab orption into the bed of the gravel-filled 
stream way or tbrongh fi ure in the solid underbed. The e running 
water holes are constant, and do not depend upon the local rains, but 
are upplied by perennial springs draining the rocks underlying the 
plateau. 
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RIO GRANDE CANYON AND BOCA OF PECOS CANYON . 

The bluH 1n the foreground is covered w 1th a tufaceous 1ncrustat1on- te petate 
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Above tLe. prings at the head of tbe flat-bottomed Yalleys the lime­
stone blu ffi become more vertical and close iu toward each other, 
chnn rr in g t he cro. proftJe of the canyon from U-.' ll a.pe to V- hape. In 
thi , which may be called t lJe cataract portion of th e ·tream war, t he 
gradi ut i ' much st eper, ranging from 100 to 300 feet per mile. H ere 
th e , tream way carrie no water except in time of flood, but therr it 
is a, series of cataracts leaping from one stratification plane c1 owu to 
anotuer. The cataract portiou of the t rea nr way is usually t hrough 
the UPI er part of tlte Edwards limestone, t he rock w hi ch mal;:e - t.he 
scarp rock or mesa edge of tue plateau. The flat sum mit, or ''d ivide," 
is fin<tlly r acbed after lim bing th e r ough a nd rocky lope·; and here 
th e drainage is repre. en ted ouly by a f w 1 ng shallow caleta . 

In re umc, eaclr of t h e tream course · may be aiel to present four 
well-marked aspect : (1) tbe summi caletas, or draws; (2) the catnract 
portion , where t hey plunge from the summit through V-shaped ca nyons 
(tijera. ) 1 to t he fl at-bottom ed canyons; (3) t he fta -bot tomed canyons 
(plaza ) a nd (4) t he cont inuation of the dry stream b d acros t he lower 
pl ain. 

Tlw caletas a nd upper canyons are u ua lly dry and wa,terless arroyos 
except iu t ime of torm . Tbe :fiat-uottomed canyons contain permanent 
pools of flo win o· water, feel by prin g , and ou th e lower plain th e nm­
ning ·water di appear entirely or for a co 11 iderable el i tance. 

Tl! e chief lateral of tb se major canyon of the plateau are a.lso 
pe 'Llliar and con ist entirely of dry arroyos: carving tLe marginal C<tn ­
yon walls into thou ands of entrant an d. reentrant curves, prodnciug 
circula.r, flat-topped hill , with lopes composed of alternations of mall 
scarp and minor lope . Towa,n l t heir heads these lateral ometimes 
expanrl i11to amphirheatr al basin , from which minor laterals 1·amify in 
palmat arrang ru nt. T he. 'ba in ar · cov r cl with th wa h oil of 
tl1 adja n t hill i I , and ar loca,lly know·n a ' ' gra vall y . · o 
ven ly is th drbri att r d v r th m t hat it i often di ffi ul t to 

t rac he .-tr run way. ater i fo und in 1J e hLterals for only a few 
minnt or h ur aft r each ordi 11 ary torm, a nd i e\·al orated or 
imbibed befor rea bing t h main t ream, bnt in t im of sudden and 
v r·y h avy londbnr t rainfall b y carr g igantic a,nd dangeron tor­
r nt. . Ea ' h torr nt mov th "wa ·h '' of th e land a t p near r the 
major ~tr am way , and roll · b gravel in t l! o b d of tlre la ter ornrarcl 
towar l the low r ou ntry of the Rio rand e P lain . Thn . it i that au 
int rmitt ' nt r ;;un of gravel is an<llJas been for a long ime grad uall y 
fl win "' away fr m t he E dward Plateau and preading- over the l~io 
Grand P la in. 

Tlr r are ma ny in ter tiu o- ca v rn in the E dward Plateau, and 
in asmn h ll.' their o · UIT nee tog tber wit lr the g ueeal qne tion of 
li m ton lu tio.n , hn great bearin rr upo n th e di stribntiou of nntler ­
g-rouud water, it i :-. ent ia t that t hey be bri ,fl y m nti oned. They are 

1 A V -ahnp U can.yon, J'rom the SJ1:tni:-;h for sciksors. 
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of three g nernl type : (1) small cavities within individual lim stone 
trata., giviug them wllat is locally term d a boney omb d strn ·tnrc; 

(2) open cav m o urring in certain bluff fa e alon · th tr am val­
ley · (3 ) underground cavern of vast extent eli solved out of lll<ll1Y 
strata. One. of the latter cla o ·cur~ in Edward County ml<l mn,y be 
taken a a type (Pl. XX\ I ). It is situat <1 ju t w st of tlt 1\l K nzie 
trail, about G mile nortbw ·stof llillcoat' rn11 ·b. T.ll utran e i. 11 a,r 
tb snmmit of an o al, coni al butte. There esse., a.pparently under­
minin o· tbe \Ybole of the ltill , ar longat d ·bamber having cro s · , -
tious shaped like Xormau a.rch . l 'be total depth from tb ntrau e 
to the bottom, a far as explored b th writer,., i O\ er 140 ~ t. Th 
many chamb I'S ar lined with talactite · a.nu tn.Jagmitc of gr at 
bP-auty anc.l variety of form and tbey are n arly dr , only a littl e. \rater 
being found at th loll'e t depths. The 111 tbod of ro(·k oluti n l1 re 
sho\Yll is especially iuter sting to student ' of und l' 0 Touud water a it 
gives au in ight into th e relateu problem ' cliscu, d in ln.t r pag s of 
tltis paper. Other caverns of a similar natur exi t in n :otrly all th 
cotmties embraced within the area of the plat au, I eciall in llay , 
Blanco Medina, and Bexar countie" . 

The fiora of the Ed wnrds P lateau pre ent many pecuJiar ariation 
from that of the adjac ut reu·ious e pe ·ially the I io Grand Plain . It 
show three di tinct p!Ja es viz: tbe ph a e of t l1e tream bottom, that 
of the break and that of the ummit. Tb low alluvium-tilled valley 
of the river preseut ·onditions of loo e . il and COil ·tant moisture 
favorabl e to the growth of tree ·; henc nanow ribbon of fore t are 
found along tbe stream and extending up into the emiaricl reaiou , f~tr 
we t, of the limit of the upla11d forests of tb humid region fl.n(l di -
ociated from h m. The e embrace man y pecie' uch a tb lrn 

che tnut oa.k \Talnut, ycamore, cypres , live oak and pe au . Tb 
live oaks aud pecaus attain great size and ueauty. The occurren · of 
tl.Je cypress i ' a peculiar anomaly . Thi, tree which ordinarily grow 
only in the wamp and bayou of the low ubcoa tal region , attain 
an enormou ize at the edge of the deeper hole n ar t!J e beads of per­
manent water of the Pedernales, Blanco, au ilarco uaualn1 , 

ypre s Onion 'reek, and other stream . Tb e localitie ar> at alti ­
tudes from 1 000 to 1,750 feet above th ea, lmndred of mi le w t f 
tlte great cypre ' ·wamp of the a ·tern ti r of Texan counti ' itll 
wlrich they have no po ible continuity. We have 110t noticed tl1e 
cypre s, Jio,>·ever iu the uece , whic·b flow from th till more arid 
we tern edge of the outh side of the plateau although the other tr<'e 
usual ly accompanyino· it gTO\Y at Kickapoo water bole a large and a 
luxuriantly a el ewhere. 'Ibe e ribbons of valley fore t 11ea.r the 
headwaters of tlJe ueces and Frio terminate with the southern edg 
of the Edwards P lateau, practically cea iDg at the margin of the Hio 
Grande P lain, ann have no conuectious\vith any other forest reg~iou 
wbate,·er. Accompanying tbem are numerous ferns, maidenhair and 
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other delicate species, all plauts req uirin g cont inuous moisture, wh ile 
even tbe familiar mullein and J ame town weed occur. This tlora of 
t he valley i of intt:rest, inasmuch as it i a modifi ed repre entative of 
that of tlte great Atlantic t imber belt, occurring as an isolated outli er 
in the semiarid region , preserved anu 11urtured in these vall ey by the 
pre -euce (due to geologic causes) of water and oil. 

·while the valley support thi modified flora of the humid region, 
tbe rocky lopes of the break between the treams an d the summit 
present another group of vegetation-. hrubby trees wh ich prefer t lJ e 
cr vices of rocl·s, or small . crubby plant which develop large, trong, 
and \J ear ty root , out of proportion to the size of t he growth above 
ground. Tbe e plants are fo und along the ledges of lim tone wher. 
ever tlJeir r oot can find a holrl , or 0 11 the almost soille s outcrop of 
th e in tcrstratified chalky marls . Among th em are dw·arf oak , the 
piilon Sophora., an d mountain j nni per, which seem to prefer to follow 
the ledge of loo ely .i ointed rock, be. ides many coriaceous perenni a,J s, 
includin g the aga ri ta (Berberis)1 and the eastern yucca. There are 
a! o many small pecies of Oom1 o it re, Liliacere th e wild popJ)Y (A r_qe­
mone me.ricana ), and other plants gr wing on these slope . 

W st of t he Frio, in the br ak of the soutll ncl of the .Edwards 
Plateau , where t he rock are hotter and more arid than to the ea t­
ward, t he remarkable an d unique resurrection flora of the limestone 
mountains of Mexico i , found . Thi is characterized by plants g1·owing 
upon the hot and terile rock , aucl adapted to irregular ra.iofall , loug 
drought and . carcity of soil by their thick, cor iaceou parts, whicll 
ordi narily look dry and dead, but 'yhich ra.pidly unfold aud revi ve a fter 
a rain, taking advanta.ge of every drop of rainfall in order to store 
snffici nt moi hue to enahl t h ' In to nrvi ve the lon er period ' of in ter­
v ning· dron ·l.lt. Ev u t lt · f rn mo elao·iu ella , and ki ndred 
pln,nt whi ·h ordinar il y onstitute our id al of deli ate and teuder 
h roag , have in t lt i r g-ion a t bi k, leathery texture. Ou th e almo~t 
barren nrfac of t h ro k grow tlt melon -shaped, etlible cactu. ­
t it d vii 

in pro euin g we twa.rd aero Texa or 
northward aero Rio Grand e Plai n from M xico, ne m et' the 
pe uliar pla11t (agav and yucca ) which become o marked a feature 
farther WC ' tward, t.lt • errat d sotol wi th its flower talk ri ·in o· to a. 
b iglJ t of 15 feet· th da gg r-li ke 1 cJJU cr uiJla or ixtle plant, and everal 
p ie of yucca. no t n farther ea twarcl. 
Th flora of the nmmit of tbe plat au i radi cally diffi rent from that 

of t it br ak r of t lt alle All trace of hrnbs or tr s eli appears, 
av It er a.nd t.here a patch of shin oak and dwarf vergr ens, and in 

time of v nhue the ye bel1 0ld a.pparently a. n v r-ending ea of gra.s , 

1In th l<iw r lop•·•, n.rouncl tho he1tdwaters of the Frio (Fdo wn,tor hole), t ho \\'Titers last year 
di sco,•ored a lnrg nrcn of thtl rdibl .7JcrbeJ·is swaseyi Buckl y. n, s pecies whi It 'oulte r sa,,· in his 
Flom .>f \Y st ' l'oxn i ~ kuown on ly from t.h ~ cn nyous of th Poderunlia. Tho fruit of t hi plant is a 
lnrgo otliblo l>erry well worthy of ullii"Ettiou . " 7o h ave DO\' r aeon i t el where. 
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through which appear many uright-colored !low rs. T hi . is tl r > Ro ttt-h­
ern n<l or th flora of t h C:r at P lains TCgion whi. 'u ·ontinuc. far 
nor·thward. 

Al th ough .ther is much agriculture iu th wide ~ r t il e pla11a canyon 
valley. indenhn"' the pla.t a.u, especially iu Blanco ille pi' 'omal, 
ancl Kendall con uti s the I pc and summit ·on ti uting tlr - larger 
part of the area. ar uot adapted to agri ultur owing to t h r ·ky 
character of the oil, tb mia,ridity of t lr country nncl the impo. si· 
bility of irrigation. o li ttl ar tb y fltt d for agricultnr that th 
e ·tent of the ummit of the Ed,-.;-ar-1 · Platean can allll ·t b t nt •ed 
upon the map by the car ity of po t-offic t> and o~;bcr vidouc .· of 
population. They con titutc ho11' e' r, o-ood gm:1. ing ountry nnd . up­
port many large sheep a,nd cattl' ranche . 

The rock of tbeenrth form fo yst rn of 1rntnral work. b wbi ·h water 
is colic ·ted tor d, and <li ribut d. 'l'be · n. itHt th ba in · r '· 
ervoirs, conduit and other p rtion .· of tire plan for retainino- and dis­
tributing underground wa.ter. 

Tbe de.tail ' of natural waterworks diff' r in ditl' ren pia" ' in th 
same way that tbe lctail of artificial .y t rns di~ r in differen t plant , 
but the eli tribution in both i , gnv med by the ommon principl .- of 
hydrostatics. The efficiency of a 11atural y tem .is clet rmiu d by the 
texture of th rock and the geologi • tructm of tll r gio11, . o t hat 
an under. tanding of the availability of und rg r und wat r in auy r gion 
uece . itates a knowledg of the el m utary ()' ology of that region. 

It i neither conYcnient nor ad i able lJ l' to dis ·u s minutely t;lre 
source ;;torage, and di tribution of und ,, round wa.ter, but in. ord r 
that the nbject may be understood we lrall give a brief xplanation 
of the elementary principle goveruino- it oc urrenc . 

(1) Tbe primary our ·e of all underground water i. tlre rainfall. 
(2) Rock. imbibe water. Imbibition may tak place by per ohLtion 

a11dbyabsorption . By1r rcolationi meantth proc bywhichwat r 
proceed through caviti , crack , :fi. nre or other break in th n­
tinuity of the uuderlying ro ·k . Ab orp ion take plac wllen wat r 
eutor the. mall i nter tice of the ro k. 

(:3) Water can flow in rock , aud tbe mpidity f tlri fl w i · kn wn 
as the capacity fortran. mi · ion . 

(4) Di1l'erent kiudR of rock l1ave differ nt capadties for imbibin o· and 
tran . mitting wat r. The e ca.pacitie, are no t proportional to 011 
a11o.tber but vary i IIClependently according to th kind of rock. 

(5) All water cnterin o· the earth t 'nds to gravitate downward along 
lines of lea ·t re istance (ea iest tra1rsmi ion ). 

(6) The only ordi nary age ncy by which rock heets may be 1r atural ly 
urainecl of thei r '-vater is gravity. Gravity clrai nH"'e may lJe of two 
kinds, tlirect or arte.- ian . (a) Direct drainage is t;ll at by which water 
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EDWARDS PLATEAU AND PECOS CANYON AT THE SOUTHERN PAC IFIC RAILROAD BR IDGE . 

Toe canyon has been cut into the Edwards li mestone . 
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escapes a t the bottom of n. hydrostatic column. If beets, b e<l s, or 
ron.·. es of rock containin g water be cnt into by a well-hole, n. ditch, ero­
sion, or oth er mean . , to a lower level than that at which the water entered, 
all t he water contained in t h e rock above the level of the incision will 
be drained from the rocks by the imple proce of eepage, ju t as 
water e capes from t h e bottom of a moi t pouge or from t l1 e faucet at 
tbe bottom of a barrel. T hi is the method by whi ch water occurs in 
ordinary nonartesian or dug wells, and iu. eepage , pring o frequently 
found a lou g t he low-bank of ri \7er. , valleys, or other natural inci ions 
into th e stra.tn. Modern agrieul tural fi ld subclrainage der)ends upon 
the same princi pl e. (b) Artesia11 drainage is that in whicl1 the water 
ri se - above or escape from a level higher tb ~tu the bot tom of th e hydro-

tatic column . T he imple ·t illustration of hi principle i the equi ­
libr ium main tained by water in the two limbs of a U-sha1 ed tu be. 
Water ft·om bi o·Jt reservoirs arried by pipes to th e upper torie of 
building aL·o illu. tntte · t hi princip le. Artesian water will not rise 
hi gh r than its h ead or ource, and it maximum pres ure varie with 
the d iffer nee betw en the altitude of the head a nd that of the out let . 

vY<tter which fall s upou tlJe surface of the el.1.r th a rain i d isposed of 
by ·urface r un -off, by evaporation aud by absorption in to the u nderly­
in g rock . The water formin g the run-off pas e over t h e urface to form 
stream and la kes ; t bat which i evaporated. pas, es again into the 
atmo,.,pbere; t he remainder s inks below the line of evaporation into 
tb rock mas be ueatb, upplying wells and pri n o·s. Th water of the 
Ja t clas. forms t h e subject of th i pap L 

CAPACITY OF ROCKS FOR ABSORBING MOISTUR E . 

Ho ks of op n t xtur , u ·h a.s loo. . and ' a11d sand tone gravels, 
and ·ha lk ha,· a pongclik capacity for imbibing water. Water 
pour d upon ,·a nd will quickly di app ar by imbibition. U we wish 
to filter water w run it throu gh bed:-; of and or Ta,rel. Bri ks a re 
prinkl d befor th y ar put into buildings, and th y absorb from 

20 to GO 1> r cent of th ir weiO'll t of wn.t r . n tb otl.ler hand, if one 
wh;lte · to sl1 d 'vat r or otberwi pr ent it percolation, one con­

table of· rmtrble a nd build tank an d 

·hown that. an l tone or chalk will ab ·orb 
many time a. n111 h " at r tts shtt , marble, or g ran ite. The e fa.cts 
can b ob erv d af er v ry r<t ill . If t il e rain f:1ll upon loo e a ndy 
oil like tho e of the two Oro · 'rimber r egion of 'rexa it C] uickly 

disa1 p ar. by a.b orption; if, on he other hand, i t fall on the clay 
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oils of tl1 pra iri s it !:! tand for omc t im in pool ::;, sn ·lt a: t h s 
called " ]tog wallow ' in T xa.·. 

'rhe capacity of rock for t he tmn mi i n of \Vat r i nt ir ly ditr r· 
eut from their ca pacity for imbibition. If ne could onstm t of Hand, 
clay la te, granit ·, ch alk, a nd clo e-textured lim ton fi lteri1w ve -
el s of qua l capacity a11d tl1 n fill th m with water on wou ld fi nd 

diver ere nl t il lu ·trat in g the capa ity of t h ·c rock for tran smi sion 
of water. Water would pa s o lowly t hrough t l1 cl , -t xtur d lim -
ton e, late, and granit that th quantity fi l t >re l would b prn.cti ally 

imperceptible. \.t fir t t il ancl a nd halk woull driuk in l1 wat ·r 
equally fa t, bu t aft t' compl te sa uratio n H would r equir l ng r t im 
for th e Wetter to percola,t tl1 rough the chalk tlutn thrott o· ll t il sand . 

The distribution of underground water i dep nd nt upon t lt arr an O'e­
lll nt of rock in h t: or trata . By a impl arrangen1 11 or th 
porou ands betw u imperviou material , n atur ba co n ·trn ted 
r eservoir and c ndui ts for the r ete ntion _and li t1·ibntion of wat r and 
it i · by the character of the arran g Ill nt of t he ro k h et t hat tl1 
n gatiYe or 1 ositive co ndi t ion for t b pro ·ur lll nt of art .. ian " ·ater 
are determined. 

A tra t um u ually con i t of two r utcrop and tb 
mbed . That portion expo d atth tufa of lt e artlt i · th ont ·rop 

and that portion whi ch L· conceal d und rg round b neath and betw n 
the o her rock may be· t ermed t he embed. 'J' h outcrop of a \rater­
bearing , tra.tnm on titutes it main catchmen t or r eh rin g area a ud 
the embed coo titute t he ·torage r ervoir. 

If the wat r-bearin g rock heet i indo eel betwc n imp rvion b (1 , 
and incline ' ben atlt t he ·urface, t he water will b onducted to a I we t· 
level t han th outcrop and will remain tored iu t h arth m1d r h ydro. 
tatic p re nre nutil au ontl t i provi l d for it. water-impre nated 

strat um mbedded in tbi mann r i an ar te ian r ervoir. Tb water­
bearinO' ,trata, tog-eth r witb the imp rvion . trata b en atlt and above 
th em con. titute an arte. ian y tem . 

When water i condu ct ed downward to <t low r 1 vel by an mb del d 
stratum, it acq uire a tendency du to hydro tati pre ure to ri e 
hi gher t han the overly in g retaining bed. \\h n th b d . ov rl y in 
nch a water-bearing tra um ar p uetrated by an opening, nrti fl ·ia l 

or natural, the contained ' ater will ri ·e t iJrOu O'h t he overlying b d . 
uch earth waters wlli ·h ri e under t he in tluen ce of llydro tatic pre -
ure tbrou o-11 a n openino· to a higher level are known a Cl1'ie ian 'Yater: . 

H ence an arte ian well may b e defined a one in whi h the wa.ter ri e · 
by means of hydro tati pres tl.l'e a boY the top of the em bed. If t'Lrte-
ian waters ri e to the s rtrface. they are known a tlowin o- arte. ian w li s ; 

if the water fail s to ri e to t he surface in a, well , uch a well i known 
a a nouflowi ng arte iau well. The heigb t to which t he water will ri se 
depen d. upon .:everal conditions. If the water-b a ri11g . tratum i 
embedd ed and iuci eel at only one place down t l1 e dip from its, urfnce 
outcrop, the water at th e place of inci ion will rise to tlJe am 1 v l a 

I 
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th lin of omplete aturation of tbe bed . This level i. omewl1at 
lower t han tl1at of th lowe t surfa e outcrop. If there are s v ral 
incisio11 , t l_1e question i. not entir -ly one of static equilibrium. For 
in , tanc if \later is 11aturall y received by t he tratum iu ou part of 
it. ou rop a ild !li scl1 a~·n· d from . another lower part, the condition in 
th e in tervenin g a rea a r t l1 0Se of clyJJamic rather t han , t.:<ttic equilib­
rium and th water will ri · in a well to a level intermediate between 
tbe receiving and discharging level . 

The arte ian water -b aring trata of the State ea t of t he Peco River 
ar _compo eel mo tly of exten ive he t of and , Jay , aud lime toues, 
·ucce din g ne another in orderly a rran gement, exc pt along t h Bal­
con zon e of fau lting, and in genrral having a gent le incli na,tiou toward 
tl1 e sea, so that i 11 traveling north westward, although constantly a c nd­
in g in Altitude, one encounters the outcroppino· edge of rock heet 
of lower and lower tratigraphic po ition . Thi produce tb imple 
arra.ugem nt of a t ilted plain buil t up of a seri .' of alternately imper­
v ions and perviou layers. The min falling npon the outcropping dge 
of the latt r, s ink into t he embed, a nd by gravity i co nducted a­
ward dowu th p lane of it inclination to lower levels beneath the sur­
face. Each different tratum including any parti •ular water-bearing 
tratum, become embedd ed deep rand d eper to tb outhea tward of 

th e poi nt where it outcrop a,t the urface. 'I hi sttucture is very im ple 
ani it d tail C<tn be traced out,

1
mea:su red, and ma,pped as accurat ly 

a 0 t hat of the ucce ive layer of o tone iu a building. To do t bi is tbe 
work of geol gi ts, and it i not a matter of peculation an d hypotb · i , 
but imply t h application of pecially acqnir d knowledge, imilar to 
tbat whi ·h one must po to b proficient in any profe sion. 
· Tbe for go in g Jll' inciple are all applica,ble in explainiiig the numerous 
art . ian 'veil s and spring f th l{i Grantle Phti n a,nd t iJ bea(l\rater 
•I ring of th Edward Plat au but th explanati n require al o au 
nncl r tanclinn-ofth ord ranlaua11g mentofthe trata andwetber -
for proc d t u id r t h o-eology f the region. 

GEO J .. O l!' 'rilE RE IO:N. 

Th rock ofth i 

ils ar of th o-reat st value iu determiniu g 
t11 e geologic po ·itiou of th b ds con tainin g th m, and t herefore we give 
from err h of th 1 r iu ipnl b ds a :C w illu tration of t he most important 
And mo. ta l nnda11t form ,, by t he aid of whicl1 t h layman can readily 
reco o- ni 7. t he g ologi ho1·izon . (Pls. LI-LXT\ . ) 
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The nom enclature used in d e crib i no· t h e rock h et i ' a. fo il w : 
Th e g ologic uni t i t il e bed or , tratu m. Serie f li tltologi all r a nd 
pa.leon tologica lly rela ted tm ta a re 0 T OUI ed in to fonn c~Uou s, a · t he 
•' (,J en l{,o eformation." Wh en the 'truta <~re <lll or Oil kind O[ l 'O k 
th e n am of the rock i · ometim e s ubstituted for t h word fortn atiou, 
thu : ''Edwartl lime ton "or' Edward ~ format ion. ' ronps of t his 
cla may be embrllced in till larger g roup all ll dtv iirions, aH t·he 
"Freclet·i ck ' bnrg cli vi ion,' a nd t h se may b o- roup d in to ·e1·ies a 
t h "Coman he . erie., and t he compo e the ' t ill la rger g olo"' ic 
group , uch as t he ' re ta con or t he Eo lH'. 

A t h work of o·eologic in,·el"tigation l ta p rogre 'S'd n •w f'ad ha ve 
made necessary t he r vi iou of cla ification a nd 11 w u ame lta\· from 
t ime to t ime been sub t itu ted for t ho ' e fir ·t mployed. I n th ·la · ·i n­
cation herein pre en ted t lt pr vious nomcncla,tur e lt a · been r tin tl by 
ubstitnting appropria te geographic m1 m · (mo nouym · wh r po. sil>l ) 

fi r all form ation a nd aba ndonin g t he u ·· of pal on tologie a n<l mi ner­
aloo'i ·name . Thus t he t rm "Dino nur and '' 'aprin a lint ton ," 
" E.x:ogyra texanc~ bed ·," 'E.1'0fJ,IJTU arietina c1a · , ' Fi lt beds E.x:­
ogyra ponderosa marl " ITippuri te - lime to ne · et •. lt a,v a ll l>e n 
r epla ed b ,'j appropriate o· oooraph ic IHtme . Bven orne o· oo-raphic 
name.- ori o· in a,ted in earli r wri t i11o·s have be 11 a.ba udoo d b cau e 
found t o dn pli cate name· preYiously u ed fj r di tl' ,. n t form~Lt i o n 

el ewhere. 
The sequeu ·e aud y temati · ·l a sift · :c~ti o n of th fo rmation: f t it 

region under di scu ion ar p resented in the tal>le l> low and i n t it 
followin o· pan-e.' th everal form ations will b indi vidua ll y d criu u. 
Tbey will be taken up in t he or l r in whi •h t hey w r lep itetl , t he 
old "t and lowe t fir ><t. 
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Below t lle r etaceou rock ''hicll con titute t he urface of t he 
Ed w~Lrd , Platen,u n nd Hio C+rnnde .Plain lies a foundation of the older 
aud difl"erent rock of the Paleozoic y tem . The e a re expo -ell by 
erosion only alon g- t he foot f the nor thern arp of t he platt-a,n in 
Burnet, Blanco Gille. pi , au l Mason eoun t ie' . So far a kn own, no 
drill b a a ' yet penetrated them ueneatll the Pio Grande I'hLiu , <llld a 
tb yare ·ode 'ply bt1ri ed tlley need li ttle coo ideratiou in t he pre. ut 
di ens ion. In tbe Ed"·ard P lateau , however , t be well drill has 
rNtcl tcd tlt Pa-leozoic roek ' beneath t h retaceon in severalJllace ' , 
notably at K envill e a nd n,t Morr i. raucll, in Gille pi e Oouoty. From 
data deri,·ecl from t he c drillin gs we a re led to believe that t ll e hori ­
zontal Cretaceou bed ' of be .l~dward P lat au lie upon n,u un even 
floor of t he older roek . Th p robable r lat ion of t he e Paleozoic rock 
to the o,· rlyin o· retaceou i hown in the fi o·tue of the well -. at Kerr­
vi ll e (fig. (), I. 270) . One hundred fi et of Car boniferou rock. f(1rm 
th e ba c of t lt e ection expo d at the month of Hickory Creek on the 
Color <.l do l~iv r ( ee p. 2-0). 

THE CRETAC EOUS. 

'I he Creta eons form ation of 'l'ex:a a r by far t he mo t important 
in the tate, in both areal extent and economi c valu e. Th ey are ea­
mad rock!:' a nd rest unconform ably upon the ohl r Paleozoi rocl;: , 
wlti ·h formed th e ocean floor wlten their d epo ition lJeg-an. They co n­
sti t ute almo t t he en tire urface of th e Edwards Plateau and much of 
tl.Jat of t b Rio Grand e P lain. Their onthem mar o·in is covered by 
tlt Boc n m· rlap , and t h .r ar o rl<tin in plac by upertl ·ial 
d posit f grnn'l f X o ne aml P I i. toe n age. Th y coutain all 
tlt nrt ian wat r c1 crib d in thi s p~tp<'r and for t bL r ason it is 
importmt that th ir and be w 11 underctoocl. 
Tb e ' Ji k wi 
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beds of clay and limestone re embl e on a,noth r so 1n.n ·It that. it i · 
difficult for one not ac ustomed to maki11g ge logi • ob:-:.ervatiom; to 
di cr iminate them. Til geologi t who ba tnd ied t h m ar fully ea n 
readily recognize them not only by sli o·ht li tholog i • clitl' ren , bn by 
the p cnliar fossils which haracteri ze them . 

The many formation· which mak up tlr 'reta ou t nr are 
clas ified into two great eri , th lower of whi ·b has b en tenn d t i.J 
Comanche and the upper the Gulf ries. '£h y have al o in variou · 
parts of Texas been cla sified into maller gr up called di"i ion . 
mo t of the formation are of limit d xtent a ·· com par d to t it whol • 
sy tem, the e clivi. iou are of importanc for th indication or th 
chronologie relations of formations o urrin g in di.tl' r nt region and 
they have t ber fore ueen iuclica d itt the tab ! ' Ott })age 21() but th y 
are uot e eutial to the di!'lcu ion or the e ·onomi · qu tion of t lti 
paper. 

CO~IA£ CUE ERill.' (LOWER ' l~E'l'A EO ). 

ln soutlleru Texas this eri s includ 
ceons y tern, and i ts total thick11e s i 
At the ba e the b d are of feebly oh r u t a.nd, 11 n me mnrl antl 
lime tone iu alternation, and then a h avy borly of lime tone follow d 
by other marls and bale . 

TilE BA E)!F.NT BED . 

The basement beds of ~be oman b differ froru the verlyino· fortna­
tions of the erie by t he fact that they ar n · ually ·ompo d of ~::wd' 
in tead of calcareous mnrl and lim tone . The 
fin g rain !l a.nct . lightly ompa. t, a. compn.ni d in pla sm1tll 
pebble conglomerate, and locally varyin · in compo ition according to 
the material of the adjac ut ro ·k from whi ·h they ~er cl riY d. 
'I h.in bed and IaminP of clay occur in tb and , aml tb re ·idua l ur­
face u ually h a a redcli h color. Fnrthermor , the ont rop of th e 
beds u ually bear a growth of timb r such a i. found itt tit r gion 
known a the Upper Cro · Timber . While th ba al bed of th lo al 
'retaceon ection, wher v r expo ed, are u ual1y of this . andy Hatnr , 

these bed are not everywhere of exactly sy nchronou depo ·iti n, f, r 
they repre ent the li ttoral of a ea which wa progre iv ly trau gr 
ing north we t\Yard aero an uneven Janel during tlle wltole Comanche 
epoch. 

So far a the region con itlered in thi. paper i cone rn d , the lower 
bed and heir relation to t he overlying autl uuderlyin o· ro k, :Lr 
exposed chiefly in the slopes of the Colorado drainage in western Travi , 
ea, tern Burnet, northern Hay , Gillespie and oth r countie alona th 
northern edge of the Edwards Plateau :wd e pecially along a lin 
between the town of Burnet and Travis Peak post-offic , via mitbwick 
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Mill. There i HO doubt, however, that th ese formations occur em bedded 
beneath mo t of theE lwards Plateau and Rio Grande Plai·o, aud tlmt 
if a drill could penetrate far enough it would reach them anywll ere 
beneath tlles region . They exhibi t such varia ion from pla.ce to place 
tllat the preci ·e correlation of different occnrreuce. is difficult and it 
l.Ja , eemed be · t to giv parate name to the rock at the two most 
important localitie . 

TRAV l PI\.AK FOR:\IATJQ)l. 

bed are e pecially well eli played on both ::;lope of the Yalley 
olorado Ri,-er, hetween t he month of Sy amore and Oypre 

ere k , in Burnet and Travis countie . The na~ne tlley bear wa giveu 
t bem because tb yare well expo ed in the vicinity of 'l'ravi Peak po t · 
office. ' 

While they are arenaceou~ in compo ition and porous in t exture, like 
the ba eme nt b d of the Comanche in general, they ditl'er considerauly 
from tbe all ied bed to the northward. They consi t of conglornem.t , 
compo ed of coar · rounded pebble of Silurian and arboniferou.· 
limestone ' granite, Llano s hi t , quartz derived from the adjacent 
Paleozoic rock , bed of finely eros -bedded pack and, wlrite siliceou 
b II br ccia re embling tbe Florida coquina, and orne ·by. 
At t he bas is u ually conglomerate. uc eediug thi i oar ·e, 

ancrular cro -b deled aud , which becomes more finely triturated until 
it rea-ches the condition kuown in Texa a ''pack and"-i . e. a very 
:finc-gTaiued, loo ely coo olidate l and, cemented by carbouate of lime. 
Iu the sand ar occasional patches of reel all l oTeeni h-whi te clay , 
re embling veq much the charact ristic colors of tbe Potomac bed · of 
the t lant ic coa. t, and th y ar ometime ac Ol11}1anied by lignite and 
fo1i. il bone . 

Th followin o· ction 2 b cfr. J . . A .. Tntf will give an id <1. of the 
qu n ·e and ompo iti n f th formati n a .:q o eel in th valley of 

t h olorado, in the locality b tw n Travi P ak po t-offi e and mitb· 
wi ·k ,;\fill Burn t ouuty : 3 

E TlON ' o. 1.- Dioko,·y I'Ct•k ction of tile J '1·aris Peak fo?'IIWtiOII, b gitwing at tile 
fii]J of tilr cli!Jid bct~eecn IIi kory nnd ow reeks ancl co ntinuing to tile olo1·ado River 
I Tel at til e mo1ttil of Jii ckory 1·eek, Bur11et Co11nty. (Fig. 56 B, p. 223. ) 

Feet. 
13. llnnds of 011gl m ratio 11o11d a.loar ou and ·ton , alt ro;ttiug with beds of 

ltl'l'naocous li111 c t.on , th ar nnocon lim touo proclominntin .... . .. .. .... 40 
12. :\lal'ly magn <' ia n limo tou .... .... . .. ... . . .. .... .. .. .... .... .... .... .... 40 
11. Calcar ou sand at ba e, g rad ing upward ton, iliccous Jim ton • :1b t he 

t p, h:rrreu of fo ils.. ... . .... ... . ... . .. . .. . . .. .. . .. .. .. . . .. . . . .. . . . .. 5-
10. Y ll.ow calcareo us aud, s tratifi ed. . .... .. .. ...... .. ...... .... .. . ......... 15 

1
.' nnuol l port Get~ l. un·oy Texas, .Austin. 1 90, 11.11 . 

2 .All so tions g iven in this pnJ r nr descr ibed from th ~ top down nnd nre numb r <1 fro m th hot­
tom up. 

8Thirtl A uuunl R pu1·t (:eol. 'urvoy T xns, .. \ustiu , J H2, p. :.U5. 



220 THE EDWAI:<D PLATEAU AND RIO GRANDE PLAIN. 

9. 'onglomorate simil ar in chara ter to 1o. 2, with tile l'xcop t ion tha.t the 
pebble are mall l ' null mor worn , grnd iu g into sand l.J low a nd into 

Feet. 

calcar ous sanll abov .... .. ... . . -- ..... ----- -. -- -- . --- .. - - .. ---. -... . . 25 
. Red and, nn onsol idatetl .... . ... .. ... ... .... .... ...... .. .. .... .... ...... 3 

7. F ri able yellow sand ................ - .... . - - . . .... - ........ - .... --. .... .. 5 
6. ross-bedded shell brecc ia, outa,inin or many ma ll round ed grai n and 

JlObblc of qua,r tr,, flint, an ll gran it and. Fossil : 11:igonia aml mall 
bivalve , antl Anwwnites jusliuw.. . ...... ... . . . . . . . .. . .. ... . .. . .. . ... .. . 7 

5. Ostrca b d , magna i:mlime com n t f'o il ·n ma s . .... .. .. . ... .... .... 3 
4. Brecciated g1·it, ompo c l of wom fragm ent of oyster hells and ·h 11 of 

other mollusca, with saud and tine p bbles, stratifi cl ·in fal. hetls... .. 5 
3. BaJHl of friable b lni h shale nnd alcar ons and, tratili d. F 1·agment 

of oyster hell a re common in the cnknrcons sand tone. . .. ............ 15 
2. Basal on glomernte of pebble of limestone, ()_nartz, ell r t, g mnite, and 

schis t, wl'll round rl, iu a c mont of ferrng in us yell ow noel r d orritty 
sand. ome ofthe}) bbl attheba earefrom4to6inch intliam ter. 
They docrea e in si ze, h owever, npwar1l from the bas , until w ohtain 
a false-bedd d cal a.reon shell O'J' it nt tb top... ...... .. . .. . . .. ... . . ... 50 

Total thickne of Tra,·is Peak beds....... . .. ..................... .. 263 
1. Laminated, flagory, carbouifurons sandstone nuLl friabl l' lio-bt-blne lny or 

t il a rbon iferous (Coal i\Ica orcs) formation, from t he olorado Hh·er 
level upward to th bnse of the Triuity on ..,lom rat , th laminatetl 
sandsto ne con taining priu ts of ferns· n a rly... ... . . . . . . . . . . . . . . . . . . . . 100 

Total th ickness of ·ection.... . . . . . . . . . . . . . . . . . . . .. . . . . . . .. . . .. . . . . . . 363 

Til and tone contai u oTain of ili a from t b ize of a pea to t he 
mo t minute parti ·1e , and mall subang·ular fragm nt of clay in t !Je 
cement oflim . 

Fo il. occur iu t!Je, e beds a low down a · th conta t cono·Jom r ­
ate , b nt th y nr · n i t her pl ent.ifnl nor di;;tiuc·t. 'l' h upp r or oqnin a­
lilw bed· are full of ca t and mold. , among whi h are undetermined 
speci of Trigou ia Phola<lomya, and Cyrena, an l mmonite justinw. 

In these bed al o appears the fir t of t h everal oy ter agglomer­
ate: of th OomaneLe erie . Thi i <·.omp ed of a olidified ma of 
large oyster hell , forming a stratum 7 or feet in t hicko , j u t below 
the junction of Po t Oak and ' ow er k . 

Accompanying the oyster breccia anoth r noteworthy ~'ature of the 
Trini ty division appear - i. e., an exc s of p om alt , or magoe ium 
sulphate. The oy ter- bell bed efflore ces into a powderl"<l a,rthy ub­
stance accompanied by the ep om alt . fagne ian and pyritif rout:> 
layers occur in other horizon higher in the division, and their pre ence 
is no doubt in part the cause of the mineral cbaeacter of some of t he 
arte ian waters, esr ecially tho e wells which are no t drilled into the 
ba ement and.' below the ·e layer . t 

At th e t op of the sandy ued · iu t he olorado ection a yello w, arena­
ceou , fo. iliferous limesto ne appears. This ma rk the fir t or lowe ·t 
appearance of the peculiar fo il Monopl ura (Oaprotiua) a nd Req ui-
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nia., and indicate::; tl1c begiuning of i be condi t ion ,,, hicb fi nally pro­
duced t l.J e Glen Ro e form ation. 

The Tra,7 iS P ak form at ion record a nbsidenee of t he land which 
wn tnkin g pl ace dur ing i t depo ition. A t h waters deepen d the 
d po it ch anged from coar er to fi ner materi al, b comin g more com­
nrinute<l a.nd calca.reou at t he top of t bc uetl s, unti l t he sand gmin s 
are ::;o fi ne as to b e almo t imperceptible to t h eye, t he wlw le ma s 
becoming qui te chalky and 1 magne ian ' in appearau ·e. 

GILLE PIE f-.. OR.\IATI ON. 

In Gill espie Oouuty are otber expo. nre of t he ba ement beds of tbe 
Oretac ons, r t ing upon the Pa.leozoi ·. 'rh e apr ea r i11 t he va.ll ey of 
Barron reek a t Fred ricksburg and alon g he P cclernalis uelo\Y t ha t 
town . Tb y a re co u1po eel of andy gri ts and ·lays 
of a more brilli ant vermilion hue th an is ordinarily 
met wi th iu imilar deposi t el ' ewbere. A s shown 
in fig. 55, and in fig. 74, p . 314, t hey re t on the 
Paleozoic a nd grade up iuto the upper bed of th e 
Glen Ro e formation. 'rh e e mi rrht po ibl y b 
correlated with t be ba al ~and s of t he Travi Peak 
tormatiou, but t hey are more probably t he stl'ati­
grapbic equivalent of the low r port ion of t he Glen 
Ro e fo rmation wh re it rest on the Travis Peak. 

1' TJO~ ::\o. 2.- A. butt a f ew 1niles II01' lh of Fredericksbm·g. 
(F ig. 55. ) 

Etl ward : ]'oct. 
7. Limcston \\'itll tlint ............ .. . ...... .... ... 3 
fi . Fin (' C'niC'nrcn n RI!:mll ~ .................... .. ..... 10 

omanch P Pak and \ \'a lnut: 
-. Linwstou<' with R:cO{/!/!'a l uJ"aua. (!ryplura IIWI'~oui, 

l' t<- ---. - - - - - .. - .. - - -- . .. - -- - - - . - - -- - --- . - - -- - 40 
·1. YPllow cu lc:u one lny witl.t many Exogym texa ua. 10 

Glt•n J(osP: 
3. !->nft yellow sands tom•.. ... ... . .. .......... .. .. .. 5 
2. Li nwstom·, sand~' at l)aso . .... ...... .. .... .. .... 50 

Gill ('Spk : 

1. ros _- ue<ld d " nui I ion -<' cl ands ... .. .. .. .. __ .. 120 

G L EN llO S J( J' 0Jl) IATION . 

Tlli , on i tH larrr ly of bed offl an·gy a rgillac ou 
or· ma, ive chalky lime ton . , alt ruatin g ~i tb tbiu 

F 1 . 55.- . cl ion at Fred-
rick llu r·g. r,Ed wards ; 

cp , Comanche Peak ; w, 
'Yaluul ; gr, leo l~ose ; 

g, Gillespi . 
tJ'ata of marl y lay whi t and y llow in color. 

I•ro;n thi alt rn a.tion of lim tone a nu clay th b d were pro vi ionally 
·ailed t.h ii ltcrn a tin rr beds wh n fir t differen t iated by the enior 
author. 

'L' h indurated bed consist of wh ite aud yell w lime tone' of either 
br ·cia t <1 , rys talline, arena· ou.·, magne. ian or chalky tructure. 
1:11ey a r of varying thickness and of grea t uoilormi ty iu exteut. Tiley 
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are para.ted uy softer, uncon olidat "d, lightly argillac ou marl of 
ooli tic tructure, om t ime, white and omctime y llow. 
· Th Travis P ak forutaLion °Tad upward into tlte Glen l'{.ose with· 
out break in t he edimentatiou, a cau b u in tlte ltirrh bluffs of 
Oow 'reek, imtnediately b low ll.fr. JI n.·el 's lton · at Travis Peal po t. 
offi ce in tb we;;t rn part of Travis ounty. 

'l'lte ba ement bed.· of the 'omnn ·he eril' hav b end cr ib d a 
b in g predominant ly of n.n arena eons har<tct r. 'l'be Glen Hose for· 
mntion may be di stino·ui bed a being e· ntiall y cal ~tr ons. E a It of 
th e ubdivi ion", however, i aeeompaniccl by th material of t it oth r 
a acce ory. Tbn tlte calcareous Glen Ho formation i · lightly 
arenaceous at it base, the ar naceou ma,terial being . ili ceon grnin 
o tri tura ted that they are re luced to an a.Jm t impalpable powtl r. 

'Ibis gradually dimini h as w a · nd in the bed , and It lim and 
clay proportionately in rease. 

TLe lowest Gl n Ro e bed are marked by th app arancC:l of ·trata 
of homogeu ous texture, ncb a mago ian., 1 marl and hard la y r 
in whi h the fo ' il Hequi nia 2 o cur . Tbe name " apr tina Horizon 

o. 1 " ha becu a1 plied to tu e · • becL , b cau e in tho earli r g ologic 
literature tiJe fo il ltOW eall ed R quieuia, w r t rmed aprotiua. 
The top of til len Ro e fo t·nuttion i ju ·t b low a b d of ellow 111arl 
wltich is per i tent o' er a great area inc nt ral T xa!' and i th ul · 
minatiug horizon of tho oy t er E xogy1·a texana. after which thi · b d ba 
b en called. 

In n arly all complete sectiou th Glen Ro e format ion show thr e 
marked subdivision ' . Tlte lower an<l upper third s are compo d of 
t ltinly bedded and alternating marl and flag 11 ually w a t.l.t ring into 
terracefl slope ; the middle third i mad up f t hi ker and n or ma -
ive beds wlti ·h con titute bluff's. Some f th bet! · uear t he ba e of 
the tllicker lay r are quit chalky in t xture , nd carry mauy p culiar 
fo il , esp cially noteworthy b in g a large foraminifer ( Orbitolina te:c· 
anct) , b icl many la rge ca t,s of mollu k . Tbe lower portion of the 
formation carries much fi11e a renaceou material acce ry to the cal­
careous material and its indurated and nnindurated be<l , <lo uo occnr 
in such uniform alternation a do tho e of tbe upper thir 1. For 
in tance, th re will be 10 or L feet of oft friable mn.terial and tb n a 
tltin la,yer of les than a foot of indurated tone. In weatuering thi 
re ·ult in witle terrace with teep lopes. 

The yellow ma(l'ne ian strata also incrca e in t iJickne in a cencling 
rie , and become very couspicuou in tbe middl e portion, often bein<Y 

from 5 to 15 feet in thi ckn · , as seeu in tbe bluffs of Mount Bou11el 
near Austin. The e magne ian limestone are oft and of a c ream or 
browuisb-yellow color, and alternate with strata of marl irnihtrly ·on· 

•Tho term magnes ian has long been applied to certain yellow strata in thcsP beds. " 'lJCth r th y 
ar or nre not magHosinn in composi tiou w can not state positively. 

'A species of this genus of shells from the Ed,··ards lio)eSt'lne is figured 0 11 P l. LIV, fig. 1 a, 1 b. 
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stitutecl, and are sometimes accompa,nied by pockets or llOclules of 
calcite, <Lragonite, trontianite, celestite, and ep omite. 

Tile up] er th ird of t be for mat ion a seeu a,t t he top of Mount Bon­
nel , presents alterna,tions of friable marls and h ard limestone A 

strata.. Tbe li nt e. tone strat~L usual ly average less than a, foot 
in thickue.'S. The ·e alternations occur with great regular­
ity and pers istence. Olay is tl.Je ch ief a ces ory of the 
cakareou b ds. The marls are oft and laminated a.ud 
are composed largely of minute shell fragment, giving 
the beds adistin tly granular, ooli tic character. They ~~~~;5 ha,ve li ttle clay a nd imbibe the moisture very freely. ~ 

While po RC . ing no great agricultural po ·sibil­
itie , t il e l> asa,l or alternating beds a,re capa­
ble of produ ·i ug valuable l> uil diug mate­
rial, ammw wl.J icb are l>uilcliug stones. 
Some of tl te ' e lt ave riclt "magne ian' 
buff-yellow color , ·while the lime­
stones ofteu resembl e the tones 
of Caen, ] 'ran ee " ·hich are 
im ported in to th i.· ountry. 
Some of tb e bed are ---===-.!....:....-'- ,s 

al ' O valnable fo r the 
manufacture of hyurau-
lic eements, a,l thouo·Jt a t ,

8 
.: 

pre ent tl.Jcy a.r uo u til- Ty~o-....., c,_;.M,Gonlo">Ji< 
rx. I"Vcan• __ • .: 

ized. Tb e e rocks al ·o ~ 17 IV_.,,.. 
~ ,, 

contain uud evelor ed ~ '6 

bed of epsom alts, .. : 
tro.ntianit and H 

otli t' mat ria l . l ' / 
Th . a.l t 1'11 a - ~~:t::?::r?l~\'*""1) I~Aalellln~!"'dGcpiofin tr ~owht!re 

'r' I ~ I)\ } 1 1~2 ,:' 

tion s of hol'i zon- /!;;:'.:;:t;m:l~ti- i;:·±· ;'-'o : 
J l I l l I i I CM.di11f11 o.l~ Tyloslruna 

tal bed . of oft s ~.)I\)·, I, \ f) i) .-.;,.,.,£ch!f"od.;.m. . 
marls and hard 1 

• 
1 

, ' 1!1 // 

l im tou , _, s .-
/i,1 I I I J J 1 7 _-/ 

aboy tl ' ·ril.wd ~~~~~~ IJ ..-
P:::. s ·-Moncp/«J'V, Oymr• 

\ 11\1 1 11 \1 1 ; 
I I ) J ) 

B 

t rrn ·e to­
pography 
of the 
slop of 
many of 
t h e ca n -

FlO. 56.-S ction at Lohmnuu 's Crossing nud Hickory (Jreek, Colorado River. , 

yon ' and 

a c lio!> from t p or hi gh hill south of Ronud i\ louutain , Trods County, northward to 
] .ohnutnu·s ro s in{! ; ll, R r tionof'l'l·av isPcakbe<l a tthomoutb of lii koryCr ek ; 
Q, rh·er IOt-rnct; ]\;, arboniferous. For numb r , ce Section No. 3, ])p. 22-1- 225. 

alon g th ma,rg in of t he Edward Plateau from tu e E~t t Fork of t he 
:ruece to t be Colorado, wb er ' t he, t ream hav cut downwa.nl tllrough 
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tL c ]!} ]wards limestone. Of tbi cltar<L<-t rare tit 
and bluff: of the ~ olora.do, n:-; s en from Mount J3on ll el we 
the Burn t ouuty line, a well " ' tl1o e of tbo r <l ernal , (: uada· 
Jupe omal j\Iedina, Hondo Frio a nd all t he num ron tr ams 
ind nting the ·outh ern maro"in of tb In addition to the 
localiti alr .. ady mentioned the bed ar xposed w st of 
along the lin of railway l> twe u ne and Bo ru 
of the Gna lalnpe above K errville a far a · IX . 

exposed in the low r lo1 of the vall of th · a nd it 
tributarie · below au ·e to a point a :£•w mile 11. The 
channel of the \Vest u c ha · barely cut down to t l1 ir top and 
exi ose. them at only two places along the tr am b tl-at Kicl apoo 
spring: and in tbe north bend of th ri v r in north rn l inney Oom1 ty. 

The a,ccompanying det a il cl tion of t h entire thi ·lm .· · of the 
bech; of the bluffs of t he onth sid of th 
Ronnd Mountain Travi County, i ' typical of 
almo. t exactly with 1r. Taff' 1 andy I ' ek 
ured, on the oppo ·ite ide of th 

E nox No. 3.-J!'!·on> top of high It-ill out!t of Ronnel .lf ounlctin , cast of road from JJee 
Carll8 to L ohmct?w's ros ing of the olomdo Nil'er to Lohmann'. C1·o~sing. ( Fi~ . :>H ). 

Comanche Peak limestone : FcoL. 

40. Limestone breaking as i ly ; somo f"i nn slabs >~t top. . . . . . . . . . . . . . . . . . . . 5 
\\TaJnnt forUiation: 

3!! . Claysw ithlar' Exogyrate.uwa; form ash!!'. ....... ,............ .. 10 
G leu Ho ·e formation: 

3 . hal y limestone ; not ver y fo ilif rou _______ ________ __ .... ____ ... __ . JO 
37. Altematiug l1 arder and so fter strata of Ji m stone ; son1 t!Jin sl:tb :~ 

a bout ha e ; not fos iliferou _____________________ --- - . ..... ____ ____ 15 
36. Alternat.iug ltar<l and oft yellowi h lito tono· not ,-, ry f t> siliferous.. 35 
35. baly lime tone, fo iliferon contains a. fe"- in divicluals of 'ardimn 

111 ediale and a few oth t' peci ______ _ .. _____ __ .. __ ____ . __ . ____ . . . . J 
34.. Whi te lime tone · break · a ily __ , ... ______________ . __ .. . ____ ____ .. __ l " 

33. ~larl y mat rial , form ing a terrace ... ... ...... ------ ______ · ----------- 10 
32. Alternations of so ft ar ,i ll aoeous or marly limestoo wi t h ha.rrl r thin 

layer of purer lime touo ( four bard and th ree soft la~·en;) .... __ . __ . 30 
31. ' lope and shelf; fos il at top _________ ____ __ .. __ __ __ __ __ __ __ __ __ __ __ 15 

30. Hard nodular limeston ; contains ~erinea fra o-men ts ____ .... ______ . . 5 
29. Slope and sb lf. _______ __________ ____________ _______ __ .. _ __ __ __ __ __ __ 1-l 

2. Th in, bard ledo- ___________ .......... . . ------ .... ---- -- ---- ____ ------ t 
27. lope; very gent le-rath r a sh elf _ .... .. .. ________ ........ ____ ------ 15 
26. Becl of Monopleu.ra in hnrd , yellowish liznes tone-thin , ~L foot or two . 
25. 1-IarU. perforaterl lim tone. ____ . ____ . _. __ . . __ . .. _. __ .. __ ...... __ .. . __ 2 
24. Alternatin" thin bard layers and so ft thiol' lay r s; t he thin lAy rs 6 

inches t o 1 foot, the so ft 3 to 4 fe t. __ .... .. ____ .. ____ - -- _______ .. __ 20 
23. oft , chalky, argillaceous stnff, only a few feet. 
22. Ledge of h a rd yellow ish perforated llmestone, 2 feet; har<l led '•s of 

limestone, fee t ... __ .... __ __________ .. ________ .... ____ .. __ .. .. __ __ 10 

21. _.' mall lHLrd ledge, 1 r 2 feet. 

1Mr. Tafl''s 8 ctiou ru asured 44 7 feet, or 8 feet )C!jS thau ours. Geol.. 'un•oy Toxos, T hird Annual 
Report, 1891, A usli n, l 892, pp. 298-290. 
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BULL CREEK, TRAVIS COUNTY, TEXAS. 

The bluffs are of G len Rose beds. The water 1n the Cleek 1s derived from gravity springs. 
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GJ n Rose forma t ion-Continued . Feet. 
20. oft argilln C'eo n limestone, marly; forms a slope. ____ __ . _._. ____ _ __ _ . 10 
19. b elf above, l ed ge b low, ri ·es. --- - .... ___ . . _ ... ___ .. ____ ... _____ . _ _ _ 10 

oft chalk y (a rg ill aceous) limeston e with Exogy1·a /e:cana at base, with 
h a.rder lay rs that form h l ves-elev en h ard l ed ge . Tw nty feet 
from th top of th e e beds t be hard ledge is h oneycom bed b y oln-
t ion, and is arena ·co ns . Ju the lower 20 feet numerous fo ils occnr. 
Tylosloma p ed rurllis, ardimn mediale, 11 Gon ioli na, 'etc. ; al o hori zon 
ofE.tcxlw a . Thi ·kn es. of seri es .. .. . ... -·- ·· ·· · ·- · ······ -·-·---- 60 

17. H ar!llellg s of lJOn eycombetl ( perforated ) lime tone. Tb lime ton , 
hnrcl , ycllowi 1), onta iu s man y p oorly preser v d calc-it ized fos il 
shell , la rgely the remain of ~erinea. .. ..... · · ----· ·-- - -- .... ·--- -- 30 

16. Hard ledge o f limesto ne ; many Canl·i1on mrd ialc ...... - --· -·- ·-- ----- - 5 
15. oft, argillac ons, cha lky lime. ton . . __ . . . __ __ . . . _ ... __ _ . .. __ ... __ . _. 5 
l4. Ledge , 6 in cbc. to 1 foot thick , with oft, sbnly lay r be tw en . . ___ . . 20 
13 . . o ft lime tone .. .. -- .. ---- . ---- - . - . __ .. - .... . . ... .. --. _. _. ____ . _. ___ . 20 
12. Hard ledge . _____ . __ __ . - _ ..... . . ___ .. -- ... __ __ .. __ . . __ ...... __ _ . _. _. _ 2 

11.. oft, ch a lky, f~rg illac - ons Ja.y r ____ ... . ··---- --- · --- --· .... ___ _ ...... 10 
10. L dg of h a rd brown ish or yell ow i h limesto ne, contain ing- embed ded 

saud g rains __ .. ____ . _ .. .. . . _ .. .. __ .. .. __ _ . . .. __ .. _ .... _. __ . . __ . _ _ _ _ 5 

9. oft, eh alky, n.rgill nceon lir ne ·tono, w ith an occa ionall1 arcl led«e. 
llanlloclge 2 feet thi ck 15 feet ~•bo ,· e base. In tbe upper part of this 
marl y b <1 fos il nr c Ycr y abumln.ut. Cardium mediaTe 1~1JIO toma 
pedenwlis, ma uy chi uoderm~ P sendodiadema te:ca11a, _T riu ca Ostrea, 
etc _ . _ ... . . _ . .... - . _ -- ... . - - - - - - - - . - - - - . - - --. -- . - - -- - - - . - . - - --- . - - . 35 

Ledrro of l1 a rcl yellowi b l ime tone .-- ·-·---·--------- -- .... -- -- - --- - · 5 
7 . • lopo, liiHlerlain by oft ch a lky lim Rto n . ----- ---- - --- · -----· -- - --·. 25 
6. Aren aceou s ledg , a frw feet. 
:'\. oft l dge with many ~[ou ople ura, a fe w .foet. 

Tr:wi Peak format ion: 
4. Hatber h a rd. ledge, with poorly pre~ rved fo sils · appear to b oy ter . 2 
3. oft <' ha.lk y l im<' ton .... ____ .... ____ ·----· ·--- . . ........... ....... _ 20 
2. Leclgo of :ollow i h limestone, 2 fo<'t, a n d •10 foot of the ·o tion covered 

hy riY r a1Jn,• iutn .... ---· __ __ . ... ·--- - - ____ ·- - - - - ·- ........ ·----- . 42 
1. Yellowi h :tlcar ll R nndstou nt river l evel, thic:kn e · not obtainabl . 

Totals of abor xoctio11. 

ornan ch e 1 nk and W aln n t fo rmation ( iu prn·~) . __ . ... .. _ ... __ ___ ......... - 15 
lett Ho formation ( n t ir ) abont .... ·--- .... __ __ - - ------ ---- - -- -- · ---· ---- 455 

Tra ,·is P ak formation ( in part) _______ ___ __ . __ __ . ____ . ___ . . . . _. _ . . __ . . - ... .. G.t 

Total of sec tion; abou t. ___ .. __ ______ .. _. __ ........ ____ . _. ____ .-- -- :--- 53-~ 

'J'b ro ·k of the middl e of th 1 n Ro e formation are the olde t 
~po ed in th u ' Yall Th t hi ck ne . of th for matio11 i11 t his 

r g ion .:tirn ated from in the vicinity of K •rrv ill e, is approxi. 
mat l.r 500 fe t whi hi f tru wonld illlli ·at a uniform thickne. along 
th ent ir lin of t.rike aero t.he r ()" ion treated in t hi paper. T hi 
uniformity of thickne i s uotma.iutain d a long th e Ii11 e of dip, bow ver, 
as wil l pre ently bl' bown. Taft'' mea uremen t of t l1 Travi I'eak 
form ation make it about 213 ~ t in tbi cku at it . outcrop in t he 
Colorado <Lll y. 

l tis d iffieul t to determ ine the t hickn , s of the ernbed<l 1l portions of 
tbe, e trnta pe ially t h Travi Peale. 'fbe cat·efnl m a. nrem ut · 

I ~ C:EO L, PT 2--15 
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of the ·urfnce outcrop lo not coincid with th arte ian-well borings 
maue to tl1 e ea t, th latter howin g a. much 0 'L' ater thickne . For 
iu tance, th boring of lt San Marco nrte ian w 11 (se p. ~87) how 
a thickne s of 904 feet of the Gl u Ro e and Travis P ak pen trated 
by the drill at that pia e. t u tin a.l o be w 1l record indi cate 
that at least 1,215 fe t of t he two formation are p netrated. ither 
of thes well ha as ycL reached the bottom of tb Tnt\ is P ale. The e 
data indicate that th ao·gregate thickn of th 
rapidly coa tward awa) from the line of ontcro1. 
ited on the ea tern lope of au old, ttb iding pr e. i ' t ino· Paleozoi 
upland ao·ai n t whicl1 th formation of tl1e r taceou in g n ral and 
of the low r hcd in J)articula.r w r umulatively deposited until it wa 
bmied, and toward which tb 'alcar ou bed chan g d into au arena­
ceous haractcr. 

WAL •uT ]-' RMATI X. 

If the cla ification of tb retaceou "£ rmations had originally be n 
made in the region l1er • dis u sed tbe alnut formation would prob­
ably not haYe been gi' en eparat tatu , for, th ugh w ll developed 
farther north it i here thin and unimportant. In it typical d v lop­
ment along the Erazo Uiver it con i t of laminated clay alternating 
with limestone flag , a.ud b th clays and iiags areac ompanied by gr at 
quantitie of the two peculiar sp i of oy ter, l!J.r:ogyra texana an d 
Gryphcea r1wr·co1ti 1 p. nov. II. c · V., Pl. LUI. \.lon g tb Colorado 
River at the 110rthern limit of the Edward Plateau the formation i 
only 10 or 13 feet thick on i ting of thin, fr iab l , yellow, ar na eou 
marl , in which are great number of l!Jxogy1'CL texana. It d t f'mines a 
eli t inct bench near the ummit of the high rue a we t of 

outhwe tward, toward the ue e , it; become le , and l . eli tin­
gui hab1e, until at t hat tream there i only a foot or two of y llow 
clay, accompanied by the haracteri ti c fos il . 

Q)JAN CliE l'EAK LHil~i'TO:s'E . 

Thi i a per i tent bed of whit clmlky lime tone, pre en tina a bat­
tered reticulated appearan · on weatlleriuo·. It i partly bara terized 
by an abundant fossil fauna containiJlO' a Jarg 11umb r of E.xogyra 
texancL, whi his e pecially abundant in its ba al portion. It is from 40 
to 50 feet tlJick, tlJinning toward the I io Grande. Althoug-h it i insig­
nificant as regard thickness, and lithologically might be con iderecl the 
ba eoftlJe_Edward lime~;tone,iti . oneofthemo ·tper·istentpal onto­
logic horizon of the Texas Ureta eou section . 
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Tlli fo rm::ttion is the mo t conspicuous aud extensive in the Texa -
Mexican region . It is composed mo tly of lime. tone, but there are 
som m::trly layers. It bows li ght variation in color, composition, tex­
ture and mod e of weathering. In general tlJ bed are whit i. h, a lthough 
layer of buff, cream, yellow, or dull gray are frequ ent. The e colors 
depmtd much upon weathering. ln ·om position mo, t of the bed are 
as nearly pure carbonate of li m as c~ n be found in nature, but ome 
have small admixture · of .·ilica, ep omite, chloride of sodium and per­
hap. · other salts as yet undetenni ned. Clay is absent except a a mi. nor 
constit11 nt in t he few marly layer . Iron i sparingly pre ent as 
1 yrit and is reveale(l by t h red color of t ue cl~y t hat weathers out 
of a few b d . Bxc dingly :fine iliceon particles occur in the so-called 
' magne ian beds"-lig Lt t ·brown porou beds which ar pear , outhward 
from oman che 001mty-but 110 pebble, bowlder, li gni te, or other 
nndoubted piec of laud-derived debri h a ever been found . 

The lim ·. tone vary in d gree of in Jurat ion from hard r in o·ing, dura­
bl trata to soft I ulveruleHt c!J alk t hat crumbles in t!Je finger a.nd 
re embles very much t he pr pared article of comm er e. Som of t.he 
beds are coar ely cry taJlin e, with calciti zetl fo . il and are u eepti­
ble of high poli 11. Tl.te bed also vary in textnre. Some of t hem are 
qni tc porous and perviou , wbil other are clo!3e grained and im perviou . 
Some are ltomoo·eneon. throughout; other have hard and oft pot , 
the latter di olvin o- by the percolation of underground w~tter and 
consti tut in g what i popularly termed "honey ·om bed rock . The 
Larder spot in ,·ome cases seem to lJe in proces of indu ration u o·gest­
ing a tep in the fo rm ation of tliu ts. Tbe hole in t he hon eycombed 
layer often repr nt wlt :ot w re once pot 011 tain i11 o· oluble aJt~ of 
iron a 11 cl t lt r n · ·cs ·ory min ra 1 . 

outh of t lt I alnxyH i\' r t it formation can al'i'm.r be di t ingu i bed 
by the imm n e quantity of flin nodule whi l1 are mb dded in and 
betw en the lim ' ton and which lie. fttter 1 o\·er the urface every­
wh re. Thes are of many hap s (Pl. x ;c ) · s m are fu iform, li ke 
Ion ·ated root ; o her aro knotty, lik warty potatoe ; others are 

1 art of xten ive , he t or v ry flat 1 n ' . Th ey v~ ry in . ize from 
that of a, hen'. · o· to a foot or more in dia met r. Tbey also va.ry g reatly 
in color. pon fr h fracture om ar almost j t black; other li ght 
blue, (•Tay, or opales 11 ; t ill other ar deli at pink in color. T !Jere 
i · . om vid nc t lt::tt ea h parti ular kind occupie a definit horizon, 
but wear no t pr pared to tate t hi ~LS a po itive fact. 

'Th ge.ogt·a phic nnm Edwnnls is h I'O enUs t.itutel for tho 11 Capriua limo tono" of Shumard, the 
lnt.tcr be ing niJaJh.l onrd 1 cn uso i t is fl J n leoutolo ~TiO t rm ; nl. o for the term ''Darton reek lim · s toue" 
ofTI ill , n\Jnmlouetl by h im nml r ev h·c<i by rngin. T ho l rru " Jlartou r k " i objectiouabl nn u wns 
a.hnndonod hy its nnthor beCA use H was not n. good locali ty Jlnme nu(l been use it. js a two-wotcl unme. 
Tit nmno Tiarfon hn s \J en ltJlJIIi <1 to a d h·i• iou of th o E uglish. E~cen o for mAny yenr , bn t wo doubt 
if, In t ho ubseu ·e of nu y delluocl cocle of go logic no!llonclatur , such an objection may be consiuerecl 
valid. 
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In mo t ca es the Edwards lime tone ma.y al o r adily be distin­
guished by tho p culiar aberraut mollu k of the gen m fonopl um, 
1{, quienia and Radio1ites 1- bivalve fo ils which k t \ cornuoo1 iate 
form, sugo-esting a res mblan in ·hap to h born of co' , goats, 
and sheep. 

Th formation i tratified into a uc e ion of ma iv bed 
pani d by very few fbggy and marly lay r . , trata ar 
l1 ardcr tlum others n.ncl proj ect b yond the ofte.r lay I1S in t h pr tile 
of the bill a overhanging helv ; oth rs are soft and erod cry 
rapidly. onth of tb olorado," her the Walnut formation become 
insignificant, the Bdward lime tone i almo t in parabl · fr m the 
underlyin g omancb Peak, ince both are compo ed clli ily of carbon­
ate of lime. The omauche Peak strata ar les ·on olidated, and, 
as they are omewhat :trgill ac ou , po . s a m re marly texture th<w 
the Edwards lime tone, wl1ich i u.·ually a firm, whit , ringin ()' lime-
tone of great bardn s a.n<l durability; o t hat t h Edwards w :t tlJ er 

into cliffs, while the Comanche Peak i wrought into low r-lying slopes · 
but in mo ' t ca e reliance mu t be plac d upon paleontologi d termi­
nation to di ·tingui ·h the t 'ro formation .2 

either i the Edward limestone a.lway harply d fin d fr m the 
overlying Fort Worth, except by paleontologic criteria. 
the Fort \\7 orth limestone i. slightly more arenaceou , but h differ­
ences are o li ght that their d tection requires t he train d ye of the 
g olo o-ist. A the upper lime ton i. le , tban 75 fe t in thickne , 
the l ayman or well-driller un,'er ed in paleoutoloo·y can nearly alway 
be sure that any ro k occurring 75 feet b low the D el Rio clays b long' 
to the Edwards for111ation . 

Th Edwards Jim ton , b it;Jg morep_urely alcareou than any oth r 
of the Comanche erie. probably corre pond to the de pe t an<l mo ·t 
exten ~ive ubmerg 11 e of the oma nche ep ell. It i true t ha in the 
Glen Ro e formation occa. ional t lJin b ds of chalk ar m t with . a nd 
that some of th ese are comr o eel almost eu t ir ly of foraminifera b ut 
, uch clJalk u. ually contain a con iderable p r ntao-e of lay re~og· 

nized as an off bor der o it. 
Occasional bands of ::;oft browni:;h-yellow stone areintercabt d with 

the lime tone. 'r11e e blLnd are popularly called ' magne ian , and are 
compo eel largely of an exceedingly fine·grained ilice u elem nt li ke 
tripoli. A· t he e beds often contain flints, the ilex may be of organi 
origin. 

Topographically, the Edwards lime tone i one of them t important 
formation in Texa. . In fa 't, lt i the determining factor in the topog· 
rapby of the whole of t he hdward · Plateau and Grand Prairi e r gion ·. 

1 oPiates J"IV and LV, of typ ical fo sUs . 
•It is donbtfnl i f tho interior of tho F.clward.s limestone is nlwn.ys as har<l "" tl1o s11rfa outcrop, 

for mauy of ~be chalky ro ks of Texa~ l1arden or s t m• surfac ex1>osuro. 
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Its ltardnes being superior to that of the overlying and underlying 
beds, its con equeut re i tance to erosion ha.· preserved it as t he cap­
stone of t he innnmerabl 1·ound "mountains " (buttes) and me a of t he 
State nml of theexten ·iveEuward P lateau and Grand Prairie regions. 
:Not only are mo t of the buttes and mesas capped by it , but these a re 
accowp~'Luied by carp overlookin g tl1 e lower-lying valley prairies which 
follow t he t rea111. The wa1ls of t he canyons which many of t he ti·eams 
have eut ~ue al ' O composed largely of the Ed wards lime tone, e. pecially 
the higher and h eadwater portions of t hose risin g in the Edward 
Plat au. To it hardu et>S is also largely due the topo!ITapby of the 
lim estOJ1e mountain of Me:xi ·o. 

It shows mauy types of wcatherin o·. Some of t he strata make bold 
cliffs nearly GO feet iu height, the face of wlt icb, although apparently 
of homogeneou texture, weatber into small open cavern (Pls. XX I 
and X.-.~ rii) . This " ·en. heri ng ometimes bring out a t hinly laminated 
structure a sociated with '' hite effiore. cence. The bottoms of caverns 
of this character a re filled with a layer of white, pulverul ent ea.rtlt . 
Th re idual prorlucts of oth er ma ive ledge ' weathering iuto caverns 
are vermilion-colored clays, in which are beautiful fos il compo ·eel 
entirely of cry tnlli zed calcite. 

The hard limestones weather into vertical, square-cut b lu.ffi, while 
the oft and more homogeneous bed of marly or chalky t exture form 
slope. . Where the e ha.rcl and soft beds occur iu al ternation ther is a 
corresponding· alternation of scarps and slope in the topoo-rapbiu pro­
file. • ome of the bed of homogeneous t extur having gr n,t th i lme s 
weather into pyra.midal hill , as een ::~,l ong the monoclinal fold at t lJ e 
south edge in t he northern pnrt of Kinney Count) (1 l. :::crXIII). 

ar the summit of th Eel wnrcl. P lateau, w1tere th flaggy layers 
prevail t h 1 pe · of th tr am way. a r g ntl aucl ar eharact rizecl 
by low, Yerti ·al ·t p , from"' inche to"'£ et hi gl1 o'er whiuh the tr am 
de c nd ' from on rock Jay r to an th r . Tbi. slope i: u ually inter­
rupted by Y rti al bluff omp d of t l1 i k trata, wl 1i ·lt con titute a 
cornice in the pro:fil of th canyon of the plateau. 'rhe slopes and 

arp alternate until th ba e of t he Ed,Yard Jim eston i r a heel, 
b neath " ·hich the om au h Pea lr b cl weather out in concave profile. 

Wh r t he Edward · formation form exten i\'O tret he' of level 
coun trJ , uch a ha t betw n bnchaca and 0"1 IIiJl in Travis 

ounty iu the we tern part of \Tilliam on ouuty, and tb ummit 
of tl 1 p lat au, an d t he nrface stratum is f homogeneous texture, it 
w athers into million of mini ature ridges, ere · t a nd clrainag lines, 
illu tra.ting t h whole proce,·s of ro ·ion n.ncl m untaiu carving. The, e 
minutely cro(letl lime to n nrfac s are technically known a "karr n­
felder' ( e P l. L, p. 3 1 ), a ud t hey ar form d by the olvent effl ct of 
th raiufall upon th . llll ·lt ated Ji1n e tone sm·fa s. The crevic s in 
these 1 I area of E d ward ' lim · tone couu tr a r usually g ra · · 
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covered , with oc asion::~ l pat ·be of ·crub oak. Tbe surface i v ry 
rocky, the karreufelder protrudi ng iujago·ed poi11t · through the rich but 
canty oil . A Sometim s re-idual flint · oc ur in u h im-

men 'C quanti tie ov r the e urfat' e tha,t on i ' apt to 
mistake them foe a wat r -roll d grav l fonoa,tion. 

In Kinney Couutytltehigltbill uortltofFort larl, 
witll the exc p 8 tion of La 1\fora {ountaiu, 
are made up largely of th Edwards lim e-

to u . T lt e bea,ntiful c~wyou of h e P co , 
near it mou h, .a a hown in Pl. \ I.I, i one 
of the fine. t example ofit outcrop. 

\.. maU, 11ar n.rtonCreek. r w b lt nl o ntcrop 011 tb 
down thrown ·ide of th Balcon fault. ln T r a vi · 

ounty an ar a of it oc cnr , a hown on the map (see 
Pl. XL Vl, p . 2 2), along a belt lyi 11 g bctw 11 t he ln t r-
national and Great orth ern Railway a11d ~L line drawn 
tllrougb Oatmanville(Oak Bill ) aud l\louut Bonne!, ~11111 

the b lt may be e n at c ma,ny o t h r 
pla e' a far west a the Frio. 'I' he 

Z9 

A rau . a· Pa Ra ilway 1~~~ cro e it ju.·t 
outh of Leon pring . = 

th bank: on It i well eli. played in 
the outh side of th olo 
we t ern 1 art of the city 
tween 1cDonaJd's brick 
city dam. Owing to fault 

-"""'i="~L.<:UJ' 19 
r a d in t h 

,, 
tion is omewhat compli DeepEddy m .. rr. 

continuou ly xpo ed at any ingl local 
tail a made out at three localit ie at 
hown iu the accompanyin o- e tiou and 

It will be noticed tl1at in the low r portion 
Creek ection, wbi ·lt is till above the 
whole of tile formation, arenaceou • mads 
are quite numero·u. . 'rhe e piny an 
in the artesian condition from the Col 

t l F10. 57.- ·tions 
W war · ofE<lwnrdslimo· 

of u tin be· 
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at l a nd not 

ity. The tl -
An in are 
figure.' (fig. 57 ). 
of tlt Bee 
ba oftl1e 
and lime ton e 
important part 
orado out h-

The accompanying ection , No . 4, 5, stone, ncar.\ us· and 6 ( e fiO'. 
57, A, B, C), repL'e ut tbe entite thick tin . For cxpJa. ne of the E d· 

nation of num-
wards lime tone expo ed on the down bers, see ec· tbrown side of 
the fault in tb bluff:> of the Colorado tions Xos. 4- 6• between u -

pp . 231- 233. 
tin aml the river level at the mouth of Be reek. 

The base of the bed i concealed, lyiug pr bably less than 100 feet 
below o.l of section C, but can be seen on the upthrown side of the 
fault, cappiug tile remnants of the plateau. 
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SECTI ON ro. 4.-Blu.O' on Ba.1·ton reek, abonl, 1 mile above Bm·ton Sp1·ing, 1'1·avia 
County, 1'exas. (Fig. 57, A.) 

Fort.\\ orth Jimeston : 1 

Ft. ln. 
5. Grayish Jimestono, irregnla.r fTactnre, with .d lectryonia ca1·inata and 

01'!J]Jhce<t ·washilatnlB'iB . . . . . . .. .. . . . .. .. .. .. .. .. .. .. .. .. .. . . .. . . . • • • 1 0 
4. Yellow or redtlisll calcar OilS "halo...... . . . . . . . . . . . . . . . .. . . . . . . . . . . 4 4 
3. Alternating Jaycrd of hard aucl soft lime tone with Alect?·yo11ia ca?·i-

nnta , Oryplt <cn washitaensis, E xogyra nm ricnna, etc........... . ... ... 1 0 
2. Harcl rrrayish limestone........ .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33 0 
1. oft chalky limes~oue, with a sali ue ta ·te.......... .. . . . . . . . . . . . . .. 13 0 

Total tuickue s of Fort Worth limestone........ . ........ . .. . 69 4 

Eclwnnls lime. tone: 
J9. Nodnl:ulime tonefnllofR qnienia.......... . ..... . .. ... . . .. .... .. 3 0 
-1 . odLlhll' Jim eston , notlnles as large a one's bend................... 2 0 
47. Hard chalky l imestone . . . . . . . . . . .. . . . . . . . . . . .. . . .. .. . . . . . . . . .. . . . . 3 0 
'1-6. Thinly laminated limestone (the so-call e<l " lithographic fla"s ") . .. . 9 
45. "White, snulaminatecl, cbn.lky lim tone. The lower part ofNos. 45ancl 

46 conta in many fo sils, E xogyra le:ca.na, Phola<lomya knowltoni, et c . 5 
4-L Kodular li rneston , uoRefjui nia .............. . .. ....... .. .... . . ... 1 0 
:13.• Nodnbr lime toue with mnny Roquien ia (second Requien ia bed) . .. 3 9 

e. Laroinnto•l Ji moRton ' ...... . . . ........ '........ . . . .... .... . . . . . . .. . . 1 0 
<1. A s ri of l1m·.J lime tone ledrres (eight in numb r ) separn.t ecl by 

til e thinly Ja m.iuated layer . Th re are some flint , about a · Jar o 
as a man's Jist-lhcliolitc antl Ost1·ea~ ntnnsoni.. .. . . ............ . 45 

c.Flaggy layerwitbdicoidnlflillt .............. . ... .... ... . ...... .. 2 4 
2!) b. Hanl lime. tone, fo r m in" a shelf nlon<Y thi porLion of Barton Creek 

and its bottom a t the bridge below, eroded into deep pot hole . 
The lower 2 fe t oftlli by r coutn.ius very laro-e blue fliuts, oft n 
1 foot M-ro s . ome of t.bem ar e OYn.] oth r. flatten d out and very 
jrreo-ular in ontliue. The upper part of b od contains small flints.. 12 

n. Limestone ledge with some flattenecl flints. All of th e fl ints in 
tbi section b long to the blue variety . . . . . . . . . . .. . . . . . . . . . . . . . . . 11 0 

llasu n l' ct is Du.rtou r k h tl. 

Total tbi<-k11 of s rnta in blu!L ....... ... . ...... .. .... . ... 171 11 

E TI O Ko. n.-Deep Bdcly Blu.ff, Bouth of tho olorado R·iv r west of .dustin.. 
(F ig . 57, B. ) 

43. Nodnlar lim ton with Reqni eoilt at top ( the · econd Requienin b cl of 
t.ho Darton r ' ek e tion ) . 

]ft. In. 

42. Lime tone lodge . . . . . . . . . . . . . . . . . .. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 
41. Limo ton ledges ontaining R qni n ia. Th thrce layersabovede crib d 

form a lop to th top of th hill (or b luff) n.bove the fnce proper of 
t h blull' .. . . .. . . . .. . .. .. . .. . . ... .. . . . ... .. .. . .. . . ..... ...... .. .. . .. . 1 0 

JO. l~od o of hnrcl lim ston , 10 in ch a.bov l.Ja a l h et flint. The upper 
part of t h e l ·d e ontaiu ruther mallnoclula1.· flints........... .. .... 15 0 

a9. Lim ton weathoriu on t and giving r i e to a rroou deal of retl clay, 
app ll rently repre euti ll "' tho zone of oalcit ize 1 fos ils found in the bio-h 
bluff n.bove McG ill 's Ford . . . . . ... .. . ..... . .... . ..... .... ...... . ...... 6 6 

I Tho l!' ort 'Worth lim tono is llSRumccl to bo 70 f tl t thic k a t Aus tin . Futur tmly mnr tnoclify 
this stimn t . Tho npp nnost lny rs, chnrn t rizod by Ki11ge1U• toacoe11 8is, nro miss in " in tho ction-

2Tho b cls in th n~rton rook sect ion bolo1v 43 can not bo correlnt cllnyer for layer with th o D p 
Eddy Dlnft' section; lhoroforo numbers nr not u s d in tlto d scription of tho form r sect ion for beds 
below tho one numl>orcd +3 (except in ou case, 29). 'l ' ho numb rs in the different sections indicate 
cquivnlonco. 
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38. Mas ivc tbi k 1 dgc of .limestone, d t ail n ot exposed . ...... ..... ... .. .. 
37. 'oft, white, ar nn ceou lim eston · .. .......... .. ...................... .. 
36 .. oft arenaceous limeston e ..... .. ... ... .............. . ......... .. .... .. 
35. Lctlgc o f liru cs ton rn t h r sof t, emit tin<Y odor of petrolenm ... . ..... ... . 
34.. bnlky l ime to n formin g little cav s, corupo 1 of n, goocl many small 

ledges ; tliscoi lal flin ts at top .... . ..... .... .. ........ .. ...... .... .. .. 
33. Hard lime ·tone, emi tt iu ~ odor of p etrelonm nncler blows of h nrum r. 

Text ure of lime ton rather tuoaly . Nodular flin t;~ , oc a iou a l eli -
coid a l fliD t iu top . ..... . ... . ... .. ........... ... ....... ........ ..... . 

1!2. Two t hin ledges of lim e tone; laye r of she L flint in top ...... .... .... .. 
· 31. L clgc of t hi ck nms ive lime. tone .... _ ....... ... _ .... .... .. .... _ ...... _ 
30. l'larcl yollowi Rb lim tone. __ . . .. .. ....... ... .. · ... ... ...... . . .. .. _ ..... . 
29. Hanl,· tbi ·k , mn. s iv ledge of iliceons lim estone, ringing nnd r blows of 

hammer. At t b ba ether is a layer a l>on t 9 in ·bes thi ck of OJ> fl,] s-
cent, pinkiHh or browni ·h flint. Apparen tly the lim stone i l> ing 
converted into flint b ,Y r •placcrueu t , and the pr co b a no yet he n 

Ft. In . 
23 

2 2 
3 10 
2 10 

4. 0 

2 
) 2 
5 0 
2 0 

completed _... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 0 
2 . oft ch a lky lime ton , dis olving and fo rming mall caves. ..... ........ 3 0 
27. Soft chalk ,,- lime tone with very l a rgo (may be 1 foot l ong ), irr gul a rl y 

·hapecl blue flint at top............ .................. ...... ......... 2 3 
26. 'Whi te chalky lime ton e, apparently ·ili ceon ; zone of Oint n a r top. 

The flint blue, di co ida!, a ucl teud in " t form ·be t . . . . .. . . .. _. _. .. . 6 
25. Ma ive ledge o f h n,rd bluish lim e tone. . ..... ..................... ..... 7 0 
24 . Ver~· harrllimestone ...... _.............................. . .. .......... . 0 6 
23. A l ayer of eUOI'llJOIIS blu fl iotl 1 in SOlllC plac S OI<Cr 1 foot t hi ck -... .... 1 0 
22 . Thick ma sil·e ledge of limeston e. rn.tber ·of t , ~· Jlow in color, a nd 

slightly ar nacoous...... .. .. . .. .. . .. .. .. . .. .. . .. .. .. .. .. .. .. .. .. .. .. 5 5 
21. Ledge of hard yellowi b lime ton e with a zon of flint t ending to form 

ash otat baRO ........ .. .. ... . ............ . .... . . .......... . ....... .. 1 4 
20. oft, white, sl ightly arenaceo us limestone, ompo od of thin 1 dge ; 

npper 2 fel't, middl e 4. feet, lower 1 fnot.... ... ... .. . .. . .. . . . . . . .. . . . . 'i 0 
19. oft y ll ow isb or whiti h lim ton e '"ith l ayer of fln,tti ·h, hlni h Hin ts 

fm:min g a heet nt top . Thi s i~ reall y t ht'<'C l ' rlgt> : nppt>r l ed ~~:e. w ith 
flints at top, 2 feet; middle, coo tain iog concret ion of calcite in lower 
p art 4 1eet; lower ledge, exposed at low water, l foot .. . ....... .. .. .. 

Total, Deep Eddy s ction ..... _ ... __ _ ....... . ... .. . __ . _ ... _ ... _. 

S tW TJO:o; No. 6.-Blu.tf at the m ottth of B ee Ct·eek. (Fig. 57, .) 

Limestone slop , d tail not exposed .... _ ......... .......... .... .. .... .. 
23. L ayer of enormous blue fliots . ........ .. .. . .. .... .... .......... .... .. .. 
22. Arenaceous lime ton e ................................ . .. . .... ....... . . . 
21. Hard yellowi h lim tone with sb et flint a t ua ...... ...... .. ...... .. 
20. Yellowish, ratb r hard limeston , som wbat silic on ; thin band of 

chalky lime ton e at top; calci to con cretion n ar base ...... ........ . 
19. Sheet flint a,t top (sh et flint at top of low est ledge of De p Eddy Bluff ); 

three l edge of limestone: npp r, 1 foot; miclll , 2 f et 6 inche ; low r 
( conta iniDg cal ·ite co ncr tions ), 3 feet .. _ ...... __ .. .. . _ .. ... _ ..... .. . 

1 . Sandy li mestone, with two zone of nodular flioL near mlddl ; she t flin t 
at base; rna of Req u ienia. j nst above tho she t flint . .... ... .... _ ... . 

17. oft, yellow, calcareou sand tone, a part of the prec cl ing ledge, a bout. 
16. Yellow cherty limestone, auout .. _. __ ....... .. .......... . ....... ... .. .. 
15. Three or fotu ledges of rather ·oft, whiti h or yel low ish lime tone; the 

upper ledge oonta iniu " a gr at mass of Requ ienia, th,e others fewer .. 

'i 0 

121 5 

'Ft. In . 
ll 0 

1 0 

" 
1 4 

6 0 

6 6 

10 0 
3 0 
0 ' 6 

8 1 
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SECTION OF EDWARDS LIMESTONE. 

H. ol id white lime tou e, gra nula r, not very ha rd ; contains a great many 
Requieni a, near top.· -- ___ .. ____ . .... ... ___ ___ ___ ... ________ _ , ____ __ _ 

13. Yello" · nrcmtceo ns limeston e. ___ _ --- --- ___ _________ ___ _______ ____ ...... 
12. Blotched arcnaceon lime ton e. ____ .... . ____ . _____ . ____ ... __ __ ___ __ ___ _ 

1l. . oft, yell ow arenaceous l im os to n(' ...... -·-- -----· ... . _ ·-- --· ·--- -· __ _ _ 
10. U a.rd , yellowish , g mnnla r lime ·ton e, wi t h bell fr:~gm nts, gray on fresh 

expo n re . - - - __ . __ .. - ___ .. _____ . __ .. _____ . ____ _____ __ __ __ . . __ . . __ . __ _ 

9. oft, yel low, a r mtcoous lim stone or caloareou. sand tone._. __ . _. ___ . _ 
Ledge of HOn indu rat d g ra nul a r limesto ne, with indurated b lotches, 

whi ch are stru ctnr less a nd flin ty l ooki tJO' . ·- ---· · -- --· - -- · ___ _ ·---- - _ 
7. Ledge of whit , r ath r oft limo t one, w ith many very irregul a rly baped 

flin ts in a :wo e nbout th e middle of th e led"e. The fli.nt a re mo t ly 
small , bluish in olor, :tnd do n ot bow con C' ntr ic band in n-; nbout. __ 

6. L tlge of white, r a. ther soft limestone; no flint ; a few fragmentary 
fo s ils . ... ____ . _____ __________ . ___ .. __ .. _ ... . __ ___ . ___ . _ .. __ ... __ ___ _ 

5. A oft arena ceous led ge. Tho lower 1 foot 10 iL1 ch c i a su bledg . In t he 
upper part (n ar top ) are on cretionary bodies t b:.a tin their form res m­
b le flin t , but :u o n ot flints in texture. The ·o bo l i s nrc ha rd, a ppat·­
entl y ili ceon ·, a nd con t a in whi te blotches, ome of whi ch appear to 
be of foraminiferal orig in _____ _ . ___ . __ ___ __ . _ .. __ _____ _ . _. __ .... ___ _ 

4. Harcllim"l tone, whitish or blni h, without fl in t; not fo s ilif~;rou ____ .. 
3. Ar naceons lime tone, has a tenclen ·y to la mination , bnt in t he ledge 

tho laminated. ha ract er i s not alway vi dent. Tho npper p m·t of the 
ledge b y solution uocom s p orous. Th e r ock ha a co n iderabl ab­
sorbent power for w ate r, and. h as n dark (w t) nppcnranoe, clue to 
water ontainecl . __ . ____ __ __ _ . _____ . ______ . ____ .. __ . . __ ___ _ .. _. ___ _ . . 

2. Thi ok l edge of white limestoue, not very b a,rd , oxidizing yellow from 
contain d iron. on taius a la rge number of irregu larly h npod fl in t 
nodnles. Th ese may b e a mneh a 1 foot long, bnt u ually are rather 
sm~Jl-3 or 4 in che in length. They a re blni sh in color a nd have a con­
centri cally g rain t:'d strnct nr , r sembling the grain in o- of }l in wood. 
Th eir l ong axe a re not a lways Jlarallel to th bedding plane of the 
limestone, au important exception to t ho u ual po ition of th flint 
r lativ to the trati{icatiou of th lim ton ..... _ .. _ .... ___ .. .. __ .. 

1. Ledge of ycll owi h or wbiti i1lim ton , wi tb on t fl int · in a thin l ayc-n· 
abont 6 inches thi t•k !\t th e top of tb i l tlg ther i nu enormon num-
ber of .Heq~tienia texana __________ . _ ... __ .. . ______ --- _ ... --- .... - _-- --
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Ft. In . 

6 11 
0 
8 
0 

4 
3 
2 

6 
2 tj. 

1 0 

3 0 

2 6 

5 5 
4 0 

5 9 

5 9 

4 0 

Totnl, B r e k s ction .. .. _______ .... _ .... _ .. _ .. _____ .. _____ 104 

Th totn l th ickn . of t h t• Edward lim e ·ton expo <I in th v icinity of 
An tin, ns deterruin d f rom tho for go incr s ctiou . i as follow : 

l<'t. I n . 
Bluff onl3a,rton r k, bed 49 to~ 3 .. ....... ....... . .. .. ...... .. ...... 29 11 

ep E ddy Hlu f'J', hod~ ~ 2 to 24 .. ____ .. __ .. . .. _ .. __ .. .. ____ .... ____ .. _ _ 99 
Blutr nt mouth of Bet• rot' k, b Nl 23 to 1. _____ .. __ .......... _ ..... ____ l (U 

'ra ntl t o tal .. ____ ------ ____ ........ .. _------ .... ____ - --- ------ -- 234 3 

I n t h tion the upper 100 £ et on ist of fta.p;gy la.r r of 
bard white lime' ton devo id of flint . · :Bel w thi are ledges of y I­
lowi h Jim ton of co n iderabl tb ick11 ·, mark d by uumerou black 
flint - The central portion is of white l ime tone of homogeneou 
t xtnre, in which larg caverus occur. The lower portion consi t 
of tltiek and t hin 1 dge n,nd fla o- containin g con iderable numbers of 
flint nodule or strata of fliut a.nd many hon eycombed layers. 
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Ove~·lay.-On the ununitoftil plateau in Edward Oounty(altitude 
2,375 feet) are occa iou!lllow, monllCl· l1 ap d hi lls of clay marl contain­
ing tilin bands of limestones witll T rebmtnla. (l~~·ingena) wa.coensis and 
E .'r:ogym m·ietinct, e tima.t d 110t to excee<l 50 feet in thi kne Tl1e e 
beds belong to the lower fonnatiou of tbe Wa hi ta divi ion. 

NECTION No. 7.-Ca.nyon s of the .Yt1eces, Edwm·ds onnty, 1'exas. 

Ed wards J ime tone: Fo t . 
9. Thin Oag of rin ,., in,., white limestot1e, fo rmiu cr great slabs npou tbe 

ummi ts of ti.Je plateau; Yery fo iliferous anti containin g in the 
Hackberry Creek actio n large r r in ma near their b a e. Th s 
limestones wenther into gentle caletas-- -- ---- ----·-- --- ·--- - ------· 7 

Lime ton ch:uaoteri r. d by an ahuudance of black llint ·, often of g r at 
ize and occurring in n earl y all the bed . Th o limo ton e b d ~ue 

thicker and more ma i ve t han those f tho abo,-e eli visi n, :md u tmlly 
con t itn to tho tir t c cn rpmont met in d <' ndin.:r from th plateau 
or t.he high e t e carpm nt in ri in" f ro111 th cnnyou . Thi · clivi ion 
has mnny fo sil R qu ionia in it antl al o a larg and nnd ·crib d 
pecten, whi ch is oft n pre on ·etl in th flint . About 50 feet from its 
ba e in both the Jlaokuerry reek and Frio se ·tions t i.J t>re i . n. con­
spi<' uons bau l contain in g numeron mdiolites . The tbi kn s of 
tbe e 1 ed in tho F rio and Hackb ny Cre k s ction m nsures about_ 170 

7. Thin -hodtl l1 layer of ~· ellow , aronacoOtl , lll:trly material altern atiurr 
with thin lime tone flag . l';omo of tb so ln.yer ar bone~· ombecl and 
pre ent numerous fucoi lal masses . Th iu ten-cn ing layers of bard 
lime.' tone are Ycry p r. i. t nt. From tb ofter uetl of this division 
gren.t volume of water break out at tb o h ad water bole of' tho w st 
branch of tho Frio in Edwa.rds onnt.r, and ·reate au antifn l stream 
wbi f'h is <le crib del ewhere. The lle.td water spring· of th East Fork 
of the N n ces al ·o br ak ont at exactly the a 111e geologic horizon. 

orne ofth deep wells on tb snmm it ofth plaf·eau at Rock. pring 
and Antl r rson'~ rpn <' h a lso mn y rl<' ri \'ll th r ir wn.tt•r f rom thrs herls, 
,,-b ich are tho Jligbe t watcr -b :uin g strata of tho Edwnrds bed ·. 
About. ___ _ .. __ ___ ____ ______ ._. ___ . ___ . _____________ . ___ .. ____ . ____ . 20 

6. 'Vhi te limestone in ma sin•, thick trata,. omo of whi ch attainlO to 15 
feet in tbicl;ue s, without lamim•tetl strncture; contains a few small 
flint of oylindri al ontliue ::tml pinki h olor. This lime toue weath­
ers into undergro und cavern of the typo of JTillcoat avo on th 
r necc quad ran rrle, elsewhere ll<' cr ibed. Abottt_. - ____ .. ____ .. ___ . _ 105 

5. Hard,rugg dlimestoneintbicklayers,withopalcs ontflint . . Limited 
at itR base by c rtain fo iliferons r.one containi n.r mauy Heqni cnia. 
Forms t he second scarp a bo Ye tbe Ku ces Ri Yer bottom. _ . __ ___ . _ _ _ _ _ 20 

4. Thin, flaggy la~-ers of lime tone alternating w ith calcareous Jay rs of 
si.Jal which are very bitnminou in place , and contain fos il GryphnJa. 
Approximat ly _. ____ . _. _. ______ .. __ . ____ .. ____ .. ___ _____ .. __ __ . _ _ _ _ 60 

3. A. thick baud or coll ection of bancls of rough, cavernon limestone 
weathering into what i known as t ho hon eycomb truotnre; the 
cavities la rge ancl lin ed with red iron color . Tbe zone i made np 
l argely of fo si l R q uienia. This banrl forms tbe conspicuon scarp 
rock of tbe £ neces 'valley in the vi cinit~" of Black wn.tcr bole. 'Vhere 
the streamo have out into the lower Glen Ho. e bed i t makes the urn­
mit of the bills, such as tbe first scarp of Round Mountain. It is 
undoubtedly water-bearing, and many springs b reak ont from it 
basa along the rivers .. ____ __ . ___ __ . ____ . ___ __ . ____ . _____ __ _____ ___ .. 35 
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Edwa.nl lime tone-Continued . Fe t. 
2. Coar ely bedded l imestone , with a few flints and fossil Requienia. __ __ 100 
1. avernons honeycombed lime tone with many black flints ancl Re-

qn ien ia. Forms lowe t carp rock of the \Vest Fork section (36 feet), 
with thinner limesto6e beds at base (16 feet) .. ____ ...... __ .. __ .. __ __ 50 

, Totrl.! ---- ____ . -----· ____ .... ___ ____ ___________ .. .. ______ .. ___ _ 63 

The foregoing ection is a compo ite of several small sections and i 
ouly approximate, having been mea. ured by aneroid baromet r, but it 
will uffi e to give ·a gen ral idea of the Edward formation in the 
Nneces canyon . lt \rill b noticed that the total tbickuess is more 
than double that of the olorado ection. 

l ' ORT WORTJI LDI ESTONE. 

This formation cou.-ist of a group of impure white lime tone ' , regu­
larly banded, and al ternating with layer of marly clay. ( eo upper 
part of fig. 57, p. 2 0, and lower part of fig . 5 , p . 23G.) Before expo ure 
they are dull blu in color, but when weathered tbey are white or yel­
lowish. 'l'he lower portion of the section as expo ed at u tin con­
taiu thicker and more ma sive beds than the upper. Tiley are I aleon­
tologically baracterized by Epiast r elegans, Ammonite. ( chlcenbach-ia) 
leonen ·i , G·ryphcect ~cashitaensis, E xogy1·a ct?ne?'icana, Kingena 1cctcoen 'i ·, 
etc. These fo sil occur throughout in d finite zon and a ociation , 
and orne of tbe strata are compo ed almo t entirely of them. 

Above the more ma ive lower layers i au ao·glom ntte of G1·yphcca 
tcash-itaen is. ssociated with tbi i found au oyster, Alectryonia cad­
nata a familiar European form occurring only at thi horizon in the 
A nstin ection . 

\,.t th top is a. tratum t: rna , ive lim .· ton l s than 3 f thick, 
con istitw of a bomogcneou cal areou matrix: thickly tu lcl d with 
Tiug 1Ut toacoen i .1 ( ee Pl . L I and LVII for figure · of most of 
the e fo il.·.) 

The formatio n doe· not ex eed 75 feet in thiclm oloraclo 
onthw twarcl, toward Bra kett, it becom le and 

di tingui habl from th und rlyin o- Edward lime tone and i 
r cogni~.:able at nly a few place . So far as the que ti n of arte ian 
water i ·on ern cl it would be b tter to co n iLler it as the upp r 70 feet 
of tl1e Edward lim tone nLther than a an ind pend nt formation. 

A a. rul th s beds ontcro1 only immediately along tlre we tern mar­
gin of the Rio Grand Plaill, at th foot of the Balcone e carpment, 
and occupy a n x dingly 11 arrow belt from u tin to Del Rio. 

1Pnlconlologically, tho term Fort Worth .lime ton should be limited to tho lowest m mbcr of this 
.Austin se lion or to th o thicker b de carrying Epiaster elcgans nnd chlrenbachia l eonC?IIfi-<, for tho 
f w f <:t of "1'1 r marl• or probably t.h eon thorn attenuation of th D nisou formation. Tho lowest 
formation of tho i\~nshita di vision (Preston) has not been found at Austin , or to tb sollthward , 
nlthough ita cqllh-nl nt hns b en r eport cl by Tnfi' nt Georgetown. W'illlnmson County, noel is probably 
r Ill' cnlcc l by n. f w f c t of limes lou b low th F• 1·t 'Yorth just south of :Round J~ock in tbo enmo 
county. Ford finitions of 0 nison and P reston J'OI'mn.tions consult Bull. Geol. 'oc. L\ meri on, March 
I 94 , Vol. V', pp. 803, 324-332. 
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H itherto it ha been uppo ed that t he b d did not occu r on t he 
summit of t he ·Edwnrds P latea,u, but our ob.' rvations inl895 show d 
that on tht' hio·be t ummi t of th · pl::tteau in Edward ounty s mall 

area are pre er ed a seen 
at Ander on s raneb , th 
l1 eadwaters of t h Gnadalup anu 
the Frio river, , on t he l Prrvill a.nd 
Rock pri11g road. 

From tbe paleonto logic note>; of 
Dr. G. G. hnmard 1 wl.Jo mad e ~tn 

expedition a ros the region bdor 
the pr ent geologi · 
wa · mad , w, n r led to 
fragm nt of th b d 
ex ten iv ly pre erv d 
id of tb plateau 
laJ'k and tl• Pe o . 

li t le doubt that th whol plateau 
was once capp d by t h !' beds and 
probably hi o·her bed. that hnve 
since been a lmo t ntir ly r mov d 
by ero ion. 

Dlt l. I I LAYS.~ 

'l'h e ar peculiar greeni h-bln 
la minat d clay. whi ·h wea,th r <lull 
brown or yellow an d form a very 
black soil. They ar om fe t 
tllick a,t u tin wl1 re they l1 av 

their typ.ical occun Jll' in hoal 
Or ek and at Fi h Pond Bluff at th e 

~-:;:...,;:;-~""c::-::-r~::-:o~- Foosll·bm · mouth of Barton reek. They nt-
- ___ _ _ - Jng b•d~ crop immediately b neatlJ til hoa,l 

hoaJ Creek limeston , 
D I Rio clays, an!l Fort Worth limestone, 
at Austit1. 

' r ek lime, tone and rest npon the 
Fort vVortb lime ton , IJe upp rmo t 
b:wd of which i cbara ·t rized by th 
occurre11ceofKingenrtwaco nsi . . They 
are an e pecially import}tnt Ian lrnark 
in the geologi · column, marking a 
break i11 a monotonous ef) ueJ• ce of 
lime tone beds, and po . e ing li tho­
logic and paleontologic character 

whi ch render them e::tsily recognizable. Tbey can alway be identified 
by mean of a peculiar fossil, E xogyra ctriet·inct, a little oyster hown on 

-------
1 A l'artial R port on th o Geology of West~rn T <>xas, etc ., duriug the Years I f•S- 1856, by Prof. G. G. 

burnarcl, Austin , l8 6, pp. 69- 77. 
' Tho goograpbio name D 1 Rio clays is hero substituted fur t ho paloontologic des ignation Bzogyra 

a.rietina clays of previous wl'itings. 
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P l. LVIII, fi gs. 2a-2e. 'rbis occnr in the greatest abundance, weather­
ing out by the t bousand ill a state of perfect preservatien. Attached 
to t lle ·e shell s, e pecially the umbona.l region , a re rua.ll cube of iron 
pyrites. Upon decompo it ion th is coats the hell with thin layer. of' 
brown hematite, and converts tbe lime into num rous cry tals of fibrous 
elenite, which are intercalated iu th e seams adjacent to t he sbellltori­

zous. In places the hells ::tre cemented into thin layers of iudnrated 
argi llaceous limestone, making persistent bands iu the middle of the 
clay bed. 

Above th zone of Exogy1·a a1·ietinct tue clay are somewhat barren of 
fossils uu til near t heir ·ummit, where they become lightly arenaceou 
aml contain impnre lime toue slabs be~Lring other fo sil , some of which 
al o occnr ill the upper layer: of the Fort Worth 1ime 'tone. 1 a 
Among tbes fossi l is a grypb;eate oy ter, G. 11wcronc£ta2 lsc , 

~ IZO 
of Gab b. r I 

The Del Rio clays occur as occa io11 a l patches on the 
Edwards P lateau, in ce 11 tral Ech·anls Coun ty, between 
the bead waters of the Frio, n~ces , n.ncl Llano river . 
They were noted on t he road from Dieter's ranch to 
Rod>: prings. A ·cording to t!Je paleontologic 
notes of Dr. G. G. Sbumard previously quoted, 
there are ali'io area-· 011 t he plateau between Fort 
Cla.rk mtcl the Pecos River. 

Sontb of t he olora<lo River these lays ap­
pear at variou · place along the interior margin 
of tlte plain adjacent to the Balcoues fault, ,. 
in Hay , Coma!, Bexar, valde, Kinney, and / 
Valverde conn ies, at leal'it as fa.r we t a 

40' 

Del Rio: 200 mile. nthw t of n tin, 
nearwbi ·b pin e t ltey cro ·. the Rio Grand 
in ·~ ued of ' li o-htly in r a, ed tui ·!me . 

FlO. 59.- ection of Del Rio cl~ya near 
W eymii U r· s rau cl1, Kinney County. 
sc, Shoal Creek lim st no ; dr, D I 
Rio clays . lla oncealed. 

it ·hara teri tic expo nre along the Colorado, in t!Je teep 
!Joal Ore k in the city of Au tin, n.ncl in t!Je bluff's on the 
of t h ri\·e1· wher Bouldin Creek enter the val ley, at tlt 

cro in g of th International Railroad and tlle Oatmanville road . It 
form · 1 r cipitou lift', , with topplin g projecti011 , owing to its jointed 
tructut·e. 
lt out ·rop oxidiz to ~t li g-htly darker ·olor than th limestones 

1 Tho a ·nior nuthor in n pr viou paper has aid t bnt. " this fnun a i the up"·nrd limi t of tll g rand 
fauna of th Wnsllit>\ Divis ion, tho subfnunns of which show conuoot.iou by n few common bincl.iug 
sp cies, " and that, on th oth r han 1, not. a siugh• s pec ies pnsses up wsu·d from the Ercogyra arwti11a 
b <l• into t ho honl Cro k (Vola) lirn stone, thus showing between those bods n lifn hrenk as marked 
as is thn litholos:ic obnngo. L:\l r s tudios htwe shown n fe"· connecting speci s between the honl 
Creek nntl Del Rio form ation . 

1 'l'hia lHts beou all cl " a,·ypluea pitcheri 11 by Roemer, an<l is the ' 4 0. 'IW via. ," or 11 G. p..:tcheri var. 
navia," in part, of th writings of Shumnrd, White, and of nll tho 1·eport of th T ex-ns survey. 
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already de cr ibed . On fracture it i lig·ht y llow with blot h 1:1 or 
pot of pale pink, a if i t hal b e11 subj ctod to fir. Jn pl ace. it i 

very hard, but in general is of varying texture, nsun lly lumpy· in some 
'spots it is efftore c nt and deca.y int a oft, pnh rule11t material with 

1 ightly , aline ta t . 
The minute reel and I ink blot.cltes ar p cnliar t this lime ton and 

hav o·iv n to it th local name of ' l3t1rnt lime ton . Mict·of\ opi 
tnd.r ha rev a.le i the fact that th rock i mad up larg ly of fora­

minifera 1llled a nd ·oat cl wit-h a min ra.I, whi ch in all probabili . · i 
ghwco nite. Exteriorly the lim ton pre nt no appearan i ncli cating 
thatit ontain foraminiferalr main ,but, ofara e ·ami ncd,iti mor 
larg- ly comr o' ed of th m than anr rock of t lt whol ri In on 
thin ·ection ltotalia, Textulari a, lobi g rina, and fragm HtR of thr or 

FIG. 60.- ection of hoal Creek 
lime ton , Kinney County . 1 (dr), 

Del Hio clnys: 2, 3, 4 (Me), hoal 
Creek limeston : 5 (e/), Eagle 
~'o rcl shales; 6, ri v r anu,rium . 

four other g n ra ofF ramini~ ra lt av be n 
re ognized. 

Tlte outcrop of this formation is lH' por­
tionat lyv rylimit d b ing b 1t r di ' l)ln.r cl 
a Au tin tban nt any oth r lo ali ty. n can 
befoundintlJ l>lufl:'·jn belowth J3al·on 

·arp lin n ~tr by many of tlJ 
a Bear r k at fan ·l ta •a; 
at Buda · t lt far· s at 

aucl its moutlt. 
In th An tin e t ion tlt lloal r k 

limestone re ·t without appar 11t gradation 
upon t l.J Del Hio clay indiC'ating a rapid 
phy ical han()' in edimentation, but in tlle 

a id untry th r j int rO'raclation. 

;. LF ERIE PPER CRET.A. EO ) . 

Tb ppr rtaeu:ro·kintberortin 
of Texa un l r tli u ion in t lJi p<tp rare 
found only in the Ri Grande lain . 'I h y 
nr compo. eel mo, t ly of calcar ou cla or 

other oft and uuinduratecl trata. Owing to th g uerall oft and 
friable character of the material, th ~ urface compo eel of it i naturally 
rath er J v 1 or gently unclulatiug. 

The rock of tbi erie contain but little water, and their principal 
fuuctiou in relation to the water que tion i that th y erve a a cover 
for the water-bearing rocks proper. It i e , ential, however, to ltave 
orne knowledge of them to be able to e timate the depth of the water ­

bearing bed beneath the urface. 1 

1 The relations of tho Upp r Cr tnceous formations of south w stern Texas to those of other regions 
nre discussed i n a paper, nearly ready for publication, by T. "\Vayland Vaughan , entitled "Jtecon· 
naissance iu the Rio Grande Coal Fields of Texas," intended for the Bulletin series of th<J Geologicnl 
Sun·ey. 
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SHOAL CREEK LIMESTONE, WE ST FORK OF THE NUECES RIVER, KINNEY COUNTY, TEXA S. 

The beds at the top of the bluff a<e the Eagle Ford shales. 
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Tltis formation con ists of la min ated clay , hales and impure lime-
tone , usually blue or bln.e;k wh n nnweather d, bn t becoming li ght 

yell ow and white on expo nre. Bot.lt the , hales and clay are distin­
gui hed from t he other Cretaceou. rock. , ~speci ally those immediately 
above an(l below them, by their laminated ·haracter. The b d u ually 
contain r ma ins of 6 he , , uch a · cale , teeth, and mall bones and a 
few mollusks, principall y inocerami. (I I. LX. ) 

\ t A.u. tin the shale are expo d in the ixth Ward and along the 
break, of l1 oal Cr ck, pecially wu ere Pecan treet cro. e it . They 
ar finely eli I h1yed al o in Bouldin reek n t b outh. ide of the ri'ler. 
At an Antonio they outcrop nea r t-he cement work an d furni h the 
mater ial from whi ·h Portland cement is made. Th ey are al o gr a t ly 
developed around For t ' lark and at other poi nt in I inney and al­
verd coun ti s, the town of Brack tt b in o· ituated up n them. In 
the la. t -mentioned area the formation (;O n. i t · f thick, ilaggy, hard or 
chalky lim tones with int rb dd d or interlamin ated marly layer . 

'lhe Eagle Ford hal are rar 1 over 50 feet in thi k11 ~ s any,d1 re 
in tb icinity of n t iu . Near Bra kett they ar fully 250 feet thick. 

A 'TDI H ALK. 

Thi forma.tion on i t of impur whit chalky limestone with a con­
hoicla l f'ractur · , and i ' u ually fre fro m grit. It i o oft on fre h 

expo. nre tbat it i ea ily cut with edged tool In place ma ive bed 
are intet" tratifiecl with >ery chalky marl s. nder tlJe micro ope tlJe 
balk exhibit · a f< w al it cry tal particle of a.morphou calcite and 

a T at 11umber of tlJe h 11 of foraminifera and otber minute orgau­
i m . Th air-uri d, indurat d urfaces ar wbite bnt t he saturated 
aml unoxicliz d ro k b low the ur(h · ha a bini h ol r . Tbe rock 

idal th'tke . 
5 t 94- p r c nt of alcinm carbonate, 

ili ca, and a mall p rr..en tage of 

n tonio w twa,rtl to the H.io 

1 T•' iftc n hundred~ · t hns been g h·en ns Lbe tbi kn RS of t his for mntion along the Rio rnn do (Bull. 
Oeol. oo. A m 1'i 11, Vol. LII, 1 92, p. 229), bnL this is probably e x · s i~e . 
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paper. The outcrop follow tb 'northw t rn margin of t he Hio Grande 
Plain from ustin, via ew Braunfel. and S~tn ntonio, to Fort 'la rk, 
cro ing the Rio Grande IJ twe n D l Rio and Bag-l l)a s. 'rite g-rea ter 
portion of the city of A n ' tin east of lt oal ' t' ck i ' ituat l upon t hi 
rock and t h fo undation Of t lte tate ClLpitol ar UUilt upon it. 

The Au 
known as "joint clay 
the Colorado River 
tough, unctLlOU , uh1 

II 

'l'AYLOH. FOH ~I:\ T.IOX. 1 

rlain by <L d po.'it of cal tLreou ·la s locally 
'timatecl to be about 540 f tin thi ·lm s in 

hen fresh, the bC'Cl ar fw grain ed, 
clay' . They arc appar •ntly Hnla minat d until 

expo ed to wea,th ring, wb nth ·ir l a min at d 
character is developed. 'J ' lt i r a· · :;sory con-

tit uent is lim e in a c:ltalky onlition. pon 
atmo, ph •r ic exposur th eir color owing to 
oxi<lation of t h e ontain (l iron <:han g s to a, 

dully llow. 
Be a usc of tlt ir rapid surfa o disintegra­

·ha.racter of t it un altere d h ds i 
eldom , een, exc pt wl1 1t fre h mat r ial i. 

brought up by t lle well-digg r or •xposed in 
fre hly nt mvin ,' or cr k . At the Blu 
Bluff of t ll ol oraclo J1iv r G mil ea t of 

~-,--,!'--.-::'-r-~~ Austin , t h re is a good fr h xposur . 
\t tlt top, a e JJ atYariouspla· in 

Travi ounty ea t of Au tin, t h y grade 
into t he marl · of t he W bbervillc forma­

'rll i.t· middl e portion apparen t ly 
co11tain 110 w ll-1 res ·rv u fossils but 
impre i.ons are abundant in pla.<' i'i . I u 

the ba e of th bed l~:rogym pon­
dero. a a large h avy oy, ter i. 
abundant. (P l. LXIII, fi g . 3a 3u. ) 

AXA('A('IIO Jo''flR tATION. 

I 
lu yald ~Lttd Kinn y c untie 

F ro. 61.- Sootion of A_nacacho formation, Allnca ho iJt t lt , rati <>Tapb iC p it ion OCCU-

Mountllin•, Kinney County. pied to the ea,· twar<l by th Taylor 

marl , is a series of hard yellow a nd wh ite lime ton e with in terbedded 
marl and occa ioual and tone led "'e , for wlti lt the local na nt e A na· 
cacho formation i propo eel, after the lo<'ality of their haract ri tie 
occunence, th e Anacaclto .:\fountain of Kinney oun t.r wbi lt n,rc 
capped by thi formation . 

The fol lowing is ~L ection at th east end of the .'...tmcaelto l\rounta iu 
1 EZilfl'Jra pondero1a marls of the earlier litera tur . 
''l'his name is ar•plie<l to massh·e cLays, brcnus of i.!Jeir tc nuuucy t" break into hlork~-
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It gives a good idea of the con ti tution of the beds. Fig. 61 repre ents 
in a dia,grammatic manner the general eharacter of the beds, showing 
tilose that form slopes and those that because of their greater hardness 
produce escarpment . 

SE TTO ' No. 8.- ection of Anacaclw llfowntain, Kinney Coun ty . 

Anacacho for mati on : F eet . 
8. Scarp-making rock , formi ng tho t op of the hill. It i a h ard, yelJO\Y 

ubcrystalline li me tone. In t he t op a species of AJ ectryonia was found. 
About 30 f et below t he top g reat n umbers of G1·yphcea vesicu la·ris occur, 
fi rmly embeclqed .. .... ------ ---- --- -- - . . . ... - - - - -- .. . . .. . . . ... .. . . .. ... . 60 

7. ofter limestone : b, Sof t, yellow, marly limestone, contain ing a la rge 
pecies of Cardinip, 50 feet; a, oft, white, ch alky limestone, contai n ing a 

species of Turritella with three promin ent revolving tr ite on each whorl 
( T. tri l-im on. f), 30 feet ; total. . ...... . .. ... .... . .. .... . . ... . . . . . . . . . .. . 80 

6. Hard limestone l edges. The upper 30 feet is browni sh and contains great 
number s of Exogy1·a 11onderosa fi rmly embedded near t he top . The next 
lower 20 feet is a yellowish "'r anular lime tone with glauconi ti cs pecks. ' 
This bed form a platform on t he east end of the A.nacacho Mountains .. . . 70 

5. Ledges of yellow, ferrugi nous, no t v ery hard, subcrystalline limeston e, 
form ing the lower carp on t he ea t end of t h e bill.... .. .. .. .. .. .. .. .. .. 30 

4. lope composed of marly limest one in t he up per par t, t he lower portion 
y llow marls with f ragmen ts of a very lar ge and coa rsely corrugated 
Inocernmu . .. . . .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. 20 

3. Yellowi h li mes tou , weatheri ng into n odul ar chu nks, i ron- t a il10d along 
the weath rin g cracks. Contains some poorly preserved fos il -Tri o-onia 
( ~), Iactra, and a finely ribbed L ima.. . ... .. .. .. .. .. .. .. .. .. .. .. .. . .. .. . 10 

2. Soft material co ntaining fragmeut of a very large Ino eramus . ... .. . . .. 5 
1. Th in, very h ard, b rown, siliceous ledge ..... ... .. .... . ........... ... .. ·.3or 4 

Total .A..nacacbo beds .... .... ...... ...... .. .. .. .... ...... ....... . . ... 279 
Austin chalk, a t base of above : 

3. Hard b rownish lime tone, containing many G?·ypll rea aucella.. ... .. . ... . . . 5 
2. nard chalky limestone ---.----- .. -- -- -- .... .. .. ------ ---- .... ----. -- --- 10 
1. nexpo d-to bott-om of . rroyo ...... .. .. . . . .. . .. . .. . . .. . . .. . .. .. .. . .. . 20 

Totnl An t in halk xpo, d .. .. .... .... .. .... .. .... .. .... . ..... ...... 35 
Tota l Ana t.tcbob d ...... .. ............ . .. . .... -- ----~ ----- ---- ---- 279 

Total h r xpo ed .............. .. .... .. ........................ .. .. 314 

Th m a ur ment w re made with an aneroid baromet rand mu t 
b r o-ard d a onl y approxiru a ly corre t . 

Tbe d po it of a ph alt a t th Li thocarbon Rubber Company's mine 
i in t h nacacho lime tone. Th a phalt-bearin g horizon orre pond~ 

wi th the upper part of "o. 6 a bov . 

WEHBJ;; HV ! LLE AND EAGLE PA ' F R~l ATIONS . 

The big he t bed f th e Cretaceou outcrop a,long be eastern margiu 
of th e Black Prairie region a ud of th nor tl1 ern portion of the Rio 
Grande P la in. In the Texa region t hey present t wo distinct litboloo·ic 

1Th ae b ed s contai n " p onUnr form of Rndistos uot hi t herto found in t h 
oonntry . It w ill bo studi d by Mr. tn nton of this nrvey. 

1 GEOL, PT 2--16 



242 'l'HE EDWARDS PLATEAU A D RIO GRANDE PLAIN. 

facie · though the beds are probably synchronous. ln nortl1 rn 'r xas 
and as far outh a ·· t b Colorado River the g- neral asp ct is t hat of the 

pper Cretaceou ·formations of t lt ' Atlantic and • n If tat s from ew 
Jersey into Texa , which cou i. t of sands marl. , dark clays, or t h r 
impure ediment u ually characteri~ d by tl10 ar penrance iu ome 
form or other of particles of th mineral glauconite (gr en and) in the 
various b d .1 From an Antonio we tward to El Pa 0 the b ds of tho 
up1)ermost Cretaceous eonsi t of yellow clay , imptn· ferrugi non li me-

ton , and bed of lignite, and have a g n ral increa e iu thicl n . , 
bowing a tran ition to the fa ies of th n hronou bed of the Ho ·ky 

Mountain region . 
Along the olorad River, below lle mouth of Onion Creek, the 

Taylor formation grad upward into glau onitic marls with b d of 
inipur lime tone and black lay Tb lo al t rm W bb rvill ltas 
been u eel 2 for the· . Th y ar xpo d a,t onl T a, ~ w I calitic ' in 
eastern Travi County. 

In tbe Fir t Annual Report of the T ::s:a 
the haracteri tic outcrop of Webb rville b 
the format ion i rron ou ly referr t1 by Penro e to t he W ill Point 
bed of the Ba a.l Tertiary, a follow : 

On the Colorado River i t i seen outcroppin g at a point 16 miles by riv r b low 
Austin, and 1 mile below the mouth of nion ' r k, in a bluff some 40 fe thigh nnd 
a mile long. Also at Webberv ille, on the line betw en Travis ancl Bastrop counties, 
where it i · seen iu a low bluff just above the wat r's dg . Thi i a much darker 
and more ma iYe elay than that s en in most other outcrop . In the bluff lG mil s 
b l ow Austin nre fonud a. few fTagment of fos ils, but thoy t\l'e all o urokcn a to 
make their determination Yery doubtful . 

The inve tigation of this urvey in 1 94 have shown th m to 
contain fo il characteri tic of the upper divi i n of th pp r r ta­
ceous, identified by Mr. T. W. Stanton, a follow : Anomia conradi, 
Leda p1·otexta Oorbt~la crassiplica, Drillia distan , phenorli cus lenti­
mtlcw·is. 

Although probably not the highest bed of th e Cretaceous y t m, 
the Webberville beds are the highe t Cretaceou expo ure en alo11..,. 
the Colorado River, for below Webberville th y are overlain by tbe 
ba al eli vi ion of the E ocene Tertiary. 

'In order to distinguish the allied facies, the senior author has in pr vious papers spoken of tho 
northernmost of the e areas, presenting the Atlantic tates facies as the glauconitic division and 
tho e of the R io Grand and trans-Poco region as the Montana division , the latter nam having 
be n I>re,·iously used for the allied formatio11s in the Rocky },fountain region. The term" Glau CO· 
nitie " has always b n considered unsatisfactory, inasmuch as it is not a geograpWc word. The 
wore! Montana can not be u ed with certitude for t ho beds of the northern area lmtil they are proYod 
to be id ntica l on paleontologic grounds. Tho beds of the two regions are quite diil'erent in lithologic 
aspect, and they most be eli tingoished until they are pro ,·e<llo be the same. The tenu "Rill · y" bas 
been used as a gen ric one for beds which we know belong to this di vision in T exaR, but without 
specific d finitiou. Since the original u se of the word Ripl yin Mississippi was restricted to some 
of tl1e beds of th mnny in that State composing the eqnl val nt of t hi s division as a whole, it is 
hardly appropriate to apply that name to the entire uppermost d ivision in T . xas. 

2P reliminMy check list of Cr taceonB fossils of T exas, hy Robert ~l'. Rill: Bull. 4, G ol. nrvey 
Texas, .A ustin, 1889, p. "" " · .A.Iso, First .A.nn. Re1>t. Gcol. Survey Texas, p.ll5. 
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From the Colorado River southwestward through San Antonio and 
onward to the N ueces the beds of this upper division appear only occa. 
sionally along the watercourses, where erosion has cut through the 
overlying :Neocene and Pleistocene deposits. 

reHr San Antonio, as shown by the Terrell artesian­
well boring , they are represented by a great thi k­
ness of lignitic joint clay.s, estimated at 600 feet. 

In the I{.io Grande Plain, southwest of San Antonio, 
an<l in the foothills of the Santa Rosa Mountains of 
1\Iexico, they attain great thicknes , but differ entir ly 
in detail fron 1 he north Texas exten ion, lithologically 
resemblino- very mnch the Fox Hills and Laramie bed 
of the Hocky Mountain region. They ar well dis­
played from 12 mile above Eagle Pa ·s to the W ebb 
County line in Texa , and in Mexico south of the Sabi­
nas River, north of tl1e Santa Rosa Mountains, where 
t.bey consi:->t mostly of glauconitic ands, alternating 
with limestou , clays, and beds of lignitic coal. Near 
Eagle Pas · they are probably 2,000 feet thick, and the 
whole formation may be even greater. They abound 
in fo. sil wood and bones, and are of great economic 
value as coal producers, the mine at San Felipe, 
Eagle Pas , and Sabiuas being located in them. Fig. 
62 mu trate. the general character of the bed at 
Eagle Pass. 

THE EOCENE. 

These beds overlie the highe t Oretaceou , and con­
i ·t of ferruginon and, clay , and ome impure marl . 

Lignite b d ar v ry abundant. They mark the east­
rn and outhern border of the I ortion of th Rio 
mnd Plain d cribed iu this paper and the di cu -

ion of them doe not prop rly fall within its prov­
in e. line from Littig through Lytton pring , Lytle, 
and th outhea t orn r of Maverick ~onuty approxi­
mately mark their interior border. Tb arte ian wells 
deriving wat r fr m th e formations, uch a tho e 
at Oarizzo pring , will be treated in a. separate pa.per. 

ALLUVIAL DEPOSITS OF THE NEOC}J:NE, PLEISTO- :1!'10. 62.-Soction 
CENE, AND RECENT EPOCHS. (in well) of l ,l40 

f t of tho Eagle 
l'a.•s beds. Ver-

Th ·e formation comprise tho products of upland ticaJscaJo: lin.= 

degradation, and have been laid down by treams at 212ft. 

local base-lev 1 . They are composed entirely of the debris of the Ore­
taceou uplands, exc pt immediately along the Rio Grande and Colo­
rado, where oth r material i mixed with such debri , the litl.10logic 
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aspect of tb e beds remainin ·, how ver, practically un ·hanged.1 As 
they are the chief source of the . urface wells of the r egion, as well a of 
many important spring , they ·will be briefly described. The final 
clas ification of the e depo it is not compl te, bu t for convenieu ·e 
they will be temporarily grouped as follow : 

The Uvalde formation ( " U plaucl gravel ' ), uppo edly of 
P liocene age. 

T.be terrace of t l• e olorado Riv r. 
The terrace of the Hio Grande. 
'Ihe Onion Creek marl and allied depo its. 
Tile terrace of t he Nu ce and Leona rivers. 
The wa b . 
The fry-p rm deposit . 
The tep t ate and ''tierra blanca." 

t'VAL]) g F ID'[ATION, 

In the l io Grande Plain lyin o· ofl:' t he foot of the Balcones scarp­
ment, from San G<:tbriel to Devil R iver, and xtondiu g coastw~Lrd many 
miles, there i a remarkable geologic formation or eries of fo rmation 
to which the name vald ha been given.2 It consi ts of a 'vast depo it 
of gravel, compo ed almo t entirely of roll d flint pebbles, with o ca­
sional pi ces of lime ton , partially embedded in a matrix of chalky 
marl and clays. Most of the e material haYe b en derived from tlle 
decay of the E dwards limestone of the plateau, and pread lik a 
mantle over t he lo,>er plaiu . In plac s \Vbere the marly mat rial pre­
dominates over the pebble , a on the high divid between he Colo­
rado River and Onion Creek . outhea t of A11 "in, ea t of au ntonio, 
and elsewh ere, t he formation we:ttb r inh dense black oil bearing 
great resemblance to t he resitlual oi l of the Upper retaceou bed , 
upon wllich the vald form ation r ts. o fo il have a yet been 
found in it. It caps the hi gher d ivides in the Rio Grande P lain, and 
constitut the bighe t terrace level in the canyon valleys of t he 
plateau. North of the Colorado H.iver it cap the hills we t of Manor, 
havin o· an altitude of 750 feet . South of the river it cover much of 
tll e ltigh divide-the St. E lmo P lateau- between it and Onion Creek. 
Tile di\ride of the Blanco, Onion Creek, aud Colorado drainages in 
northern Hay. and Southern Travis counties is al o made up lar <Tely 
of it. Simihtr remnants a re found in many places southward toward 

1 ·one of the superficial a ll!! gravel depo it of tho Te:"<as region are of glacinl orig in, asp oplo fre­
quently suppose them to be, There is nor ason to modify theopiuion expressed by Dr. Roemer mauy 
years ago: "A.t the close of the r emarks on the formations of the diluvlum in T xas, i t may be 
proper to point Ollt that no trace is found in Texas of any drift blocks or grn,·el deposi ts of northern 
origin, which, of com·s , is qu ite in harmony with thew 11-kno"Tn distribution of northern drift in 
the basin of the Mississippi, in which thEl erratic blocks, so common in tb n cinity of the Great 
Lakes, nowher e extend as far as the Ohio, thus provinl( thnt the conclusion gained in Europe, that tho 
ermtic phenomenon i of nort,bern origin, applies also to Lbe A.wcricun continent. " :Kreidobildungon 
von Texas, 1852, p. 4,) 

2 A.m. GeoloJ:i•t, June, 1891, p. 368, 
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San Antonio. The beigbt urroundin g the latter city are largely 
capped by it. An instance is the Fort Sam Houston bill. 

Tbi flint-gravel form <ttion is fonnd along the line of the out hern 
Pacific from Seguiu to Del l~io , constituting, with few exceptions, 
tlte divides b tweeu the strea,ms and attaining a ousiderable thick­
ne . ually it extend· up to the very foot of tbe Balcone bill , but 
occa. iomtlly , a in valde and Kinney counties, it border lie farther 
outh. A imilar gravel conRtitutes tbe level prairie upon which tlte 

town of Spofford in Kinney County, i situat d and extends northward 
to the foot of the highlands. Thi is 40 feet or more ht tbickne . and 
contain lo all y derived igneou as well a Cretaceous materia I. 

Sonthw , t of U valde, on the divide between the Leona and .r ueces 
rivers, a.long the Eagle Pas and arrizo Springs road , tbo matrix of 
the fonuation i a fine , ilt t hat make a stiff, black, oil when wet . In 
the hi gher place and around the edge. of tbe waterways in the wide, 
fla caleta tbe gravel i expo ed. The gravel was at fir t mbedded in 
tbe fine silt and covered by it. In hio-h places th silt ha been wa bed 
off the crravel aud ha accumula ted in the caleta , the gra.v~l having 
been too heavy to be moved by tl1e luggi h water . Along th tr am 
ways in tlte draw t he water ba ''Yept the silt aw~ty, leavi ng the gravel 
exposed in the lower part of tlte bank , while the ilt form the upper 
part. 

A long the border. of the Rio ran de the urface of the formation, in 
spite of the incision of the drainage, till presene well it original plain 
character. Tbe altitude of the formation i higher in it we tern than 
in its ea tern portion , it surface ·loping both ea t and south. Its 
height above ea level betwe n pofford and D 1 Rio i. from 1,000 to 
1,100 feet; in the v icinity of u tin it level is b tween 650 and 7-30 
feet · n tbe Rio rande near auto Tomas in Webb ounty, it occu­
pi · an levation of b twe n GOO and u50 feet. It do.es not cea eat 
the Hi rande, but xt ud far into Mexi o. 

di t in tion to b drawn betw n th valde formation of l~io 
Grand d posi tion an<l that f t h river of tb re <Yion fal'tb r a t lie 
in t h diffl renee in the ·baract ' r f the mat rial compo ing he graveL. 
A ha air ady b en 110t cl he grav I in the latter ar n. i c.:ompo eel 
almo n t ir ly of flint de:ri \~ d from th di inteo·ra.tion of the lime tone 
of th Bel wards Pla.teau. Iu t h former region th material lla be n 
d riv d to a large ext ut from edimeutary rock old r than the re­
tac ou ' and fr m ruptiv ma e oc urring along th cour e of tbe 
Ri rand above the mouth of t he eco River. ow v r mix d with 
t ile grav 1 of ign ou material and pre-Or taceous . ediment i a huge 
p r ntao-e of p bbl of Cretac ous rock 1 comprising Edward lime­
ston , oth r lirnestone, and flint pebble , etc. 

u th r inter ting peeuliarity in thi region i th pebble ar fre­
quently cemented into a firm conglom ra,te by a chalky matrix. Often 
th p bbles are very rare and the formation i represented by the lime-
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stone alone. The two hill in Webb 'ouuty 11ortlt of '<tnto Tolll::v, 
known a the Do U ermano · (Two Brother ) are lmtte · cap] d by a 
white ludky in(lurat •d lim e~ton ' ·ontaining a very s mall lllllnb r of 
p bble . 'Ib cap ro<·k is almo. t a pur lim stone of i rm blan a " 
(white earth ). a· c1 Tib don pag·e 25G. 

Be id s t he di tribntiou of the formntiou in the Rio Grande Plain, it 
extend np th e canyon of tho la r o·er treams flowing from the Bd ward 
Plateau, makiug the hi gh t t rracc. tanding abont 50 f• t abov tlrc 
stream ucd, and i. compos d 1110 tly of flint O'raY L A th ,tr lLill 

d ccnd from tlle plateau ~Llld approach t h plain conutry t l ir cauyon tl 
valley becom wider and tll val de roruHttion b co1ne m rc n nd 1nore 
extensiv . sprcadin O' out and covering all of the divides aft r tl1o b •It 
of the Balcone::, f<tult disturba,ne ha b en tmv r ' ed. 

It i · vi lent that there wa. a lolto· period of eanyon ·utting pre ctl­
ing tbo deposition of the vald , an l this period was probably clmiuO' 
Miocene aud •nrly Pliocen tim . 

Th o coa tward extent a11d relation of tho vald • formation hn ,. not 
be n inve tigat d. It xtend . outbward b yond antoToma ~, in\ chb 
County anl ca twarcl of t he International ~wd Great .._Torthcrn Hail · 
road from gn in to Laredo. 

There ('au b but littl clonbt that Lir e l.~vald formation is of the 
am c a o·o a~ th plateau grav 1 of Arkan:-;a and nortlleast rre ·a and 

tl1e Lafayette formation of th TUlf and \..tlantic reO'ion east of tl1c> 
Mi ·i ·ippi. The e lta e be n corr lated by Hill b P nroR all(l by 
l\1 ·Gee.' 

Dumble ha on idered the Reyno.:a lime ton of P enro only a 
pl1a ·e of the extcu ive upland gravel dcpo it de cribed abov ,3 a.nd 
extend the term Reyno a "'O a to iuclud th whol of th oTavel . 
.Ac ·ordino· toP nro e, tbi' lime ton~ i , l1 ard and whitish, and oeeut· 
about 50 feet abov the Rio ntnd iu tbe town of Reyno a, 'tate of 
Tatnaulipas I xico. A. we have not b 11 abl to make stu<li sin the 
vicinity of Reyno a . we have not nffici nt data to pa judO'm 11t 011 

Dumble treatment of P nro. e' terut. Dnmble, tat that tl1e 'ea­
wartl exten ion of the Uvalde (Reyno a ) pa: e b neath tb Gulf ·oas t 
clay ' (Port Hudson clay of Hilgard).3 

A nearly a can be determined , the clepo ition of the valde forma· 
tion took place in late Pliocene time. 

lt doe not appear to the writer tlrrtt it i 11e e ,'ary to po tulat a 
marine submergeuc or an ab olutely horizontal deposition 1 v l to 
explain tiJe valdo formation within the area onsidered in thi, paper. 
At mo:t a large portiou of the clepo it wa laid down uy the procc.-. 
lat-rde cribedunderthebeading 'Thewa h' (p.254),wlt nth country 
tood lower than 11ow, but was undergoing gTadLutl uplift, the tr am 

1 'l'he Lafayett forrna.lion: Twelfth .Au n . l~ept . U.S. G ol. Survey, Part I . 1 n1. pp. 347-52L 
2 Fir t. ; \ nn. Hept. Geol. Survey Texns, 1 90, p. 63. 
3 .Bull. Geol. Soc. America, vol. 3, 1 92, p. 230. 
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CROSS SECTIONS IN THE AUSTIN QUADRANGLE. 

to , Taylor ; o. Austin ; ef , Eag le Ford ; Rr. Shoal Creek; dt, Del Rio; f w , Fort W orth; e, Edwards; cp, Coma che Peak nnd Vlalr.ut i (11', Glen Rose; ( 1 Travis Poak. Heavy black line n ar tcp of Section .A (1.11\ W alnut formation ; ll ne at bottom of ~ciion D, low-water line of Color1da River. 
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debouching upon the plain seaward of t he Balcones carp and probably 
inundating its expan e at various flood periods. Tb hifting of tbe 
cba.nnel' of t be streams was also prol>ably in trumental in distribu­
ting the debris. 

l 'LEISTOCE:\'E TEllHACEf;. 

After the deposition of the valde gra,vel beet or sheets the rate of 
eleYation of tl.Je l a,n<l increa.·ed somewhat, a,nd drainage valley were 
successiv ly eu t through tb e:se older gravel formation . In tbe valley, 
not only iu the geneml region of t he Coastal Plain, but over the entire 
Central Denuded regioll , extend in g np to the break. of the Plain and 
into t he canyons, arc many a,! In \'ial taln fan · a nd terrace depo ' its, 
varying in number and character with the age, position, a,nd cl1ara.cter 
of the trealll . Stream of larger magnitude, like the Rio Gra11de, 
P eco , Colorado, N olau, Brazo. , and Red river , . how more of these 
terrace than those of more r cent origin .1 Theoretically tb differeut 
depo its must merge in their coastward exteu , ion in to delta or estn:1rine 
beds, and are no doubt repre ented in the coa t Redimcnts. 

TEll! A C I' S OF TilE ('()LO llADO HIVEI!. 

)So better expo itiolls of terrace phenomena can be found than tho e 
een adjacent to the Colorado H,i,~er as it eros e Tnwi · County alld 

especially in that portion of its course lying to the ca. t of the main 
fault line. Tbe ' o I>henomena will be illu trat d and described in 
detail in tbe forthcoming Austin folio of the Geologic Atla of the 

nit.cd S ate . Their g neral relation n,re illustrated in the ection 
of rL .... - -x:v, A-0. In this YiciniLy several categoric of terrace 
can be distinguished, as showu in tbe accompauying t:-tble (p. 248), 
including variou stage in the hi ' tory of th<: Colora<lo l~iver, fr m the 
olde ( valde) plains on the high divides to the present river bot­
tomH. 'rhe li ght-color cl ometime ebalk,,·, matrix of the fui11lam ntal 
formation · ont or wJlich the Colorado lias eroded its valley afford 
a favoral>l foundation for t h clear d marca,ti o of tbe variou ter­
ra ir lneidatiou is furtl.Jer fa ·il itatefl by the 1naterial of the 
terrace d posit them Plvos, onsi tiug a they do of thr e entirely 
eli tinct and contra ting- material , viz (1) whit flint <tud lime tone 
d riv d from the reta. eon' formation of the Bd ward Plateau; 
( .. ) th more on olidatecl and darker-colored mat rials of the Paleozoic 
formatious of t he central r gion ncb a dark lime ' tone ferrngiuou · 
and to11e' and :1 vast quantity of r d teld par and milky quartz; 

(3) v rmilion loam ' d rive l from tbe Red Bed in whi ·h the present 
head wat rs of t li olorado ha their . ources. h tei'ra.c ·eem 
to u ·ompo ed largely of on f the -e thr e cla e of material, 
although ometime an admixtur 

1 The terraco phenomcua. nssooinlct.l with tho H1f\i 1' Atronm s, Htwh ns tho J d, J3razos , Colorado, aud 
Rio rand • na w ell ns t hoso of t.lto 'l'rinit.y, Gunclnlup , null Nue •o , ltttYO been tho subject of <l oi.ailed 
invea t.igrttion hy tho nutbora. 

/ 
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Tbe valdo beds previon ly de cribed may be con idered the most 
ancient or earl ie t of thi eries of formation , while tbe present high· 
water flood deposits of the river are th mo t r cent. Betwe n these 
there ar many steps or stage . 

The following table bow t he locality, heigh , and compo ition of 
some of the t rrace r coo·niz d on both ide of the ri ver. Tb alti­
tudes given repre ent a nearly a po sible the original d po ·ition . 
surfa ·e of tlte format ion. 

1'able showing relation of te-rrace phenomena on th.e ides of the olorado Valley 11ear 
.Austin. 1.'8xas. 

l ___ or r---oh·er_. ---,-.--_1 
~- J,ocatiou. Compo-

1~---------- sition. 

Compo- -~ 
.A..Jtitu<l . sitiou. Location. 

Hills 3 mil southeast 
of ~I::mcbaca ....... . 

Hills outh ast of 
reed moor . . . .. . . ... . 

Hill at fork of ak Hill 
and Man bar a road·· .. 

Terrell Hill. . ......... .. 

t. E lmo divide ........ . 

Lytton pringa .. ...... . 

Onion Creok marL ... .. . 

Ea t of eelig's store . .. 

Delvalle Blufl', lower 
part ................. . 

Bottom, Austin ........ . 

StreaU1 way, Austin ... . 

1 

1 

2 
-1 

1 

1,2 .{ 

1 I 

1 1{ 

2 
4 

4 

Fe ·t. 

775 

725 

675 
675 

650-675 
635 
62-

615 
fi50 
525 

500 
4 0 

475 
430 

422 

E lateau southeast of 
prinkle · HalclKnou, 

near fanor. 

2 Lllllati c asylum Au tin. 

2 

1, 2 

niver11ity of T xas. 

tate capitol, Tillottson 
College, Walnut 

reek. 

2, 3 Fourth treet terra. ·c. 

2, 3 Ra.il roa.cl ta.ti ou a.od city 
bridg bluff, .Au tin. 

2, 3 Minor bottom terrae a 
of Colorado b low 
.Austin. 

2, 3 'tream way, ustin. 

1 =Rolled flints , white limestone, and other <l6bris of Cr taceous formations of the Edwards Plate.nu. 
2= Largely quartz and feldspar from Burnet region granite, with mixture of Paleozoic limestone. 
3 = Red Beds d6bris . 
4 = :\fixture of above. 

On the north side of the l'iver the e terraces cau be divided in to 
two categories : (1) A erie of higher levels above the pre ent stream 
valleys, the integrity of which has been destroyed by ero ion; and 



BILL AND J 
VA U oHM<. TERRACES OF T HE COLORADO RIVER. 249 

(2) those nearer the pr ent tream way, which maintain their original 
integrity. There arc many of each ·la , and the distinction between 
the two is purely arbitrary. Of tl1e fir t cla are all tho e above the 
Capitol (Tillot on ) terrae , on which t!Je State capHol building is 
located , in ·1uding t!Jo ·e upon which tl.le ' tate iusaue a ylum a11d t!Je 
uuiversity are :ituated . The topographically lower, wide flats of the 
Colorado Ri,·er, compo ·ed of fin~ and an d silt, form a large number 
of minor terraces and constitute t he second cia s. Tl1e latest of this 
cla s i the alluvium of the pre eut flood plain of the river. 

Th e Asylum ten :ace.-This terrace lie orne _15 :C et above t he olo· 
rado R.iver, and extend nearly 4 mile back from the pre ent ri\·er bed, 
formiu g the ummit of a high bench tiJat u ually marks the exterior 
maro·i n of the o-called Colorado bottoms. In tl.Je city of Au tin it 
commence 11orth of tl.J e univ r ity and constitute· the -:uuly post.oak 
flat in the ' northeru part of that city U}JOn which the lunatic a.ylum 
stand . Tbi terrace extend down th olorado Hiver, preserving its 
po ition at the ummit of the bluff along the river flat, into tlle Ba trop 
quadrangle, \rhere it may be relate l to the gravel on tue divid · on 
tl.Je outh siUe of the river in tl.Je vi ·inity of Lytton Spring ·. W t of 
Shoal reek, a · the lin of the Balcone fault is approached, o ·ca ional 
rem11antal patcl1es J.,a,·e surviYed t ue vigorous rosion to which the 
formation has been subjected but t be terrace once extended to tbe 
foot of t he e carpment. 

W are 110t prepared to determine the tratigraphic po ·ition of the 
yluru terra e outh oftbe 'olorado in t be vicinity of.Au ·tin, although 

patcbe of it may i1l be pre· n ·ed outh of Barton Creek on the road 
to Oatmar.vi lle, and iu occa ional plac . along the riv r bluff north of 
Delvalle. outh of Onion Cre k an l extending far down the river tllis 
terrace ba a great development, and probably spread out over a large 
ar a. It 111at rial 'Oil i ' t Jar' lyot' gnwit d "bri, gr;lllite p bbi 
quartz a.nd r d· olor d pla~ti mat rial d ri,·eci (rour t l1 decompo ition 
of ~ 'lu par, brou bt by tl.J riv r from t he Burn t gran it r gion to the 
northwe t . Tl.J r ar nl o p bbl s of . hi t and Paleozoic lime tone 
from tl1e ] uruet-Llan i 11 and a littl flint from tb F dTI":ud 
lim tone. 

Th r.haract r of tb material of tl1o valde formation .. bows t bat 
during tb e d 1 o ·ition of t11 old t of tb · b d the olora lo River 
bad probably not cut through tb u ·covering th;1t overlay tlle 
Pal ozoic a,r a of ntral T xa . Th ylum terrace mat rial, how-

v r t 11 ' d rl.uitely that at tb tim of it depo it ion the riv l' had ut 
iuto t.h old r formati n of th Burn t-Llau regiou and wa vigor. 
ou I erodi ng them. 

Th re are veralmi nor t 
of wbi ·h o •nr in the uni 
low : 

b low the Asylum terrace, tbe d bris 
ome of the e ar a fol-

'l'ho Capitol ten·a o.- Tll 11 xt lower con picuous terrae i tltat which 
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forms tb snrface of the capit l grom1ds and the r idence portion of 
u tin . Th b ' t-preserved exampl of this i in the city block north­

we t of t he old Catholic burch. It can be t raced a tward down the 
river, Tillot on uivers ity being Jo ·at d upon it. l~a t of that in ti­
tution it gradually merge in to the wide :flat of the 'olorado. outh 
of the river th i terrace form the top of th l1i o·h bluff or valley wall 
of th olomtlo bottom at the tat ylum for the D a.f and J nmb. 
Frao·ment of it can h' trac d far down tbe river. Tl1 material of this 
terrace i t he same kin l a t hat of th ylum terrae ; i. e., i t con i ts 
mo tly of oTauitic d bri br uo·ht from the Burnett-Llano region. It 
is pre umed that the finer ilt which ori gi nally con tituted a part of 
the A ylum and Capitol terrace hav be n remov d by ro iou. 'rlli 
t rrace is al o w ll hown we t of n tin, betwe n Shoal reek and 
tile ri ver. 

Some 40 to 60 feet above th r iver at low watel' autl abov th pr s ­
ent limits of t h bighe t water in time of overflow i n, va t :flat, or 
"second bottom' oft n sev raJ mil e in wid b. 'rhe bottom iu plac 
eo n i. t of five or more terrae , for llli tw t plik d · nt to t b river. 
'Ibese are r ecially \rell ·bown near Moutopoli Bri(Jge. Tbeir I va­
t iou oue above auother is on ly 5 to 10 fe t. It i · very ,-itlen t that thi 
whole area wa one the :flood plain of the ' lorado, and, althou h n t 
now subj ct to overflow, it i lo all¥ termed th olorad bottom. Th 
hi gbe t of t he second group of terrae · i t hat upon whi h tll ma in 
bu iness portion of the city of n t in i built. It i well hown along 
Fourth tre t, paeticularly ju ·t back of the oard of 'rrade buildin g. 
About 10 feet below thi i the top of tb terrae XI o ed in the 
bluff of the olorado at tb city briclg . The nmmit of t bi i about 
GO feet above the river, and i ompo eel larg ly of r d loam. Four 
di tinct later terrace in aU, can be e n above the pre n tr am way 
in t ho cross ·cctiou of tlle Oolor<Hlo aL u ·tiu fr rn Fourth tre t to the 
bluff' ju t nor·th of the Deaf a,nd Dumb ylum. 

The material of the lower group of terrae . i u ually fine . andy 
loam, with occasional beds of gravel or clay. t u tin excellent 
bricks are manufa tured from t he clay b ds. During t iJ e tim of t.l1e 
formation of thee terrace the h adwater draioag of the river had 
worked it way ba ·k and down into tlle Red Bed · couDtry, a nd wa 
bringing down material imilar to that whi ch now give the Colorado 
water i t characteristic color, and from which the river d rive its nallle. 

'l'he pt·esent flood plain.-rrh bed of the river is usually shallow and 
sandy, tlle stream occasionall y cuttiug into the uuderlyiug bed rock. 
The higher flats are covered by water in time of overflow. The allu­
vium is reddish , similar to that of the flats above described, havi ng 
been depo ited largely by the " red ri ses," which are originated by the 
heavy rains that fall in the Red Beds region· near th prin cipal head­
waters of the river. 'Ihere are also occasional depo ·it of debris of 
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tll Paleozoic and Cretaceous roeks, mo tly derived from the ediment 
of the "white rises,' whiclt u -ually origina te in the drainage basin of 
the Llano l{.iver. 

Ten·aces on the sonth sir7e of the Oolo1·ado River.-Tbese differ from 
tbose on the north id in two particular, : Fir t, older an d higher 
depo it. are pr served on the sonth i<le of the riv r, such a t hose 
e n capping the hills 3 mile outhea t of Ianchaca aud reedmoor, 

at elevation s as high as 750 feet. }lo tr am <lepo its of equi valent 
l1 eight are found on the north ide of the river. Second, below this 
]eye) oc upyin g the same le,-el as the Bald K11ob Plateau n ar :JVIanor, 
are . everal oTavel-capp d outliers. Some of th · e, uch as t he one at 
th fork of t l1 e Oak Hill and Manchaca road , are compo eel of the old 
granit ic clebri , while t he t. Elmo divide, occupying the same lev 1, i 
made up entir ly of flint material. Thi would indicate t hat a t t he 
t im of their depo ition a stream of the former material wa coming 
down the Colorado while the flint was being depo ited by its lateral . 
'Ihi i th hi g lie. t elevation at wbi ch t he gra11itic material ba been 
found. 'rhere are o her in . tances of t erraces 11 the ·outh Eide of tb 
river occupying the same level a· those on tbe north side but composerl 
of radically litferent material. For instance, the Onion r k marl , 
a een at Blu{f Springs bluff, occupy an elevation almo t ideutical 
wi h that of t h Capitol terra ·e, while t lwse of Delvalle are analogon 
to tho e of the bl 1ff at the city bridge in Au, tin . The Onion reek 
and Delvalle terraces are co mpo eel of calcareou ' ma rl derived from the 

retaceou formatiou , aud the other of granite cl bri and of the fi ue 
brick-clay ilt d ri v -cl from Permian and grani tic material . The e 
d ifl'ereu e iu tlte material at the arne level on oppo ite side of the 
river ar readil xplain d: Barton reek and Onion Creek , two of t he 
principal lateral of t he 'olorado drain onl y Or taceou formations, 
anti hav brought down on ly mnterial tl rh· cl from tbem, while h 
0 Taniti e Pal ozoi ' lim tone ani Permian mat rial were brought 
lowu by t h ' olora<lo it elf. 

TEHRA 1•: 0 1' TII.E IUO RANDE. 

The I io rande, although a tr am of major magnitud , pre ents 
b tween Del l io a.ncl Lared term e on itl rably differen t iu detail 
from tlJ O of li ' olorado River near u tiu. 'l'he vald formation 

d~ of a hi o-h ero ion bluff that form the onter border 
str am va 11 y of th R.io Grand from Del l~io an indefinite 

eli tauc . outhward . rl'b e bluff i . t ep, and it summit i 150 or 200 
£ t abov the river. Th foot Of the bluff mark the outer ma,rgin of 
a terrace u ually several mil wid and about 120 feet lower tha.n the 
top. T ho d ' Cent from t hi. wide t rrace to the pre ent flood plain of 
tbe ri v 1· i by a ncces ion of minor terraces, u ua.lly three or fo ur 
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in nnmber. The u unl relation and ucce sion i indicated by fig. 63. 
Plate x_-xvr, reproduced from a photograph, ltow~ the topographic 
expre ion. 

At PnJ~tfo:x, Webb ' ounty there are 
of terraces tluw were ·een el e\Yber . 

remnant· f' a great ' r number 
Fig. 64 illu trat l:l tlt · ir occur. 

~-------------"''<£ 

Fto. 63.-Dingrammnt..ic cross .. tiou of th o Rio Gramlo t rrnct•s . 1, 2, 3, lo·wer s il t ttiJ'l'H · s ; ~ , wide 
sil t terrace; f>, blu ff of Up per retaceou$ or Eoc uc ; 0, Uvalde fo rmal ion ; x, underlying bod rock. 

r nee. It seems quite prob£tble tbat once ther may hav been 111ore 
terra es tban now exi. t om baving b en almo tor entir ly de troyed 
by the lat r ero ion of the river. 

ONIO:\ RE EK )[ARL A:\ 0 AI.LH: D D E POSIT . 

0 cupying an interme!liat altitude b low tb 1 vel of tll -valde 
formation and above the present fl.ood p lain of tlt n um rou . ·ecoudary 
stream. of the Edward · Plateau and Rio ran de Plain th r is a forma· 
tion wlti ·h con. ist of a faint yellow or almon-yellow cal areous marl, 
sometime accompauied by fine pebble co1tglom rate, all of whi •lt is 
derived from tbe Creta eou lime ton material. It i u ually le s than 
50 feet in thickn 

A type local ity for this kind of material i. the valle of Onion 'reek 
from near it mouth to the ea tern end of Pilot Foob 'anyon , and from 
the we tern edge of I ilot Knob aoyon up that tr am we t beyond 

7 

Felafox 
... 4 _. .. _, ··., ... ,, .. :." . .".· ·. 3 z 

~--------------------------------------~MIL£ 
Fro. 6~ .-Cross section of Rio Grande terraces nt Palafox. 1-S, s il t terra es; 6, grav ' ' terrace; 

7, Eocene snncls toue an I clays, with the topographically lower terrace deposited 0 11 t heir oroded 
urfaco. 

Buda. Here, in the portion fir t de cribed the e marl and pebbles 
underli quite an extent of black-laud country, and outcrop along the 
bluffs of the Colorado north of Del valle about 100 feet above the pres­
ent river level. Ju t west of Pilot Knob, on I inard Creetc the fo sil 
bones of a bison were found in these marl , which according to Mr. 
F. A. Lucas, of the Smith onia.n Institution, i Bos scaphooercts of 
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Cope, 1 a pecies hitherto found only in Nicaragua, where it i as oci· 
ated with an abundant fauna regarded as the equivalent of the Equus 
fauna of early Plei tooene age. 

Marl of this character ha been ob erved . outh of the Colorado in 
nearly all the tream of the Black and Grand prairies and the Edwards 
Plateau, notably a long the Concho , Llano, Guadalupe above Kerrville, 
tbc Pederna les above Frederick burg, at many places along the East 
and \Ye t forks of the Nueces, and on the Frio, Medina, Devils and 
Pecos river . 

North of tbe Colorado similar deposits occur in all the larger ec· 
ondary tream of the Central Denuded and the Black Prairie and 
Grand Prairie region as far as the Ouachita Mountains e. pecia.lly 
in the valley of the Nolan, San Gabriel Cow Hou e Leon Bo que, 
Paluxy, and Trinity. Like the Leona formation, next to be de cribed, 
and some of the later terraces of the major stream way , the Onion 

reek for mation is u ually deposited in furrows which have been 
eroded in the older valde formation. 

T}~ RRA F. OF THE N ECJ<: AL'<D LEONA HT\-xR , AND THE LEOXA FORMATTON. 

The highest terrace of the Nueces River, wh re it flows through the 
ca1J yon of tl1e plateau, is the equivalent of the valde formation, a 
ba~ been previously stated. In the same canyon below the Uvalde 
formation terrace, i a second, Harrower terrace. \1 here the trearo 
pas. e . outl1ward out of it canyon the vale! formation, a previou ly 
tated, spr ads out over tbe divide a oon as the faulted zone is 

cro sed. There i · a bluff or lowe carproent al ng the we teru side 
of the Nuece from t he boca of it canyon entirely aero valde 
County. Tile ea tern ide i bounded by an escarpment al roo t a far 
outh a th cro ·ing of the outll rn Pacific Rail road . Four and a 

half mil nt h of til railroad tb carpm nt or bluff, on th a tern 
i le begin again and contin ues outhward uti rely aero the ounty· 

Th re i 110 carprn nt on the a t ide of tbe river i n the pace 
b t w nth utb ru Pncific ltailroad and a point 4J mi le b low it, o 
that a wid flat :xt ncl. from th n c ea tward toward tb Leona, 

outh by a inuou arpmeut ext nding between the 
two riv r from a point 3 mil , outh of valde near the Leona, west­

l>elow tbe eros ing of tbe outh rn I acific 
Railwa. ov r the n Wher the river i inclo db e carpment 
th r i a terrace flankin ·it on each id occupying a position in geu· 
ral ""5 to ,.0 ~ t abov th tream b d and 7- to 100 :£ et below the 
vald formation 1 vel. Th material of the te.rrace i fine calcareous 

ilt at the urface, and grade clowuwa.rcl into oar e gra\el. 
B 1 w a point mile outb of valde the terrace of tb Leona are 

exactly imilar to tho of t he Nuece . The old (P I i tocene) flood-
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plaiu deposit of the two streams fuse i through the low addle or plain 
above described. The town of valde is situated ou the ea tern ' iue 
of tbe sa.ddle. 

Tb 11ame Le na formation is pro1 os d for the depo it lll aking the 
fir t wide terrace of the Nu ce · and Leona river , b low t!J e le el of 
the valde formalii011, and for tll floo l ·plain depo it extcmling we t . 
ward from valde on tbe I1eoua t.o the Nuece ]"iver. The Leona for. 
mation i a P lei tocene flood·plain depo it bearing certa.in definite 
relation to the older valde formation and the streams that have h .id 
down its component material . Where tl1e t ream are flank d by 
bluffi ore carpmcnts itoccut-. a · a terrace· iu one in tauc it xt nels 
aero a saddle and co11 titute the junction of the flood.plain i 1) 0 it 
of two neighboring streams. The widtl1 of tlle formation in any par· 
ticular portion of th ourse of a stream dep nels npon the topograp!Jy 
of the conn try at the tim of it deposition. h re the ~o;tr am flowed 
through a narrow anyon the Leona for111atiou is a nanow t errae ; if 
tb surroundino· coun try was flat the flood that brough t the material 
down may ha\·e cover d many ·quare miles, preading tl1 . ilt and 
gravel over va t expanses of country. Su h is the a alon 0' tlJe we L 
side of the Frio. 

We designate a type localitie for this formation the cotu e of the 
~ ne e and Leona rivers in the valde distri t, as ha been indicated 
in the preceding eli cu ion ( ee map, fig . 70 p. 27~). Th formation 
J)resents the . arne general haracters along the Frio River anu the 
wide silt terrace that occurs abo(Lt 150 feet below tb valde forma· 
tion level along the H.io Grande i undoubt dly of t he arne ag . The 
Leona may ultimately be correlated with the Onion r ek formation . 

.Along both the Leona and the uece river· there is u ually a 
smaller terrace, some 10 to 20 feet below the Leona terrace level. It i 
ratuer insignifiCant. 

The pre ent stream depo1'lit consist mostly of lime tone and fii11t 
pebble del'ivec11rom the Edward P lateau. 

THE WA H. 

Thf\ edges of the outcropping ledge of bard lime tone formin g the 
scarp and crests of tlle hills in the Plateau country are shattered into 
fragm ents by altemate expansion an d contraction, due to the diurnal 
variation of temperatur . The loo en eel pi ces may remain temporarily 
in situ or may roll down the teep slope . When a udden rainfall 
occur they are washed down th 10pe by the torrents, and scattered 
in grea.t ·beet over local lower level . 

A pecnliarity of tl.1e cloud-burst type of rainfall of the emiarid 
region i tl1at, although the water forms great torrent and preads out 
into sheets, i t n ·ually disappears entirely upon reaching lower, mor> 
level areas, where it is either imbibed by the underlying rocks or 
evaporated without being conducted into the larger . tream . Sedi· 
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mentary material depo ited by th e e rain storm con titntes forma­
tion of vast areal extent in t be a.rid and semiarid region, and may be 
appropriately designated "the wash." 

'Ibe cbaracter and appearance of the wa h vary with the geology 
and topograplty of the country in which it occur . In southern Texa , 
along t lte BaJcones e carpment and up tlte valleys and ca-nyons of the 
Edwards P lateau, wl1ere the country rock i roo tly the Edwards lime­
stone, jt consi ts largely of flint n<,dules, which are brought down from 
th e decaying plateau and scattered over the Rio Grande Plain at its 
ba e. In tlte tran -Peco mountain reo·ion t he wash i of the type of 
talu fan , spreading out at tbe moutb of the mountain canyon over 
tbe margius of tlte bol on' plain . The urface of the Llano Estacado 
is all wash. 

Thi material is found extensively in both the plain and the plateau, 
especially in the wide hemispberical he:tdwa.ter valleys of the minor 
tr a.m way of south we t rn Ed wards a.nd nortbern Ki uu ey co untie , 

such as th~~t of Griffin, Dry ycamore, and Hackberry creeks. 
The wa b i of especial iutere. t becau e it enables us to a certain 

extent to interpret tlte origin of ome of the older deposits of tbe 
valde a nd Leona type. Each of these formation~ begin a a ribbon 

of ao·gradational material in the narrow canyons of the plateau, and 
flares out iu to a l>roa.d b et in tbe coa ' tward regions. The valde 
gravel for in tauce, widen out immediately below tbe Balcone scarp 
line; th Leona widen out a little fartber on . The e . lleets may ulti­
mately expand into the broad alluvial tracts of the Coa tal P lain . 

J>RY-PAN DEPO ITS. 

The peculiar ba in valley to which the cowboys have given the 
appropri~tte uame "fry-pan" are pouch-like indentations into monoclinal 

'caq me11t oppo iug th ortrse of a str a.m. The wideT or flariug 
portion of tlte valley con titu iuo- th body or pan portion of the fry­
pan, lie up tr am, an 1 the vall y on tri t down tream, forming the 
haudl of th pan, until tlle tream cuts jt way out tbrough a narrow 
gorg . In the arid and emiarid region at time of flood the water 
i check din the gor"'e , cau ing a precipitation of tll mat rial held 
in u p n, ion. Typi •al d po it of this character are found in we tern 

val de ounty, above the point wlt re Turkey Creek cro e tlte mono­
clinal carp liue of the Anacacho Mountain , aud above that where E lm 

r k cut aero the monoclinal scarps of the ShoaJ re k lime tone. 
The outh rn end of the gr at Peco Vall y b tw en tlte Rocky Moun­
tain And tb thirty-fir t parallel, where the plaza country ends again t 
th northern edge of the Edward and tockton plateau , i a gigantic 
fry-p:m of tl1i eh ~tracter. Tbc fry-pan allu ium by marginal gradation 
merg into t he a.lln vial depo it de ribed above a ' the wa h.' 

1Bo1Mna nro basin YHII ys which hn.vo not, or h 1t<lnot origiunllf , any oatflowing drail•age, and are 
line<l with scdimeni>11'Y d uris deriv d fr·om t.bo surrouuding oun try. Bill, D ripth' O topographic 
terms of pan ish Amorimt: n.L og. Mag., ept., l 896, Vol. VII,-" o. 9,p. 295. 
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TEPETATlt A.t'\'l T IE RRA HLAN A, IIE~ll AL Lnn; J)EPQ. IT . . 

Throughout th lim ton r gion of the hot climate of Am 
superficial ern t of whit -lime materiAl is found, call Ll t p tat . 'om . 
time it i. comparatively fr e from foreign material r o ·C l1l 'R a ' h 
matrix or cement of conglomerate . Tlli · i a on ·entrato of t ll • lime 
whiclllta been di ·olved from the . urfac , trnn port cl in ·olution by 
the torrential tren,ms and r depo itecl t hrough vap ration. Jn om 
ases i t infiltrate downward into th emb dd cl Jlla,tti e of I rm able 

formation aud i there con oliclat d in whi h ca. e it i caJl d "ti rra 
blanca.' If th couutry rock is a ltalky lim ton , th . lighte train­
fall i ·ufficient to tak om of the Jim in olu tion and r tli. tribut 
it over the , urface a ' tep tat . ' For in tanc , th on ter p of t l1 
marly Eagle Ford bed. in Kinney and adja 11t ounti ofT xn i 
everywb re coated by tl1is onda,ry lepo it. The tep tat i r rm­
ing great incrn, tations n,rouu l the margin s of tb bolson I lain · of 
northern l\llexic . The material often n ·titute th matrix of the 

vald form ation grav l aJoug tl1e interior mn,rgin of tile Rio raude 
Plain and the Black Prairie r o·ion uth of \.u tin . 

IGNEOUS ROCKS. 

KI m OF IGNEO S R YS. 

ll of the igueou rocks of tb I lain are v r ba. ic 
belonging to variou type ' of ba. alt, viz n ph lin -ba -alt, 11 ph lin · 
melilite-ba alt, ortbocla e-ba alt p lao·iocla -ba. al , and Jimuurgite.1 

Phonolit o ·cm:s at a ·on icl erable numb r of locali ti b t~· n the 
Frio and Nueces river , on both id s of the outh rn] a ifi c Railroad. 

The rock from Pilot Knob Travi ounty, wa th fir. t , tucli d.2 It 
i 11 pheline-ba alt. Mr. Whitman Oro ha xamin 11 foi' n. t.l1in .·t>c­
tion aud SI ecimen ·from a great number of locali ie . In th 'ricinity 
of valde phonolite and all the typ of ba alt abov mention cl are 
found . In Kinney County plao-ioclase-ba alt i. fom1d a . everallocali­
tie ·, one of wbi hi Pinto 1ountain . _ t om place tlli ·ontain a 

mall amount of nephelin ; an in tanc i tl1e capping of Lo [ ra 
Mountain. 

MODE OF C RREN E 01~ 'l'IIE IG EOUS R CK . 

Tile igneous rock all occtu alon g the interi r marg·in of the Rio 
rande Plain n ually on the clOWJ1tbrown ide of the Balcone fault. 

Tbe geologic relation of the Pilot nob ar a have been described in 
orne cl tail in an article entitled Pilot Knob, a marine Or tareou 

volcano." 3 The entral mass i a volcanic neck or tock of nepbeline­
ba ·alt that ha been pu. heel up t.brou h the .4-u tin chalk wl1ich is 

1 T hea rocks were identiflcd by Mr. 'Whit mall 'ross. 
2 llill an<l Kemp, .L\.m. Geologist, No'' ·• 1 90 , pp. 292-29• . 
3 Rill , Am. Geologist, Vol. VI, 1890, pp. 286-292. 
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often rnarmorized along the contact and li e against the flanks of the 
igneous rna s, dipping· away from it on all ide . 

The basalt bas an imperfect columnar tructure, n a rly vertical at the outh 
extrflmHy of the hill and nearly hori zontal at tbe north side. The flat r giou 
between the basaltic hills and the chalky p erimeter of th igneous area is filled 
with a soft, y ellow, amygdaloidal, exfoliating material, some of which is undoubt­
edl y the product of ba altic decompo ition, whil e in o th r place i t rc emble vol­
canic n h. . In any dir ction from the basaltic hills which form the center 
of th o whole outcrop, the average distance to its edge is about one-half mile, wllere 
excellent contacts with the chalk are found. The chalky stratum forming the 
margin of this area throughout its whole extent is orenulated into gently waving 
undulations and presents di ffer nt deg1·ees of hardness. In places of direct contact 
with basaltic ma,t rial tho ch alk i onverted into hard marble; when the ash-like 
material interven betwe n the basalt and chalk the latter retains its soft, unal­
tered, pnl \Tern! nt 11at.n.re. 1 

The occurrence of volcanic material interbedded with chalk is adduced 
in the same paper as evidence to prove that a part of the volcani d is­
turbance took plac a~:; early a the latter portion of the time in which 
th Au tin chalk was depo ited. 

Intru ive sheet a nd dikes of soft, much decompo eel material of a 
ba altic nature occur at numerou other place within a radius f 10 
mile . 

The only otlJ r areas that have been tndiecl in detail are t he Uvalde 
and Brackett quadrangles. The ba alt and phonolite probably are all 
intru, ive. No undoubted hwaflow aud no pyroclasti material of any 
kind bav been found . The rock pre eut four modes of occurren ·e : 
(1) Largo laccolithi c rna. es~ one of which lie south of the outllern 
Pacific l~ailroad we t of the Nueces River. (2) tock , bo se ·, or necks, 
some of whi h are merely protuberances above an underlyin n· lacco­
lith, a Sulpuur Peak (see P l. ~rXII). (3) Horiwntally in truded sheets 
(·ills) that have be n forced between overlying- trata from on of the 
t cks or n el . The ba alt tapping of numer u hill uch a tho e 

of Pinto ( I l. X - r .. -vrr), Lo fora , and oth r hill , were probably 
original! . ill~:;. (4.) Dik 2 \\' ba se n n ro k younger than tll 

na a ·ho b d tbat l1av b en cut by tb intru ive rock of tbi 
reg-ion. In vald oun g ld ha b n reportecl to occur in ro ks in 
contact with th.i igneou material. 

ARRANGEMENT O F THE STRATA. 

THE MAIN S 1'EM OF DIP . 

n rock a.r laid upon each other 
t of nTeat p r i tence aud r gularity, a i hown in many of 

in tbi paper. Each of tue e individual he t ulti­
mat Iy thins out and li aplJ ar beyond t u area con id red in hi 

1 Hill , loc. cit. 
'Tho mod of o cnrrou nud p tr-ogrnphi chnractors of the ro ks in the ro~tiou of TUid will be 

disousse<l in <lot nil in a pupcr soon to bo publish d by Mr. Vaughan nu<l Mr. Cross. 

1 GE OL Pl' 2--17 
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paper, but the cl.Jano·e i · so .low and gradual thltt the bed~:~ iLr' practi­
cally uniform throughout tl1 region under ll iRcu, :ioll. Their arrange­
ment u.• ually appears horizoutal to tl1e eye, but in fact the Rtrata are 
all slightl) tilted or inclined toward the coast, , o that a rock sheet out­
cropping at the surface in one locality nuty b carried down by this dip 
from 10 to 100 feet beneath t he nrfac a mile or two. eawar l. 

North of the ol01·a.do hi\er th beds as a whol , have tl1e nniform 
gently tilted monoclinal arrang· ment chamcteri tic of the g neral 
tructur of tl1e Coa tal J>lain, wher by the variou. ro k sheet dip 

beneath the nrface and each other, toward th coast, at an angle 
greater than the ul'face slop in the arne direction. Tl1e dill of the 
Cretaceou rock on a line drawn eastward from Dublin through Waco 
is estimated to be about five times. a great as tho averag continental 
slope of the urface in the . :;tme region. 

South of the Coloraclo the direction of the dip of the rock, i. lik -
wi e coastwarcl, but tlte angle of clip arc ruore varied. The 1·ock of 

Edwards Plateau 

e--- -- :- -·.----

FIG. 65.- Diagrammatic r epresentation of incrcns in s!ecpu s• of d ip south "r Bnlcones fanl t l ine. 
M, Sboal Creek ; dr, Del J~io; f •"• l"ort W orth ; e, E•lwnnls. 

the Edward Plateau are more m•arly horizontn1 than tho. e of the H.io 
Grande Plain· tlleir average clip i le than 10 feet to tlJe mile, wl1ile 
in the plain the dir range between 50 an<l 100 feet to tl1e mil .. In the 
plateau the a ,·erage clip conforms almo t preci ely to the average nr­
face lope, so that a ~i11g·l e formnt.ion-tllfl l ~clwnrd R lim c8ton cou t~ ti 

tute nearly the whole . urface. In the plain the ·oa tward dip is mneh 
more rapid than the slope of the , urface, . o that each formation bas a 
narrow outcrop aud quickly di appear b neath it · overlJ•ing coa. twarcl 
neighbor. 

Thi chan ge in the dir coincide ' approximately with th e Bal ·one 
scarp line, of which an account ha already been given (p. :?03), and 
more precisely with tlJe l3alcone fault line. 

BALCONE' FA.rLT ZO E . 

The abrupt southern termination of the Ed ward Plateau between 
the Colorado River and the Rio Grande and t he sudden fall in altitude 
from the summit of the plateau to the lower level of tbe Rio Grande 
Plain has been produced by faulting. The line of faulting follows 
closely the foot of the Balcone escarpment, and for that rea on ha 
been named the Balcone fau lt zone. Thi. fault zone is one of the most 
important features in the geologic structure of Texa , beeause it is the 
only structural break in the continuity of the po t-Paleozoic trata in 
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the vast tretch of country bet\\"een the Gulf of Mexico and the Rocky 
:Motmta.ins. It make the outlleru boundary of the Great Plains 
region, becau e to it the Balcone escarpment, which 
i the outhern ooundaey of he Plateau of th Plain , 
ow it · existence. 

The strata. on the . eaward ide of the faults ha·ve 
been dropved down , o t hat a11y particular tratum­
the top of the Edwards lime tone, for instance-lie 
500 to J 000 feet lower on the coastward or doWll­
thrown side of the fracture than on the interior or 
upthrown side. Another tatement of the arne idea 
i, : \. tra umon the upthrown sideof the faultzou e 
i oppo ed ou th down thrown ide by a tratum that 
belongs 500 to 1,000 feet higher in the geologic . ec­
tion . Thi e plain why tlle Oretaceou rock at the 
. nrface along the nortl.Jwe tern margin of tbe Rio ~ 
Clrancle Plain belong, geologically peaking, bun- g; 

drC(l of feet above the summit rock of the plateau, 1 
although the latt r are 500 feet higher, tor ogra.phic- s 
allJ, thau the former, and it enable u · to understand t 
certain laws, not hitherto recognized, that govern -

2 be oc nrrence of much of the underground water in ::: 
the region. The. e law will be elaborated und r the ~ 

bead i11 g ''Source of the un i rground waters of Rio ~ 
Grande. Plain" (pp. 313-316). i" 

'fhe fault zone really cou ists of roa11Y fault hav- ::.. 
-: 

ing ubparallel dire tion , all concentrated witllin a ~ 

narro''T belt of ountry, as is h0"-111 in the Au tin sec- c. 

tion (Pl. XXXV D; .fig·s. GJ 66) . By an xamina,­
tioll of thi cro . e · iou of th fault cl b It i \\"ill be 

n tha int riorward tl1 r are m.ajor fa.uJt of large 
downthro~ a.tt ud d to the eaward by numerou . 
. maller on . Th ffi t of th nurnerou fault. i · to 
br al- tb regularity of the dip of the trata and to 
chop tll m into num rou block tilted at variou 
an o-1 within tb faul d zone (fig. 67) . To trace 
anl ma.p iu ietai'l th many mall fau lt and folds 
would b au almo t impo sibl ta l· , tb . um of tl.Jem 
all {tmonntin g to a g- neral down throw of , everal 
llnndr d feet. 

The erie of ubparaJlel f'anlt ha. produ d a nar­
row belt of ountry, occunino- in 'l'ravis and tllrough 

tl1 er cou]lti outhwe t, the . nrf~1ce. of "hich is 
compo d of tb outcrop of tlle Edwa,rd lime, tone, 
whi ·b. l1as fall n below the lev 1 of h Ed wards Plateau. .As this zone 
is of mall ar a and of xceptioual cl.laracter, we do not devote much 
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pace to it. It u ually He between parall l faLllt'. It~ type i s plen. 
didly developed betwe n Ianchaca a.nd O<ttmanville, in Travi 'onnty. 
From the rough broken character of it.s rocky urface, lothed with a 
den e growth of junip rs and small rubby oak , it i lo ally called 
"hard crabble.' ln Uvald ounty, w ' t of th u ce Hiv r, tho 
fault is replaced by a imple monoclinal 1l xm· . In tead of b ing 
broken aero s and dropped down bodily along tho plan of fractnr , the 
trata have a rapid in rea e of dip at th dg f the plateau so a to 

d scend quickly to a lower level, and then, by another curv , b come 
again nearly horizontal. Th two bodi of nearly horizonta1 trata on 
tbeoppositeside ofthefle -urethu tandat;v rydiff r ntlevel and 
so f~tr a di location is concerned the r nit i practically th arn e as 
in the region of faulting. The eft ct ou th topo(Trapby iH al ' O quit 
imilar, o that the line of the Balcoue i n t interrupted. 'l'h 

northern part of tbi flexure, conn cting th CT ntl dipping ro k of' 
the plateau with tb teeply clipping rock of tb ·arp line, i hown 
in these tion. ccompanyiug th fold ar unm ron, rmtll fnnlt that 
u nally are not parall l to tbe axis of the foldinCT, but cut it at mor or 
le acute angles. 

The general character of the fault lin i giv 11 in th a omp<tnying 
illu tration and map . It detail ' will b hown mor thoroughly 
upor:r. the Austin, Brackett, and valde folio ol' th (}p logic Atlas of 
the nited State , now in preparation. .... ar u tin, jn t north of 
Mount Bonn 1, the low t trata of th e pper 'r ta l'OU , the Eagl 
Ford, have dropped down so that tlley now occur a<>·ain t the edo- f 
the upper 100 fe t of the rlen Ro e bed , nH hown in fi<T. 7G (p. 15). 

It is quite difficult to determine with accura y th tim during whi ·h 
this faulting wa developed. v\' e know that the ,~alde formation 
whi ·h ha, beeu depo ited sin e tbi faulting b CT<W i probably of 
PI iof'C'no nge. ItR d pos ition did u ut luk plu · Llll Lil<~ft ·r tlro J ~(l 11 anl 
Plateau was ele-vated into i t pre ent po, ition relMiv to the plain and 
the deep canyons l1ad be n cut into it. That period of vigor u ro ion 
approximated the close of Miocene time. As th faulting prec ded the 
period of erosion, it i very probable tbat it may have b n in operation 
dming Eocene time. · Th rei but little doubt, however, that the eli ·­
location continued through later poch . 

The continuity of the ·tratified rock i likewi e, though rarely, 
broken in place by dike and ill of igneou ro k. Tb e are on­
fined roo tly to the Rio Grand Plaiu, and are quite unimportant 
except in valde a.ncl Kinney countie . 

CAP A CITY OF TID~ VAJUO RO K ImETS J<'OR W T'ER. 

The compo ition, t xtnre, eqnm1ce, and arrangement of the rock 
sheet constituting the systems of mHlerCTround waterworks in the 
region discussed bavirJCT been de cribed, the part tba.t ea.cb particular 
r tatum plays in the distribution of water wi ll now be con idered. 
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Of the numerous beds mentioned, all tho, e composed of impervious 
material , such as clays and close-textur d lime ton es, may be con id­
ered as non-water-bearing, and t lt eir fmwtion in the transmi ·ion of 
water is solely that of control, not of . upply, since t hey retain the 
water in the water-beariu g bed . ~earl y aJl of the Cretaceous rock 
sheet outh of the Colorado lying above th e Frederi k bu.rg division 
l.> long in this category of impeniou heel overlying the water-hearing 
-trata. There may occasionally be a few arenaceou layers, ufficient 
to furni h a scant supply for a few dug wells, but ns a rule, as all those 
who have endeavored to obtain wells iu tlt cm ·an testify, the under­
ground water they contain is neither abundant in quauti ty nor good 

FlO. 67 .-Block faults In Ed ward s limestone nt mouth of Bee,Creek, Trnis ounty. 

in qualit . The inhabitant of t L region uulCI'lain by tbe pper 
' r tac ou ro ·k (mo Jy tb o-call d ' joi11t elay ') have u ually had 

poor u ce · in ol>taini11g surface well , an<lltave ue n oblige l to rely 
larg ly upon istern forth ir dome tic upply. vv-e have I r onally 
e n but £ w . pring from retaceous trata above tlte Fort Worth 

lim tone. otwith taudiug th ir grea,t thi lme and ar •al extent 
their outcrop are u ually dry. 

Hooks of op n textur , uch a ands conglomerates, porous, chalky 
lime tone , and rna sive rock broken by joints, fi sures, honeycomb , 
or other opening , are usua.lly water-bearing. These are mo tly fonnd 
below the Del Rio clay. 
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It is from these lower beds tl.tat we ar to xp ct artesian . uppl in 
the region outh of the oloraclo Riv r- outl.l of t he Brazo. in !'act. 
That ertain of the e b d · are ·ompletely barged with wat r i demon­
trated by observation upon the ' Onr • of tb spr iug of the pla.t a.u 

region and by the experimen t of w 11-driller . 

• 'untntai'!J of thc• water ca.paailies of lh efo1·1natious of the Cre/Meou B!J8 Icln. 

------
l?ormn.tion~ . J'unnenbilit.Y ondu <· tidty . 

r=gle P: . . . ... ..... .. ..1 -Poor (a) ... ............ J'nor. 

I ;:~lor...... . ........ .... Poor . . . . .. .. . . . . .. .. . . I' our. 

Au tin ......... ..... ... .. Fair .................. l'oor. 

Engle For L...... .. .. .. .. Poor . . . .. . .. . .. . .. . .. . Poor. 

bon! Creek .............. Poor ( a ) ... .. . ......... Poor. 

Del Hio .................. Poor (a ) .... .. . ...... .. Poor. 

Port \\'ortb.... ... . .. .. .. 1 our (a).. ............. Poor. 

Edwards ..... ............ Poot· nud "'OOd . ..... .. . Poor nml go d. 

omancbtl P nk .......... Poor nnd good . ........ 1 oor and good. 

\Vnlnnt .......... . ... ... . 1 onr ................ .. 

Glen Rose . .. . ..... . . ..... ..... .. ... .. .. ~- ... .... . 

pper .... ..... .......... Fair ( a ) . .... .......... Fair. 

Medial ................... Fa ir ( ct) . .............. Poor. 

LoweT ................... Fair (a) ......... .. .... Fair. 

Tras i Peak .............. Goo1l. .... ... ..... ..... Cloocl. 

a.Exceptionnl b ds banng tho opposite conditionR may O<'Cnr i11 th ea !(Toups of strntn . 

The chief water-beariug trata. of the Edwaru , .len Ro , and 
'l'ravis Peak or Gill pie formation will uow b cl . ribed mor fnll.L 

The barren lim tone of the Ed w:uds formation bav 1 i ttl in th ir 
appearance to ugge t th o curr nc in them of u ull rground wat r; 
yet in the serie there are . everal horizoutal lHyers of water-b ari ng 
ro ·k · which, when cut by tream or peuetrat cl by t h well -di "'g r, 
afford abundant and pure upplie . 

Tlte proof that the Edward lime ton ar water-b ariug i tll re -
fold, a follow : 

J. Great pring can be een bur ting out of tltem at th h adwat r 
of the Llano, Guadalupe, Frio, and :Nnece river . 

2. There ·ord of the Manor, an Mar o , <tnd an \ntonio art ,· ian 
weU all point to the ·e rocks a the ource of theit· water ·. 

3. De p nonarte. ian well are produced from them on tb e nmmit of 
tl.te plateau. 

om of the water- bearing trata are perviou arenaceou beds 
iutercalated b tween the limestone.. The character of these bel i 
often difficult to discover, the fact that they ar very calca.reon cau ing 
then1 to re emble the lime tone ledge , aud their ~m rface being often 
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coated by calcareon incrustation which comJletely obscure their true 
natur . Wh re they are exposed, o that they ca.n be ·tuclied, they a.re 
een to consi t of from 20 to 50 feet of pervious b ds, compo eel of very 

fine par icles of sand embedded in a. white or yellowish limy matrix. 
The horizontal distribution of water in the Edward formation i also 

facilitated by the oc ·urrence in the eri s of certain lime tone strata. 
that bav~ been honeycombed qr made cavernous by und er<rround 
olution. Th lime tone , a expo eel in cliffi , may appear bard dur­

able, and of homogeneou nature, but the interior when xamiu d 
may 11rove to be ':ery heterogeneou . There will be hard and soft spot. , 
the latter being much more oluble than the former. The oft, oluble 
1 ortions of the lime tone may r present the original loci of fo sils, 
small particle. of iron pyrite , or tubular mold· of fucoidal character. 
The irregular cavernous de ompo. ition of the Edwards lim tone i 
well shown in the bluffs along the Colorado l~iver west of Au ti n. 
There a-re fucoidal layer , which weather into honeycombed rock, and 
pe nli ar red avernou blotcbe develop in <.:ertain fo siliferon horizons 
of the ma ive lime toue. t ee fig. 75 p. 315.) 

vYbatever ma.y be the origin of the honeycombed bed , it is a fact 
that they transmit immeu e quanti tie of water, and it i ' through them 
a11cl the arenaceous layers of lime tone that the headwater pring of 
the riYer of the Edward Plateau above mentioned and the arte -ian 
well of the San Antonio system deliver their water at the . nrface. 

The imperviou roof and floor of the water- bearing lime tone ·an 
not be so harply delineated a tho e of the water-bearino· trata, of 
other formations, owing to the fact that the variou lime tone trata 
re emble one another so much as to be indistinguishable for mapping 
purpo es. Furthermore, the paleoutologi and lithologic re earch tim 
far conducted ha not been suffi ient to ecur data to differentia-te and 
d ft n th rn a.ccura t 1 . 

hil wat r i · di tl'ibut d horizon tall by tlJin perviou ' b d · pa­
ra tion plan , and ravernou · trata or bon y omb d ro k it is al ·o 
eli tribut cl vertically in the Edward lime~ton by joints, fi snr 
and cr vi c . nfuch mor cone rnino· th wat r-bcariug b d of tile 
Edwards lim . ton m~ty b a ~ rta.inecl wh u thnt formation i made 
h snb.i t of sti ll mor d taile i inve tio-~\tion. 

In . uthw t r11 E iward ounty th re ar ev ral water-bearino-
lay r that o' ur at var iou lev 1 in tb Edward lim ton from be 
ba upward. The lay r in a ·ending erie,, upply tl1e Kickapoo 
pring h Bla k water hoi , and the J"usti e pring. The upply 

front th upp rm t lay r is trivial and unreliable in character· the 
oth r t\YO ar of gr at conomi importance. The ranchmeu of t he 
summit regiou of the 1Iatean bore d p well dowu to these trata. 

One of the wa.t r-bearing trata of the Edward bed lie approxi­
mately 300 fe t below the nmmit of the formation iu ection m a ur d 
at th h adwa.t r. of the Frio Hiv r iu Edward. ounty. Another 
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m a ureruent make th di ta u c 3 0 fe t below th Del l io chtys. 
Th uppermo t of the mbed<lcd water-h aring trata of t he Edwards 
form ation at nt;tiu, an far os, and Manor, o far a can be ·t i­
mated from the mca.g r art sian -\ 1l r cord at h and, lie about 50 £ et 
below the summit of the formation. 'l'l1 se b 'US ar furLh r di en .- tl 
und r the head of ·'AYailability nud limita tion of t h nnd rground 
water ' (p. 316). 

Th Olen Hose rormatio11 contain con idcrable quantities of wat 'r, 
a i well hown by sprin g , surl'a ·e well , and a.r tc inn w ll . 
of t he spring,· can be ee11 in tl1 stream uttiugs near 
mill, in Travis County. Tber are pring a long th cour. 
of the tl·eams that have cut down into it. 

Th Travi Peak and Gillespie formation c ntain a great r quan ity 
of water tltan a.ny other bed of t he Comau he erie . Tlto water on­
tained in the Travi Peak and Gille 1 i formaLiou llas pr viou l.r 
been poken of a Trinity w~Lter, becau the name Trinity ha b n 
appl ied to the ands at the ba c of t h 'omanche erie. f<lrther uorth. 
Sin · tbe uam Trinity i · appl ied to th divi. ·iou in luding th ba al 
~and , whi h in tl1 e Au t in regiou ha,·e b n d io-nat d the Travi 
P ak sand and the Glen Ro ··e formation (called al o far l1 r north the 
Paluxy and ) it seem best to dispeu e with the 11ame Trinity as 
applied to the water derived from tll lowe. t anJ , and to u o it only 
for the water of the Trinity clivi ion a· a. whol . Th r for , we ball 
peak of the TraYi P ak or Gill pi wat r and the Gl n J{o e water 

a · well a of the l)aluxy water. J..Tumerou pring. sn h as tho e in 
the vicinity of Travis Peak and Frederick burg, deriv their water 
upply from th m. There are al o num rous urfa e well wher th y 

outcrop, and m:.wy arte ian well are uppli d by them wh re they ar 
emuedded. The wat r that they contain is al o the pur t found in the 
. tratn. of the omnncho s ri !;. Tho qu~~ntity aud purity of t lJ wat r 
increa e a on goe downwartl in the eri · . Tho water of certain of 
tl1e Jligher bed of the Glen H.o and Edwm·d formation· i: trongly 
impreo-nated with mineral matter and mu t be ca ed oft' in well , for 
it i not potabl . 

UNDERGROU:SD WATER OT" 'l'IIE RE ION. 

WATER SUPPLY OF ED W ARDS PLATEAU . 

The ummit region a11d the canyon of the Edward Plateau pre ent 
different conditions for supplying underground water. The summit. 
are o high above the urrouud ing regions that both the Stlrface and the 
undergroUJid water naturally drain from th m toward the lower can­
yons. Ther fore the ondition on the plateau and the canyon will be 
di cus ed eparately. 

TIJe whole plateau i underlain by the water-bearing . trata of the 
Edward!::l, G-fen Ro , and Travis Peak formation . The upper stmta 
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of the E dward compose the 'ummit~, wbile the Glen Rose beds are in 
part expo ed in th e deeper caJ1yon cutting , as can be seen in the 
Guadalupe, ::Suece , Frio, and otb r ·tream ·. There are strong prob­
abilitie that west of the Frio below the lowe -t exposure of the e beds 
there are still lower sLrata containing a great amount of water. 

Ro artesian water ha ever been obtained from wells sunk on the 
summit of the plateau, altbongh several drillings have been made, but 
in most place nonarte ian water i found. 

0 FLOWING WELLS. 

The borizontal arrangement of the strata of the Edward Pla,tean is 
not favorable for the obtainment of artesian water upon th<>- summit 
area ' . As the uplands are higher than the outcrop of any known 
water-bearing b d occurrin g beneath thet.n the hydro tati pre sure 
ne sary for flowing well can not xi t . 

The rancbmen of f i.J e summit region rely , olely upon de p pumping 
w II for tock water. The e wells are from 300 to 500 feet deep and 
obtain t heir water from th water-bearing strata of t he Edwards beds, 
d cribed in th previous ection. 

We have een many record of the de p wens sunk on the summit 
of the Edward Plateau in Kerr, Kimble, Menard chleicher, Sutton, 
E dward , alverde and Crockett counties, and in nearly aJl instances 
they are clrilled to the depths above mentioned through the solid 
Edward lim tone. Their dep th check closely with the mea ure­
ments of the rock ectious in the adjacent canyon . 

We pre ent the following record of the deep nonartesian E dward 
lime tone well of the plateau region, including in the li t some on the 
monoclinal slope con tituting it southern edge in Kinney County. 

D.Elcl' WELLS OF 'fRE PLATEA Ullfl\HT. 

aU y pastnr , F rt McKtLV tt. Total d ptb, 255 fe t. Limestone all the 
way xccpt a~ w f et of sandstone at the bottom. Good water. (l\I. C. Ott.) 1 ' ater 
probabl · tru kin tb Edwards formation. 

Ro k , pring, Edward ount~7 . In th Edwards formation. Two deep wells, 
400 Ji t · pump 1 for us of town. Anoth r well, 129 £ t. (Ott. ) 

Jlill coat w 11 ro. 2, Edwards onu y, 3 mile w t of M K n zie trail, r U <'C s 
qnad raugl , 300 fe t d<'ep. Throngh white lime tone (Edward ) all the way . oft 
drilling. ( tt.) 

ri.ffin Creek, Kn ces quadra11gl , Edwards ounty. tll'fac gravel a few feet ; 
soft wbito lime ton (Edward ), 275 ~ t; saullstone (Edward ), with water. (Ott.) 

V, Jv rd onnty. B. L. ron her' w ll, 30 mile north of Del Rio nnd 10 miles 
fr m D vils Rh•er. Depth 47" feet. A nnnlimited supply of permanent non-arte ian 
water 300 feet from the surfac . Ra,i d by an 1 -foot windmill. 

' ah· r 1 County. B. N. Whites well, 20 mil north from D 1 Rio and 12 miles 
from D vils Rh· r. Depth , 300 ~ et ; water struck 250 feet from surface. 

R. ,V, Pross r's well , 20 mil es from omstock, Valverde onnty. Total depth, 
569 fe t · l pth to wat r 340 £ et . Rntire distan e through solid l imestone, proba­
bl y all Edward . 
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VALLBY 01<' HIFF! :\S HEEK. 

Hillcoat's w ll, north I'll Kinu y 'ounty. Tot1~l depth, 12,1 feet. Bowld r of 
h:.ucl limestone flint ( '' a ld gravel ), f et; hard (Eihntrds) li1u stono, 36 Je t. 
Fine water. (Ott. ) 

DEEP WELL OL> TDE J'LATEAl MONO LINE. 

North end of Grass Valley pasture, Kinney Cotmt~- . Total l pth, 205 £ t. 'ood. 
hard lime tone (Edwards) all the way. Few £ et of and tone at the botto111. 
Pump · 1 0 feet. (Ott. ) 

Hitchcock well , Gra s Valley, Kiuuey County. Total dopth, 204 f t . Grav I, 9 
feet; !i u1 stone ( hoal reek),40 feet · slat ( I el Rio bed ) ; limestone ( Edwarlls ) ; 
hard sandstoue (Edwards). Water r i ·e to within 60 fe t of surf'1 . ( tt. ) 

Grass ' alley pastu ro, outh end . Two hol s; no water; gas well . 
Gra Yall y, north itle of the creek. Total c1 pth, 336 ~ t . ' Ia te, 1 6 f et (Del 

Rio ~); drilled 150 f et below slat iuto lime toue; lime ton all th way clown to 
·andston (E lwards); 10 £ ot of bottom water. Iu xbau tible water. (O tt.) 

Gra s Yalley, 1 mile west of Hit hcock ranch. Running tream in cave in mountn,in 
rook. (Ott.) 

Woy miiller well, Kinney ounty. 'urfac gra>el (thi ckness notgh·eu ) · HIOtlDtltin 

limestone (Edwa1·ds), 1 0 feet; wh itish saud (Edward), 20 f ot; ' mtor· in la t; non­
artesian. Windmill pump. (Ott. ) 

L' RJ?A E WELLS F THE ANY N \ ' ALLEY . 

These can u nally be obt.ained in tho e portion of the canyon vall 
of the region where the t.ream way bas ut belo'v the 1 vel of th 
Edward bed·. Water i found in the outcrop of tb Glen Ro ·e a.nd 
lower bed and in the alluvial deposit of tbe Uvalde, Onion reck 
and fry-pan type. 

The ba emeut andy b c1 of th Creta ous yield a con taot upply 
of wholesome well water. The Glen Ro e bed ~mel alluvial lepo it 
are somewhat variable. 

W EJ"L · Nl!:AR HEE CAVES, TRAVl OUXTY, UXK lr' TilE GLE:\ llO ' E F HM 1'1' ):-1 . 

Information concerning the fo llowing w 1l wa furni b d by T. 
Bohl , Bee ave Texas: 

At Be Ca,-es. D pth of well, 160 feet . Water supply con taut. on tant d pth 
of water in well , 11 feet. Water found in black sand. 

Thr e-fourths of a milo west of Bee 'ave . Depth, 165 feet. Constant depth of 
wat r in well, 25 feet. 

One and one-half mile we t of Bee Caves. D pth, 163 f et. on taut depth of 
water in well, 4.0 feet . 

OuT. C. Bohls's place, 2t miles oa ·t of Bae CaYes, there ar two well , as follow : 
One 221 £ et deep; 140 feet of water sometime ; . u pply not con taut ; w ll go K dry . 
Another 264 feet deep; 0 feet of water· can 'p dry. 

There i a well :~t tho .junction of the two fork of Barton reek, bored 100 re t 
above the creek bed; well 54 feet deep. There is 10 feet of water in well , and water 
can not be lowered. 

WELL 0 1•' SOUTEfERl< PACIFI Q)!PANY L'< J'ECO ' CO x TY 

The following wens drilled by t he Sou thern Pacifi c Company in 
Pe os County are we t of the Pecos, and th erefore beyond the field 
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of tllis paper, but are alJied to the deep wells of the Ed wanls Plateau 
sy tern : 

Longfello\1· well; 6 3 feet de p; unlimited upply of water· capacity, 1,250 gal­
lons per hour . 

. and rsou well; 987 feet deep; larg suppl y of good water; capacity J ,700 gaJJon 
Jl r hour. 

Dryden well; 1,797 feet <lel'p; capacity, 1,000 gallons p r l10ur; unlimited supply 
of good water. \Y 11 b giLlS at hoal 'reek lime tone. 

Lozier we1l· 770 feet deep; l imited supply of water; capacity, 1,000 gallon per 
hour, which exhausts the well in two hotus. It then takes two hours to fi ll up. \\' ell 
begin in Del Hi o bells. 

Thnr ton wel l ; said to h>LVC ben drill d 1, 00 feet through so lid limestone. 

~one of these well are flowing, nor ha,ve their geologic relation 
been ' tu died. 

Gl{AVITY 'Pl~lNGS OF THE CA)<YON OF T H E PLATEA . 

In t he inve tigation of th priog of tll region to which tl1 i pap r 
pertains we have found it important to distiog ui h two la Iu 
one ca e water-bearing strata lying nearly level outcrop on lope , 
g ntle or t ep, an l the water i · drained away at the horizoutaJ out­
crop· the underground water i m rely a onti.nuation of th le ceud­
iDg urfac water, which may have been difft1 eel tllrouo·h and tone 
or concentrated in tunnel-l ike channel eli olve l f rom lime tone. In 
t l1e econd ·a e the wa,ter-bearing trata. do not loc;;tlly outcrop at the 
urface, but are d eply buried, and communication with tlt nrface 

exi t through natural fis ure . The water in th trata, being und r 
hydro ' tatic pr sm· i forced up through t he fi ure conduit so a to 
flow ont at the ·urface of t he groun d. Th two la , e are here 
di tinguisbecl a'! gm ity sp1·ings anclfis ~we springs. 

Iu the clc~ cri ption of lJe ·rivers of the phtteau "-e have mentiou d the 
pring. whi •h w r m tin a · ncling tll canyon of tlle , trea.m . 'l'hes 
prin(T~ l>r ak ont 11 ar t he wat r lin in t h river , th , wa r draining 

by gra. \i t.y from b horizon ta 1 tmta of p rtion of he Ed ward Gleu 
Ro llllcl 'Iravi. l ak or Oill . p ie formation . 

u h , prings n ually ·cur in all the tr an1 of th plateau from the 
Lln.no to th eco . v h r ver tl1 gra li n of the tream, in cl end-

umnlit of th plat an thr u o·h the a-nyon to the J w r Rio 
.Plain, ·ut into a wat r-beariug bel th wat r drain out into 
am way. In many ·a t hi form larg , d ep pool. of clear 

Of thi ·h ara ter ar t h so- a lled h ad ,Yater hole of 
Llano, Pcderuale , GuadaJup , ~ omal, 1 dina, 

Fri<Y and Devil · r i v r . The on tan wa t r of a 11 the e 
lJ aracter. A the ri vers have 

nev r l> en mensur d 110 idea of th exa t quantity of water thus 
e capin ha be n obtained and we can pre ent onl y g neral descrip­
tion of it . 

bont 11 mile north of L a k y is the g reat head water bole of t.he 
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Frio (Pl. XXX\ IU), whi lt occurs at th very h ad of the fl at-bottom d 
canyon, ju t b low wber the teep a ' cent to tl1 ummit r gion b O'in . 
The e sprin g. ureak out from cavern n ' ·li ghtly arcnaceou lay r iu 
the Edwards lim ton ~about 300 feet below it' urumit. B tw n thi. 
point and }Jeakey th re are many larg , d ep, a nd 1 nn· pool of water 
in t h . tr am way. 

From IJeakey the ea t prong of the Frio ' a 
direction . Fine prings btu' t out from th l 11 Ro e and Edward 
beds and upply the river with much W<Lt•r. About 1~ mile nor t lt­
ea t of Leakey there ar orne pring the tufa eon d 110 it of whi h 
make a number of hemi pberical oncentl'ic pool·, an-aug din d c nd­
inO' ries, re eroblin ·very mu h the illu tration of ard n r' prings 
in the YellO\\ stone Pa.rk. Below Leak y aud thence to the mouth of 
the canyon the len Ro e beds afford a large numb r of gravity. prin()' . 
There are four laro·e one at Van Pelt's ranch and at Rio Frio po. t­
offke many acre. of land are irrio·ated. with pring water. 

The Guadalupe and it se eral tributari s deriv the abundant wat r 
whi<·h they contain above K rrvill from various tmta in th GJ n 
l~ose and Edwards beds. t K rrville the pring;H an l>e ·eeu drain­
ing out of the Glenl~o e bed . The high t pring are a.bout 7 mile 
above Vix and at pencers Hole. t the latter place th water brea.k 
out of a horizon high up in th Edward lime tone. 

Th varions fork of the Llano, th Ea t Fork of th 
principal tributary llackberry Or k reveal the ame w alth of gT<.L ity 
SJ)ring water in the upper portion of th ir :fiat-b ttomed anyou the 
wat r br aking out from variou horizon of the Edward and Glen 
Ros beds. 

Tlle water of the Pedernale · ar la.rgely derived from th 
bed of the Cretaceou.. · I a lly fine ·prio<Y · l>reak out in th our · of 
tlte :;treaiU aud iLs tributari as een around and below Fr derick -
burg. 

In addition to th O'ravity pring here enumerated th re ar no 
doubt, many other · both in the plateau and in the plain, wbi h the 
writer ltave not bad opportuuity to ee. AmonO' the may be the 
spri11gs of H ward Creek, the Pecos, and Devil River. onceruing 
the htter, we have taken the following notes from a Jetter written to 
this office by Dr. John T . ... ~agle: 

I desire to state that there are two other large prings in Valverde County, Texas, 
besides th au Felip at Del Rio. The water is clear, has a very plea ant taste, 
appears to be pur 1 and runs over a rocky bed in to the Devils River, which emptie 
into the Rio Grande. The e pring mi,.ht be of interest to your Burean, and I will 
give their n ames and location as near as I can. 

The fir t spring i at R. \\T. Pro ser's ranch, which is abo ut 6 mil s n orth and 
slightly to t.he west of Camp Huclsou, on the Devils River, betw en Camp Hodson 
and Pecan spring. The spring is not named, but is known as I rosser's, on account 
of its lJ lu g on hi s land. The ecoud spring is called P cnn sprin"'; it is another 
sparkling spri n"' of pure limpid water, and its taste is delicious. TbPre has been 

1 
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no chemical tc t of these waters but I a.rn inclined to think tha there may be a 
very slight amount of lime in the W<tter. Pecan spring is abont 2 miles north and 
oue-balf mil west of Prosser's ntuch house, close to the Devils River, a is also 
Prosser's spriu"". · 

The following details of gravity springs along the fork , of the uooes 
will illustrate the general eha.racter of the plateau springs. 

KlCKAPOO WATER HOLE. 

At Kickapoo springs the We t :Nueces and Kickapoo Creek are cut 
down to the level of the omanche Peak limestone. IIere enormou 
springs break forth, creating a wide, running str am of clear water 
that continue 4 mile· . In places it is 100 yard in width, is b01·dered 
by exqui ite forests, and teems with aqueou vegetation and game 
fl. b. Toward its lower end the streamway narrow ; the bold flow 
which up to this point has ru lied through tbe rocky bank ucldenly 
cea es and i ucceeded by a whitened pebble bed. We were informed 
that the gravel drank in thi water; but, u ·pectiug that its di appear­
ance wa too rapid for ncb imbibition, cleared away a thin layer of 
gravel and eli covered that it e caped clown a large fis ure into the 
underlying lime ·tone rocks (Pl. _ LVIII, p. 314). The e prings drain 
out of tbe strata near the contact of the Edwards lime tone and t.be 
Coman he Peak bed. Obs rvatiou tend to show that this geologic 
horizon i el ewhere compl tely aturated with water. priugs from 
thi horizon are found along the J~a t Fork of th :Nuece and IIack­
beny Creek. Nearly all the abundant living water in the Ea t and 
We t forks of the .r uece , x ept the Black water hole and the pring 
at the immediate head of Hackberry Creek, i derived from thi water­
bearing horizon. 

"\Vhere the rock of tlte plateau are horizontal, north of where they 
b nd down to the onthward thi water-bea,ring stratum occur at a 
l vel of a bout 1, ro fe t abov tlt ea and about 600 fe t below the 
ummit of th plateau, and (except in the lower valley of the Ea t 
ne ·e. whi ·h l1as ut b low it lev l) i available for well . Along 

tbe outh rn monoclin it i r a bed in the well at Tiill oat's ranch, 
124 £ t b low the . urface, at an altitude of 1 447 fe t above the ea 
and at t'vo well in tb ar na, of Griffin Creek, w t of Hillcoat·s 
ran h, at altitud of 1,40 and 1,450 fe t, respe tively. 

ULA K WATER HOJ. E. 

Thi. o cur about 150 ~· t above the ba of tlte Edward lime tone, 
and occupie. a po ition at Blatk water hole 1 900 feet above ea level. 
Th wa.t r h rei not so abundant a at the Kickapoo prings. 

J u ticc spring, Cechlr spring, and Cherry pring, 011 the ~•estern 
bard r of the uece quadran ale, probably derive their water from a 
third and till higher water-b aring horizon of tho Bdward' bed . The 
water · in tlte vicinity of e .p pring Mountain may al o be derivect. 
from t hi s ource. These spriug are feeble, and the horizon has not 
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be 11 ~ullieiontly stn<lictl to just­
ify at pres n! any onch1Rions 
tending to Hl1ow persistent hori­
zontal <li ·tribntion or availabil­
ity. 'l'h re are . trong rrason . 
for b lie,·ing howev t' that in 
tiler o·ionlyingtoth eastofthc 
Xneces qn<Hlntng-le tllis water­
],earing . tratnm b •comes more 
protlnetiv , e peciall,r in tlJ 
l1 ad of the Guadalupe, Llano, 
i\fedi11a, and Frio. In tl1eplatcan 
r gion this water lies at an alti­
! udc of from 2 000 to 2,100 feet 
a boY s a l vel, or from :wo to 
;~.10 fcl't. abov tho ba e of the 
Echrnnl ~ limeston . Jn to1nmon 
witll tlw oth r wat r-b arin g 
strata, it plane <l '· ee11ds with 
the dip aloncr the monocline at 
the outh. 

Occasional e 'pag- sp ring s 
al o break out in the tanyon . 
at the conta<'t of the <>Tnv 1 
deposits with the mHlerlying 
' retaceous bed , but th " are 
~ 'ebl and intermittent in yield 
ueing- symp~.thctic jn their Aow 
with the rainfall. 

.A.RTEHJ.A.:\" WELL ' rw 'l'llE CA 

YON F TilE PL.A.TE ,\ . 

Sine: tll tlminag ways of 
the platcan. outlt of' the Pe<.ler· 
nale, do not c:nt entitely through 
the (:len Ho. formation, it i 
evident til at a large vortion of 
tlle water-bearing rock of tl1e 

retaceou .·y tern, including 
tllo e which elsewb re yi ld the 
largest npplies. 111u tb embed­
d d below tbe JoweRt cutting of' 
the Rtream vall y.. At variou. 

D"'"",.,.n":,~~;;;;;,,.,.,,r point in the canyon nrtesian 
,...,,,,,.,.,..,,,,.. flow ha,·e been obtained from 

Fro. 68.-A.rtcsian wells nt K~rn"illo nn<l Morris ranch. the Glen Ho. and TraYi::> Peak 
e, T::tlw:1nls; cp, f 'onJanciJ " l,c:tk i ·w, \\·n lnut · rn· Glen 
ltoRe ; lp, Trll.\"IS!'eak; 1', Paleozoic; Q, l'lei~to~ene. sand ) as at J(errvi ll and Uen-
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ter 1'oint, in the Guadalupe anyon, and 7 miles southeast of ~topia, 
in the canyon of the Seco. \ description of the well in the vall y 
of the Guadalupe at and below Kerrville will erve to illu trate the 
coodition co ntrolliu g their occtlrrence. 

Mr. Charles hrin er lla made several intere ting drilling at Kerr­
ville. Tie finally obtained flowing water in the river -valley at a place 
50 feet above the \\·ater in th uadalupe. The well i a 1~-in l1 hole. 
The first flow of water wa. truck. at 225 feet and the main flow fit 2.::;0 
feet. The water r ise about 8 feet above the urfac . Tbi well wa 
commenced in the Glen Ro eformation about 150 feet below it contact 
with t he Edwards lime tone, which can be s en in a ending the adja­
cent divides; hen ·e t he water-bearing and . truck at 2""5 an d at 250 
feet occur in strata about -100 feet belo'v the E dward which po ition 
corre ponds very nearly with t he ba e of tb Glen Rose formation 
(See fig. G ) . 

l\Jr. briner' fir ,·t experiment wa a well drill ed on a hill in the 
north rn . nburb of tlle town about 50 feet higher tban the urfare of 
th e pre en t well. At about 750 fe t fine wat r was o;tn:t k which rose 
to within 75 feet of the surface or not quite to t he l Yel of tlle river. 
Tbi water mu t have been very n ear the bottom of tb Travi Peak 
formation, fo r below it were a.lt, clay, an d black , and, probably from 
th underlying Paleozoic rock . At 1 250 feet it i .. _ tated that granite 
wa truck a nd penetrated to a depth of 7- £ et. 

A flowing well ha been reported at Center Point, Kerr ounty, in 
tlte valley of a mall ream flo wing in to the Guadalupe, but we haYe 
had no opportunitJ to verify this information. 

A few oth r w lis of a imilar character hav b en bored in the 
Guadalupe alley below Kerrville. One of t he e i r eported 12- mil 
below the town ; another i ' lower dowu. About fift eu have b en 
r ported f r'om within rt rrrclin f JO mi l of Welf:11' post-office 'Ken­
dall ounty. Th haYe a depth of from 170 to 175 fe t and flow about 
5 gallon ' a ·h p r minute. 

\. ingl anyon w ll of tlti. t.rP lta be u rer orted in th valley of 
th Blanc at Wimb rl y Hay ' oun y. This i a.id to be"' -o feet 
d ep. o inf'orma.tion ba be n obtain d a to the amount of flow. 

Th only otb r fi wiug well report d. to h<we actually been obt<tiu d 
in uch valJ y. ar two hallow well in th valle of the co. 'i mile 
outh a t of topia. 

imilar w 11. • bonld probably be fotllld in th valley of the , hal­
low r tr a m . u h a tbe P lernal , Cibolo tc. but we have no 
data for making definite predi tion conccmino· them. 

Tb well drill d v ral years ago at Bulverde, on the ibolo, north 
of an ntouio fnrni hed the only re ord we have b en abl to pro­
·ur f this type of canyon wells. Thi, , toO'ether with orne experi­
m nt · near Aue, indicate that the water will ri but not flow. The 
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record of the Bulverde well as reported by Roe ler (except the name 
of the formations, which we have supplied) is as follows: 

Record of R . M eoke's well at B ulverde, Bexm· ounty, on the Cibolo, du o nm·th of an 
A ntonio. 

(Altitude, 1,600 feet; depth , 301 f et.) 
Tldck- D pth in ~ t 
n oss In to bottom of 

feet. strata. 
Glen Rose formation ( ~) : 

oft yell ow tone.... ... ... ......... .. ........ . . .. . ... .. .. .. . 42 
Blue tone ... .. .. . .. . .. .. .. : ... . ........... .... . . . . . . . ... . . . 20 
Yellow tone ... ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
Blue stone . . . . ... .... . ........... .. .. .... ... .. ·· :·· · . ....... ·2 
Yellow stone .. ......... . ... .. ... ...... . . . . . . . . . . . . . . . . . . . . . . 6 
Blue limestone ......... ... . .......... . . ... .... ... . .... ... .. . 19 
\Vhite"Jim e ·tone (water bearing) . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30 

Travi Peak formation ( ~) : 
Bluish and rock ... ...... .. .. ... . . . . ....... ................. . 10 
llluesl ate ....... .. . . . . ... .. . ...... . . . . . . . . . . . . . . . . . . . . . . . . . . 40 
R d clay... .. .... . . . . ... .. . . .... . ... .... ..... . . . .. .. .... . .. . 13 
Limestone .. . . .. .. .... . . .. ... ...... .. ............. . ..... . . . . 

and tone . . . .... . ... . . . ... . . .. ... ... . . ......... .. ...... ... . 
GO 
31 

Quar tz sancl.. . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . l 
Yellow day . ... . ........ . ... ...... ... . . .. . .................. 23 
Lime tone . . . . .. . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35 

anilstone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 

361 
trong suppl y of wator ri e 250 feet, or to within 135 feet of urfnce. 

B eco1·d of G . .tl . D1teUer's 1vell, 011 the Leon, n ea1· .LI.ue. 

[Drilled in the Glen Ro e and Tra'"ls P eak formations.] 

107 
137 

- 137 

147 
1 7 
200 
260 
291 
292 
315 
350 
361 

--224 

361 

Thick - DepU1 in foot 
n{'SR in to l)ottflm of 

f t. strata. 
Very bard rock , sandy limestone . . ..... . ...... ....... . . . ..... . . . 2-3 2 
Alternat ions of rock, brown sand tone, inky bluu andstone, ete . . 
Water ." . ... . .... . .. ... .. .. ... . .. .. . . . . .... . ... .. .. . . .. . .. . ... .. . 

620 62:& 
622 

a m<' rook a foregoing. ......... . .... . . .. . ... . ...... . . . ...... .. . 51 673 

·water ri es to wi th in 20 £ et of urface, a nd now stands wi thin 4 feet of ur face. 
Well s topped iu yellow sand t one. 

Except at the localitie given, we know of no arte ian boring of 
sufficient depth to reach the 'l'ravis Peak sand having been made in 
tlle plateau canyons we t of the Gnadalup , but there i reason to 
believe tha~ in the e and , lying below all the trat~1 expo ed in the 
deepe t cuttings of the canyons, there exi t an abLmdaot upply of 
water which can, in places at least, be made available. On the uece 
there are large sprin gs at Oamp Wood, rising through joints and :fi.­
sure · from rocks lying lower than the Glen Rose beds exposed at the 
surface, and there is every rea on to believe that the basal sands are 
the source of this upply. This water, if it exi t , will be found at 
least 500 feet below the base of the Ed ward. limestone. 
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MORHl RANCH W1£LL. 

An instructive boring is reported to have been made at l\1orri ranch, 
Gillespie ounty. This ranch i::; situated on one of the head water t rib­
utarie. of the Pederna,J .',about 11 mil es outbw ~t of Frederick burg 
and 9~ miles northea t of Kerrville. v e are indebted to 1r. 'barle. 
1~ . Morri ·, of the ranch for tl1e following information concerning this 
w ll : Total depth drill <1 , 1,100 feet; fir twater stru kat 50 feet· gran­
ite struck at; 1 0 feet. At 460 feet more water wa reacl1 ed and this 
rose to within 100 fee t; of the . urface. The well was contin ued and 
reached anoth r _tlow of water at. 1,000 feet. The 1mter th en ro e to 
witlliu GG f'ect of the urface. Tbe drilling- was ontinued in solid 
granit un t il the dep th of 1,100 feet was r acuecl . A.ccordin o- to Ir. 
l\Iorri "tl1e w ll \Yas in o-ranite from 1 0 feet to it bottom. It was 
all very hard but would hauge color at ti me. from red to gray 'and 
then to red a,o·ain . We oulcl only go from 3 to 4 feet in 24 hour . ' 
If the Jog of this w 11 a given i conect it shows a remark able and 

unusual occurrence of uuderground water. Tb 1 ecimen seu t to t bi 
office by Mr. l\Jorri ar undoubtedl y o-raniti , but be ay. that lt is 
un certain as to the xact depth from which th ey came. f reoYer, 
the record of tl1is well, if correct i fur ther confirmation of the b li ef 
that tl1e Orctaceou formation are laid clown upon an unequal floor 
of Paleozoic rock , for tbe top of the granite in the l\lotTi ran h well, 
truck at an altitud of about 1,500 feet above sea. l vel i · 1 000 

fe t big-h r tban tbe ame as met with iu l\lr. Shriner .fir. t experi­
mental well at Kerrvill . This clo proximity of the gran ite to the 
urface in Gill e pie County no doubt al o account for the in tens red­

ne s and a.renaceou cbaracter of the Gillespie bed in the valley of the 
Peel rnale adjacent to Frede1·ick b urn-. 

The fo llowing- t.atem nt lately ap1Jeared in the ew York un: 
·ordcn kjolrl tb wed iRb Rci enti st, has ·hown thaG water ran be found by boring 

into g ra nit<' aJ](l other t r y tallin rook to a. depth of from 100 to 170 fe t. Briefly, 
h procc tl t1 on th th ory that the variations in temp ratnre ought to can shenr­
iug train bt•twcen t h npp r a nd low I ' laye rs of tl1 r ocl;, in ·ncb way can iug 
horizont!~l ~ rcvic s into \vbi b w:~t r from th sur fa e wou ld per ('olate, :1nd t h water 
would rtl o b fr • h. A w ll wa ai<l t o l11w b en , uuk in tho i let of Arko, ofl' tho 

wedi h ·oast, in 1 fJ4, an d nt th depth of 110 ~'et fr h wat r wa. found, nppl y­
ing ·1,400 gallon :h day and in c th n i.· oth r well baY been borc(l and water 
found at about tbo sam de cen t, the object of the rosea r h boin" to provide light­
bon sand pilot stat.iou with a permanent and plentiful water SOlll'C • 
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WATER OF RIO GRAND E PLAIN . 

NONFLO\YT G WELL~ A D GRAYlTY PRl G::; 011 RlO GTtA ' DE l'I.Al . 

Tile nonflo,,-ing w 11 · and gravity pring ·of th 1 io ra11d Plain 
ma.y be clas ifi ed in two g-roup : (1) 'J'hos d ri ved from ;tlluvia,l (oTav 1) 
depo ·its; (2) tllose derived fro m nutriu Or ta ou fl posit . 

Iu the area b tween t he ol rado lUv r a.nd Oni on 'r k, Travi 
County, ther ar many . hallow wells wl lich derh1c th ir 111 ply of w:Lt r 
from the valde upland gravel formation . imilar w ll are obtain d 
in the upland gra 'rei bed wh rev r tb Jatt r cov r con icl ntbl ar a 
in Travi , Hay , oma1 ] exar [ dina, vald , n.nd J iouey cou nti . . 
In an.AntOJliotlley<tre40to50f tel p; at pofford .1un tion . about 
40 feet. The wa.ter u nally a cnmulat at t he b<t- of th grav 1 b d , 
at their contact with an und l'lyiu•>· imp 

F10. 09 .-\\'clls in g ravel beds. J, underlying rook floor ; 2, L eon" fonnntiou terrn c.·, s •lt at s urface, 
grading dowuwnrd into gr~H· el ; J>, pool ontaining water whel'e tho stream bas cut. dowll in lo tho 
rock floor ; W, well s unk through th s iltnnd grrw liulo thoro k fl oor. 

Wat r i also found in the gmv 1 of the pre ent tr am \Yay of t he 
iut rrupted a11 d intermittent drainage · ru· e . In vald aud K inn y 
coun tie , for iu tan the bed.' of such st1·eam , al thono·lt dry at he 
sur face, u ually contain llJUeh wat r b lo·w, wbi h can be pL'ocnred by 
diggin g a fi w feet into th e gravel b d. '.fhis eondition is c p cially 
likely to prevail wb re t h cbann 1 i ' fi ll d with grav l. The baracter 
of the tream bed i due largely to t ll fact that t he water flows down 
into Ll.te gravel an d eli app ar fr·om view. In t ho e portion of th 
waler way wller he gra el ha b u·r moYed, po ing tb formation, 
underly in g it, the water accumulate in large pond or pool t hat 
u ually la t dnriug the dry ea on. Such pools may b een at many 
places along almo t auy tream. Tllere is one on the north ide of the 
cro ing of the valde- an Autonio road over the Frio Hiv r. At 
this place an exposme of basalt, the gravel having been wa heel off~ 

form the bottom of a mall r ervoir. 
J·u t outh of the cro iu o· of tbe outhem Pacifi Railroad over 

t he Leona River the gravel i ' wa bed off th hoal r ek lime tone 
and the Del Rio clay. Tile latt r form s the bottom of a larg , deep 
pond, into which the water from up tr a m accumulates. Below such 
pools, when the tream way i :filled with grav I, t he wat r again <li <tp­
pear ·. Be ides the pool alon g th tream there are frequently 
spring tha,t flow from utHlern eath t he gravel when it i underl ain by 
au imperviou tratum of any kind. A good exampl e of t bi kind of 
spring i t he Soldier 'Camp pring on the Nu ce River, about 1 mile 
below the cro in g of the valde- nun's ranch road. Th gmv 1 at 
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thi place is underlain by the A u t in chalk. The watee rushe out in 
a stream of onsiderable ize, and i. cool, clear , a nd pure. uch p ri ngs 
are surro u11ded by ·plendid growth of pecan tr e . Below the ol­
dicr ' Camp pring the bed of th N uece River i usually formed by 
tbe Austin , uacacho, or argillaceous Ea.gle Pa s beds, none of which 
ab ·orb water very rapidly. Tb e resul t is a fiowino· stream. 

WATEH 0 1•' TUE J,EOXA A D KINDHED J•'OH)IATlON • 

t 'Ihe terraces above the pre ent flood plain arc tructurally compar 
alJle to t be pre nt tream bed. , cou isting of gravel accumulations 
depo it d in str ani. v~lley upon a bed-rock :floor. 

Water i u Llally tored in t he bottom of these sheets above their 
contact with tlle underlying formati n , and wells sunk in them u ually 

p n trate to th uncl rflow l v 1 f th pr ent tr am b d before 
obtaini11g wat r . (" e flg. 69.) 

t ald (and p rh ap otl •er ph'Lc• ) tbe e gra' el b et are mH>ny 
quar mil in extent, a11d t be utained W<Lter i of great eonomic 

'L..-----'~---~•t•nt£5 

:F'-10. 7t.-.. \' tiott A. ro~s vnlJ ,YR uf Nu c nncl Looua rivers nnd i nt n· ning hig hlant..l , on lin Hhown 
in fig.70. l, J, oua; ep, EngloPass; tt, Yaldo; b, uasnlt. 

im1 ortanc ( e fio-. 70) . 011e well at th e wat rwork in t he town of 
vald i · 50 fe t de p, and pumps 40,000 gall on p r day. 
Th Le011a Riv r b low vald cut down to t be co11ta t of t be Leona 

gnwel ·b t a,nd t he underlyin g floor of retaceous rock , where a. large 
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volume of gravity 1 ring wat r (the pri1w of the L ona) break for h 
with a discbru·o· of 11 econd-feot, or 7,000,000 galiOJI p r day. 'l'he 
run -otr forms large pool ' b low valdc, and tll water re. emb l v ry 
much that of t l1 e t.n)ical fanlt priug8 with which it ha b en onfu eel . 
'rhi water is drain d fro111 the bottom of tll e J, on<L gra, , e l beet and is 
app~u·ently th sam as that obtain diu the surfac well ·uuk in the 
formation. 

ix mil b low vald near h Leona H.iver th r is a w 'll nt a 
Mexican jacal 0 ·c et deep. nn<l ro tte n ba ·alt were 
found in tb well. The water to com fro111 th LcOJI<I terra ·e, 
and is very good. 

'l'he water ot: th alluvial d posit · are usuall y ab nnd ant and pme. 

1\' ATER 0 1•' Tll8 HIO ;HAI\ Ill-: TE IH! A ' E S HE LOW DI.;T. 1!10. 

ery little is lmown con el'llillg- tb po ·. ibiliti 8 of w lls nnk in tl!e 
Rio Grande terrae :s • . Below D el Rio to Eagl Pa · th ·ounti·y i 
almost uniuhabitetl, xc pti11 o· along s u lt creek. a . l )into, Tnli (Las 
Uora ), and a f w otn r , in whicll th re is runnion· water. In a r con­
nai a11ce ma ledO\\' Il th e Rio t:ranJe during th . nmmer f 1 9.'.i by tbe 
junior author and Mr. T. W. tanton, only on duo· well wa secu a11d 
th re were no ettl m ut ex pt tho al.Joye alluded to and a fe" on 
the Mexican ·ide of t he riYer. Tltc well mentioned wa at 1:Jpson, 
abont 16 mile · a bov Eagle Pa . It i 1 cated 11ear a tan-nant pool, 
from wl!ich tbe wai r eeps into it. It ·eem r a ·onn,bl to exp ct that 
well · unk in the Hio Grande t rrace. wouhl be uc ., ful, but 110 data 
are avai lable upon whi~h to ba e an. definite conclo ion. 

W ELL IX T ilE l'HY-I'AX DEP IT . 

\ Yells a.re ea ily obtained in tl1 <•Tav 1 depo. it· of the fry pan n-orge 
of Turk y r k, in we. t rn l ~vahl Connty . The. ltav b n sunk at 
Cline tation and at several point. on:Jloorf\ancl Allen ' ranch to d I tbs 
of from 20 to 40 fee~ and wat r obtain d ju · t aboYe the ·oo tact of the 
gravel beds with tltc u tin chalk . The outhern Pacific'" ll at line 

tation i 12 by 1:3 feet and 40 £ et d ep, and afford. an i u ); han t ible 
supply of water, being on of the be ·t wells ou that lin of railroad. 

Where tbe stream bed of Ttu·k y 'reek cuts tltrough tl1e grave l down 
to the An tin ·balk, near Uline po t-office, many pring break forth. 
The e are large in times of rainfall but fail in dry w ather. 

II'A'l'Elt F THE TIJ:HRA E VOR~IATl N.' OF TH" CO I.OHADO J!l\' }l; H. 

Good urface well are usllally obtained i n the terra.ce dcpo it of 
tbe Colorado River, wltere they are of exteu ive area and not too mu h 
cut by later ero ion . n ·h well , , bowcver are apt to vary appr ciably 
with the rainfall, more in the coar er depo ·its than in those of .finer 
tex:tnre. 

Small seepage pring can be een breakiu o· out in m::1.11y places at 
the contact of the gravel with the lower format ion . 'fhi · i notice­
able after a rainfall in the ca e of the lligh .A!3ylum terrace in north 
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Austin. These l)l'in o·s are a.l o qu ite noticeable along the bank of the 
Oolornclo wh erever t be con tact of t b terrace and retaceous forma­
tion i vi il>le. 

Water- i ol>tai11ed from wdls in tbe On ion re k marl in the vicinity 
of Dt'lvall e a11<l betw en Pi lot lC 11 ob :t 11d Bucla at depths of from 25 to 
50 feet. S hallow w ll are also . ucce ful in tb similar d po it along 
th e Gualalupe J~ i ver :w<l oth er , tream of t hat cla 

Th po ition of t he well · that ll aYe been . nnk in t he Leomt and 
similar deposits in the v iduity of valde are indicat don t he map 
(fig. 10, p. ~75) . Tbe cl eJ)tb of t he well a.re u ually from 4.0 to GO fe t . 

·w ater i obtained a lon o· some of t l1 e . treams l>y sinking wells near 
tbe ·tream bed ihron.g h the alluvial d po it . The water from tb 
stream filt r t brou crlt tb loo e alluvium into the wel ls. The well at 
Eagle Pas , accord ing to report , b loug to thi type. Tbe old city 
watenrork. at Au tiu derived t heir supply from well ' of thi s cla . 

]{ecorcls of wells ·iu th e alluvial rleposils in llinn ey, Edwrwcls, and Ura lil count·ies . 1 

Month of 'riatn Gnp, h ead of Pinto Cr ek. To tal depth, 256 feet. This well wn 
t hrough cobb! ~ton es and r od Jay from top to bottom; ,; trn k :L runniug stream. 

Nino miles south of enst of Brnckett, on Tn rker Creek. Gnwel f white lim stoue 
pebble, JO feet; basal, 60 feet; water. 

Moore nud Allen 's w 11. No.3, at Cline. Total depth <17 fe t. All g ra ,·el. 
lin<' . eYeral welL at l ine tntion, l iue post -ofli , mnl in th Yi ioity of 

th e o ]laces; all dng in tho g r:n- 1 of Turke Creek Flat. Depth , 20 to <10 feet. 
polfonl. C\'eral WL' ll s in th~ vn ld crr:wel. The o well average abont 40 feet 

in Llepth. Th e wale•· i. n lkaline. 
] lall's pn t urc . \\ ell66 feet \leep . Lim ton e lJowlder ·. \\' ater in gravel. 
J>into Flat, liOrth of above, 9 or 10 miles uor th of Brack ·t . Yellow clay, r eLl clay, 

and graY 1. Plenty of ·wntor. 

RI ' HFA l~ Wl'.U .S AND PH I XG S F Til l>: ' IUf. TA E l ' H~IATI O X . 

Th formatioJlS of t l1 e I io Grande 
i ld 

• Ful'llish u hy Mr. 'M. . tt, of Brackett. 
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Ott, of Brackett, give valtmble data one ming t l1 e w t n1 portion of 
tbe region: 

1 ~ '1'11E EOWAHDS 1. 111~ . 1'0NF.. 

~o . 2, ea"t of Las Mom Mountain, h cacl of uax illo reek. Total depth, 255 li t . 
tart · in hoal reek. L ime ton to 15 fe t of uottom; then 2 fe t of s lMo; then 

12 or 13 feet of sandstone. P lenty of water, probably fro m Ed wards limestou 

D" TUATA UE'rWEE~ TilE EDWARD LUIESTON1:: AND A USTIN BA LK . 

Brackett. Holmes well in Las Moras F lat, prin,. ijtre t . D pth, 10J feet. Earth 
:llld g ravel, 9 feet; " ;hite l ime ·tone, 30 to <W feet (.Eo,.l e Ford); banl black ro ·k, 
probably basalt, 76 fc t . Could not get to bottom of thi~. D p water at 1 feet; 
ver y b>1d. 

Brackett. C." A. \¥ indus's well. Total depth, 150 li ct. 'fa Yll sian lim sf one, 
60 feet (Eaale Ford). Bad wnter (gyps ifero us) . \ ater found at 37 f ct (i n Ea gle 
FortH). Hard lime tone ( "hoal Creek ) Rt 60 to 100 fe t. Bla k, ma" netio lim tone 
(possibly "bosa.lt) . W ater. 

)Ioore and Allen· well , No. ·L Du,. for 50 feet; drill d 100 fe t. ''at r in aud­
stono at 150 feet . This well i proba.bly on t he r noocs, north of outhern Pacific 
Railroad, cast of line. 

Joore a ntl Allen s ranch. \\' ell 'o. 1, 11 ar h atl of Tnrkey 'ro k. • oil , 4 to 6 
fe t · " late," 143 feet (probauly Del Rio). ulphur wate r at 1491i t. Thi w •ll is 
prol.Jably iu Del Rio. 
~ roore and Allen's ranch. \ "inclrnill well , 2 mil not·tlt of line. 'o il ·with gr:w 11 

20 feet; "magnes ian" lime tone, 20 feet (Eagle Fod) ; at 150 fe t, boal r· ek lim -
stou , ba e of Ea.,.lo l<'orrl; late (Del Rio) at 190 f et . Water in blo k :mdston at 
255 ·feet (po sibly llear top of Edwa.rd and ba of \Vasltita div i iou ). ulpbnr 
water I elow rock . 

Xcw York and 1' xa Lal1(1 orupa ny well, 7 miles from B rackett, on Turk y 
Creek. Total clepth, 40.~ feet. Earth and yellow Jay, 17 li ct; blu clay, 3 11 t 
(Eagle Ford) ; lig11ite or· ' pha lt, 11 feet (Eagl Ford); grar li m ton , 12 fc t (Engle 
Ford); late, 367 feet (Eagl E'ord, hoal re k, and D l Rio). Fir t wnt ra t 37 
feet. Water, 404 f et in nod tone (probably same bctls a foregoing) . 
~ ea r Mariposa ranch , .Tame Di«uowit.y, north we t of Brackett. D }lth, 1.35 feet . 

Littl C'lay, thin limcston . ' l' hiR w 11 is in" ·anyon l 0 f·ct d ·cp , nntl tho narrator 
wn un · rtain a to horizons. 
~ w York and Texa Land Compauy' w 11 No. 1, at auandon tl windmill 4 wil s 

uortlt of Brackett. Totnl depth, 269 feet . Hanl gray cry tall ine lim stone 5 f et 
( hoal Creek); late, 1 feet (Del Rio); and ton 1 10 ~ ot. Water ri 131 fe t. 
This water is found in D 1 Hio. 

Four mile e, t of Bra,ckett, Turkey reek road. D pth, 105 feet . wrYel on top. 
Dark blue sand tone tru k within 10 feet of water . \Vhito nlphur water. 

IX TUE .AC TIN CHALK. 

Fry-pan ~\; ell. Fry-pan Valley, Brackett quaclrangle. . oil , 10 fe •t; lim rock, 
10 ~ et (Au acacho) ; blue limll tone, 3 0 11 et (A u. tiu chalk). :Jlo t of this well i in 
Au tiu chalk . 

Pnlmer· ranch, miles w st of Cline, 2 ruil onthwest of \Val do, no1·th edg • of 
Auacacho Mountains. oil, 10 fe t; whi t lime tone, 10 feot (Aust in chalk); hlue 
r ock, 2 0 feet (An tin balk). Jo wat r was obtained. 

Moore antl Al len s ranch, north edge of valde Cou nty, m ilo· west of Cliue, 
2 miles outbwe t of \Valdo tat iou . o il, 10 feet; white limestone, 10 feet (Au t iu 
chalk) ; bluerock,280feot( Austin chalk ). Well qnitiulast. No water, uuta ·eep. 

On t he southwest side of Pi lot Knob, Travi s County, aloug tlre bran<'h that flows 
north into Onion Creek, there i a well unk into th Austin chalk, 2 feet d p, that 
y ields a constant supply of clear, pnre water. 

I 
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Jam s ranch well. Depth, 170 f et, through top of Anacacho limcston . Water 
sal ty aud ulpbu rou ·. 

Fnrne · ranch, · u th ,>est corner of Aua acho Mouutaiu s. ntHl~- , mndtly roc·k to 
sulphur water, 220 feet (Anacacho or Eagle Pa ) . L a t water iu wh ite a nd tone 
r ises to 11 feet of the snrfa co. 

::\loor aml All u' .· well No. 5, 12 mil es en t of Cline, in Uv::tld 'ounty, near old 
al iforn iit road, onth of Nnece l~ i ver, west of Big ~lonnta i u . Total depth, 250 feet. 

Green marl all t ho way (Eagle P <l · bed ) . \Vater at 70 fe t . 
Auotb r " ·ell ·~ miles nor th of above. No coal or harcl l imeston . Black clayey 

ma tc1·i:ll. 
re k 3 mile · east of 1'\u ces Riv r, on the road from valle to Carrizo. Black 

sulphur wat r. 'o ft rock , pecies of slate or shale (Eagle P ass) . truck wn,t r first 
11t 170 feet. ' truck coal in tbrce pla cs; oue vciu 5 fe tat 1 -o feet,] pth. 

Thor i a w 11 ou th e Frio River, below t he outberu P acifi c Rai lroad , nea r on­
uor's nncb , sunk iuto decomposed basalt or phonol i te. The water is sulpllllrous 
and smell s v ery bad. 

From t l1 e fo regoiug data the followin g generalization ca.n b formu­
lated concernin g t b nona r te ia n wells of tl.te Cretaceou formations of 
tb •w tem p ortion of-t l1 H.io Grande P lain: Wa,ter is obtain din tl.t e 
Edwards Jim to n on the ]owut l.t rown side of the f<1ult. \ Vater can be 
obtai n d in tb Del Rio clay, , but we lo not know its qual ity . That 
in the Ji;agle Ford shale i:S very bad. The well in t l1 e Au tin chn,lk 
are often >ntire failnr . 'fhe water obtain d in the Ana ·acho forma­
tion may be alty or co ntaminated by ' ulpbnr . Good water may be 
obtain d from h Eagle Pa formation b ut i omctim alty. 'I he 
~at r obtained in well ·· t hat are unk i nto th de omposecl igneou 
ro k. i likely to be ' ery bad, but t hat obtained n a rby where ncb rock 
material i uot pen trated doe 110t , e m to be e. pecia lly c ntaminated . 

.A.RTE SL!l.N WELL . 

Th Hi (+mnde l Jain o far a t h in lination of tb tmta i con-
e rJtNl, with · rtain i mportant 1 al ex eptio n to be m ntimt ed pre-

nt ·ondition favorabl for obtai nino- arte. iau wat r . Th trata 
dip wi th tit nrfa e lop from t h interior mar gin of tlie pl-ai u toward 
tlte coa ' t at a v ry g-en tl angle. T h p lai n a a wbol i und rlain by 

v ral art ·ian ystems of different o-eologir ag . 'Iwo of the e ys­
t -m · und rl i tll portion of t he plain di cn ·eel in t hi p<1p r. The e 
ar th wa.ter-b aring he t of he Edward bed and tlt Trav:i Peak 
and1l. v'i a.t r al o occur ,in ome of t lt e (H n J{.o e bed . 
T it na nr a nd av[Li labi lity of the e re ervoirs ca n b t b nncl r­

toocl by :111 cxamiu ation of the data a.t ba nd concerniu o· t lt e various 
artesiau w 11 , p ially those at u t in 1\Ianor , au Marco , and San 
Anton io. 

A TIN " 1EL1 .. . 

At l a t ev n arte in n w 1l have be n uuk in t be vi inity of A u -
tin -one at tl.t Stat I ns it ut ion for Colored D ependent' alt itude 650 
~ et ; th room well , alt itude about 615 fe t , and on at t he Lunatic 
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A ylum altiturle 635 fe t, both in t l1 e 11 orthern , nbnrb of t h ·ity, 
beyond tbe un iver ity; two on the a pi tol grounds, al t itude 520 (e t; 
oue on F ifth str t east, a l i tud 500; a nd one at St. Ed ward'::; Coll ege, 
altitude 6GO feet, 2 mi les sont il of t he river. 'l' ll ey ,,,lJ pa ' t b ro ugll 
imil ar for mation ·· as far as t hey go, but t he A ylum and t. Bd,varu's 

well , are t he only one ' \Vhicl• h ave been d r illed to t he ba al Tri nity 
bed. 

T he Groo m and Capitol well s at th e pre 11 t t im lHwe only a s n1 all 
discharge, 5,000 or G,OOO gallou a day. T L ·Asylum w 11 had a tli . 
charge of 150,000 gallon a day a. nd t hrew t h wat r to a heiglJt of' 40 
fe 't. In St. E d w:trd's well, which is 23 feet higher in cl vation th a11 
tbe latter and obtai11 its upply from th e am .·onr · , t h water co mes 
within about 5 feet of t he urfa e a nd has to be p ump d. 

'rhe A ylum 'vell i. 1,975 feet deep, a nd t l1 e form atiou::;, i n ord r 
downward from the ur face are a, follows: 

Loy of !!'e ll at Lunatic Asylnm ( ctltitulle 685 f<·rt ), Llu8ti.n, as giveu by Jh'. J / o rillnmy, th e 
cl1·iller. 1 

'l'hiok · 
H C~S itt 

r t. 

(a) Dnrk shale......... . ........ .. . . .............. . ........... 0 
(b) 'r r~· hard litu estoo · · ··· ·-- - · - -· · --- -- - - -- - ·-----· .... .... 2fl 
(c) Blue marl.... ........ . .......... ..... . .... ............ . ... 90 
(cl) Limestone aud alterna t ions of limestone, marl. ancl ·aud .. . 1.1 05 
(e) W ater-beari ng sand ~ .. .. .. . . . . . . .. .. . .. . . . . . . . .. . . . . . . .. . . r 
(j)Limctono ...... ... . .. .................................. .. 60 
(9) Rott •n Hbnl .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. . .. . .. .. 50 
(h) Lilll tone ...................... . ................. .. ...... 50-60 
(i) Saud, water-bear in•• . ... .... .. _. . .. . . . .. . . . . . .. . . . . .. . . . .. . 315 
(.i) Bin shal or marl ; no lim ·ton .. ............................ .. 

U eptlt i11 f~ot 
I 0 hoi LOt II of 

stratn.. 

0 
105 
19-

1. 300 
J , ill5 
1, 375 
I. -125 
J, •Jilr 
1, > 0 
J,9r 

1r. McGillvray tate tbat ' tratum 'u 'i' very ktrcl l ime. tonn nnd 
L easily recogn ized wb enever encountered · tratnm £7," of 1 ~10 "' f t 
of lime to ne, ontain o ca>;iOll al treak ot shn,ly water-h arino- nnd. 
I n the Capitol well , at 400 feet, a mall :liow 1Hwino· a <.l i ·ag l'eeabl odor 
wa encountered. T be bed mark d ' i,' or th ;H5 feet of Trinity 
('Iravi · Peak) a nd , cousi ~ t of ~Lltemate bands of from 25 to 35 feet of 
t hin a11 d and. from 5 to 6 f et of brown and reddi h sb al . 

'l' l.te ·trata enu merated may be CO II\·er ted in to geologi · terminology 
a fol low. ::1 

(ct) T be lower par t of the 80 feet of da rk hale called "a' is tbe 
Eagle Ford ha le, locally kuown as t ll e "};'i:h bed ." T he urface por· 
t ion i composed of P lei tocene tP-rra e mater ial. 

(b) T he ~5 feet of vet'y bard lim e ·toue repre ent t he upper portion 
of tbe Shoal Creek. bed . 

1 lntis ti s collected by Mr. Cyms C. Bauu, of tho . . . Ccologicnl Sun' <'.\' . 
' e to i ill clusi,·e = -190 f et. 
3 It !;houhl Ue borne in mind that the thi ckne s of st.rala. a:i r· •port «< from churu.wcll tlril1iogR is 

never accurate withiu 10 feeL or mor . 
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(c) The DO feet of blue marls are the Del Rio bed 
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( c7 ) Th 1,105 feet of lime tone marked "rl" in ·lude. the Fort V\ ort h 
lim e:<; tone, 70 feet · tbe L~d war·d._ lime tone, about 250 feet · the Comauche 
Peak and v\allmt bed , about 60 ~ et; 450 to 500 feet of he Gl n Ro e 
foruutti011 , and 27- to 2.,5 feet of the Travis Peale 

(e-i) The beds from "e" to " ·i ioclu ive, 4!)0 feet, a.r pr bably the 
ba ' m nt bed of the Tmvis Peak formatio ll. 

(j ) fay or may 110t belong to formation: older than the retac ou . 
The Groom well, altitude 615 ( ) fe t, is 1,300 feet deep, and is aid to 

rec i\7e i ts upply of 'vater from . tratum " e.' The total depth of the 
new Capitol well i about 1,450 ~ et. It water is suppo d to bave 
its sourc in a tmtum imilar to th a t of t he Groom well but 100 feet 
dee1) r from t he urfa e. The :urface of t l1e apitol w 11 i 65 £ et 
lo"·er iu altitude tlJan the Groom well. This would giv a differ uce 
of 165 feet iu tl1e depth of tra tum "e" between one well an l the 
other. 'rlti s differ nee way be reaJ, n,nd may 1· ult from the fact tlJat 
tbe Groom well i g-eologically lower at tbe urface, from downtbrow 
by faulting- between the t\1·0 loca li ti . 

Tit t . Edward' v;·ell, unk in th e wint r of 1 92-93, is 2 053 feet 
deep a nd obtain it upply from 'i . ' At t !Ji . poiut the Rmface is 
near th e top of th ~u ·tin chalk aud i 500 fe t above tlJe bottom of 
tb e blue marl, or ' c! 

'rwo arte ian well~ have been bored by the State autboritie. on the 
capitol ground . The first of th e wa in th year 1 5 and wa car­
ri ed to a depth of only 471 feet. Th log of thi well a publisl1ed by 
Dr. B . F . humard, the fir t State geologi t of Texas, i mu h more 
d tail •d than a ny other in the neig·bborhood , and i .. here giv n. 1 

The character and t hi ckne s of the different trata pa d t hrough, 
a hown fr'om an xamiuation of th boriuo· pre erveu by Mr. p tet"Oll, 
ar giv 11 in those tion, fig . .:.1 of I 1. LI (p. ~ 6). 

Log of old ta te Capitol well, .dustin. 
Th i k· Depth in feot 
no•s in to bottom of 

fe l. s tr•ua. 

13 .. 'oil and nbsoil · ----· ·----· ---· ·--- .. ---· ·- --- ·· ·----· .. _. __ .. 5 5 
1-. oft , whit chalky lime ton••, di in tegr a,ti ng mor or l & rapidly 

on cspos ur tothoai r ____ _ .. ____ .. ____ .. ____ .. ____ .... - - .... 1 23 

11. ;\fotl<'rnt l y h ard , hluish-gra.y nml c ream-colored a.rgillace u 
li111estoo , oota.iuing teeth an<l scn.l e of fi h s, hwceramus 
( Trichites) lerouxii, Ammonite , a ucl otb r fos il r ema iu -·--·· 9-~ 117 

JO. Dnrk, blni b-gray itHlurated marL.-- .. ·- ---· ·----· ... - - .. __ .. 1·~ 131 
9. 'ompnl't, l.>luish-gm.y lim too . ·- ·--- .. ___ _ .. __ .... ____ ... _ .. 31 162 

Hln 1 marl y olny with fo il sboll oated with iron pyrite , 
chi efl y /l.':rogyraarietina, .) rwim , ftodl c ntalinn ...... - ... -·--· 70 232 

7. Hard , tlark ului b-g t·ay, oarthy pyriti~ ron lime tooo and shal e, 
contai nin n· E'xorJyra al'ietina 01·ypha:a pitcheri, Janirn , a.nd 
Toxaster. Many of tbe fo. ils f the <' s tmt}t Hr whollJ· or io 

pfirt on1po. tl f iron pyrite ·-·- ·--· - .. ·- -- .. ----· - .. .. -·- - .t7 279 
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Log of olll /(t/e Capitol1vel11 .<lustin-Coutinuetl. 
Thiok­
lt s~ iu 
feet. 

6. oft, sand~- , nrgillac ons lime tune, with fo ils lil;:o tho of 7. 
5. oft, earthy, sandy, fi ne-gra ined limestone of a dull-grny hue... 6 
4. Iullnratod, bluish-gray silico-nmp;ue, ian limestone, conta ining a 

good d ::tl or sulphur t of iron...... ............ ............. 6 
3. Grayi h-whito, nrthy, fi n -textured sautly lim ·stono (mag-

nc ian ?), with Toxa tcracd Exogyra. \ \"a t r at323 t: t; ro 
2 3 fee t to within 40 f et of surface .......... .. .... .......... 13 

2. Blui h-gray, sanlly mague inn limestone with th in !llarly part­
ings and abounding in organi c r nmiu - B.cogym arictina, 
Grypltrra lJilclt el'i, Jauira, D ntalina, and fi h t tb . Many of 
the e fo sil nro coat •d wit.h ulphnr t of irou, which gives to 
them an eloo-autly bronzed appearance . ...... ........ '........ 4 

1. Gray, earthy limestone, of a fine santly texture, with JrYP· utn , 
nollul s of flint, ancl mns es of iron pyrite , and al o a few 
oro-nnic remains, chiefly Exogyra and Toxa ter............... 9-1 

Dopth in fot\t 
tO bottuw uf 

st t'a ta. 

30·~ 

310 

3 16 

329 

377 

·171 

The foregoing ection of Dr. Shumard may be iuterpr ted as 
follow . : 

No. 13 i the ancient terrae ontvel. 
o . 13 11, and 10 coll ·tiv ly repre ent th balk and the 

fi h bed (' a.' strata of ::VIcGillvray's log ). 
o. U is tbe hoa.l Creek lim stone(' b' trata of i\IcGillvray log ). 

No. , i the Del Rio clay(' c" ~rata). 

o.7,at232feet,seem tor pr senttheupperpartof tratum rl' of 
M·Gillvray' log andth iopofthe ombio dFortWorthandEdward 
lime. tones. If thi is o and tlJ a umed thickne of the Fort Worth 
lime tones, 70 feet, is correct, tlle top of the Edward lime tone li 30"' 
feet beneath the urface of t.be capitol ground where tlti w ll wa 
dug a11cl the flow of water truck at 23 feet in o. 11 come from a 
hori zo u uoL over .... 1 feet; uenea.th it· •uJumit. 

No. G may be tbe bottom of th 'Fort Worth bed , in which a e the 
ulpbtu· water truck would be only 27 feet b lo w tlJe ummit of the 

Ech·ard lime tone, or in the chalky bed imm diately b low tho 
kn wn as the 'lithographic flag ·.' 

Tlle bell1.: from 5 to 1, includin g 192 feet of trata all undoubtedly 
belong to the Edward lime ton , extendin g dowuwanl into the mag­
ne ian beds expo ed about 35 feet above t lte water in the Bee a.ves 
Bluffs. The interesting fact in r latiou to tbi · Slmmard well ectiou i · 
that every foot of the strata penetrated by the well 'an be .:-een out­
cropping within 2 mile of its locatiou, in the we tern uburb of 
Austin to the mouth of Bee Creek. 

vVe have long doubted the accuracy of the paleontologic determina­
tion of bed No. 2. Emong the fo sil enumerated are E.x:ogyr(~ a1·ietina 
and fi 1t teeth, and we know that tbe:e do not occur at this horizon . 
The pecimens may have been mixed by the well dril l. They certaiuly 
do Hot belong here. 

Dr. Franci Moore, in The Texas Almanac for 1 GO, page !:JG, l1 a al o 
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given a section of this well, wh ich di ·agrees with the one given by 
Dr. Shumard both in minor details and in total depth. Dr. Moores 
section i as follows : 

ectio 1~ of old tate capitol well, as given by Dr. Francis Jioo1·c. 
Feet. 

1. Lim stonecontnining.t'unmonites,lnoceramu,etc .. ........... .. ....... .... 1 
2. Blueargillaceous limestone . .. ...... ... ....... ..... . ........................ 5 
3. Dark cnrbonn.ceon ma.rl.... .. ............ .......... .... .. .. . ... .. .. .. .. . .. . 24 
4. Jnty marl.... ...... ...... ..... ............ ...... ................ .......... 9 
5. Hnn1, compact, yellow i h lime ton o with Hippurite. .. .. .. . .. . .. .. .. .. .. .. .. 35 
6. Blue marl with pyrites............ .. .. .. .. .. .. .. .. .. .. .. .. .. .. . .. . .. .. .. .. . 62 
7. Limestone with mas e of hertn.nclilint ........... . : ...... ................ 61 
8. Siliceous Jime~;tono ........................ ...... .... ....... ................ 2 
9. Bluo lime tonewithpyrit es,minuteExogyra,etc . ................ . .. ....... 150 

Total ................................................................... 4-19 

Our interpretation of these bed i ·as follow : No . 1 and 2, .A.u tin 
cl1alk; 3 and 4, fi h beds; 5, Shoal Creek lime tone (Del Rio clay ) ; 7, 
, and 9, Edwards limestone. 

We have not b en able to obtain a complete log of the econd well 
bor d by t he State, ix or seven year ao-o. It i reported that it was 
dri!led to about 1,450 feet, an 1 topped jt1 t a it reached and before 
penetrating, the greater ba em nt group of wa,ter-bearing trata. 
Heuc its flow is feeble. 

Tb well at the colored a ylum, 2 or 3 miles northwest of the State 
capitol, commences in the Shoal reek limestone and pa ~e tbrono·h 
t11e D l Rio aud Fort Worth bed and penetrate the Edwards lime­
tone. The 'later does 11ot rise to t.be urface. 
TIJe foll wing record of a well on East Fifth street, in proce s of bor­

ing on l\I:-ty 1 1 07, which wa obta.in d 1' r u by Mr. E. W. Park r of 
thi. urv y, will al o afford au idea. of the nature of the rock encoun­
tered. 

R ecor;t of well-boring on Ea t Fifth street, .d.u tin. 

Thick- D pth in fc t 
ue s In to bottom of 
~ t. strata. 

Dark .oi l,oldri;ernllnvium ...................................... 30 30 
Whit lim tou (An tin cllalk) ................. .... ......... ...... 40 70 
Dark sllttl (En.gl Forcl) ............ .............................. 60 130 
Wbitelime ton ( boalCr ck) .. .................. .... .... ........ 40 170 
Bluema.rl(D lRio) .. .. ..... .. .... ............................ · .. .. 60 230 
:Maiu l illJe tone(\\ asbita fLnd Edward ) ..... ... ...... ..... .. ....... 120 350 

ulphnr wn.t r, no flow ........ ........ .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. 350 
Alternate layel'B of sand a.ncl li me touo, varying in thickne s . ...... 150 500 
Flow b gins ( ulphnr wa.to.r) (Gl n Roe ~) .... .... .... .. .. . ... .... .... 400 
'olidlimetoue ................................... ...... .. ........ 200 700 

Flowing 20,000 ga llon of sulphur water p r tlay. :Mnin Trin ity flow e:ll:pected at 
1,400 feet. First sulphur water, 50 feet below summit of E iward beds. 
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Further particular of th i well , mce com p i t l , ha, e b n furni 11 d 
a ' fo llow ' by Jr. ll. rcGillvray: 

Log of th ""In tin Xatatol"iwn r11·tcsiau well, c1rillcd by /I ugh Jl fc .i/l t•.·a!l at th CO!' II r of 
an Jcwinto ancl Fifth treels . .:lustin 'l'e.ras. 

Bctl . 
Thi 1<· D!\ptht o J 

b ttum of 
llCSI:I. tro tn. 

I 
}'eel. 1-'ett. 

19. Dirt .. .... ....... . .... . . . .... . 

1 . G ra ,-el betl ... . .. . '- ......... . 

20 _o 
5 1 25 

17. Lime ton .. .......... ...... --

16. bnle . ...... ..... . .. ... ...... . 

15. Limestone .......... .. ... .... . 

100 I 125 

70 195 

- 5 _:w 
14. Blne marl. . . . ...... . .. .. .. ... . 40 I 260 

13. Liwe tou (\ . . .................. , 

12. nndrock . . ..... .... . . . ... . .. . 

100 360 
10 1 70 

70 I 440 11. L imestone .. .. . . . ...... . ...... , 

10. nnd rock and li nw tone in 
tra.ta of abou t 10 feet. 

150 590 ?I I inoral water of Ill -
dieiual nilu • 

9. Lime. tone . .. . . . ......... .. .. . 600 1, l 0 

. androck ..... . ... .. ... .. . ... . 23 l. 215 ma ll fl ow. 

7. Lime ton .... ........ .. ... . . . 300 1, i515 

6. Bl ue bale ............ .. .. . . . . 60 1' 5i'" 

5. L im eston ..... ... .. . .... .... . 100 1. (i75 

4. androck ........ .... ... . .... . - 00 1 75 i\!nin flow· fr e tou 

3. Bin shale . ..... ... .... ...... . 40 1 915 wat r. 

2. -.o amlrock ... .. ............... . 50 1. 96" I 
1. Blu shale ......... ...... . .... 1 60 

Total depth o f w 11. ...• •. ? o->s I -, -
2,02- 1 

---~ 

Tbeflowisabou t 250,000 gallon aday, andi in c·r aaing; tempera.tn r 100". Pr 
nt' bas not be n t ted, bnt i proua.bly b tw en 70 a nd 0 poun d . a in g, 300 

feet 10-ineh pipe, 600 feet -inch pipA, 300 feet 7-inc h pipo, ZOO f t 6-in l'h pip . 
Tho medicinal Yein ha been e parated from th fr estoue vein uy lettincr tho flow 
corue up b tween the - and 10-incb pipe . Tbi water will b nsed fo r a natatorium 
and sanitarium . 

Th re i a di crepaucy b tw n th two r cor·d 
we an not explain. 'o mneh a i o- iv n in Jr. Park 
in harmony wi h the tratigraphic mea urem nt matl 
The trata from 1,915 to 2,025 feet may be Pal ozoic. 

TFm MA....,OR Wl<:Ll .. 

A valuable contribution to t he extent of tbe ar te ian fi ld i~1 Travi 
County was made by tbe drillin g of the' ell at Manor in 1 9.3. Thi 
well i situated about 20 mile ea t of Austiu, near tbe extr me a teru 



HILL AN D J 
VAUGHAN. 

MANO R WELL. 

margin of the B lack Prairie and on tbeoutcro1 of the ba eof the lo\'\·er 
portion of th e equivalent of th e Eagle Pa s beds. Through the kind­
nes of lVI r. E. ' . Parker we have been ena.blcd to obtain tbe follow­
ing accurate log- of tqi , well, wl1ich 11 ab lcs u to locate th e water vein 
with defiuitene and also to ascertain the tltickne -s of the Taylor and 
\.u stin bed .· of t he Upp r retaceou , which I.J ad not until then been 

accunLtcly measured: 

Log of rre/1 at ~llan or.' ( ce fi••. 7 of Pl. XLI. ) 

Thick- Depth in fc ~ 
llC~S in tO bo l tom 

fee t. of s rata.. 
16. Black ~ oil .... ... .. ......... ... ......... . ............... .. G 6 
15. Y llow I a~· ........... ...... .... ...... _ .. ... .... .... .. __ .. 11 17 
14. Jo'liutrocknudgra,·el (surface w a t r ) ... ..... ... ..... .. .. .. 3 :20 
13. Yellow and joi nt lay . ...... .............. . .. ...... .... __ .. 30 :-o 
12. Bin lay ....... .. ...................... .......... ...... .. ;)JO 590 
11. oft whi te r ock ............ .. ... . ... ........... .......... .. 7+ 664 
10. In<li cro-bluecla.y ....... ........ ...... ..................... . 1 665 
9. Ro k , b anl ancl . oft alteru atPl ,,- ... . ... . ......... _ .. ... _ .. . 335 1,000 

a. ' hal (c::wo hadJy) .. ............... ....... .............. .. 2- 1, 02-
b 7. Hanl rook ......... ... .. ....... . .. ........ .. ...... .. .. _ ... . .-o 1, 07.-
c 6. mn clay (cave ) .. .. ...... .... .......................... .. 60 1, 135 

115 1,250 
150 1, 400 

20 1,420 

elF ~~~~e ~~~cl:r·i~~ ·;o· -k -(-,~~~~~- -fl~~,:~ -;~ ~:~~0 -fe~~-,) -. -_:::: -_::::: 
3. H a rd ro<· k .......... .. .. ........ ....................... .. 

[Fr orn t his point downward we b as e no d t:'tailed r ecord.] 

Qnnntity f w. tcr d i cbar <r l 1 r bonl', 4,166~ gallons . ize of di charge pipe, 
6 inch s . T mp r ature of water, 93° . 

Tll r are several r ord of t hi well wbi b bow liglttdi crepancies. 

13 nn l l :2 ar 
11. 10. nnd!) ar 

410 fc< L 

the mo t detail and appears to be mo t nearly 

tuclied the ection of the rock ~ through which 
can ea ily identify the different trata a~ 

t- r tflc ou nLirl forma.tion , here b avi n a-

and 'Ia lor marl or .i int lay ... 
ustin c;hl'llk ll~wing au ag<Yf o-l'lt thi -kn of 

rd , hal and i.., th tra um 'a of th ..::\.. ylurn well 

ylnm well ). 

upp r part of the lime tone 

pril 19 1897 wa 2,2~0 D et. 

' 'Furnish <I hy , o.kn•i<'u Lumb r om pnny. Exact lo nt ion of woll : ,\liddle of lot ·o. 13, in b lock 
'No.2~, nr or<ling to mnp nnd plol of ~ ! m10r. 

'Tbrc pnrn t accounts gh· this strike 1\t 1,250, 1,2G:i, nnd 1,2 0 feet , r e p th>ely. 
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about 30 £ t abov t h urfa T il fir t 
pth of a bon t 1 J 00 

J. Hppl'igh t, wa. 1iu i ~;b d 

one ming t lt 
I H tltis w 

1 According to tbe he L computations w can at pr n t make, sn iJ>hur wnt r was struck in til 
Ed,Yards fo rmation nt n depth of 120 feet b lo"· the bottom('[ tho DPl Hio clal's in tb ixth str et 
well, 7 fe tin tho old Capitol well, 50 feet in tbe now Capitol w 11, and 3~ feet i.n tb ~no or welL 
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SECT IONS OF ARTESI AN W ELLS, AUSTIN AND VICIN ITY. 

Q, Pleistocene, alluvral' (/, ·, Dol RIO; ftc, Fort Worth i e. Edwards; yr Glen Rose. tp, TraVIS Pea Heavy black lines indicate water horizons. 
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at ad pth of from 1,400 to 1,750 feet below the top of the hoal Creek 
lime to11e. 

'rile fact that the water doe not flow out at tlJe urface at St. 
Eclwarcl s College (a ltitude GGO feet) indicates that the G50-foot contour 
on th Au tin geologic heet mark th po ible limit of flowing wells 
in the vicimty . 

TilE , AN :'lfid~CO WELL. 

Two re ord of an artesian well drilled for the nited tate Fi!:ih 
Commi ion at an 1\Iarco in th year 1 95 afford the roo t complete 
well ection ,,-e l1ave been able to obtain iu the Rio Grande P lain. 
TII record con i. t of (1) a tabulated r cord k 1 t by l\Ir. Judson, t he 
contractor, alld (2) a erie of numbered sample furni ·bed u by the 

nited tate Fi h 'om mi ion for deternlination . The e, a· will be 
ho"i·u are not harmon ion as to detail' and well illustrate the difficulty 

of obtainin rr :xa ·t Jog . 
The well wa drill ed to a depth of 1,490 fe t, and when topped wa 

till in tlle retaceou formatiou , about 1T feet above he e timated 
ba e of the A ylnm 'Yell, at Au tin . 

Log of th e an Marco 1vcll; fm·ni sli ed by Jb· . J~tdson , tlte cont1·acto1·. 

[ re fig. of Pl. XLI.] 
Thick- D epth in£ et 

n ess to bottom of 
in feet. 

oil,wa h,and avi'L ....... .... ..... . .................. . .. . .... 30 
Blue lny and lime t one (D el R io beds) ... __ ... .... _. .... .. ... .... 20 
Hard gr:.ty l i ut tone (Fort'' ortb ) . . ... _. _ . __ __ .. ___ .. . . . _. _ . . _. . . 7 

:w e wi t h nbunclant water .. ..... . ................ . .. _ ...... _.. . . 2 
Brittl • whiteli me ton (Edward ) ........ .. ...................... 7'2 
Black flints (Edward ) ...... .... ...... .. ........... . ............ . ... .. 
Blm• hal ( Edwanls ) . ......... . ...... .... .... .... .. .. .... ..... .. 12 
Blac·kflint ·(Edwnnl ) . ...... .... ................................ 6 

oft white l ime tono (Edwa rd ) ... . ...... ...... .... .. .. .... .. .... 106 
H nrcl w hi te li iiJe ton e (Edwards)... ............. .. .... .. .... . .. .. 57 
R arll g rny lim ton e _ ..... ............ _........ ... .. . . .. .. .. .. .. . 37 
R ott n limeston .... .. .. .... .... .... ...... .... .... .... ...... .... . .J.1 
llnrdgray lim ton ........... ... .. ... .............. .. .......... 3S 
Tra ofhln lay .......... . . . ...... .. •....... . . .... .... .. . .... .. ... .. 
~- bi t lim tono .... . ... ... .. . . . .. .. .. . . . ... .. . ..... . .... .... .... -1.1 
H ard whit lim slon .. .. .. .. .. .. . . .. .. .. .. .. .. .. .. .• .. .. .... .. .. 92 
Hard bin l ay .. ..................................... ............ :n 
Hanl whit lime ton . .. .. ...... ... .... .... .............. .... .... 7 

lny ........ .. ..................... .. ........ .... .. .... ... . 5 
Wh it li1 11 s tou . . .. .. .. .. . . . . .. .. .. .. .. .. .. .. . .. .. .. .. .. .. .. .. .. 25 
\\'hit elo.y ........ .. .. . .. .................. ... .. . .. ............ .. 
Lin1 ton <' . . ........ .... . ........... ...... ...... ...... ....... .. .. 3~ 

Jl nrdbln lim ton ...... .... .................... ............... ll 

strata. 
30 
50 

12 
130 
202 
202 
214 
220 
326 
3 3 
4-10 
451 
.J G 
J G 
533 
625 
G-2 
730 
735 
760 
765 
799 

10 
1 rilUe whitt• lim • ton,•... . .... ... ... . . .. ... .. .. .. . . . . . . .... .. . .. . :L 5 1. 035 
o~ ·a~· limPs t on .. . .. . .. . . .. . . .. . . . . . . .. . . .. . .. .. . .. . . . . .. . . .. . .. .. ~~ 1.112 

Rln l ny ...... .... .... .... ...... ... .. . .. .... . .... .... .... ...... . 7 1.119 
Jl artlgray l im ton .... .... ..... .. ..... .... . ......... ... ........ "9 1,17 
\\'bit Jim ton ........ .. ........... .. ....... ... .... ............ 71 1,249 
lia rd y llow lim t n . . .. . . . .. .. . .. . . .. . ... . .. . . .. . . ... . . .. . .... L 1, 291 
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Log of tho n1~ JJl{u·cos well; .fu?·nidhcrl by il:[r. J11riBon , th e oontraolor- ou t illiiOol. 

Thi c. l<· D \' thI n fp t 
11 088 10 JO LLO>II Of 

in ft.\ t . Kl nlln. 

San lstono . ... ... . ...... ... . . .... .. . . .. . . .• . . . -.- ..•... . -........ 54 1, 3 1 ~ 

Hanl g ra y lime tou o .... .. .... . .. . .. - .. -.-- .. ... .. - - - . . . .. . ·----. ~7 t, 374 
oft limcs ton o .... . . .... ..... . .. - .. - .. . . . ---.-. -- - - .. . - .. .... - .. :31 l , ·W.> 

Black sandstone . .... .. ... ... .. .. ........ . ... . .... ... . ..... . . ... . tO 
60 
F 

1, ·11 !) 
t , -17ii 

I , ol 0 
oft o-ra y s:111lly limestone ... . ... .. . . . .• .... ............ . ... . ... . . 

Blue clay t o l.Jottow of well . ..... ... .. .. .. .. . ... . ...... . . .... .. . . 

D term inn /ion of sa.mples ( · . Fish Oomnti& ion ) .fi'O nt an Jl m ·oos twl ·sian well. 

E D epthin 

N um lJ ... , __ r_eo_L_. _ --------

' 

I 
2 

3 

40 
6" 

70 

ti cky blu la y, J11'0ba l>l y D l Hio. 

Mi x: t11re of al>o,·e clay :1 nd limes tone . 

rayi !Sh -\\· hito lime ton h a. ,· ing l i bologi · 
ti s of Fort \ Ol' th lime tone . 

h•na tori :-

5 Mor chalky limes ton e mi xed with a i.Joy · y ll ow f\' 1'1'11 -
g in on pot , o- ivin g it <h yell owi b t ing . 

6 5 1 , lightly lighter color fa intl y bln , n1oro marly mater ia l : 
gluu cun iti 

7 10 Sn.roe :1 6 · t ill li ghtly lighter in color ; very :n·/-: ill a-

9 

140 
160 

ceou . 

Pure whi te marl; t hal k in lump . 

Gri t ty, g ranular, wi t h sma ll fra g rnont o f firm r lillie­
tone; we t. 

10 167 Firm,wh itechall-ylinw tou rc e1ubliugEdwards · pu -

11 

12 

13 

15 
16 

17 

18 
19 

20 

21 
22 

1 7 

200 

215 

295 

635 
703 

09 
810 

95 

1, 02:' 
1, o-o 

imeu d ry. 

t a ngnlar frag men t f lime ton · om ])arti c les 
c m ro11nd rl , 011 e qu a rtz gr:1in. 

ct brow n and wi th inteu ely f rrnginou sp c ks; 
appar ntly cl 'Compo ·in,. py ri te . 

Dry, white limy 111:1 ri al wi t h mix ture o f p yr it ifAr011s 

I 
s peek · Ji ke for goi ng ; bows d ·cid <l chan rre . 

Dry, white cball _,. ma rl with uln cla s p ·ks a nll p y r ­
itifcrons s pots; miun Lcly I!L't11111 1ar, mealy gray lim -

1 r.ou t.. 

I 
W et thoroug hly stick y ·a.lca reo ns lay. 

\Yet , uln e pa ·ty clay lik . a bo,·o. 

I 
li"h t ly more cal a reons, hut still o~ auo ,· 

Gray arg illaccons lim ton 

An iuten el.l' ferrug inou. 11lcar on p :1ck saml, rapicll ~· 
ox id i?. ing; resembles firs t sand o f Trinity at Tra,·is 
Peak ; f t iel . 

Wet lim s tou , srn lling trougl y of sulphur ; oclur of 
p etroleum; Pc£1elli11a t xana ( Roemer), a ty p ical lo we r 
Glo11 Rose foss il. 

Dry ·bal ky marl. 

I D ry gri t composed of mall ronnde<lgraiu s, l ime quar tz, 
and calcite. 

~ 
1, 150 

1, 179 

Wet, fin e-g ra in ed calcareo n sand ; appareutly down ­
ward continuation of al.!ove. 

Do. 
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Deterrninal'ion of sa.ntples ( U. .Fish Comntission) jt·o1n San Marcos artesianwell- Cont'd . 

r:= Depth in R emarks. -~ 
~~---k_e_t_. --1----------------------------------------------\ 

25 
26 

27 

~ 

29 

30 

3l 

32 
33 
3<1 

35 
36 

1,190 

1, 200 

1, 229 
1, 291 

1 315 

1 322 

1, 4.05 

1,430 

1, 445 

1, 465 

1, 4 0 

Very fine sand, very calca reous, almost impalpable. 

till finer grit, a lmost like flour, calcareous, white, free 
from ferrugination; dry. 

\Ve t, g ranular blue Jime~ton e . 

Very fme pack and, bomogeneon sly fe rruginou s, with 
I i ttle ferruginou s " rains. 

Very fine and, chocolat colored; very ferruginous mat­
t rand possibly mixture of reel clay. 

Do. 

Wet, very fin and, free from oloration of above. 

Dry, very fi ne s:.nd, li g h t colored . 

till finer ami, same as abo ,·e. 

Do. 

Do. 

Pyritiferou f rru .,.inatiou again. 

Dry, g ranular limy lllaterial with black fl ak . 

Dry, «ranular limy material with black flakes; finer I 
than 37, very a rgilla eons; ome fi ne and. ___j 

The an Marco well commence' in trata about 150 feet lower geo­
logically than tb u tin well , the former commencing uear tbe ba e 
of the D l R io aud the latter 11ear tlle ba e of the Au ti n chalk. If 
the figure for th In ane A ylum well are correct, tb e an )Iar o w , ll 
ha · not y t reached the bottom of the reta ·eous trata by orne 100 
£ et. In drilling tb an far os w ll eveu horizon of underground 
water \\'ere en ·ouutered between 12' aocl1 -150 fi et, a fo llow 

I ' umb r. l 
I 

Horiz ons of unclc1·gronllcl water i11 an Mat·cos well . 

Fe t. 

12 

19l 
6.)2 

1. 1 i 

l , 29L 

l, 3 15 

j 475 

R emnrks. 

Abundant water · sulphur. 

Iu xhn.us tibl wu.t r; good qual ity. 

, od wat r ; h II formation. 

Good ''' ater · ro · 400 f t. 
Flow in r a d to 4 gallon p r minnt . 

Flow incrcasod w 6 gallons p r ruinnt . 

tru k at 7 fe t b low the summit 
:C t below thee timat d ·um­

am "'eneral geolo ,·ic formation as that 
giving th fir ·t fl.ow of ll .Au tin, l\fauor, n.nd an Anto11io w II ' , 

No.2 i pt'ob[tbly a, lower llorizon in tlle Ed ward bed and it freedom 
from nlphur i , a valuabl q uality. 

1 EOL, l''l' 2--19 
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Th sulpbqr impregnation in N . 3 i · probably n, loca,l la.yer in lh 
G len Roe b d. 

o. 4 eems to eorr ponu a lmost xa t ly with flo' X o. :3 of 1 b \ uRt i n 
well , t hat from whi l1 t ho n ew Oapitol a utl Oroon1 w ll s ;~r suppli e<l. 

No.' . 5, G, a nd 7 arc, l.>eyond any r a sonabl d ubt, from t ho l>as m nt 
an(L . 
There ar San 

are avi t i 
which, however ca n 110t b' sta l1. 
een iu t he outcrops of t heE 1 ward lim 

ca.ve , like t h e Hill oa,t n ern of E dwards unty. 

H i 

drill pa. eel t hrough only 2 ~ t of avity rath r p]lO 
hypothe i . 

AN ANT :'\1 0 WELLS . 

A l arge Jmmber 01 well l1 ave b e u drill >d in and ar uml t h ·ity of 
San .Ailtonio. Th ey occur in 11 arly all part oft h ·ity and H · arljacent 
nburb , a . hown in :fig. 73 (p. 310j . 

Tlte e wells, like the well at au 1\rar o to th o 
line offaul tin g-, a11cl hen ce pre en t many anolllali It i~> v r:, po · ibl 
tbat t he drill often cro se th line of fa.nltilw produ ino- in on i t n­
cie iu the r cord. 

1'ho following list is incomplete but it will ·afl'ord an id a oC h 
approximate numl.> r aucl location of th ". 11 . 

List of arle ian wells 1·epo1·ted at ._an . lnlonio. 

.~.: ' o. Owner. L o ntion. I D •JJlh l: <· pt h I Rep<~•· t <1 
of ~f'ell. to liow tn :!-t 

wn t r.a hour .b ___ , __ _ 
Fut. \ 1:'/U t. Gallon•. 

216,000 --1 ~.~st Ell(l Town I Wes t End Lak 
' o. I 

260 ...... .. ! 
2

1 
R u s .......... : .. .. . .. do ........ .... .. 

3 B rend le...... ..... 3 miles nort h o f 
. . J ? co~Lrt- honse. 

4 1 antis .... .. ...... -i rml . norlhw at .. 

5 --w aterwo rks Co. I ! mil below head I 
No. l . of ri,·er. 
a t rworks Co. 1 Lower /lllmp-hons , I 

Xo. 2. l ~ mi o uelowh ad 
I of river. 

250 ....... . 

5 3 493 1 
540 .... .. -- ~ -- -- - -- -- ... 

630 

750 : : ::: : : r ;:~:~-
--------------------~-----

J("IIHlrk .. 

'\"a tor r i. s to 50 
~ tof anr faC<' . 

r n tr n t () <l 90 
f t of n~crn. 

i t~y '\o;t :l.t "t FO Up­
}l)y . 

Do. 

a Depth te water when not othen,·ise s lated is pr·e. l Ull d to b at bottom of w.-1 1. 
b T hese s tatis tics nrc not in o,·ery en e trn. tworthy , be ing usu a ll y xnggcrn.tcd . 

'Descri bed by llfessrs. Stejncger and Benedict, in Proc. U .. ·. Nat. Mus., Vol. X Y JJ.i, , \pril , 1 96, ~·os. 
1087 and 108 . 
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List of at·tesian wells 1·eportecl at San An lo11 io-Continnecl. 

D p th I D pth I Report t1 ----=--1 
of w 11. ,,.~~er. flo1~'~,:~ • . 24 Jl e111arks . 

1-------------1 ___ I 1 _____ __:, 

Xo . Chn.1er . 

" "n t · rworks Co. 
:No. a. I Low rj1tlnlp-ltouse. 

l ~ mi o belowbcnd 

Feet. I .l:'eet . Ga llo11 s. 
7 0 .... . . .. 1. 500, 000 Ci h · wnter s up-

1 ply. 
t 

·w aterworks Co. 
N o. 4. 

Colli ns Mnnu f"n c­
turing Co. No. L 

I 
o f river. 

... .. do---- -- ------ --

650 : : ::: ] 

1, 500,000 

l , 000, OCJO 

ollin s M a nufac­
turi ng o.l\To. 2. 

'olli ns llfan u fnc­
turi ng Co. No. 3. 

'oll ins llfnuufnc­
t u l'i ng Co. No.4 . 

900 ynrtl s n or t h by 
no r th east from 
court-h ouse. 

: ::: : ::: ::::: : : :::: :::~ 
.... . tlo ... ...... .. ___ I 
. .. .. d o ------ -- -- ----1 

C50 ... .... . 1 

7J 5 . -- . .. - . 

25 , ... .. .. . 1 

1. 000,000 I 
750, ooo I 
250,000 

oll ins J\Innofn~-­
turiug Co. No. 5. 

1-l. W nt rworks Co. 
No.5. 

l5 Wsier"·o rk s Co . 
N o.6. 

).(n rket stre L .. .. .. 

. .... do .... ........ ..1 

l , 100 0 iso,ooo 

0 5 , 500.000 

0 3, 000,000 

16 Waterwor k s Co. .. . .. do .. .......... .. 
N o. 7. 

l 7 WN~'torks ::: 1: ::: :::: : : : ::::::: : :: : 

I I 
I 

3. ooo. ooo I 
3, 000, 000 0 :::::J 3, 000, 000 

h u l z 'un it a.- A lamo plaza... . .. . . 7 2 00, 000 

I ce Eig hth s treet.... ... 657 GOO 36,000 

2l Cn·s tnl l eo .. : .. tlo .. .... .... .. .. .. .. .... .... ...... .. .. .. ----
·-o . 2. 

22 Cn·st n l 
No. 3. 

I c . .. .. do .. .... .. .. .. . l .. .. ... .. · .......... .. .. .. .. 
23 Cr_,· s tnl l ee .. .. . do .. .... ........ ........ .. .. .. .... .... .. .. .. 

o. 4. 

24 n u A n t o 11 i o 
troet Rwy. Co. 

25 ou n ty of J~ xar .. 

26 .'tnt of Texas ... . 

Court-housr, c nt r 
of ci ty. 

3 mil sou th eas t 
of (• itN , nt insnu 
nsyl u in . 

9 0 225, 000 

70 I , 240, 000 

J, 100 

~i 'olou~ l T rroll , 3 mil s sonlhof ily. l , OOO ........ 00,000 

3 m i l ~s ns t .. .... .. . ... ..... ... .. .. J ....... .. .. l" . . A . 

Ir 

~ I 
. C.K ampmnu . 

• corg Dulln irr . . . 

30 Sn n ; \ nt o n i o 
~ lt' ot J!ailwny. 

6 mil os aoulhunst ... 2, 215 1, 00 1-- -- ... ... .. 
T enth s treet .. ...... J , l 40 25. 000 

:n l 'n n tn R osa J los- .. .. .. .. .. .. .. .... .. . 
rdtn l. 

~~ 1-:: -~~~~ .. -,~-~~; : ::::: r:: :: :::::::::::::::: 
nionllient o . . . , ou thwost of ity ... 

:-.r ng r H otel. .... ...... ........ : .. .. .. . 

J\ iebling wcll. .. .. " OM . . ' A . r. 
depot. 

1, 000 

1. 250 

2. 

I , 202 

1, 160 
] , 100 

I 
I ...... .. I 

465 I 
3 Kam pman well ... Veli tn street .. ...... 850 I 
39 Epps w 11 .. .. . .. .. ont.hwest ofco ur t - 8 4 ::·.:::J 

house. I 1 
40 J Vn n D nlo...... ... 35 .. .. . .. . 

1 
----~--------------~----~-----

150,000 

300,000 

144,000 

2.30, 000 

200, 000 

0, 000 
300, 000 

100, 000 

0, 000 

I 

D o. 

.'o f t, s w e t 
water. 

C it~ wnter SQf>· 
p)y . 

Do. 

llo. 

Do. 

Do. 

0 ft . S W e t 
w a.te.r . 

... n ~ nn d wnt rn t 
460 nnd 620ft. 

llot ulphur 
water . 

Do. 

ulph ur. 
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The underlying geologic tructure of an A11tonio and immediate 
vicinity: is difficult to eli. cover, owing to the fa t that tile regiou i 
mo. tly covered by a sheet of super.fi. ial grav land mad (the Uvald 
formation). The d pth of tbi alluvial l1eet can not b tat d or e.v n 
approximated with accuracy. In ·orne w lls it i 40 feet in d pth, in 
oth rs more than 100. Th variation in tbickn is cans d by i t 
haviug beeu deposited upon th unev nly eroded urface ol' the u tin 
chalk. The A u tin chalk out rop near th an ntonio and tl1 
Sau Pedro prin<Y , striking in a uorth a.'t· outhw t dir 
those point·. lt i probabl t llat south a t of it ut 
formation underlies th valde, and that all tb 
de ceud geutly toward the south a t. Tl1 e ·one a led 
jointed a.ud po~sibly fault d iu thi area. Th lime 
cavernous. 

We have been unable to obtain detailed r cord 
Antonio wells but th fol lowing data will giv a g 
chara ter. 

Mr. . Au tin inform n that t he well in t il vall y of Ahtton 
reek, just we t of the c nter f t he city, raug·e from .3"'5 to 450 C t in 

depth. Their flow i about a stroug a that of the well in the vall y 
of the 'an Antonio. 

Log of well of West E nd 1'own Compa ny, an .LI ntonio. 

'l'hick­
uoss ill 

t'oet. 
Black alluvial oil ______ __ .. __ ______ .. ________ ___ . _________ .. __ __ 5 
Yell ow lay ...... ______ ...... ______________ ______________ ________ 10 
Coarse graveL __ __ _____ . ________________ . ____ . ______ ______ . . _ _ _ _ _ 10 

oft blue rock impregnated wi th petr oleum __ __ .. _____ . __ . __ . ___ .. 235 

D ptb, 260 feet; flow, 150 gallon p r minute. 

Gu tave J ermy 1 make the following note co n ern in rr art 
in the vicinity of an \n ton io: 

D pth in feet 
to hottona of 

SIJ'Ut!l. 

5 
15 
25 

260 

ian w II ~ 

One, of a dep th of 225 feet, in the we t rn add ition to th ity of .'an Antonio, 
with a fin quality of drinking water wlt ich for cs i t way to tho urfac . Another, 
4 m iles ea t of an Antonio, near th alado, wh i ·b wa sunk to a depth of 450 feet 
and also brings a con tan strea1u of water, con tainin g hydro ulphnri acid, to a 
considerable h ight. It i lear a nll is being utilized for the ord inary wants of man 
and beast, but conld be made more us ful on account of its medicinal qualitie . 

The followin g record ba been publi bed by Ro r: 2 

Log of Banes 1cell, an .L1.11umio. 
Thick- D pth in f t 
ne~s i u to bottom of' 
~ ot. strntn. 

GraveL .. _______________ .. __ .. ____ __ .. _________________________ __ 
Yellow clay .. __ .... _________ ____ .. _ ...... __ .. __ • ___ ______ __ ...... 50 f) 
Blue clay ____ ______ __ __ . _____ ____ . __ __ . _____ ______ . ___ _________ _ _ 175 233 

burned mnd .. ____ .. ____ ________ .... ______ __ .. __ ________ ______ __ 262 495 
late _____ . ____ . ______ ..... _. ____ - ... -.- .. . - .------- . ----- . . ---- . 5 500 

''l'exas Geologica l nnd M in rnlogicnl Survey, F irstRopt. of Progress. for 188 , I 9, p. 64. 
•Report of F . E . Roessler, di vision field agen t for Texas, Fifty-first 0ongress, first sc sioo, Ex. Doc. 

No. 222, Washington, 1890, pp. 243-319. 
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Other well s have been r ported a, follow s : 
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L og of well of 11I.1·. If. BTendle, loca ted abo1~t 1 mile north of west of an Pedro p1·ings . 

Thick - D epth in fc t 
nc s in to bouorn of 

feet. strata. 
Black so il and <>"r avel.. .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 4 
Cemen ted o-ra vel . . . .... ... ..... .. ..... . .. .... . .. . .. .... . ......... 2 6 
Yell ow cl ay (Tay lor ) . .......... .. . ....... ........... . . . . ....... . . 72 7 
Bluis lJ lime tou (Au t in ) ... ............ .... . . . ...... . . . .. . .... . . 1 0 25 
Yery h ard lime ton(' , con tain ing pyri t s in 10 or 15 hori zons, o cn r-

r ing i n h a rd lumps, p r ol>al>ly marcn ite . . ....... ...... ......... . 235 493 
Wa ter (ri cs to wi t lJiu 50 feet of surfa c ) . .. . ... ....... ..... .. .. . . 493 
Blue marl and clay, d s ri l>ed as sea mu d . ..... . .. ... . ....... . ... . 90 53 

Ey le alamanders w re found in t he water. It i located in a 
faulted eli t ri ct. A well one-tl1ird of a mil e ou tl1 east of tbi struck 
water at 540 feet and went !JO feet through a, caYc. 

Log ojw ll of C1·ystal Jc ompany , an Antonio (.1.Yo. 1) . 

Thick­
nesR i n 

fe l. 

Depth in feet 
to bottom of 

stra ta. 
Black r s icln nl soi l...... .. .... . . .. .. .. . . .. .. . . . . . .. .. .. .. . . . . .. .. 4 4 
Imp r vion .· yellow chty. . .. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12 16 
Gravel . . . . . . . . . . . . . . . . . . . . . ... . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . 20 36 
Blue cla .r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 300 336 

oapstone ( lay).. .... .... ..... ... ........... ........ ... .. .. . .... 250 5 6 
Black mud .. .... .. .. .. .. . . . . . . .. . . . . . . . .. . . .. . . . .. .. .. . . . .. .. . . .. 60 646 

aud tone, very baret . . . . . .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 6"1 

ulpbur w~tter and gas, 375 feet; flow, al>o nt 2" ":l ll ous per mi nute; very t rong 
flow at 600 f ct ; s weet water. 

Jud on Brothers, who bored thew ll for the Waterwork 
fum ish u ' the following record: 

Log of 11'ate~· lco1·irs ompany well , au A ntonio. 

ompany, 

F et. 
Allu\'inl s oil .. .. .. .. .. . . .. .. .. .. . . . . .. . . .. . .. . . . . . .. .. . . . . .. .. .. .. 16 
Bin clny .................... . ............ ...... .... ......... ... .. -100 
Lime tone .... .............. .... ........... .. ..... .. ............. . 304 
Bin cl:ty . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40 
lla rd lim e ton ... ... ................................... .... ...... 1~0 

T otnl depth of w II , 0 f ct. ]I a !t strong flow of wa ter, t ru ck at a d pth of 0 
f, et from th nr fa o. This flow flnctna t(' s lig htly l>n t ba a maximum h ad of "1 
fc t au ve til rh· r . T l.1 flow i t imat d at 5,4-00,000 gallon per d iem. Water 
slightly impregnated with Jim . 

T IJ wnter am from a ry talline lime ton out of a fi or 3 feet .in depth . W e 
h ave nnl niu flowin g wells for .Mr. Dr c k nriclg , vnryin in tlep t.b fro m 630 to :> 
f t. All pa ed throu ~"~"h about b a m formation. 

The followino· information cone rnin g the well of F. F . oll in 1\fan­
ufa turin g ompany wa. fnrni ·bed through the owners by 1\Ir. Jame 
Brown who drilled tbe well. ( ee Pl. X LIII. ) The w II i lo ·ated 
900 yard uorthea t by nor th from the uew court-bou e of Bexar 

ouuty, on tb bank of t ll San Antonio Riv r. It i ~0 feet from the 
water line of t.he river; the level of the urface i 14 feet above the 
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riv r. Tbe well was first unk to a depth of40 ~ t. lOin he· in diam-
ter, a.nd a~ ed th n continn ll to n. d pth f 440 fi t or until t he 

sulphur and iron wn.ter wa reach d. It wa. tll 11 ca d with G-in ch 
ca ing· from tll top carr ied down t hnt izc tl.Jroug·h ~ 0 ~ t of a.Jig·IJ t­
colorcd lime tone rock a nd t hrouo-h 75 or 0 ~ tof a b lu In.y, antl um. 
ientl yfar~ntheu xtformationtol.> se ur. Fromthi, rointtlt hor­

ino- wa continued throuo·h t hi · ro ·k, whi h wa finn uono-ll to ' tand up 
without any a ' iu o- unti l a ftnal l pth of ab nt 1,100 £ et wa r a h d. 
The" weet" wat r· was found iu thi ro •k at a depth of 0 fe t from 
the urface, and gaYe l1 flOW Of 200 000 tO ~~0,000 o·allon in t\ 11 y­
four hours. This wat r ri ' in a tandpip to about •10 f t abov 
the level of the an ntonio HiYer. Tbc ulphur-iro n wat e tru ·k 
4-!0 feet b low t il snrface gave a flow of 5 to 10 o-a llon p r minut ; 
a ociated with it wa. o·a. , o·iven off at t lt rate of 30 to 40 cnbi feet 
per minute. Tbe ga buru well in a n Argand bmo r witl t Wel ba h 
att.ach men t. 

The flow of ' weet ' water ome from tl1 upp r pa1·t or th l ~dwa,rd 

lime tone, 50 to 70 f et b low it top. 
The mo t complete data we hav been abl t r 

strata penetrat cl at 'an Antoni 
Col. C. M . Terrell, 1.)nited tate 
by h im. 

one ruing be 
fnnliKh d by 

w ll drilled 

Thi well i 3 mile due outh of tb city limit t id of 
the main road to Plea anton a nd on tb divide b tw n Sa,n ntonio 
and the Medina Riv r. It i on a nmmit, an l ~ o itu;tt d that the 
water i now carried for purpo, e of inigation to all p<trt f th Jan l 
through 6~ miles of urfaco acequia , and th urpln wat r 
turn d into t he au ntoui Ri ,. r 4 mil a t, or iut th 
l{,iver 5 mile · south. 

Tile well i about 1,900 feet d ep; th yi lcl i tim at d at 00 000 
gn llon. 11 r clay. '1' mp ratur , lOGO F . Tla t r ov rflowccl with 
fore from th top of a pipe 6 feet above th url'a e. Y\TJ1 u a :.._.foot 
joint of pipe wa add d the water ro o in tb piJlC to about -b :C 't 
above t he surface. Thi w 1l at t he urfa of tbe 0 TOt11ld i 51 £ et 6 
inches below th level of tb main pring. of tl• ntoni I iYct·, 
a,nd at it g reat t der th is 1,2~0 £ et below t l1 l v 1 of he Gulf of 
M xico. Tbe elevation abov th ·urface to wlli ·h t he W"at r will ri · 
is 4 fe t, or 32 feet G incbe above tbe 1 vel of an ntonio r riu a . 
Colon l Terrell ay that thi fact onvince him "that the on fin d 
ba in from which it come ba no dire t conne t iou with tbo our of 
supply of the other flowing w 11. in thi vicinity,' but in tlris opinion 
we are inclined to differ from him, for t here i.- very vicl nee tba.t the 
ources of the waters are id entica l. While lower in altitn(l than th e 

San A ntonio pring , tlJe outlet of tllis w 11 i om G50 £ et hi o-n r i tt 
th geologic eries. Tbe clif£ renee n.nd 
the wells ea t and onth of the city, uch a Kampmann .· , D ulluig' , 
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and t lu1 a the tate Lunatic .Asylum are du to the dip of the 
trntn . 

olonel T rreU g ive t he followi ng log of the weJJ , a gra.phic record 
of which L· given in P l. XLliJ fig . 1:?. 

Formation . : Ordinary 1'\nrfa oi l 6 feet; coar e gravel 5 fe t; yeJ. 
low jo in t clay, 50 feet. From t his the d rill pa · ed i nto t he blue marl. 
A.t HO feet u low urfa ·e i t pa -sed th rough a bout 10 incb e of brown 
coal in h bl ue marl ; th e a me at ~40 feet; tb ame a t ~ 0 feet. ix 
lmndr d feet b elow t l1 e. urfac it pa d through 20 feet of v ry ha ~d 
shell conglom rate co mpo. eel of Grypluw vesicula.ris (identified by Rob­
er t T. Il ill ) tl1e lnr"' t h ell of wllich i · -1 by 3:! inch , thickne of 
wall one-hal f t o t hre ·fourth in ch . The blu ·marl cement of th is 
shell conglom rate wa · hardened into rock . 

U 1,000 £ t below tl1 e nrfa ce tlle drill truck lime. tone rock, sup. 
pose l to be t il \n t in chalk, wbi ·h crOJ) out north we t of an nto-
nio. .At 1,310 £ et a sma ll eep of ulphur water wa truck in tb i 
rock. Thi ;; wa t he fit"t water found i n the well. The drill pas eel 
through th upp r Jim '· tone at 1 0 feet and into a bed of y ll ow joint 
clay re ting on about 10 feet of hell , too·eth r 4J fe t. Immediately 
b low t hi s, at 1,425 £ et, it truck lime tone, nppo d to be t he aiJriu a 
(Edward.) lime tone. t 1,:'535 feet a mall overflow of wat r wa 
tru ·k. \ Vh n t he cond contract was co tnplet d , at 1 75 £ et, there 

\\' fl.~ an 0 \ ' rfiO\Y qual to flUOll 1 o-alJOII p r m,innt . I; tbi' lep th, 
havi1w ·ompl t •rl l1i . e ·ond con tra t; on (' h wel l, the ontractor 
<l lin <l to mak anot;lt r ontia 't for depth and wa rnploy d til r -
aft r by th 1lay. Fr ml G~~ to 1 75 C t olon l r rr ll h ad notieecl 
anin .. <·r a , oft mp ratm of tll'wat; r q ual tolO for ach~5feetof 

d ·c •ut. This r api<l in r a .. l d him t b Ji ,. that t h trata w r 
por u" for a 1 .a t; 100 ~ et b0IO\\' t h t;h 11 bottom of t he wel l, and that • h watel' \I' H:-l worki11g up f i'Om b low. If lli ' reasoning wa orre in 
tl1i ' then th ' t' wonl<l b 110 ditn ·u l ty in dl'illiug deeper wi h ati f'ac· 
tory daily pr 0 T s autl the r nlt d m nstrat d tbe · rre tne of hi 
vi'\\'. Hapitl progr s wn. made-1-1:3 fe t in nin e days-wilih a 1 
in ·r>tL 'e of' l1 •at for ·on p011din g additiona l d pth. 

)L wa intl'TI<l d to ink t l1 well to 2 000 £ et, b u t tl1 contractor qui t 
n 1 00 {' > t . \ int rntl of ab ut; 70 to 7 ~ t b IO\Y th fir t wat r 

111 to b a vo ligl1 t ly i n r a ed, notwith ­
standing two yoar f dr u o· lt iu ce it wa comp1 t <l , aud bet u1pera-
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ture ba o·one up from 103.· 0 to 1060 F. 0111 claim to have fOUlld it 
1080 a nd 100o. Thi increase inter ]Jerature may be nccou nteu for in 
part by Lcn,t being abstracted for som t ime after t be w ll w~Ls ·om­
p leted , to warm up th e 1,!)00-foot channel. 

Thee timate of :t:low, 800 000 gallon in twenty-fom hour , wa mad 
by the contractor. Colonel Terr ll's own t imate is sli g htly le s. 
0 ber well near this city l1 avin g le minimum diamet r of bor n,nd 
lc · beat are e t imat d at 1,200 000 gallons in twenty- four hour , from 
which fa ct oloncl Terrell concludes that t!Jere i a t 11d ncy to over­
e imate t be flow from arte ia.n well . olonel Terr ll think t l1at the 
fl ow of water i · lightly influenced by atmo ph ric pre snre, a low 
barometer causiug an in rea ed flow . 

An aualysjs of t he water wa ma.de ome t im aft r the w 11 was 
com pl ted and i given on page 301. It will b eeu from t h analy is 
that t he water contain no chloride of odium and .no organi matter. 
The earbou d ioxide i _qual to 34 cubi in he of ca rbonic-a id gas to 
the gallon , and the hydrogen su lpl1id to inches of ulpbur teu­
hydrog · n ga to 1 gallon of the water. 

V\ hen the surf<tce flow in the aceq uia · ob tructed, a floating cum 
accumulate . Thi · cum ha not been analyzed. The a quia termi · 
nates in a lake 2,200 feet lon g on tlle t ra ·t of laud. The la k is , to ·ked 
with rock and black bas , triped perch, cat minnows, turtl . etc. 
]\tlinnows h ave b en se u in the ac quia wiLLiu 100 f L of Ll1 w 11, 
where the water ha nearly it maximum lJ eat. 

The water ll a been u ed for t wo year for irri gation. A mall 
or ·!Jard, 1,700 fruit t ree·, depends almo t eutirely 011 t bi water and 
the tree are doing wel l. Garden vegetables, corn, cotton, oat and 
gra s seem to do well when irrigat d with the water. tock drink tbe 
water freely-for mon th at a t ime Laving no other-and it i said 
to free tberu from ticks. In one ca e, when giverr for t he purpo e, it 
entirely fr ed a lwr e from botR and other in te. t inal worm • . 

1a,ny sick people l1 ave vi i ted the w ll to use the water b th for 
drinking and for bathin g. ff:licted per ons who have tri d i t claim 
tbat by drinking an d bathing in the water they have been completely 
cured of ma ny diseases. 

:ro commercial use Las beeu made of the water, but it i d:otily u ed at 
the well aud carried away for u e, by and fo r ick people: without charge. 

We have plotted upon one plate all t he well data whi ·h we have been 
able to procure relating to the vicini ty of San Antonio. (See Pl. 
XLIII.) Many of these records are meager , givin g only the depth at 
which water was found, unaccompanied by any de cription of the rock 
material passed through . Tbe Terrell and Collins wel ls, however, may 
be considered the best available standards of reference, to which the 
others may be compared. '\Ve have referred all these sections to a geo­
logic datum p lane, which approximately corre pond with the top of 

t 
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the boal Creek limeston . Upon exam ination of the e ection it will 
be een t l1 at ther i , a notable absence of sand tone strata and t hat 
the wnter oc ur in limestones and marl. Furthermore, t her are wo 
persi ten t occurrence of water in t !J e general geologic ct.ion a: far 
a explored accompanied probably by one or two minor horizon . The 
uppcrmo t of t l.J se consi ts of a stratum of ulphnr water, wh ich i 
truck in many wel l in a g ologic horizon near t.he ba e of the An -

t in ·l1alk pos ibly in the Eagle Forti shale . Th is horizon is accom­
panied by ga a nd oi l. The e impuritie are such a one familiar with 
the rocks wou ll naturally xpect to find in them, owing to the bitumi­
nous ·haracter of the hal and the exces ive accompaniment of iron 
pyrite , whi h uo doubt can e. the element of . ulphur to ent r into t he 
water. It i very probabl t hat t !Jere are more t ban one of tbe e bori­
zon in the lower part of the Gulf erie as will be ·een in some of tbe 
section given. 

Th ' "-eet wat r '' a it i locally ·ailed however, lies abou t ~00 
feet lower thau tbat at the ba e of tbe u ti n chalk, and undoubtedly 
oc nr in th upper part of the Edward lim tone or about 100 £ et 
below. the bottom of the blue-bla<;k la.y of the Del Rio betl .1 

In T nell well t!Je pre ure and volume of th is water in ·rea eel as 
tbedrillwa pLl bedforadi tan eofover 50feetbelowit,bein g trong. 
est at a depth of 1, 50 feet. It i very probable that tb drillin o· wa 
t pp d jn t a t b <31 n} os~ bed.' of tb Triui divi io11 w r • beiug 
nc unt r d, and we po · e no record f well clrill ·d into the ba e­

m nt ancl of th Trinity <livi si n which npply om of the Au tin 
and \\~a v;· II . v e kw beard rum r · that certain well IJav been 
tlrillecl toad pth of 3, 00 :D tin tl1e city of an Antonio an l failed to 
obtain wat r from th ba . ~mel, but w ha,· no po itive fa t bear­
in g upon thi .· ubj ·t. 

•ro111 onr knowl dg ancl ob;; rv·ation of t he thickn s of tlJe trata 
in adjac nt r gion w timate t lJ at tb ua em nt .·and of the ' o-
man It lie from 1,000 to 1,300 £ t below th weet-water f:low at a.n 
Anton io. W •a,n not predict wb ther th will prov water-bearin g 

r cords, tog- ,th r wi t ll t he d pth gi ~ en iu oth r ca e , all bow 
l w r or ' w ' t water i obta.ined in the for going w ll in 

t l1 i ty a.t d 1 ths varyino· with t he clip, from 500 feet in the extreme 
northwe t to 0 feet at lamo Plaza. 

In gen raJ, t h well d pen toward the onth and ea t, a is illn -
trated by t h d I th of the welJ s belongin g to the an ntonio wa.ter­
work nncl tho at t.he tat Lnua.tic ,ylnm and at Terrell s. 

The r ord iu the north we tern part of t he city bow tbat tbe water 

1 Th cxn t thi ckness of tho Fort Worth lim stone nt nn ntonio is not known . Estimating it at 
50 f t, th Wilt r in tho Eclwa1·<1s lim stolH} (th m1 Antonio flow) is about 50 feet below tho top of 
t ho for mation , corrospouding wi UI tho Austin , Muuor, and llll Mar cos records. 
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secur flowing water until O\ r l ,fiOO ~ et l1ad be n drill d. 
Thi d epeni ug of til wat r -bearing rock i in a' orcl witl1 th 

geolog ic condi tion previou 1) xplain <.1. Til limitation of t he av.ai l· 
able belt at an .Ant.onio bav 110t been fully a ertain d. \\ 1now 
that Cable's ranch \Yell " mile - north of w t f a n 11 t nio i pr b­
ably we t of th e Jiu of ·ucc.e an un ucce ·, fnl well having b n 
drilletl there to a de1 th of 2,000 feet. Tbi ~ lo ality i pr bably we t 
of the fault line, wbi b runs from Helote 11 rtll ea. t, Yia Leon I ring , 
to New Braunfels. W t of thi lin no flowipg w ]] ::; nr obtaina.bl , 
except in the canyon valley of the Ed,,·ard ~ Plat au a previon ly 
explained. 

olouel Terrell's well l1ow that the avail abl water i : d 
rapidly to the ea ·t a11cl ou th. i\Jr. John Wickla nd, 12 mil e 

an Antonio, drilled 700 or 00 feet through th blu hty of th low­
ermo t Tertiary an<l upp rmo t Creta on . IT would proba,bly l.av 
to go at lea t J 000 feet lower tha11 a au n touio to obtain til w t 
water. 

Th re are many re erublance b tw en the w ]] , a,n d tho 
tin and San Marco . By compari n with tb 
well, rriv non page 2 2, it will be ·ceo that tb a n 
water corresponds approAimately in it depth an d g ologic p o. ition 
to the ulpbur water obtained in the old 'apitol w 11 nt - fc t. rrhe 
geoloo·i · horizon of the urfa ·e are sl ightly differ ot, but tb <.1 taiL 
of the ection below the .Au tin chalk are imilar. Tb e wat r in hoth 
i ·obtained in t he upper pn,rt of the Fdward. lime ·tone. Th e geologi 
position of the ";w et water " i · very similar to tbe econd wat r truck 
in the San Iarcos wel l. 

At the well of the Cry tal Ice Company it is aid that th ' ~n,t r i 
apparently an underground tr a m tb e head of which i cover d with 
a red or dark-yellow clay , mixed ,, .. itl• de ompo eel lay.'' 'l'bis 11 rip­
t ion ·ngge t · the red clay and fo il · o fr quently found n re. iduum 
in the caverns of the Edward lime tonc,1 a ca11 be e n we t of 
A u·ti11 . 

The occurrence of underground caverns a11d eyel cave anim al ·, 
and alleged underground treams, a,r a,l ·o phenom ua peculiar to the 
Edward limeston e of tbe Au tin and San lVIarco region . 

1Thc onl y lim s lon ' H of lho Crctaceou~ se ries whicb le,l\·e a brig ht-red clny r ·sicluum nre fouml iu 
the Ed wards ucds. 
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From San Antonio west to the Rio Gmnd , we po e but few 
records of well exp rimeuts, and know of but one flowing- well in that 
direction. .A. mile or two south of Del Rio, Valverde onuty, a well 
was bored to a depth of 460 £ et which "truck a flow of unpalatable 
sulphur water. This well wa commenced at a horizon near the top 
of the Del Rio clay, , and the water was obtained from one of the upper 
bed , probably the Ed~rard lime tone. 

l\Ir. John Wood of Del Ri , put down a w 1l iu the tow n 760 feet in 
depth in wh i ·h water was truck nt nbont 565 feet . Tbi contained 
alum, nlpbur, and iron, and tb ro is litt le doubt that it came from a 
min ral ltorizon of tl.t Edward beds. The water ro e to within 60 teet 
of tlte ·urfa e. It j ~ to be regretted that thi ·well wa · not continued 
lower, for it i!::l rea onably ertain that the more potable ~Lnd abundant 
wat r which upply the adjacent San F elipe spring would have b en 
encountered within th 1 000 feet or more of the retaceous trata 
underlying tb pre ent bottom of th well. 

.A.n un ucces fnl e:q erim ntal ~Yell wa al o drilled at pofforll Junc­
tion orne y ar ago by th e outh rn acific Railway Compaoy. Tbis 
i further eli cu eel ou a ucceecling pao· (p . · 1 ). 

ltl':)n AL QUAL!T!E O F TilE WATEH . 

}a h d in tb fore-

ar mewllat imil£Lr to the .Au ' ti n chalk o 

' . o nun lyses in Third .I 1111 . R pt. Gcol. Suney 'l 'cxns, pp. 351 -35. ,35-1. 
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far aN acce ory minerals are concerned, containing, how ver, more 
pyrites and bituminou and liguitic matter. 

Vi e Lave never been able to obtain n, complete analysi of t he Shoal 
Creek lime ton e, but there is reason to b lieve t hat water penetrating 
it would take up ulpbur, iron~ nnd aline impuritie , uch a can be 
seen incru ting it at Austin, where we have seen effiore cenc of, alt 
and magneRium ulpbate. e have little doubt tlwt any wat r tran · 
mi tted through the. e beds will be strongly "minerali zed." 

The Del Rio clay n,re very imp rviou and not apt to rdfe t under­
gTOUlld water ·riou Jy, unle they percolate through the pyritifer01:u; 
fo ilifi ron bed , in which case much nlphnreted hydr gen ·will be 
pr ent. 

The waters from the Fort Worth lime tone and the upp r part of the 
Edward are hi o·bly impregnated with mineral matters, m what 
analogou to tho e of the lti o·ber hoal Ore k l ime tone and lower 1 n 
I'o e b Cl • The min ral form an fflore · nee on t l1 urfac of tl1e 
protected rock led ·es, or in the bluff cavern s, a can b e n in many 
places we t of ustin . 

Th water from the middle and lower parts of the Edwards bed 
are sin gu larly free from any mineral ace ori x pt magn ium and 
a trace of sodium, and this condition harmoniz s with the compo ition 
of the San Antouio " wect water." 

Jn tho upper Glen Ros beds, as can b se n in tho bluff f fount 
Bonnel, we t of u tin (P l. J. XVIII, p . 222), there are certain trata 
tbat contain trontium, magn ium and odium, which would mate­
ria1ly affect the water. Fortunately we know of no wells in thi prov­
ince affected by them. 

Another magne ium horizon occur near tbe top of the Travi P ak 
bed , but below that tll e beds are v ry free from a-ny unpl ea anti ngr -
di nt , a, is atte ted by the analy e. of the water and rtain of t lle 
bed . 

The following table shows all t!Je analy es we pos e s of the e rocks. 
1\fa.ny of the material deleteriou in water have not be n detennineu, 
but the variation of some of them i clearly sllown. 
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Table showing chemical composition of some of th e rocks of the C?·etaceous formalio ll ~ . 
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Silica (Si0 2 ) • •• •• ••• • 45. 02 ~ 10. 32 ~ 23.22 2. 75 ~~ ----::-;;;; -,-· · ·· .. 9 . 0 
.A lumina (Al,03) • • •• . 16. 17 1. 41 5. H 5. 7 1. 62 1. 19 J.16 9. 21 . 23 
Ferricox.ide(l~ 203) .. 4.7 1.31 1. 15 1.72 1. 82 J. 12 .44 2. 60 5. 7G .54 
Limo (CaO). ... . . .. . . H . 26 4 . 73 45. 31 42. 61 33. 36 Jn. 32 37. 53 52. 13 2. 61 . 10 
;'>fnguos i<L (hlgO) .. .. .. ... ......... . . . t race . . . . . . . . . . . . . . . . . . . . . . trace . . .... trace 
Potash (K,Ol . . . . . . . . . 975 . 20 . 17 . 33 .. .. . . ........ 

1 
. .. ... . 

odn. (~ a,O) . . . . . . . . . 3. 22 2. 60 2. Oi 2. 36 
trace .11 
tra o . 13 

Curbond ioxid (C01J . 10.30 37. 84 34. 4•1 33. 6 25.40 30.25 25.42 40.96 
P hosphoric o x i d e 

(P,06 ) • • • • • • • • • • • • • .113 . H 2 . 218 . 131 . . . . . . . . . . . . . . . . . . . . . trace . 16 

"ulph n r icoxi le( 0 3) . 9i .42 1. 0.1 1.13 ...... .. .•... ... ..•.. trace .31 

W atcr( H20) .... ..... 4. 36 . 82 . 51 1. 27 ... . . . . ...... . ......... . .... .. .... . ..... . . 
---------- ~· ~i- ------
100. 22 99.412 100.638 100.501 . . . . .. . .. . . .. . ...... 100.20 ..... 99. 42 

' A nalyses made by G. IT. Woot n, T hird Ann. Rept. Geol. urv y Texas . 
2 A na1y e , incomplete, made by P rof. P . ·.Til son. 
•Analysis by J,. :\fangcunt. 
' .Analysis of soil by P .. T ilson, T rans. T xns .\. ·ad. Sci. , Vol. I , No. <t, p. 45, 1895. Th soil co ntnl ns 

62.97 p ~ r c nt iusol ubl mntlor,39 per cent sol uUl i ,, n._nU 15..Ji per cent organic and Yolnti lo mnltRr, 
not given iu th nbOYO tabl . 

• on tnins both so.Jn nn<lpotash. Thi~ formntlo n is not cu ount r d south of tho Leon River. 

nt al o in t h tabl on th n xt pag , for wha.t t hey are 
of tlte water from tli b d , uch a we 

Th e indicate 
of water, varyiug in . ·hemical 

impuri ti a · much a in geoloo·i oc urren e. 
Th analy ar xpr d in part ' per million. Analy i 1 wa 

mad by Prof. W. . ~oy saud is ·tat tl in grain p r li ter. Tb otb r 
a.naly are tated in graiu p r gallon. o. 2 i ta.ken from a ircu­
lar furni h d by olouel T rr ll and b aring t h ignat ur of Profe or 

oye . .r o. '! wa n1ade by I'rof. H . "V • Harper, of t lle Univ rsity of 
Texas. ·. 5 and G ar tak n from Roes. l r' rep rt, page 271, in 
"A r l! u th pr limiuary investigation to determine the proper 
locatio n of arte ia,u w 11 , etc. ' (Fifty-fir t Congre , :fir. t e iou, E .-. 
Do . o. 3 ..... 2; 1 90. ) Th name of t lte :-tnaly tis uot given. ll of t he 
analy, h:-we be u recalcubted and the mode of statement ha been 
chang d. Th bydroo· n i derived fr·om t he bicarbonate ; 0 4 i the 
acitl rad ical of tlle sulphate ; f tbe carbonate ; P04, of t4e 
pho pl1 ates. In two of the a nal odium and potas ium sulphate 
were HOt stated sep:-uately, and in oue odium carbonate and b icar­
bonate were uot diil"ereutiated. 
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A naly es of waters ji·o1n the variou be<ls. 
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2;:; 0 54 . 3 ---- ·~ ~~ --~- --~--- ~ __ !:::: :::: - --~~~~~--
9-11. - 106. 60. 1 62. - 5.'5 . 6 

1 . 5 
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-- -- ----- -1------- -1------ -- ------ -·- -
6. 7 -- - - -- -- - - - ----- --- -- -- ---

trace . . . . . . . . . . . . . . . . . . - - - - - - - -- -

~-~~e ~ - - - - - .. - - - - : : : : : : : : : : I: : : : : : : : --~~-~ ~--: : : : : : : : : : 
~2 . 9 . 0 C2 I 34.9 17. 7 12. ili •a, ---- - --- -­

Iron se quiox­
icle ( Fe,O,) ... -- ---- --- .I. ---- --- -- 2.'1 

Albuminoid am- I 

o:::: :~ :::: ::::I: : :::: ::: :I---;~;_·- - -I:: :: :: ::: : -- --·_ ~~- I :: : : ::: : 
odium ul- ) 

Po~~·1it~m (ru~: - .. ----- - 43. 3 . ----- -- -- ---- -- -- <109. 5 , .. - --. ----

pbate (Ko 0,) 

odi nm carbon- ll 
ate (Na,CO,) . 

Sodium bi oar- J- -------­
bonate (NaH 
co •. 

A.lnmioa a n cl I 

353. 2 .. - - - - - - --

L
·rou oxide . .. . ~:_:_:_--

Total . . . . 41 5 6. 05 
I 

7.0 2.5 

o. rn n ll amou11t. 

We pre ent here, al o, the following anitary analJ e of some of the 
pring water fwm near Austin and of the Colorado H.iver water at the 

power house at t lJ e dam. 
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..dna lyses of wctlers fron~ A 1tatin and 1:icinity . 

[Dr. Uunry 1\inston Harper, niversity of Texas , analyst. am pies colic t d Mnrch 14 , 1 96. l'nrta 

Total ·oli lls ---- --·· -------- I 

Tentpora,ry h:tnlue s . ....... I 
Pernmu nt hardne . .. ..... 1 

Total ha rdn ess .. .. ... ...... 

blorine . -----· -----· ----- · I 
N i Lroo-en a. nitrates ..... : .. 

n, . . ....... . ....... . ... ... 1 

ulphi d s . -- ---- - ---- .- - - --
ulphite~ --- - ----------- ---

in 1,000,000. ] 

pring in 

I)O WCr 
lOU R . 

29 . 01 

72. 0 
34.4 

106. 4 
2 .2 
0. L5-

non 

none 

none I 

i;~~:~::~,~~~-
mi lo below 

power house. 

2 o.c 
3.06 

37.!30 
120. 96 
12.62 

1. 000 
none 

none 

non 

I 

J~n rgc spring 
south side I 

of rh· r (Bar-
ton ' spring). 

325.00 
50.00 
'14. 0 
!J-L 0 
22.22 
0.667 
none 

none 

non e 

totnl solids P. notnnto from 260 to 300. 

Hivcr w ater I 
from pump 
in 110w r 

bouse. 

-----
296.0 
66. 13 
50.53 

116.66 
29.29 
0.0 0 
none 

none 

llOtJe 

The similarity of re ult of aualy ·es of wn ter from t he pring in t ll 
power bouse a.ud of t he river wn,ter from t he pump in the power bou e 
i · suggestive of a relation hip between the ource of t he two water . 
Tbi f a,tur pre nt p •uli ar inter t becau e the res ults differ very 
wi lely from th n,nn,Iy mad of the e t" o water durin g the prin o­
of 1 95 and t h limi of rr r lo not account for the va.danc . Tlli 

'ltrmi al a11cdyscs of •caters from .tl ustitl. 

[llnrry '"· ' lnt·k , ltcmlst in ohn rgo of tlt Lnwr uu Experim nt ln.tiou of th ~[assn hu "ett s tat 
bonr•l of hcnlth, nnnlyst. nmpl ollocto..t l\lnroh 21, 1 96; xnminell lnr h 30, I 96 . Pnrt.,; in 
l ,OOO,OOO. J 

Rh· r wat r S\ )rin -,i n p wer 
from pum p in / ~ L ho 
powor hou e. us · 

Turbidity ........•. , . ... ..... .. . . d c id d very li ght non 

. rlim n t . .... .. .. ...... ..... .. .. . clecitled Y ry sli gh t v r y ·li rrbt 

olor ...... . ...... ..• .. .......... 3. 1 1.0 0.7 
Totnl sol ids .......... . ...... ... . . 2 9. - 265.5 330.0 

Albumenoir1 Hmmonilt . ... . . .. .... . 
0.10 I 0.002 0.0 
0.112 0. 0.( 0.01 

hlorine ...... ..... ........ . .... . 

' i trogen n nitrate . . .. .... . .... . 
2 . 300 I 29. 00 33. 00 
0.31!0 0.2 0 1.750 

itrog n ns ui t1·ite . .... .. . . .. .. . . 0.00 0.004. 0.002 
Oxyg n con nmc<l . .. ... ..... .... . 1. 400 0.600 0.300 
I·brd 11 ss .. . ...... .. ....... . .. ..•. 140 130 1 0 
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.cl.nalysis shorvi?zg sa/i.n e constitu nts of the water j1·on~ th o artesian welllooaieclll a1· an 
Ja ci1Uo and Fifth slrcets, .d 11 tin, Texas. 

Jl Ornina p-.!r 
~r~Jt' l' I t'nih•d .'laH•li 

' · gullun. 

odium <: hloriJ P ___ ..... _______ . __ ..... __ ____ .... ___ . 6. 343 ~51.00 I 

odium bromide.---- ·· -- ·- .... ---- ............ -·---· traces true s 
odium ulplmt . _ ...... _ .. __ _ . _. ____ _____ ..... _ .. _ .. . 65GL • ' . 2652 

odium ulpbi tle. ·- -- . ... -- -- .... ·--- ... ........ . ___ _ . O~tl 

.otlinmbyponlpbit ···· ···············-·-----·· -··- . 1110 

od ium si1icat ···· ··--· - -- -· -·· -· ·' ·--··-·····---··· .15 5 
odi um bicarbou:tte ..... ............... __ . __ .. . .... . 

Potassium u1pb:tt ..... .. _. _ .. ____ ____ . __ . ________ . _ 

Calcium ulplmt -- -- ·-----······--- - ·-·· ··· ·- --- · ·-· 

l. 3 91 
. 7~96 41. 382-1 

. flo iO 

Magno ium chloride ..................... ... ........ _ . ·16.1-1 

Ferrous carbonat _ .. ... . ........................... _ . 0 LO-l 
--------

Totalsolid contents.--- ... . . .. . -..... ·-- -·---- -1 JO. 42~ I __ _ 
ulphureted hydro.,.en gas, 6.597 cubi c in cbc per nltotl tu.los gnll ou. ':ubonic 

acid ga., 43.971 cubic incll e p er nitotl tat ·gallon. Th ga o w z· • mcnRnrcd at 
16 C., and 750 mm. uarometric pr ssure. Ternpera.tur of Witter a i t i ss ue. frotn the 
well, 21.2 . Depth of w 11, 1 2. mete1· (600 fc t) . 

From the aoalysi la t given it will be e u that tl1i w ll yi ld ' a 
ulphur water r embling th water of th Blu li k I rin g·, ~i ·hola 

County, Kentucky, of Hanna pring , Lampa a·, T xa and of tl • 
sprin o·s at Harroo·ate, York ltir Eugla,nd. It an be profitably u ed 
medicinally in such a es a would be benefited by th waters from tlte 
ource named. 
With tlJe above tatement and analy e in miud, we can now bri fly 

consider the character of tbe water of the variou · horizon r eported. 
We kuow from the well re ·ord that· at an A11tonio certain ferru· 

ginated and nlphur t d water are met with in tl1 u tin chalk aud 
Eagle Ford clay . Thi wat r i al o accompanied by or is clo ely 
adjacent to oil and ga , and i n ually piped oft' o a not to contami­
nate the plU'er water below. 

We po eR no data proving that water has b en obtain ed from tlJ 
mineral-charged Del Rio and Fort Worth bed , altllough we have u -
pectecl that iu Kinney County everal ulpbur waters were deriv d 
from these horizon . 
• Concerning the Edwards limestone, however, we feel justified in 
speaking witlt more positiveness. TlJe upper strata are strongly 
impregnated with mineral ingredients which the water take up in 
passing through them, as shown by wells at Austin, Manor, San Mar­
cos, Sau Antonio, and possibly Del Rio . 
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The vein of mineral water struck at the old Capitol well in the 
Edward bed · at a depth of 325 feet from t he surface, accorcling to Dr. 
B. F. Shumard, had a saline taste. and wa strongly impregnated with 
suJphureted l1 ydrogen gas. A qualitative chemical analy is of this 
water by rrof. W . P . Riddell , chemist of the Texa geological urvey, 
showed it to contain the following constituents, nameu in the order of 
their relative abtmdanc : 

Sulphn.reted hydrogen. 
odiuru chloride. 

Calcium bicarbonate. 
Ca lcium s ulphate. 
Sodium sulph ate. 
Al uminium anu potassium sulphate. 
Magnes ium snlphate. 
Iron sulph_ate (a trace) . 

A quantity of the E uwards Jimestone water from the Manor well wa 
sent to t he chemical department o.f the State university at Austin for 
analysi , but a detailed report had not been received at la t aclvices. 
Dr. Strombero- made th e following qualitative analy ·is of the water: 

ulplnueted hydrogen, i..n exces . 
Ca lcium sulphate. 
Magne ium sulphate. 
Sodium s nlpha te. 
Potaa inm carbonrLt . 

odium chl oride. 
fagne iutn d tloritle. 
alcinm chloritl . 

Iron car bonn te . 

Dr. tr01nbero· a,y. that tlJ above ingredient corr ctly proportioned 
would r pr nt npproximat ly a.u a.naly i of t lw watei·. 

'J'b foJlo ,r ing partial a~Hdy, is howing the chi f ingredient of the 
Manor'" 1l ba l>e n kindly furni lJ d u by Prof. J'. 0 . .r agle, of t he 

t1 t agri nl tnral and m ·hanicaJ. olleg : 

, ulphnr ted hydrocven. 
Alum ininm ulphate. 
Cn l ciHm ulphate. 

troutinm chloride. 
?. lagu ium cbl oricle. 
Li t.hium chlori 'I • 

odium chlorid . 

This water i strong in salt, mao-ne ia, and g-yp nm, whil e tl1e tron· 
tium and lithium are quite bi g-h. 

A small flow of ulphur water corre pouding to the fo regoin o· wa al o 
tru kin the au Marcos well at a cl pth of 162 feet, or 32 feet below 

tbe estimat d top of th e Ed wa.rd bel . 
The min ral water of Terr 11' well at an Antonio, ac ordiog to tbe 

record, al o appear to be from thiR horizon. 
The hi ghly impregnated mineral waters of t l.Je Del Rio well may al o 

18 'l~ OL, PT 2--20 
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come fl'om tit ame upp r horizon of the Edward ·. We haver ord 
of veral trong ulphur well (nouartesian) in Kinn y ounty appar· 
ently fl'om tlle am ource. 

A variation i , no ic able in all the e a,naly e , which notwith tanding 
their imperfection, are ufficient to l1 ow that th water of approxi· 
mately the. arne l10rizon are chemically di imilar in differ n t l Ltlitie . 
For in tance, the t routium of the MalH>r well l1a n t els wh r be u 
reported fi·om t h Edward b d . Furthermore, in th v icinity of au 

ntonio th water vary greatly in differ n pia 
The purer or ' weet water 1 of the au ntouio well probably om 

from a horizon only a hor t di tan e b lo' th min ral horizon of T I'· 

r ell ' w ll. We have be n un able to pro ur an a ualy i of t his wat r, 
altlJough we n pect that th analysi or the Kampmann w ll gi n in 
the table repre ents th e potable Edward lim tone wat r . Tlli 
ha, mao·ne ium and lime a it chief in!ITedieut ·-th ll rm al mat rial 
of the E dwards lime tone. The record of the an farco w ll a l ·o 
indi cat es that two cla e of water ma.y be btaiu d from th Edward 
lim ·tone, one of which i oft and potable while the other i )Jio·!Jly 
cbar o·ed ''i th . ulpbur and variou ch mi al ingr di nts. 

'I he minerally impreg nated bed of th Gl 11 Ro , ·ontainin g p om· 
ite a nd oth r deleteriou ul> tance , hav not l>e n n ountered in 
the San A ntonio w lls, although we trongly n p t that they ha v 
c otam iuat u certain of tlle u:tin well . ln tl1e till lower 'rra i 
Peak formation the water are ofter mot·e 1 otabl , and fr er from .·ul­
pb uret d hydrogen , containin g roo t ly b icarbonate in olution. The 
water of th latter formation llav b n uti liz d , o far a we know, 
only in the tate In ane ylnm and t. Edward. oll ge w ll at 
Au. tin. Tbe e ar ·o much purer and b etter than the ov rlyirw "min­
eral ' waters tbat one wonder why all the other w ll of that city have 
not b en dri v 11 down to tbem. 

From th e va.riou anal.v e given it will be een that the chief miueral 
impuritie of tb mi11eral waters deriv d from t he E dward bed are 
chloride and sulphate·, calcium, mao·ne inm, and odium. In thi 
they differ greatly from the potable water of the lower Trinity ( ac ) 
b d 1 in whi ch the chi ef ingredient are bicarbon ate and ulvhat s 
of sodium, whi le the total . olids in the form r are 11 arly five t ime a 
great as t hose in the latter. 

The fact that the waters of the :6. sure prings appear t o have th 
propertie of t he lower Edwards and Travis I eak arte ian wa ter l ads 
u to accept the hypothe i tha,t the latt r waters lie below much of tbe 
region in whi ch the :6 ure pring occur, we t of San utonio1 and 
have not yet been penetra ted by th e arte ian <lrillin o-s. 

From these tudies of tbe chemical relat ions of tbe rocks and waters 
we thin]~ some useful deductions can be made. Bad water can and 
should be ca ed off wberever encountered, an<l th e w 11 ·ont inued until 
a purer flow i truck or the Cretaceou y tem entirely pas ed. This 
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is done in many in tance , ucb as toe principal wells of San Antonio. 
In our opinion, no matter bow firm the drill bole, it would pay in all 
instance to drill wells to the lower wa,ter and ca e up the well above 
them in order to insure again t the eepage of toe ·e mineral waters. In 
the light of the facts et forth in tlli r eport it will hardJy be ex u able 
hereafter to allow uch waters to flow as tho e i uing from the State 

apitol well at Au tin, tlJe State Insane Asylum well at San Antonio, 
aud.mauy other imilar well . 

FI SURE PRING . 

At intervals alon fY" the interior boundary of the Rio Grand Plain from 
Au tin to Devil ' Riv r through a di tauce of 300 miles there i · a, ries 
of remarkable priu o· which ri e out of the ground. They do not break 
out ft-om bluff or fall in cascade , but a.ppear a exten ive pool often 
in the lev 1 prairie. Th e pool or mall lake of limpid blue water 
find their outlet in swift and si l ntly flowin g tream . 

The pool- are carp ted with rare water plant among wh i l1 many 
fish may be seen wimming. o tran parent are the'e water that 
object 15 to 20 fe t below th e urface appear to be only a few feet 
away. Th y have been filtered by pa ino· througll tbe pore of tl1e 
ro ·k for many mile . . 

Tbe mo t conspicuous of the e pring are near Del Rio, Brackett, 
an A ntonio, .)..~ w ra nnfel s ' an Iarco , Manchaca an l n tin . 

In addition to tiJ ' tiJer are Jaro-e priug uortll f tlle lorado at 
Round Ro k, rgetown 'alado, Belton, and otller place , a w 11 a 
numerous mall pring which n ed not be mention d. Tb Uedar 
prin <Y, , nor h f D allas are pr bably the mo, t 110rth rn of the liue. 

Tb followin rr paragrar L d crib the mo t important of tho which 
tall wi thin tb province of thi pap r: 

veral group of prino· br , k out in the vi inity of u tin alon fY" 
th lin of tll ondary fault ace mpauying tLe gr ·tt fault zone 
wbi ·h ext nd appro ·iruately north and south t lJroug-h the ea t foot 
of Mount Bonncl. 'l'h priu ipal arel\fount B nn l and Taylor prin o· , 
ea t of t h foot of fount Bonn 1; Sand . prin o- , b t ween the dam and 
th ity; Be prings Bartoo sp·ing , and ,e ral .unnamed prings 
breaking out at 1·iv r 1 '" l b neath De p Eddy. Bluff we t of th river. 

i d r' h al re k, in the northw t part of tb city, 
lthougb · mall in volume, it i educa­

tionally iu tru tive, be au e it relation to the faulting is clearly vi ible. 
TlJ other pring ar of lar o-er volume. 

The f unt Bonnel and Taylor ·prings ar now over d by the ba k 
water of tlle la1 . Barton pring occur in a.nd ou ach id of Barton 
Or ek, about one-quarter mile abov it confl.u nee with the riv r, and 
give forth large volum of water. The head lake of the e prings i · 
partially lJOWII in Pl. XLIV. They ha e a di ·barge of 25 s cond­
feet, or about 16,000,000 gallon per day. TlJe chief pring in tbe bed 



30 THE EDWARDS PLATE A ND RIO RA DE PL.A.I 

of the creek a.n b e n welling up ont f tll lU' of a 
fault line ju t above tlle old lam ite. A mill wa un til r ' nt ly r un 
by the water, but t he pow r i u w uuu tili :~:ed. Th ' e . priu <Y ar 
tifully situated and a1· t lt e fa vorit re ort of the people f 
they are urround d by fin groY · of pe ·an and pictur qu r 
Th eir ao-gr gate volume mu t reach th'Ou a.nd of gallou · per miun t . 
Th related fa,ultin o' of t h trata i hown 1 ar t i ularly well in the 
vi ini ty of the e pring . 

Almo t due north of Barton 1 ring ben ath he highest bluff of 
the ri\'er at Deep Bdrly, alon g oth r fra ·ture lin , there i a notlt r 
groupoffi sure prino· ,but,owingtotllefa ttha.ttheyar atth ba e 
of a bigll bluff and acce ible only by boat and at th low-water 1 v l 
of th olorado, £ w people have n t hem. 'fb y di cbarg a laro-
volnme, but a t hey break out in t he riv r' ed o·e it . ible to 
gage them. The aggregate :flo"· of the prinO' u ar 
that t h volum of th river i ' mat rially in ·r a eel. 

~Ia.ncha a pring , about 13 mile outh of Au tin on tll olu ' an 
Antonio road, bm' tout of a fi ure in th u tin chalk, and the nw-ofJ 

l:1o. 72.- Sec tion showin~ fa ult at an :ll•u·cos springs. 1, A ustin chalk ; 2 (lc) hoa.l r ek lime· 
s'ton ; 3 (drl Del R io clay ; 4 (w) Fort Worth li m ton . Tb str am b d io ft lled wilh nllU\·ium. 

find it way into Oniou r ek. Th flow is Ja.rg but 1 s thau th a t 
of Barton , prin a . 

Southward tl te n xt w n pi uou · priun·s of t lti chara ·ter al' in tit 
Blanco River above K yl . At the vi llao·e of an Marco: n. <•Teat group 
of pring break out at t he foot of a nortl1- outllline of bluff. making 
tb Balcone. carp l ine in thi region, an l form t h ource fa beautiful 
river flowing ~7,000,000 gallon: per da,y. Thi lta loug beeu n. f<Lmous 
re ort in Texa on account of t he exqui ite aqueou: flora a n l th beauty 
of the water. 'fhe springs form a lak n arly half a mi le long, and i ts 
run -off forms the au Marco Hiver. At the lowel' end of the lak a 
mill aud an ice factory are run by it water, an l t he ni ted St~Lte Fi h 
Commi ion ha. e tabli bed a culture tatian here. While none of the 
water is utilized in irriO'ation, ther is 110 r eason ·why ·uch a volume of 
water should uot be u ed to irrigate considerable ar .a of th fer tile 
Black Prairie lands. 

The prings of the Guadalupe and Oomal river near ew Braun­
fels a l o belong to thi class. Tho e of tlle latter ·tream have a flow 
of 3 ... 8 second-feet, or about 200,000,000 o-allon per day, and are the 
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BARTON CREEK, ABOVE DAM, AUSTIN , T EXAS 

-Shows head of Barton Spring, alternation of diy st ream bed and water holes , a low monoclinal fold. and the Edwards limestone and terrace depos•ts . 
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larg st of tlle whole group. 'l'he water is utilized to run a. mill and 
could irrigate mauy tbou and of acres. Dr. Bvermann ha publi:bed 
tbe followi ng note on the e prings: 1 

Like most of t h e streams of this part of Texas, th Guadalope is fed chiefly by 
numerons ·prinrrs is uing fro111 the reta. ·eous lime tone along it cour e. A a con­
seqncn<: , t.h wat r is n ually exceedino-ly clear. Duringl:eavy rain , wh n ther is 
con id r:1ble dire ·t surface drainage, these stream of eour ·e, hecomo mnclcl y fo1· a 
hort timr. The temperature of the water at 4 p . m. December 3, wa 6 , th air 

being 5 °. 
The Co nutlsprings.-Th re aro a great many pring in the Yicinity of 'ew Brann­

fels, the I ri:ncipal group be in known as t he Coma] I rino-s. There are ver:tl 
springs lu this gro up itnat cl upon tl1e land of ~Ir . .To eph Landa, !L little o,·er a 
mil northwest of New Braunfels. Th e large t of thee flows, perhaps, as mn cb a-s 
50,000 gnllon per m in11te, and i certain ly n magnificent sprin"'. Th other prino-s 
of the nme group flow at 1 ast a· muc·h mor . 

The main spring eome o11t neat· tbe foot of a li111estone bill, and after rnnuing 
rapidly for a bort di tau('eover ~L pebbly bottom and in a. na.rrrow hannel, itwiLlens 
ont into r1uite a pond with mml 1 ottoUJ a1Hl filled with veo-etation. Thi )lOud al o 
receives the wa,ter from llllm rons otb r spring , and ba its outlet in Comal reek 

/ (or th Hio omal ), which, after a our e of 2 or 3 miles, joins the Guadalupe River. 
The water of tbe e sprino- i , of conr e, very clear. Tho temp ratnre i 750 , 

A hont 2 mile no1·th of th town i another group of springs, smaller than that 
ju tile ribecl . Th amount of water is abnndant, boweYer. . . . 

r. w re employed in tll e oultivfttiou 
ns irrio·ate<l hy the prino- water . 'l'he ancient 

acequia , fol l w d by tho old r tr et , shape tl•e pre. ent 
ontliu of t he city. 

'Ihe pring-fed river furni b d until recently, wat r for the city of 
48,000 inlHtbitant. without very a1 pr ciG bly dimiui bing- it volum e. 

fany acr of gHden 'and farm w re irrigated, all(.\ th r wa nffi­
cicn wat r t irrigate many more. \.. el ewh ere llown , the flow of 
tlte riv r lla t een recently seriou ly dimini hed b.) the drillitw of 
nnmerou well arotmd m1 A ntonio. 

'J' bc an P dro pring-s ar about 2 mil s outhwest of t ho ·e above 
mentioned, }tli the l1 ead of the river. Beside npplying- a n irrigation 
ditch they titute the nucleu of handsome plea ure ground . 'l'he 

'Bull. . . Fish Uommis iou for 1 9l, Jp. 72-?a. 
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springs here break out of fi ure in the Gryphrea attoella berl of 
the Austin ebalk. Their flow i e timated at 9 second·feet, or G,OOO OOU 
gallon per day. 

The Los Mora lH'ings, at Fort Clark L5 mile we t of au Antonio, 

• Fl OWING ARTESIAN WELLS 
+ NON·FlOWIN(] ARTESIAN W ELLS 
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are another instance of this type of waters. Tbey break out from the 
Eagle Ford. shalPs and torm extensive headwater pool , around wh ich 
are built.the military post of Fort Clark aud the county town of Brackett, 
both of which are supplied with water from it. 'l'll e run·off forms a 
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beautiful, limpid stream, which iR largely used for irrigation a few miles 
below Fort lark. Mr. Babb has measured the flow of the e prings 
and estimate it to be 21 second-feet, or over 13,000,000 gallons per day. 
About 10 miles north of Los :Moras spring are the springs of the Pinto, 
which probably belong to the arne clas~:~ . They are much smaller than 
mo t of those b rein enumerated. 

The westernmo t of the line of falLlt springs are the Sau Felipe 
springs near Del Rio. They brea.k out at the dge of the Edwards 
Plateau, 2 mile northea t of Del Rio aud about 5 mile from the Rio 
Grande. The pool i almo t as larae as that at the head of the an 
Antonio River. From the deep- eated roek at it bottom the water 
can be seen welling up in a great column, and ha the same peculiar 
greeni It-blue color a that of the other trcams of thi cla . 1. o 
tree surr und it; it is alone-a fountain in the d ert. The rocks 
from which it btu t -the Fort Worth limestone -have the arne 
kind of joint and fault. as are fquod at au Antonio and Austin. 
The outflow from the pool form a bold, rushing tream that runs 
otl' to the Rio Gra.nde, some 5 miles distant. Thi pring str am, in 
addition to running a mill and supplying th e village with water, i 
partially utilized to upply 15 mil of irrigation d1tch a11d to irrigate 
5,000 a res and can fnrni h water for the irrigation of everal 
thonsand neT' more. J\fr. Babb' · mea urement make a tot[hl di -
•l~ru·rr of 19 cond-fe t, or about 1..,,000 000 gallo11 per day. 

Th flo\\' f the vari u priugt> ha n v r b n m a ured through 
a p riod of time ntlici ntly extend d to give th ir ariation. t the 
writ r r qn t th Divi ion of Eiydr o-raplty of thi urv y, in 1895 
mad m a m meot of th principal pring riv r , and the re ult as 
tabnlat d w r ns follow. : 1 

Dnt-e. 

1 95. 

n ee. 1 
Dec. 
nee. 
Dec. 
D c. ~1 

Dec. 21 
D c. 24-

Dcc. 24 L:_u 

/Jiscltm·gc of the rariou s Bln·i•tg •·irl'rs. 

troom. 

Bartou priug .......... .. ......... . 

Dam pring, .\ns tin ... ooo o••OoO .. oo .. 

a n :Ma rco . _ 0 0 0 0 • 0 0 0 0 0 0 0 0 0. 0. 0 0. 0. 0 0 

1011U:Ir1 • .••••••••• . ••••••• •• ••• ••••• •• 

a.u Autou io o ..... o ......... ....... .. 

au P dr (a.t 'an Antonio) .... . 00000 

Los )lora>< sprin g. 0 .. o ............ .. 

D l Rio Ditch ...... o ...... ...... 0000 

an Felipe s pring .. 0 0 0 ...... 00 ..... . 

I Disc_hnrg 
111 

econd-fc t. 

25.0 
4.3 
9. 0 

3- .0 
~2.0 

9.0 

Gnadalupe river. ... .. ....... ... o 00 •• 

1 

2 .0 
19.0 
0.0 

'! 0 0 

n; charge 
iu ..,.a llons in 24 

bonr~ . 

16, 157,921 
2, 00.000 

57, 522,200 
211 9 1,932 
27 145,30 
5, 16. 52 
13, 572, 6~3 

12,2 0,021 
51,705. 350 
31, 023,210 

1Hull. . '. Gcol. un·oy 1\u. J~u. 1 95.p. ti. )leasur mcu LS mnd by .:lfr. C. C. Babb. 
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Discharge of tho vm·io ns sp1·ing 7'ivers- on tinned . 

~ ~-- . 'trea1n. 

1895. Gml'it!J sprillfiB. 

Dee. ,' abin al ... ........................ . . 

Dee. 2 Leona . .. ... ... .................... .. 

l~'isslwe sprin gs not mea8111'eli. 

Discharge 
in 

aooonll -fe t. 

0.6 

1 t. o 1 

Uischa ,·go 
in gallons in 2<1 

hours. 

3 7, 790 

7 lO'J, 4 G 

Do p Eddy,An tin ............ . ..... ...... .............. . 

L and priug, Anstin .. ----- ----- -- .................... ------ ... . 
l\lan cbaca . . . __ . _ ................... ..... .... . - ---- -- ...... ---

It i a ·io-niticant fact that th tr nd or liu o[ tl1 o·reat prin o· 
along the nor bern JlHLrg in of th plain oincid almo t exac ly with 
tbat of the Balcones fault line. t ully of t he rock in the vicinity 
of the pring ha bow n that tbe spring are a · o ·iated with the y.­
tern of _join ts a11d fractur accompanyino· tb fault line, aud tha. their 
water aseend to the urface along th e fi , ure . In oth r word 
the e waters com from t he deep- eated ro ·k , and are for cl to the 
surface by }J ydro tati · pre · nre. Hen · they ar arte, ia u in nn.ture 
and con titute natural ar te>; ian w 11 . 

P ROBABLE IDE ' Tl'l'Y OF SO R OE OF ARTE ' lA " A D Fl S E -. ''PRJ "G 

WATRR . 

From the imilarity of ·olor, ta te, ten perature 
prin o- exteudin g in a continuou line 250 mile 

D el Rio aud from their a so ·iation with tbe lin <:arp 
and fau lt , there can be no d ubt t hat they are all f imilar uatnr 
an!l orio·iu. The temperature of t he water brought by t l1 prin g, from 
tl1eir subterranean ource, about 75o, doe no differ greatly from the 
mean an nual temperature of t he air in tlJ.i part of 'rexas-6 o to 090; 
aud a tbe normal downward temp ratur change requires only 50 or 
GO feet of depth fo r one degree of temperature, th formation from 
which the water comes can not be many hundred ~ et beiow the ur­
face. The great volume of the pring hows their chief sour e to be 
a formation t ran ·mitting wat r freely. Th ir fl' eedom from ulphu­
reted hydrogen a.nd other in gredient. that would b e detected by ta ' te 
or mell exclude from consid ration tbe higher water horizon f tbe 
E dward · lime tone a sampled by artesian well . 'l' he variou fact 
leave no rea onabl' doubt that t l1 eir water i derived fro m either t he 
"sweet water" l1orizon of the E dward · for mation or tl1e Travis l>eak 
sand ; that i , they have the same source as the purer waters of t he 
arte. ian wells. 

The fact that the ftow from the prings i low iu ,'bowing y rupa­
thet ic vari ation witl1 drough t or rainfall i evidence tha t tbe res rvori 
s upplyin g t hem L· of vast extent. 
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The identity of tl•e onrce of tho faul t prings a.nd the a.rte ian wells 
is further conOrn•e<l by their relations!Jip at San Antonio. pon infor­
mation furni bed by Col. G. W . Brackenridge, who own· the city water­
'rorks, wl.Jich are supplied by both the spring at the bead of the San 
Anton io River and a large number of auxiliary artesia•\ well s, we learn 
thnt when the wells a,re allow d to :flow the prings dimini sh in volume 
and the riv r i greatly lowered, being nt time almost compl tely 
emptied . On tl•c other band, when t!Je wells are stopped by valves 
the pring furnish their u ual flow volume. 

It is nl o an interestiug fact that although the water of the fis ure 
spring of he Hio Grande Plain and the gravitj pring of the 
Edwards Plateau, r espectively, differ in mode of outflow, tbey are both 
deriYed from the same geologic horizon - the rock beets of the Ed­
wnrd bed a,ud Trinity clivi ion. The difference in mod e of outbur t 
i du to tlt difference in . trnctural arrangement which these horizons 
pre eut in t l.Je reo·ion of their occurrence. 

OUlWE OF THE NDERGROUND WATERS OF RIO GRANDE PLAIN. 

-The que tion natun.ll y ari. e in the minds of all "· ll o retiect upon the 
pl1e11omewt we have des ·ribed, What is the orio-in a,ucl source of the 
un<lergTound wat r: of the Edwards Plateau and R io Grand P lain ~ 

Th n tolllary expla na tion i that the water supplying the artesian 
welL rulll ]ll'ing river come from the di taut Ro ky Mountains. 'I hi 
i impo ibl , be nu;..; t he continuity of th strata between th s rivers 
and t ll mountain i completely ever d by the drainage valley of the 

eco , tb ·trnta bein"' erod d away ov r thou and of quar mile . 
Tl1 real our ·e of the wat r i th rainfall of the Platea,n of the Plains 
and it adja ent border~:>, a will now be expla.ined. 

Let u first coo ider the mode of atchm nt. iu lt of the ra.in water 
i c. ugh direc ly upon t lH:l edo·e of the len Ro e and lo,Yer beds 
wlli ·h out ·r p alouo· the w tern and north L'll summits, break , and 
margin · of tlle Plateau of th Plain at an elevation high r than that 
of t h ir embedded continuation along it a tern and out bern margin . 
'Tl1e ·e outcrop on the hi gher urface and lopes of the we tern part 
of the platea,u, between th New Mexican liu aud the Peco at the 
tllirty-fir t parallel ar b tween 3,000 a11d 5,000 feet high while a part 
of tb am trata along t he eastern :tnd outhern margin of the plateau 
are 1e t han 1,000 £ et above ea le el. Gradual a is the dip from 
Cnstle Mou ntain , ou tl •e Peco , to an ntonio, it would not be suffi­
ci nt to m bed the waters at t he latter locality below t be al titude of 
thei r ontcrop wer it not for th e udden faultiug. No doubt some 
water al o uters tlle ba ment beds along t ha,t portion of the eastern 
margin of the Plateau of t he P lain which constitute tlJe northern 
border of t he Edwards Plateau. Tbe outcrop of t be water·bearing 
baMment bedR in t hi scarpment alon g the outh break of the Concho 
hav an altitnde of between J ,500 a,nd 2,000 feet, exceedin g iu height 
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the embedd d, trata at the outbern and a tern margin of the plain 
at Austin by about that much. 

Another large pa.rt of the rainfall on th mfa ·e of 
the Edward PJatean 1 ercolates lownward through the 
li~n · tone it elf to th water-b aring bed . In thi man­
ner wat r often reach ~:; tl1 embed through intricat OIJ -

.Jzo'~~i~~ duit from tl1e nrface, uch a fi ur and cave and 
bon ycombed pace in the lim tone strata. (Fig. 75.) 

m·ltl~!~i~t~,~ :~i.~1Ii[~~1~ili~Ei~ i~f~f~~¥~ 

~1JE., 

rectly in to th "bowel of the earth, o to p ak. 
In tb adjacent ma iv lim tone bluff of th 
Nuece , verti al ection f ld 
een, n hown in Pl. .L L VITI. 
imilar in chara ·ter to tho into which th 

now di appear and at a time befi r tl1 tream 
bed had be n lowered by ro ion to it · pr nt 
level th wat r di . a1 peared down l1l."m. '1'111" . 
caves are probably of th am natur a tho 
penetrated in the an Marco and an Antonio 
drill holes. The pre euce of p uliar cav animal 

life in the w 11 of th e place al · demon­
strate that some of the underground water 
come through cavernou pa ages. 

We do not po e s ufficient dahL to e ti­
mate bow much water the emb d of th 
Edward. lime tone receive throughout the 
va t extent of the thou and of squar mil · 
constituting tl!e Edwards Plateau. 

' I , " .... \ ... z 
Granite ~:.-J ': 1,. 

... .. '~--· ... :· 

ncb are the condition e::\'])laining th 
catchment and tran mi ion of water in the 
embedded rocks of the plateau. The e con­
ditions are entirely different in the Rio 
Grande 'Plain, wh re the water-bearioo- b ds 
have no outcrop open to the rain, and where 
tbe jointed lime tones of the Edward for­
mation lie beneath impervious clay and 
shales. FIG. 74 .-Com po• ite section of the 

Gillespie fonuation near Freder. 
icksburg, showing the water.re- The embedded Edwards lime tone of the 
ceiviiJg beds. 1• 2• Paleozoic; a..7, Rio Grande Plain are charged by the l)eculiar 
Gillespie sands ; above 7, same as 
2--1 of fig. 55 <P· 221). mechanical arrangement produced by tbeBal-

cones .y tern of faulting. The dislocation or throw of the fanlt or faults 
breaks or disconnects the coutinuity of the water.bearino· strata. This 
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NATURAL SECTION OF OLD WATER CHANNELS IN LIMESTONE BLUFF BELOW KICKAPOO SPRINGS 

Y1ew near lower end of K1 ckapoo Water Hole, Edwards County, show1ng cavernous passages 1n mass1ve limestone analogous to those down wh1ch the stream now 
d isappears 100 feet below the po1nt where th •s view was taken 
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doe not relieve the hydrostatic pre ure, a,nd the water is powerfully 
urged either to push i ts way to th urface through tbe fracture or to 
entf?r the stratum which i brought into juxtapo ition with it and con-

tinne beneath t he ground. The amoun t of t hrow of the fault doubtle 
varies greatly, but tl1er . mu. t be many place. wuere the evered 
edges of the porou lime tone of the Edwards formation on the ea-

q, 
~ 

~ ~ 1::: 

~ ~ " ., 
~ :1-.: ~ ~ "' 'b ~ 
i.: " ~ Jl) 

.~ 
~ ~ 

~ ~ 
~ 
~ 
~ 

Concealed 

FJO. 76.-Dlsplncemeut at Moun t J3onnel, Travis ounty. ej, 'Eng I Ford; .<c, hoal Creek ; dr, Del 
RJo ; j w, Fort 'Yortlt ; e, E dwards; gr, Gloul ose. 

ward ide are in direc contact with the water-charged arenaceous beds 
of th lower Glen Ro e and 'J:ra,vis P ak formation underlying the 
Edward. Plateau (as shown in .fig. 76). In such places the limestone 
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strata uud r the plain receive t hei r W<tter upply, a nd it i fore d into 
them with the sam pr ur that carri another pa,r·t of it to the 
surface in t he fissure sprirwR. 

'rhe same explanation doe rn to apply to that part of the 
Travis P ak formation whi hi dded umler tb R io Gran 1 Plain . 
The faul t wholly parate it from til part underlying the 1lat au, all(l 
that whi hi oppo eel to it cut edg i probably orne I ortion of t lt 
deep-lying· .Paleozoic , eri · and we bav no rea on to uppo t Lat 
tbose rock. ould fnmi lt it itber a large quantity or a o·ood qmtliLy 
of wat r. It m po ibl that a pad of the water fr m tlrE\ Travi 
Peak ands under th plateau may pas downward along tl1 fa,ult 
plan to the Travi P ak bed under tb plain ju t a om pa e 
upward along th fault plau to the urface of th ground· but it i 
perbap more pTobabl that the pa age f'r tn w t to a t tak pla 
farther north where there i no fault and th a nd are 
continuou . 

AVAIL AniLITY A D LUIT'l'A'l'IONS OF THE UNDER R ' D WATERS. 

llaving now explain d the general onditiou · controlling t b occur­
ren ce and di 'tribution of arte ian wat r along tbe in terior maJ.•o·in of the 
Rio Gra.nd Plain, a more defin ite word or two ~ nceming b ]imi ta­
tion. of th po ' ible ucce s of well · may b aiel. It hould b r mem­
bered tbat owing to tbe lack of good topoo-raphie and ge log ic map 
it i · impo . ible to di ·cu s tb d tail of be re p ctiYe di tri t with 
that degr e of a uracy which i · de irabl , n.nd owin o· to the rea on 
all opiuiou h r in x:pre sed are t ntative and ba. d n on ob erva­
tiou ' largel y of the nn.ture of reconnai ance. 

For the purpo ·e :tbove m utiou d the io Grand Plain may be. nb­
divided into four di~ trict , as follow : (1) That portion lying b tw en 
and including \.u tin and an Antonio, (2) t lle portion lyin o- bet.we n 
San Antonio and the abiual, (3) th Yald laccolithic di ' trict 
betw en tbe auinal and the ast end of th nacacbo l\Iountain , aud 
(4) the portion Jyiu g- we ·t of the above, err bracing the r gion w tward 
n earlJ~ to tbe month of Devil l~iver . 

In the fir t of the e di tri ·ts the northernmo t locality f tb occur­
reuce of flowi u o· arte ian water derived from the g l ward lim . ton i 
at .:'llauor, in Travis onnty. The mo t outhern locality is Oolonel 
Terrell's well , south of a n Antonio. A the ame trnctural concli­
tions which control the !incce ·s of the e well prevail from north of 
the Colorado to au Antonio, it is a log ical d duction that irnilar 
wat r can be obtai ned througbout t he intervening di tance of !)0 mil e . 
The only recor.ded wen throughout the d istance is t be one at an Mar­
co and thi supr ot·t our hypothe il:l. 

From th experiments at Manor a11d Marlin it is vi dent that arte ian 
well. can be outained at leas t a far ea t n th e ea tern marg in of the 
Oretaceou Black E rairie. Iu view of these fact , it is rea onable to 
beli eve t hat water can ue obtained at depth of from 200 to 3,000 feet 
(the depth increasing to the eastward) in all the region between San 
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RU N-OFF OF SAN MARCOS SPRING. 

Waves produced by sprmg wellmg up f•om below. 
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Antonio and the San Gabriel, in a belt of conu try averag- in g 20 miles 
in widtl1, lyin o· between the post-oak timbered region on the ea t aud 
the International and Great Northem Railway ou the west. 

In the econd di trict m >nt ioned, from San Antonio westward to the 
Sabinal , t he same general conditions prevail, with some . light btlt 
important modification , in the structur . His our opinion tl1at that 
portion of the belt lyiilg north of the boundary between the Eagle Pas 
and Taylor formations, and outh of the Balcone · fatllt, except 'I here 
eli turbed by igneous iutru ion, presents favorable COIH.litions for pro­
curing arte ian wells. 

Thi s belt may be limited to the coa::;tward by a liue arbitrarily drawn 
para.llel with the Southern Pacific Railroad and 5 miles south of it. 
We have in our pos es ion no record of any well experiment having 
been made in this varticular region, nor have the tructural conditio n 
been minutely tud ied, but ·o far as known they are favorable for the 
securing of a,rtesian w ll of the Austin , an Antonio, and San Marcos 
type. 
It would be ' ell for tho ' e who contemplate drilling well · to a certain 

po itiv ly whether any such experiment have been made. The water­
beari11g trata tleep u more rapidly aYI' <I.Y from t.he Bakoue · fault in 
this regiou than to the 11ortlJ ward, and lJ en ·e the width of available 
ar aisles . It i loubtfn l if well of le ~ thau from 1,500 to 2,500 feet 
in depth ca,n be bta.in d. along the line.of t l1c outher n Pacific. 

The tl1ird eli tri ct i 011e1 concernin g which we can not expres au 
opinion faYorable to tbe procurement of art ia,n water . In prospect­
ing for water in tl..ti r o-ion it i uece ary to con ·itl.er t11e ffect of the 
num erou ' i rr neon intru ion . Owing to tlJ ir pre nee it is 110t proba­
bl that flo,Ying- well · an b obtnined in t ili::; portion of tlJe Rio Graude 
Plain . Tile ign on rock · break t!Je continuity of tl..t strata, and 
how mn ·It th y ma. afi' ct th o cunene of nud rground wat r i an 
importa11t que tion. 

Tit pr n ·o or ma ' e of jo·neon ~ rocks also r nder the. u ce of 
arte.- ian xp•rim ntation doubtful iu a mall ection of countr.y belong­
ing to th fir t di -tri t, i. e. tile immediate vicinity of P ilot Il nob, in 
Tnt,·i County. The rec nt ·perim nt · at St. Edward' Colleo·e, 
Manor m1d. Au tiu prove that the l)re ence of iutru ions of tlJe Pilot 
Knob group do · s 110t affect t1Je arteE:ian condition for any great eli -
tance to the we t of them. .r o experiments ba' e beeu mad~ to the 
east. 1 

In how wide an area, ontsid of th e imm diato occurrence of the 
Uvnld group of lac olitlJ tb arto iau pro pe ·t.s are influenced is al o 

' in e thi s r por t was pl"(1pnr tl tho writers h nvo letu·ned th11t .Mr. William Block r , li\"iug about 2 
mil es •onthonst of Pilot Kn ob, hna commiJnC d lUI artesian w oU. This well begins in tho T aylor 
forumtion, nucl n ces arily woultl ha,•o to go nearly as far, as the clepth of th Sau .Mnr os well to 
r ach the Ed warda limos ton , or 1,000 f •ot lower to tho Tmds P eak tlow. If this w ell should pro1•0 
o•· bas proved S ll c ssfnl , i t will dcmonstmto tho possibilit y c•f succos for n largo area of co un try 
bot ween t h Colorado and Inyhard Crook as far east as Bastro >. No more important experiment 
than thi ~ woll hns n ~ yet heon lltHlt••·tak n . nnd the writers regret very much tlmt they h:n~e not 
mon r.s at theirdi l:5 po nl to stud y it s prvgrf•ss . 
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problematic. From experience arountl u tin, and t il · ·tuT u ·e of 
art sian pring at Fort Clark ju t bey nd til vol ·ani out I'OP it 
se m probable that tl.Jo e iu tru ion d n t s riou ly aff t the art . 
sian coudition · for any oTeat di , tauce out ·id of th eir own illlwediat 
area, i.e. tl.J U vaJd laccoli tllie r g-iou of t he Hio 0 ran de Plain betw · 11 

tile Sabiual aml t ll ea t nd of t h Ana ·acbo Hill . 
In the fourth di trict nam 'd, w a.gai n meet om evidence f th 

po ibility of obtaining arte ian water. Two arte ia.u-well xp rimeut 
hav been mad we t of tlle valde la colitbiu ar a, at pofford Junc­
tion a.nd Del I io. Tbe experiment at po:fford Junction was mad 
many y ar ago by t h Galveston, Harri ~burg and an ntouio Rail­
way Company. We have not be n able to btaiu a. teu tworthy r 'OI'd 
of th borin o· . Tb deptll to whi ·h th i w 11 wa dug ba b en variou ·ly 
reported at from 1,160 to 1, ' 00 fe t. From our geolocri · tudie · of 
tbis re ·ion we know that Spofford i underlain by the 1 wit r water­
beariucr betl of both the Edward ' and 'rravi . P ak formations. 
W11 th r the drill ev r penetraf d oue or both of th e wa.t r-beftring 
b d ' is uuc r tain. report in our po s s ion make ' it e m proba.ble 
tbat wat r wa truck a a. depth of over 1, 00 fi t, aud rose witltin 
the well some uOO f, et, or to within 1,200 fi t of tb ·urfa e. We 
have been inform d that th fo il Exogyra arietina which i p culiar 
to the Del Hio cla.y ·, wa fi und at a depth of 1, 00 f, et. If this is 
tru the water obtained wa proba.bly th top 'vater of tb Edward ' 
bed ·, and the well hould have be u outinu d at least 500 feet 
befor being- ab.ancloned. The faet tbat t he wn.t r ro ·e 600 f et in 
t.hi w 11 d moo tt'ate tbat ben atl1 th place tb r i water und r 
hydro tatic pre nr . The po ition of poiford relativ to th bed of 
the Creta ou ection is pr:>bl matic, owing to th fa t that the ur­
face at that place i ~b cured by the po t - r taceou Uvalde conglom­
erate, and tile rock have b en faulted in the neighborhood. The 
geologic po ition of the pla ·e i certainly high r than tlJe u tin cl.Jalk, 
and we are inclined to believe that it is well up in the Anacacho for­
mation or toward the base of the Eagle Pa . If the e hypo the e be 
correct, then the water alleg-ed to have been ·truck at 1, 00 feet mu t 
have been iu the Edward b d , and it i a sumed t hat the basal and 
have not been penetrated here a yet. Furth rmore, arte ·ian water 
does ri e at the Las Mora springs, 100 feet above the altitude of 
Spofford; aud hence we believe that if a well should be ·ontinued to 
the base of the Cretaceous series at poffortl, it i probable t hat an 
artesian flow would be struck at a depth of le than 2,500 feet. 

Both Spofford and Del Rio are typical localitie of that portion of 
the Rio Grande Plain lying west of the Anacacbo Mountain , and are 
ituatC'd ou the down thrown side of the Balcones monocline, where the 

. stratigraphic conditions necessitate the embedding of the water-bearing 
strata. Fmthermore, both localities a.re immediately outh of great 
artesian priugs, tbo ·e of the Las Moras aud San Felipe, re pe ·tively, 
which bow the pre ence beneath the region of water-bearing . t rata of 
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great capacity , identical in cltaracter wi th tho e of an ntouio, an 
Marco , and Austiu , a nd the waters are undoubtedly of the ·ame ongm, 
coming up through natural fissures from an robed which i equa.lly 
accessible to t he artesian drill. 

Among the data in our po se ion there i no record of any drill 
bole in the Rio Grande Plain coun try on the dowuthrown ide of the 
Balcones fault b etween an 1arco and the Devlis I iver which ha 
ru yet p enetrated to the water-bearin o· ba ement bed ' of tb Travi 
Peak formatiou . From tbe record of the well and tudy of the o·eo­
logic ection of tbe canyon. of the platea u region we kuow that 
tlle e bed ar well developed up to theY ry margin of the Rio Grande 
Plain , and must exi t beneatb it. Th y have been pe11 etrated and are 
water producing iu the u tin, K rrville, anrl an ::u a rco w ll . In 
view of tlte ·e fa ·t ·, we are inclin d to tlte beli ef that tbe a,rte ian 
e.\.11erimentation in t hi ubregion ha not been carried to a uffi i nt 
depth tor ach t b Travi Peak sand . Thi opinion i 110t to be taken 
as a po itive prediction of u ce , and mio·h t be changed if we pos­
se· eel more ac urate log of t he·,,·ell already bored. 

PR.A.CTI A.L 'UGGE TION . 

While t hi papee doe uot propo e to deal with other t han the geo­
logic ide of th e qne t ion of underground water, it may no t be in;:tppro­
priat to otl'er a few direct ~ngge tions bearing upon t be lo at ion and 
drilling of w 11 . 

The que t ion of int rest to the well- eek r i timate 
th d pth r t lt wat r -b aring . be t b low tlte . pot wher 1 propo e 
to iuk myw lL In a a neral way1b r are t\YO m tbod . If tbere i 
ano tlJer w 11 within a £ w mil of t he lo a lity, who lo o· how be 
loca l d pth of th d ir d wn,t r, and if t he r ks are not faul ted then 
uy d<:t rm inin o· th d ip of b ro k.' lt ca n ompnt from dip and di -
tanc th differ n iu ab. oin t altitud of the water horizon at the 
two pla s ; h can n,l o by a •tual mea uremeut with the nrveyor' 
1 v 1, clet rmin th di.ffl r n r. in h ight of th urface of the 0 TOund 
at t he t wo places. Tbe t\To difl'er uce can t hen be appli e las cor ­
re tion ~-o th d pth of he water horizo n in t h xi ting well, and the 
re ult will give a n tiroate fit lepth at the place where t lt well i 
d ired. 

'l'be 

th g1·ound at t h lo 
Tlt ' u, by addin g tb 
tb stufa e and tlt one arryi ng th water below a n e timate of t lte 
d pth to whi b it 'Yi.ll bene · ary to drill ma,y be obtained. ccurate 
geoloaic urv y , . uch a bav b u made of two typ i al por tion 1 of 

1 Tho An .tin tw<l Jkn •k tt qundt·nn,~rl s h nYo bc~n sun·csc<l in detail ancl tb datn nre now in 
process of JHtblicnt ion. 
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the r g ion would give this i11form ation. nfortunately, how ver only 
reconnaissances have been mad over the r t of th r g ion, :etHel in' 
the ab en ·e of maps these d tl:\rmination for each parti ular lo ality 
should b e ref rr d to a profe ional g ologi2t. 

Paleontology i th mo t r liable guide in determining th e position 
of any bed in the geologic erie , in order to a ·certain th d pt.h fi'Om 
any particular portion of the ,' urfac of th und rground wat r in t il 

retaceou region of 'I' xa . If a doz n fo si ls , n h a can b found 
in nearly any lo ality b ent to a g ologi::;t familiar with tb equeuc 
of the bed he can precli ·t within a f, w feet the d pth b low th snrfnce 
of any particular tratum in th :er·i s. 

The ·pecimen of the ro ·k sheet a brought up fro nt the ch·ill l1olc 
differ quite materially in ·olor, an l ometim sin hardu R, from tlte •ur· 
face outcrop of tile same ro ·k, iu which th eol r i hau o·ed by oxida­
t ion and the textur by induration or d compo itiou. 'l'!Jus it is t.hat 
liroestones, marl., and lay brought from con iderabl d ptlr itt the 'e 
well · are usually bluish or blue. black in tint, while the urfa outcrop 
of the same bed , owi11g to drying, will l> light r, or if tile c ntain 
iron, yellow, or occa ionally red. 

In general if one boring an :wte, ian well hould mmen e at th 
uppermost of tl.te Creta ous form<ttion and p 11 trate the utire -,;y -
t m, h would be able to recoguize the eli.:£'£ r nt bed a tbey wer 
eJlcouutered by the following character : · 

orth of an \.n tonio the Webberville, Taylor, Eagle Ford, and t lte 
D 1 l~io format ion ' are compos d of marls, locally called "j iut lay ' -' 
The e can be di tingui L l from on another a follow : 'fb ' \\Tebb r­
villejoint clay alway Ilav minute p ck · of tbe greeni h-bla ·k min­
eral all d glauconite. Til Taylor marls are very blue and po s .. · no 
acce, ory min eral except lime· they are e p cially fre from ..,.rit. They 
w ather into l nmp with ·oncboidal fractur . The lay of tlte Eagle 
Ford b d · ar blue·black in color, impur in compo ition, and haYe a 
very .fiuely laminated tructure, whereby on tl.te lea t weath ring tb y 
separat into leaf-like layer . They al o have occasional lay rs of 
impure laminated lime tone of blue or brown colors. The Del H.io bed 
are u ually blue clay' containin · mueh iron pyrit and the charact -r­
i ·tic oy ter, Exogy1·a arietina, wltich almo t iuvariably app ar iu tl1e 
well tlebri when the drill penetrate thi horizon. 

Still other clay a.re encountered after pas iog through great tbick­
ne ~e · of limestone beneath the Del Rio cl::tys. 'rbe fir t of the~o will 
be the Walnut clays, which contain a different pecie of oy ter, E:co­
gy?·a texcma, a nd have a somewhat granular character. The clay in 
the upper Glen Rose bed are al o very granular, and ofteu contain 
much minute shell debris. The lowest clay, of the Cretaceou forma­
tiom; found intercalated in the and of the ba ement bed h ave faded 
red ·olors, even when brought ;;_p from these great depths. 

The ftrst limestone of much thickne s encountered by the driller 
will be tlte Austin ehalk, which, under t!Je churn dr:.ill, appears a an 
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unctuous blue mud . Thi lie between the 'Iaylor and Eagle :Ford 
marl aud is from 400 to 500 feet in thickne -. 

The few limestone layer of the Eagle Ford beds can be recognized 
by their laminated character, which di tingui he them from all other 
lime tone of th region . 

The boa.l Creek limestone i in teu ely bard, and the well·drill rwill 
have no difficulty iu recognizing it when he encounters it. 

Th Fort orth Edward , and Comanche Peak lime toneR will con­
stit.ut practically one formation to the well-driller, having au aggre­
gnt t bi kne of about 450 feet in th Colorado Valley an d about 640 
along the ne es. This lJOrizon can be recognized principally by its 
tbickne s and hardnes . The Edward limestone i.· ea ily di tingui bed 
by the flint that it contain . 

The Glen Ro c b d ' will be recognized by their cou i ting of alterna­
tion of soft fl.aggy lime tone and calcareou , clays. 

Probably, in boring, the mo ·t ea ily r ecognized geologic horizon is 
tha t of the Del l{io ·lay . The Tr<Ld Pea.k water in the vi cinity of 
Au tin is 1,300 to 1 GOO feet below them. The water.bea.ring sand are 
sli ,,.htly more than 300 feet tlJi k. The :c weet water" at an Antonio 
occnrs only 0 to 100 fe t below tbe' Dell~io. 

The following· table give ' the variation in thickue t he approximate 
po it ion_ of the water horizons, and the most 110t worthy baracter of 
each formation. 

Thickness s, water horiz ons, and oharaote1·s of th c .funnalion8. 

l •"'orrnatioo nom . I '~' JJJ ck uCsiS in \ Vater hori zon. Chnra t r. ·1 
f · L. I 

1----------------i 
\\ bb rvill . .. .. . . .. .. .. .. . .. .. . . . . . ..: on . ... . ....... ..... I Glnuconil ic clays and snntls. 
T11ylor clays ..... .... 500-550 ..... do ...... .. .. . . .... B lu "joint " clny . 
A ustin ohnlk.. ...... Us ually soft wh ite or blno 

lim stone. 
Engle Port! abo.l a.. . s•utlly25-60 ; .Bad wate r; gns . ... ... Dark· blue hmunated sbnl , 

250 in Kin- some limestone baud . 

SbonJ Oro k lim . 
stone. 

Del JHo clays . ..... . . 

l<'ort Worth lim . 
ston . 

n yCounty . I 
4.0-100 Dnd "·ate•· at no A.IJ . Hard lim~stono. 

I touio. 
75-100 'one or bad ......... . Bluo cla.y, containing th e 

rn.m 'a horn oyster, Exogyra 
ar ietina. 

50-75 Probably non e .... . ... oft, limes ton . 

Ed wards lim a ton .. 250 Colorado 
River; 640 
.1: u eo s 
River. 

ev ral. The " 'ater Lim ston with flints. 
nenr tb top ofton 
bnd ; in vi iu ity or 

ti n An tonio good 
or bn<l ; usually 1 
good. 

'oman h Peak 
limeston . 

\Vulnut olnys . .. .. .. . 

Gl n Ro8e formation. 

'rra., ... is r eak forma.­
tiou. 

1 

About 40 . Noue so fn r ns known . oft lime ton . 

Non ... ... ........... Clays, with many Ezogy ra 

400- 700 I e,reral ; wntet· nsu· 
ally not good. 

200-400 Water excellent ..... . 

I 

texana. 
A lternations of lime tono ar.<l 

olnys. 
Cong lomornt , sand , and 

cln y. The latter may be 
rod even wh en br·oug ht up 
in the well drill. 
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CHARACTERISTIC FOSSILS OF THE TRAVIS PEAK AND GLEN ROSE rORMATIONS. 

Ostrea ragsdalei Hill. 2. Pho ladomya henselli H ill 

4 , 5, Vicarya \?) branno1i H1 ll. 6, Ammon•tos justin 

3 Tngonia (?) lerchi Hi ll . 

Hoi I. 
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2a 

CHARACTERISTIC FOSSILS OF THE GLEN ROSE FORMATION. 

I. Tylostoma pedernalis (Roemer). 
2a, 2b. Cardium med iale Conrad. 
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---------------------

3b 

4b 

L la l b 

CHARACTERISTIC FOSSILS OF THE WALNUT CLAYS AND COMANCHE PEAK LIMESTONE. 

1 Ct, 1 b, 1 c. E"'ogyra texana Roe mer 
2a, 2b. Gryph a ma1coui Hill and Vnughan, sp. nov. 

3a , 3b. Pseudodindcma texanum Roe mer. 
4ct, 4b. Enallastcr texanu s Roemer. 





CHARACTERI STIC FOSSILS OF THE EDWARDS LIMESTONE. 

l n, 1 h. Requ1onia patigiata Wh it£'. 

? . Mf'noplcurn marc irtn Wtli te 

3. Monoploura p•ngu1scula W hit1• 

4n. 40, 4c. Radiolites dav1dson1 H tll. 



, , 
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CHARACTERISTIC FOSSILS OF THE FORT WORTH LIMESTONE 

I. Turr ihtes brazocnsis Roemer. 
2rt, 21J, Schlrenbachia leonen~~~~ i~ (Conrad). 
3a 1 3b, 3o. Kingena wacocnsis ( Roomer). 

-l 
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CHARACTSR ISTIC FOSSILS 0::0 THE FORT WORTH LIMC:STONE. 

I a., I U, 1 c. O strcn ( Alectryonia) cart nata Lamarck. 2a , 21.J, ~('. C..ryphroa washitaensis H il l. 

3. Epia .. ter clegans Shumard . 
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2a 

2b 

l a 

2c 

2d. 

l b. 

2e. 

CHARACTERISTIC FOSSILS OF THE DEL RIO CLAYS. 

I a. 1 b. I c. Gryphroa mucronata Gab b. 
2o-2e. Exogyra arietina Roemer. 
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INOCERAMU S FRAGILIS MEEK AND HAYDEN, A CHAR~CTERISTIC FOSSIL OF THE EAGLE FORD SHALES. 





CHARACTERISTIC FOSSILS OF THE AUSTIN CHALK 

\11, \/, , Morton•c~ras texanus ( Roen1er). 211, 2b . Gryphooa aucella Roemer. 
~ 1 ...... ,. ... r,.,..,..,, tli .... ;t"t''" c;; ,..u~n ~h.. lnn,.no:>I'Y'Iooc:; lln~IIIAtn. nl l catus Roeme r. 
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CHARACTERISTIC FOSSILS OF THE AUSTIN CHALK. 

la, 11>. H mia.stor tcxanus (Roomer). 

2 Inoce ramus deforrms Moek. 

tb 
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CHARACTER ISTIC FOSSILS OF THE UPPER PART OF THE AUSTIN CHALK AND TAYLOR MARLS. 

1 Ostroa (Aicctryonia) diluviana Lin nO Austi n chalk. 

2r1, 2b. E x.ogyra I viuscula Roe mer. Austin chalk. 

3a, 3b. E xogyrn ponderosa Roomer Aust•n chalk and Taylor marls. 
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CHARACTERI STIC FOSSILS OF THE WEBBERVILLE BEDS. 

I a, 1 b. Ex.ogyra costata Say. 

2. Gryphooa vos;culans Lamarck. 
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2c 

I_ 

2a 

1a 

CH ARACTERISTI C FOSSILS OF THE WEBBERVILLE BEDS. 

1 a, 1 IJ, Placenticeras placenta Morton. 
2a, 2b, 2c. Ostrca larva Lamarck. 

2b 
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A TABLE OF THE NORTH AMERICAN TERTI R~ HORIZONS. CORRE­
LATE:D WTTH ONE A 'OTHER A. 1D \liTH THO 'E OF WE TER 
E ROPE, WITH A OTATIO I 

BY W. H . D LL. 

DlTROD C1.'10N. 

The pre nt artie! bas o-ro wn out of a reque. L from the Director in 
18!l5, tuat I shou lu prepare a table of the Tertiary formatiou ·, whi h 
at fir t wa uot in tended to carry many details. o many point of 
un :xpected inter ·t developed a the work went on that it o-radu ally 
a umed its pr ent hape. 

The tandard colum n of the Terthtry horizons iu tb, nit.ed tate,_ is 
that afforded by t!J erie north of the Gulf of fe:xi ·o and ea t of the 
1\1i . i sippi H.iver, near the Gu lf border. Even tbi eries i not to be 
reg-arded a ·ornpletel · differentiated Rince, with th e exception of the 
fidway lim tone and the Olaiborn . and , hardly a ingle one of the 

succe ive fauna has been thorough ly worked out. o doubt minor 
chan ge will be neceR ary when this ba been accompli bed; uew zoue 
~ill be di criminated and pos ibly some con oliclations will b advi­
able. But, on th whole, tb erie i . the be w vave, and the on ly 
one which at pre ent can be adopted as a provi ional s!K'lndard for the 
'l'ertiary. v\Tith thi are compared the beds of the Atlan t i<'· State and 
th ntill tho f th we tern iut rior lak ba in and tho e of the 
Pa ifi oa t. To th I ft a column bow th n raJ clivi i n adopt d 

b rio-ht au ther give th equival nt iu 

oflli 

all tlle kuown b d or the 
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ation that it b n t l1 rou ghly worked. out n.nd 
n adopt d a a finali y. On the 

i11 th JIOl s . th na rn U H dar 

011venience of refer n · . B t " ·e 11 tho prin •ipnl clivi ion. a. lin lnts 
be n left fortran ition bed . wh en sn ll have b n id 11 tifi d , but th 
a bs nr of a name on t hi s lin in <Lny ol nmn is not to b I al< 11 a .' n C· 
es,arily indi ating a gal) in t h bil b nam ha v b en 
arn1n o·ed a nearly a. pos ibl in (,II ir , uppo. d strati gra.phi • or ler, 
there a1· ome ca wb n mor than on name mayo ur in th 
olnmu wlli 11 ftuth r r sea.r ·lit'S will show t b ·lon <Y to l1orizon 

same age but geographi ally 

TITE 1\ UX n I ION . 

.1:\. few )reli lllinary r mark . on the main eli i ion . may b mad here. 

PLEISTOCENE. 

F orth purpo es of his tabl that whi h 
b ga n with he Glacial period and nd cd witl1 tlJ ha lll})lctill pori 1, 
a adopt ed by Dana. 1 The 1 r nt r } c nt po l1 i: x ·lud d ani 
the Pl i tocen hori zons m nt ioned ar m r ly illustrath· , n. t hi s c'li vi ­
siull i extralimital to tbi paper. It ma be add d that 11 thin g , o 
far ob ·en· din l1e geoloo·y f t h ulf a.nd n rther11 ntill a n regiou 
le11 d any upport to the hypothe e ad an· d by Dr. J. \\ . p n · r in 
r gard to enorm ou ~ !lei tocene 1 va tion ~-< or de pre ·ion in b i. r O'i n.2 

On the co11trary, th ob erved ·o11dition app art b quit , incom1 at­
ible with u •II xtr m change. of 1 vel durin g that 1 o h. 

PLIOCENE. 

Tbe P liocen poch in Am rica ha been c1 fin d by me 3 a. b hinning 
with t be ulmination of th nli c n uplift wbi h un ct d th • ~Am r­
ican continents a.nd joined t be i land of F loeida. to th mainl a nd of 
Georgia. It terminated accordin g to tbi definiti n, at th b ginning 
of the Glacial period. Wi th the I lio · ne th re b gan a li l1 d pr . 
sion of the coutinental border, which wa follow d by an el vati(JH to 
wbicb are due the perezonal1 ro<.luct of rosion known a the Lafayette 
formation, and in a broad way per hap al o tbe inception of t l1 e lacial 
period itself. Everything prior to tbe period of gla ·iati n after t he 
culmination of tbe Miocene uplift i regarded a · Pliocene. The Plio­
cene for the Atlantic and Gulf coa t was a period of milder climate 
than the preceding Miocene, a C<? ndition p rhap · due to change in the 
direction of the ocean current permitt d by the initial ub idenc . 

1Mnnual of G-eology, 4th edilion,l895, p.94.0. 
2 Reconstruction of the Anlillean continen t: Bull. Geol. oo. A m ., Jan ., I 95, Vol. VI , pp.l03-140. 
• 'l'rans. Wagner In st. ci. , Phil a .. Vol. III. 1 91, p. 20 , and Bull. U. ·. Geol. ur.-ey N o. 84, 1 92. p. 1 . 
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MIOCE NE. 

Tile Miocene wa. a period of el vation , and , as here defin ed, began 
wben t ll elevation reacl1 d a poiut suffi ieut to deflect t he \Yarm waters 
of t l1 e Gulf t ream far enough offshore to a<.lmi of t he inva ion, 
between th em and the coa t , of colder llOrthern waters, bringing a 
cool-temperate faun a out b to t b nwanee trait, between he island 
of F lorid a and tl1e continent and we twarcl to t he Mis i sip pi emba.y­
m nt. At th i time t l1 e Am erica were no t conn ected, bough the 
ub quen mov men t in el vation brou h t about. a. con necti oo duri ng 

t ili epoch and p rhap long befOI'e it clo e. The fiocene a her 
under toocl ended with th culminat io11 of tiJ upward movement. \Yhicl., 
according to abb produced a n elevation of ev ral t hou and feet iu 
om part of th Central merican region, elo eel t he uwane Strait, 

and finally gav tl1e COli tin n t, in th e m, in, i pre ent outlines. 
In m rican a nd A nt illean geology until rec ntly t he t rm l\tio ene 

ba be n u d , a it formerly was in Europ to cover a eri of beds 
whi ·hare now recognized a having lo er fau nal and physical r la­
t ion with t he Eocene than with t he Mioceu , a at pr ent re tricted 
by EoroJ ean geoloo· i t . The e b d have r cently b en relegated to 
their proper place a indicated by their relation. to analo rron Euro · 
pean horizon ,1 and l1 own in tb acco mpanyin o· tabl . In using the 
t rm ' Mio · ne' for the old r bed of t!Je !Jipola epoch, which base n. 
ubtropical faun a a w ll a for the cool -temperat besapeake, earlier 

work ha been in l1 a rmony with the exi ting literature of Anti ll an 
geology. I bad for ome ti u1 e ~ lt t ha. the arrangement wn obj tion ­
able. siuce the faunal br ak betwe n the two is t!Je . harpe t in tlle 
whole Tertia.ry. erie of om· G ul f border, a.ncl t he change i. followed 
by tbe mo ·t important po tr r ta eou uplift wbiell ba affected tile 
Gnlf, A ntillea u, and 0 ntral 

n a. an att mp wa mad to orrelate th i . uppo. eel ol d r 
1ioc n with the Enrop an h rizonf\ th tc timouy of tlte v rt brnte 

fannn wa · add d t tbat of h invert bratc , and tll onclu ion wa. 
i11 vi abl that h sc bed . h uld b r ~ rr cl to the Mid il and pper 

b H referred to th 

1 • ro prefntory remark• t o Desc ripti ons of T e rtinr.'" fossils from tho J\ utillcnn r~gion , by R J . L. 
Guppy nud ,V. IT. 1 nil: l'roc. . ·.Nat. :\[us., , . ol. .lUX, No.l l! O, l 00, pp. 303-305. 
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OLIGOCENE. 

2. Low r Olirro ·ene Vick buro· poch { 0 ala formation. 
\i k bnrrr formation. 

B tw n tht lntt r nn•l th ypic(Ll Eo u ar suudry l r a11 iLioua,l 
b d . . 

UPPER OLIG ENE. 

Th pper Marin Oligocen i , differ ntiated from th Low r b th 
change in the character of the euiment' wbi ' h ar tbo of mor·e 
hallow wat r, and are con olidated into more compa t lime tone and 

marl,, with a much more gen ral ilicilicatiou . Tbe fauna al o llauge. , 
e ' pecially by the di ·appearanc of the mor con pi uous foraminif' ra 
and a majority of the pe ·ie of inv rtebrate: of high r type tbouo-b 
mo tof the molln cau genera. per i,;t. Tb r i no mar·keu br ak iu tb 
tratigrapby b tween the Upper and Low r bed o far a yet ob ervt'd. 

LOWER OLIGO ENE. 

The Lower Oligocene of the coa t begin iu the United tate wit.h 
the di appearance of such type. a l enericct?·dia planicosta and tlt 
Zeuglodon and t he inva ion of the fauna by multitude of foraminifera, 

, 
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e pecially Nummulites, Orbitoides, and numerous peculiar vertebrates 
anclmolln ks. It was a period of profu e invertebrate life and steady 
sedimentation, especially of oceanic deposits in water of not always 
great depth. Some 2,000 feet of strata, foJ.;m ed almost wholly of 
organic d bl'is, wer deposited in the peninsular region of Florida. The 
Lower Oligocene t rminated with the elevation of tbe island of Florida 
and probably part of tue Antillean land above t he sea level. The 
cuarwe is marked by th e disappearance of most of th e larger forami­
nifera from the fauna, together with many of the larger mollu ks. In 
the outheastern nited States there i no marked stratigraphic break 
bet1veen the Eocene and Oligocene. Many of the fossil persi t into 
the upper bed , but the character of the fauna as a whole undergoes a 
well-marked alteration, sliowin g that physical changes of some ort, 
uch a would profoundly affect the marine fauna, mu t have taken 

plnce. The change by which the Oligo ene wa. brought to a, lose and 
the typical Mioceue inaug urated, can ed, as already des ribed, the most 
remarkable faunal break in t he geological history of t.be United State. 
~ter t he Cretaceou . The proofs are conclusive of a decid ed change 
for the colder in the tempera ture of th e sea, driving away t iJ e warm­
water Oligo enc fanna and admitting a cold temp rate fanua in its · 
place. Tbe reaction which took place at t it end of t he Miocene was 
ouly partial, a nd many of tbe Mioceue types still per ist 011 th e Gulf 
oast. 
The i11 termeuiate character of the \ ick burg horizon as between the 

Eocen and the hesapea ke 1\Iiocene wa earl y recognized by Courad, 1 

wl1 p e keen eye also noted the analog-y betwe n the Santo Domingo 
and Vick burg fauna . Hi comparison was defective, as ·laimecl by 
Gabb,Z but thi wa becau e he was comparing the Lower Oli gocene of 
Vicksburg with the pper Oligocene of H aiti, and not becau e his 
acum n wa a t fatllt. The Vick burg depo it were first re ferre l to 
tli li goc n (aft r t hat term bad be n iuv ntecl by Beyrich in 1 53) 
by 111'ad 3 who indi at d th ir quivalence to th Older Mio ene' of 
1 · oy and · ntinnecl to r gard the auto Domino·o beds as of tbe 
am ag- . Tll eli ·o ry ot' tu l1attah o ·bee gr up by Langdon4 

and of otli r relat d u d by B urn aud John u and the discrill1ina-
ti n f tb ir fauua fro m that of th typi al Mio ene by the writ r for 
tb fir t ti m provid d tl1 data• by which the Haitian d I osit could 
be orT lated with th of t lle mai nl and of ::"'orth America. 

o· . u r al correla ion a now umm arizecl in t.ite 
a ompanyino- tabl , , h w among oth r t hing, , tit exi ten iu t!Je 

ulf ta tcs of n, well-defined r i " of Oligocene beds, includin g not 

'l'ro . Acad. Nnt. ci. Pbiln. fo•·l 52 , pp. 198- 199. 
' olo~'Y of , onto Domingo, 1 73, p . 97. 
• 'h ck li•l of tho ilw rl brat foasils of North ;\ mericn, Eo no n111l Olip:o one : mitbsoninn 

A! is e ll. Coli. ·o. 200, 1 6G, pp. t V, 26, ~7. 
'Am. Jour. 'd ., 3d series, Vol. X..'\'X I' TU, 1 9, p. ~2,1 . 

' Trans. \ Vngner l ust. Pbjla., Vol. 111, Partij I - ll, 1 90-94, nml ) nil. U. ;; . G ol. uney No. 4, 
1 92, pp. 101-127. 

' 
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ouly the ick burgian of onrn<l :wd th Jlumrnuli t ic of H eilpriu 1 

alread y r coo·ni zed a probably li go 'ene, but al. o til(\ wl1ol ri of 
warm .,-rater 'Old 1\Iiocene' inclnd a in tl 1c hattabo he group of 
LnngdonandtheTampagroupofDall.~ Gabb inld · G olooyof anto 
Domingo qu 'Stion om·nd conclu . ion, an l timat s t lHtt oue-tllir<l 
ofthe a ntoDomingo , p ie <lr stillli\ing' butare,·i \I' Oflti. ol le'. 
tion at Plliladelpbia ha not , u tain <l his ·o nulusio n. Hi tudy o(' 
the fo il ' eems to have be n llorri d and many of hi . id ntifieati on . 
are unsound when th •y relat t r c nt form . . might b xpc ted, 
mnny of t be recent sp cies are repr >; nt cl by an ·e tra l forms diJl'ering 
by n. moclera.te differentiat ion from t heir de nda nts; bnt tbi ' difl'er­
entiation i con t::tnt, and tll y mu be ren·nnl d n · di ·tin ·t , p ·i . 
l\'I<hny of the recent r pre·entative ar now found only on t h Pacifi · 
coast and t heir .xtinet.ion in the Caribbean nr a, i doubt! s. coinci­
dent wit h t he di ' turbance which by cle ,:.tting the 0lio·oc n d>posit · 
uni ted tlte t 'ro contin nt during tlte )lioc nc epoch . The fnunal <·or­
rel ations are reacheu in a f:iomewbat ronnd<tbout way. J'h , Trini<hld 
section i tratigraphically quite ·ompl to, but the fo ' il 
condition . They are, bow ver , uffi ·i ntly recoguizabl to 
identification of a number of pe ·ie in the au}' rna11do r aparinm 
beds to be i'Dade with tho e of th G a tun b d of th 1 stu m u of 
Darien i wllile th latter al ·o contain nough Tejon or ' laibomo. p ·i 
to ettle their place in th Alaba.ma column. 

The Oligocen Caroni b ds of Trinidad are >imil arly oun t cl with 
th e Jamaica aud Daltian Bowden b d t tb w ··t· nod the e witlt th 
1onkey llill and 1\Iinc1i bed · alo no· th lin of th Pnnama \ Lnal, to 

the ·outb; and, to tb Hortll, by a fair nu111ber of id uti al pecic 
with tbe Tampa group of Florida. 'Ib typical \~i k burgian i.- r og­
nizable in the Gua1la a and ton of o ta Rica. La. tly th fo .. il 
of tho deep arte ian well of Gal e. ton trou o-ly tinctured with a f<LLLttal 
element wh ich in tbe recent fauna i Pacific in di ·tribntion, ar withou 
doubt pper Mioc u aud ltow that tb exclu ion of tb Pacili fau11a 
and the extenniuation of it CaTibbean r pres ntativ wa uot ·om­
plete until about the end of the true )lio ·ene. 

EOCENE. 

The Eocene, a everywhere recognized in mericau geology follow 
tbe great disturbance wbich termina.ted t be Me ozoic epoclt, aud, in it· 
typical form, end with the faunal change already alluded ton u:her­
iug in the Low r Oligocene. In a wide sen e i t include both Eocen 
and Oligocene of the pre ent table, the two not being , eparated by 
e sential stratigraphic break in the Gulf column or by chang in tb 
climatic relations of the fauna. 

1Tran•. Wanoner Inst. Philn., Vol. I , 1 7, p. 4. 
2Bull. U . . Geol. Survey No. 84, 1892, pp. ll2, 335 . 

• 
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SUBJACENT MESOZOIC BEDS. 

Tile enl of Mesozoic tim , according to Dana 1 is marked by the eli­
max of an po ·h of mountain buildi11g, wllich b O"an toward the close 
of the era; and by the chal'a ter of tile fanoa which to this point com­
prise among- mammal , only o ipn.ron or nonpla ental tYI e ; among 
reptile , di11o aurs and mo ' aurs, or do ly relat d form ; and among 
in vertebrate such type a .A.mtnonite Bacnli tes, Inoceramu. and 
Rucli ··tes. This d fiuition a·cords with the v iew of paleontologi ts 
generally, in all countrie . It ha been que tion ed hy Oro ,Z in di en . 
sillg" th ag of the J >enver and Arapahoe fol'mation of Colorado, on 
the ()'round that, notwith tandin g the per istenee of horned dinosaurs 
(CeratopsuJ ::c) in the bed , the evid nee of tratigrapby how that, 
at their ba e, a nonconformity exi ts be"Lween them and the Laramie, 
repr SeJlting th ro i011 of a con iderable mas ' of ,trata; tllat, between 
tile depo ition of the rapaboe and tbe Denver, volcanic outbur ts on 
a larg cal bad o 'cm·red, uch a· generally mark th inauguration 
of the Tertiary epo ·lt; t l.l at tb evid nee of the plant remain and 
som of the fresb - w::~ter molln k indicate a tn:w ition betw en tho e 
of the Laramie arHl the Eoc ne I•ort Union beds· that the exi. tence 
of a similar ucc s ion of po t-Lanunie depo it in other local iti 
how that the condition wer widespread, ::~,nd not merely local; and 

that at present tl.t r is no di tiuct vid nee of an e pecially impor­
taDt earth movem nt ucC"eeding th Denver formation while tbatpr . 
ceding tbe .A.rapaltoe at preseut app ar. to have been f th cbaract r 
and mao·nitnd e usually as nrn d for th e eli turbanc> clo ing the Me ·ozoic. 
H therefor querie , wh ther the dino am·ian fanua may not Lave b en 
a ~< un·i nl into th Eo e>n of a ~pe i:1l oTonp of I , ozo ic typ which 
~ r ~'<Om r tt ·on chd 110 (ill(l the oro~Tapbi · eli turbanc~ al uded to 
intmi ·alto h ir contiuu <1 deYelopmcnt. 

I i, lear that th qu :tion i on of d finition and lim itation-of 
int rpr tation rath r than f fa ·t. 

The mo> m nt in el Yati n tb limax of which i taken a ind ica,t­
iJJ g the nd of th 11 ozoi po il , mu t have begun and continued 
for a lou ·period prior to that ulminatiou and wa marked by a 0 Tad­
nal re , ion of th a whi h at th lo e was definitely excluded 
from th grea,t r p r ion of tb area covered by Mesozoic d po its. 
\\

7 c~Ln not uppo e that after tile ulmination of be movem n the 
sea cov red any portion of th reta ou area a,wa,y fi·om it border ; 
yet 200 fi t ab v be ~:r at un conformity in t he Liviugston fi rma­
tion whi h 'ro , ba shown to b the direct analogue of t he Den­
ver, W e l found bed of oy t r bells, whi h are a, po itive proof uot 

1 ::\fnnunl of Geology, Hh dition , 1 95. pp. 15- 16. 
'I hitrnnn CroRs, On Lho oge of the rnpubo nne! D enver formntions: Mon. . . Geol. urv y . \ol. 

• "X \"Tl, I 96, p. 20G. 
'Til!l Anima ~ ]{j,·er b ols of Colorntlo mod New Mexico, th o Huby beds of Grnnd Riv r, Colorado, 

nnd t.ho Livingston furwation of Iontnnn n.r cases in point. 
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011ly tl1at t he ea had be n 11ea r by during tbe d v lO])ment f the . 
non onfor mity, bu t t !Jat the ondi ti 11 hatl not b n uch n to ext r­
minate its fautl<.1. within t !J <lt di ta.nce a11 d h nc tlmt tb ·Hlmination 
of th uplift con ld not t b u !Jave been r a heel. Tb p r i tenee of 
the dinosaur ' iu the D enver is a.l o ·onclnsi v ev i!len e t hat the 
ba nge , howev r great, had not at t hat t im b en of a, chara ter to 

interrupt t.be d v lopm nt of a type wltich, from i t iz , nd p culi ari­
tie ron ·t ha,1e b en ver us p ible to fli:ffl r nee in t !J nvironm nt, 
and which a little ln.ter did disappear f rom t he faun a befor t b intro­
duction of unmi ' takable Eo ne type . 

The I)hysical evi lenc , t ber for , important a it i do n t m 
couclu ive that th climax of chan o· bad beeu r ached at tb end of 
the .Laram ie, thouo·h it may havo be 11 wel l on to\Yard oulmina.tion, and 
the Den:ver formation itt this t ab! wm ther efor b 1 It wb >r 

ha. left it, to form the uppermo 
ozoic column . 

In the American Joumal of cienc for ctob r 1 !n, \ ol. 
Pl. X II, Prof. 0. . Marsh printed a tabl (al o i · u d parat l r) in 
wbi ·b b e indicated t he g ol gical horizons of v rt brate f'o il . Tlti 
list, wi th ome amplifica tion , appea r d ao-a in in Johu on s ydop, ' <li a, 
ecoud edition, Vol. VIII 1 95, p . 401. ~'It followi 11 g i that part of 

tbe table wbi h refer to th Lwce ion in t l1 e Tertiary: 

{
Eq uus beds. 

Pliocene . .. ...... - .. · .. -- .... ---- Pliohippu.s bed . 

{

Miobippn bed . 
Mi ocen ........... _: .. .. .. .. .. .. Or oc1on b d . 

llrontotherium heels. 

l
Diplacoclon beds. 
DinO<'f'rnR h il l!, 

~<><' u - ... . . - - -..... - . . . - .. ... -. rro!~op~~~o~~~cis. 

retaceou (uppermo t ) ...... __ .. Laramie serie or ratops b d . 

the e term ' nre intend d to indicate the ord r ion and 
are not accompanied by stratigrapbi ·data, it ha no t be n pr a tieabl 
to utilize the name in the pre ut att mpt at correlation . 

It seems proper to note that the writer cou ld not attempt to judge 
between the diverg nt view of E uropean authoriti a rega,rd the 
limit · and nomenclature of the variou Euro1 ean horizons. 'l'be name 
mo. t generally accepted as forroul a t d by Mayer and adopted. by G. F. 
Harri inl 91, h<tve b een u d with a~ w modifi ation , and .ffort ha 
b en con· ntrated upon the task of a correct correlation of the Ameri can 
horizo ns with them a thus und er t ood . Tl1 e delay in printing tlli 
paper has led to variou emendations ~bnd a ldition · to the original 
m~bnn . n-ipt. Quite 1 ecently t he writer ha ]t ad an oppor tunity to tudy 
a paper by Dr. F . acco 1 on the ·la iflca.tion of the E uropean Tertiary, 

1 Congr es geologique international , om pte reudu de la Ab:i rue sess ion, 1894 , pp. 309-320, and tnuto· 
1897. 
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b. ACJUI!I. reek 1 eel . .... 

. - -· · - -- -- - . ------ -- .. . - .. . -. . 13 

I 
ppPr r ee n marl .. .. .. .... . 14 

I 

Foroigu n nalo•"'liCS. 

lo nclche. 

' rag of Br itain. 

'on"eri a ho•tl s. 

H e lv etia n. 

. 'a u an loeLIS. 

Aquitanian. 

Tnngr in.n. 

LiJ uria.n . 

Ha r toniau . 

P n,r is ian . 

neJ oui an. 

<..:on ta~·siau . 

Dan ia n. 
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in whi h some revolutioJt ary cl.J ange have been made in the nomencla­
t nre of Mayer. It was till thought best to n.dl.J ere to ti te latter in t l.Ji:s 
paper, a more wid ly known, an d e, pecially because it eemed to apply 
to American horizons better t l.J an t he mod ified scheme of n.cco. That 
author inclncles in his table, though taking 110 ' respou ibi li ty t herefor, 
the Ia sifi , tion of Ameghino for t l.J e outh merican 'rertiaries. 
l•rom the jnvertebrate fo sil 1 have examined from the Patagonian 
region I infer t hat Amegh ino has as igued too great an age to is 
whole erie , putting the ( lei tocene) Belgrani ll in the P liocene, he 
(lUioc ne or Oligo · ne) Santa Ornzien in t be Middle Eocene, etc., a 
view which can not be u tained from these fo' ils. 1 

:ro TE OX TilE TABLE 

PLEI T O E E . 

B 1. Th e .Kouak olays.-Tb o Kowak Ri ver of northwe tern Ala ka fall into Kotze-
bue Sou nu. For <1 ef1n iti oll of th o ]{owak clay sec Dall, Boll. 1;. eol. 

nrv y Xo. 84., l 9~, pp. 261-268. lt i. in thi forma t ion that th Ple i tocene 
mammalian r wains of K t z bne , onntl and oth r Alaekan local it ies are 
fou11d preserved. These clays ar a,bo ,·e the round ic . 

B 2. T il e G~rouud ice..-A description of tb Grmllld i e formation will u fouud nuder 
th e referen <:es gi ven for B l. 

B 3. an Pedro beds.-Exton iv bed of uncotl olillatod Plei tocene saud replete 
wi t h molluscan shells in Yery perf ct <: on di ion , best exhibited nt Harbor 
Hi ll , at tile b ead of an I dro Harbor, ::Liifornia. The e shells arc nearly 
all of r ecent species, anu til e same horizon is r cognizable abov the l liocen 
of Paci11 c Beach, au Di ooo, alifornia ; at variou.- p oints on t he oronado 
Beach pen in ula opposite au Diego, e pecially at a. o,· called pani ·b 
Bight, and nl o at anta Barbara, alifornia, and els wher . It i v ry 
gen r ::tlly unconformably underlai n ~Pl iocen e beds, whi ch, when nn con­
solidated may be di critoina ted by their more yellow color, due to gr ater 
oxid n.ti on . Til un co nformit~· i often of tbe nature of an ro iou-in ten·nl, 
not nee aril y in voh-i n ~>" nny ma rk u difr ren ee of dip and in m ca c , 
n in tb upp r par t of tho :\Ien•ed · ri ~ . it i doubtful if any real uncon­
formit,l' xi t . La wson, Bull. D pt. ol. niv. aliforni a, Yol. I, 
pp. 143 t s q . ; Ash ! y, Jour. ol. , .Jun , l g-, Vol. III, pp. 43-l.-45-t, and 
Pro . ' alifornia Acad. Tat. oi., 2d rie , Yol. Y Aug., 1 95 pp. 2i5-36i. 

' in e t il nboYe wn.~ wri tt u, s ,, rol im por tan t papers ha,· b n publ i bed, by ::\Iessrs. J . D. 
T1n teher , A . E. Or tm ann, a nd ll. A . l'ilsb ry, in w hich th o s tratig r aph y of southern P a tagonia has 
1J n r vis 'cl n_ntl corrt.lCted, nnd tht in~ r noes ahoY mcuHouecl nre wholl~· con0rme<1. Tho follow inp: 
tab! wi ll imlionto tit au c ss ion of tit Tertia ry n a ta blis lt (\ by Hatcher's obsen · ntious in thi 
r g ion . 

I leis toce n .. . ... ....... ... . .............. . . . . .. . ... ... {~i s~n~le1~:~7.sat~:',~ hino) . 

Plioccu ........ .. . . .... .. ... . . . ....... . .. ........ . .. . . Cape F airwea lh r b eds . 

:i\lioceno . . . .. ... ...... .. . . .... ............ .. ........... {Santa ruz b eds (fresh wat r) . 
·uprn-Pntngoninn (marine). 

E ocuno 1 .. .... . ..... .. . .. .... .. .. .. ... . .. ...... . . ...... Patug nhlll beds (ma rine) . 

Ford tails th e rend r is r forred to the following publications : 
llnioher, J . .B., A.m. Jo1u, 'ci., pt., 1 97, 4th s rica, ol.l V , pp. 246--24 , nn<l th sumo for X o,· ., 1 97, 

]l]l. 327- 354. . 
Ortmann, A . K , Am. Jour. ci., No,· ., 1 97, 4th s r i , ,- ol. l , -, Jll. 355-356. 
Pllsbry, ll. A ., l'roc. Acnd. at. ci. Philn. for 1 97, pp. 329-330. 
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B •1. Coo cO II !JlomC?·alc.- \. singu la.r for01atiou at Fo.' il Point oo Bay Orego1l 1 

prohably of Pl eistocene 11''0. lt 0 11 i t chi oily of ;) I io n o fo s il , small 
wat rwom ch rt pebbles, and, and a £•w fossil forl!lS sti ll fonnd Jiving in 
the vi inity ··"ment t1 into a ltanl conglom orato, tho wl.10l.o l ying npon 1111 

rodcd nrf~t·eof th Empi re( .btori1~ ) Sa.llll tonl', with whi It it agree in 
dip. Onl y fraooment of the originnl depo it r main, the re~t lmvin~ beeu 
croci cl, tl11 ngh ori«innll ' soru 10 feet thick. Th )fi c nc fu il were 
derivecl from h e EnqJi r ucd and stiJl contai n tmc of tb •ir ori.-inal 
matr ix. Th sour ce of t ho bert i · unknown. Th nly por t iou of tho 
conglomerate whi h tnay be regard d ns trictly contompornn on w i t h its 
depo itiou co mprises the rath r small proportiou of PI isto no fo sil and 
and which i intermixed with the rehaudl ec.l. old r mnt dnl. 

l. Equus bed .-From th pre en of r mains of th h or· :tl' a chamct ri ti · fo. 
sil. ce Gil b rt, Mou . . (;eol. urv y, \ ol. I, 1 90 p. :393. 

D 1. Columb·ict sands ctnd loam.~ .-For >1 defiuition and limitation of tbe 'olumbia 
f n·mation eo [cG , Am . .lour. <" i., 3cl "erie, Yo!. XXX , 1 , p. 4•J . 

D 2. Cont.fi eld Hm·bol' clays.-The b ds on oru field ll arbo r, near Federal. IJ11rg, 
Maryla.nd,oontainan intcre tin mal'inufauna, in ludingRaugina.nd 'yr •na, 
both unknown in t h 1·e nt fa nut~ north of th ulf o f Mexico. Tit y have 
<YO UOrltlly hcen r ferr cl to the Pleistocene, but i t i po ibl that fn r tb r 
r c earch will ·ho w th m to bo upper Pliocene, like th ay H ad sands. 
Th y appear to be repre · nted near Lal;e I oochartrain, but might wi th 
qual propriet.Y ha,· b e n 111t in th Dl'Xt column. 

E 2. ,·immons Blu.tT bcd~.-Tbe Plei tocen of itumon Bluff, outb a.rolina , carrie 
a ri ·h :tnd finely pre n ' e<l marine fauna. 

F 1. 1'ehuelcheformalion.-Th ' Pamp au" forma.tion of tb outberu part of ontb 
Amerioaba b eu loo ely trea-ted in tb literature and a~ the t rm was originally 
ns d compri ll without tli crimination horizon · of very diffor nt g ological 
ng. U . Ame,;hino,aceordingtoRac·o( oogr'• g· Lint; 'ompt rendudela 
6"'0 so s., 1 94, p. 320) restri ct tbe tenll to a gronp of fou r ubdivis ion whi ch 
he place in th Pliocene, tho e portions whi ·b h r gards a J\Lio ne l.Jeing 
included nuder the m\Lll Arancanien. Th thr upp r subdivi ions of thi 
Pliocene Pampean, frotu their marin e fo sil , appea r to b ioconte tihly Pleis­
tocene. The o-c,lled "Pamp an" mammals l.Je<Yan their mi .,.ratiou to Torth 
A nwr·iC"n in i\fioc n o tiat whou tlw ·1 vutiou of ' otraL\m rica had r aelt d 
a point where it afforded them a pa ' a •e. Bones of om of them occur 
under a marine Pliocene lim s tone in Florida, and in th l.Jecls of the ri ver 
they nrc mixed with P lei tocene form , so that the list of pccie ·from t his 
region include forms a old a the Lonp Fork, noel as ]at a th Equu beds. 
The immigration was doubtles more or leas ·ontinuou from the bt r .Mio­
cene until it w as checked by Plei tocene cl imatic hangc ·. The marine 
mollu ·ks of the "pi o belgrauens ," forming part of the Pampean, have 
been catalogued l.Jy Dr. H. von1hering, 1 and form a n unm istakably Plei to-
cene as em bly . eo also the note on this u bject, page 335. 

PLIOCENE. 

B 5. Mytilua beds.-From the pre nee of :My tilus as a characteristic fossil, in we tern 
Or gon . ..,ee 'ondun, Am. Natnrali t, Vol. XIV, 1 0, p. 457; and Dall, 
Bull. . . Geol. urvey ro. 84, 1892, p. 22 . Beds of hoahvat r Bay, Oregon. 

B 6. Jlm·ced gl'oup.-J: rom the Merced Cliffs of the ven-Mile B aeh of the an 
l<'ranci co peninsula, extending northward fro11.1 near J\:[us ·el Rock on the 
coa t, antl southward in the interior. amed by Lawson in 1 93. eo Bull. 
Dept. Geol. Univ. California, Vol. I , 1893, o. 4, pp.l15 et seq. A correlative 

1 Science, Aprill9, 1895, new series, Vol. I , pp. 421--422. 
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serie in tiJe \Vilcl cat district, Humboldt 'ouuty, northern al ifornia, was 
ubsequeutly nam d th e Wildcat series by Ln w 011. , ee th e :~,m e Bnll et.iu , 

Vol. I 1 94, No. , p. 255; a nd .A. bley, Proc. Ca liforui a Acn d. :.'i'at. , ci. , 2d 
ser ies, Vol. V, 1895, pp . 312--331. 

There a res veral r ath er ch aracteris ti c ,\!i ocenc pecics enumerated iu th e l ists 
of the fam1 a of the \~Tildcn t serie , which i f correctly itlentifierl, nre per­
h ap ler.ived from the er oded :.\Ji ocene beds on whi ch the \Vildcat seri es 
r ests. The npper p art of tl1e beds in clu l ed in the Mer cl seri es, at t he 
typical l ocality, h a a frmna in wh ich few if a ny extinct spec ies were 
detect ed by the writer during an examinatiou of t he section in ep tember, 
1 97. The impression derived from th is exa min :~,tion was that this portion 
o f t h } !cr eed s ries is proba bly P lei toccne, th ough stri ctly conform able 
wi th th e lower beds. 

B 7. an Diego beds.- P liocene sanely marls ~xhib i tcd in the well explored by H emp­
bill in the city p:uk; below the Plei stoceu~ at Pacific Beach,, au D i go, 
and on t he shores of False Bay near by; and on the oronado p en insnla 
oppo ite • an D iego. The same h orizo n crops ou t i n var ious places north­
ward, especially at Dead Mans Island and Harbor Hill,, an Pedro, a.ncl on 
th e coa t o f Todo autos Bay, Lower Californi a. Sec references nud er B 6, 
and a lso Dall, Proc. Californi a Acad. :Nat. , ci ., Vol. V I , 1 74 , pp . 227 et seq . ; 
atHl Proc. l . • . 'at. "Mus., Yol. I , 1 i8, pp. 10-30. 

C 2. Blanco fonnation.-Rio Blanco of Texa ·. e Dumblc, Jou.r. Geol. , Vol. IT No. 6, 
1 9-1, p. 559. 

D 3. Reyno~a limestone.-Re~r uosn, Texas. ee Dtlmble, Jonr. :eoL. Vol. II, No . 6, 
1894' p. 560. 

D 4. ])e oto beds.-Pliocene lake De oto of Central Florida.. ce Dall. Bull. 
Geol. urvey ""o. 4, l 94, pp. 133, 32<J.. 

D 5 . .Uimo11 clays.-Port L imon, osta Ri a. See Gabb, Jour. A cad. ~at . . ci . P hil a ., 
2d seri <'s, Vol . VIII, 1 I, p. 349. A deposi t of Pliocen e s hell-bea ri ng clays 
a nd sand with beauti fu ll y preserved fos ils. 

D 6. 'aloosahatoide becls .-Plioc ue marls of tho a loosahatch ie River, Florida. ~ ce 

Dall , Am. JonT. c i., 3d serie, Yol. XXXI , 1 . 7, pp. 167, 169, nnd Trans. 
Wagner Free In t. , cienc , Vol. III, pa rt 1 a nc1 2. 

E 3. Lafayette fonnation .-From Lnfay t te Co un ty, ftfississippi . For n.n ae ount of 
the character and syn nymy of t h is form:"Ltion see Am. G olog i tfor Au "'u. t, 
J 91 pp. 129-13 1, orBull. . . Geol. n rvey ~o. ~ . ll.32 . APliocenc OnYial 
formHtion, p rbap partl y overlapp in •Tw it h t b Glacial peri od nn<lrc nl tillg 
from a, comparativ ly r a pi d l 'lioc no upl ift in th Appalach ian region. A 
('Oil id rabl pa r t of what ha 1.1 u included under thi nnme may p ro ve of 
a,diff r ntori ri n and age, ~tnd th whol formatioareq nire detailed exn.min:l.­
tion to defiu its exact ex tent, bn t th wid di tribntion n.nd distinctive 
ehm·act r of the typi cal Lnfay tte m· he~-ond dispute. 

InN w J crs y whn.t was fii···t rt'gard d a n uortbea tern ext n ion of th L nfn.yett e 
ha brcn de~:~ ·rib d unde r th name of the P n ank u formntiou . c R. D . 

al i bury in Ann. R pt. ta.te G ol. r . J. for 1 4 ( I'nrt I. nrface G ology) , 
1 9", pp. 105-11 . )1o re rccct1t study lead h im to doubt t his correl:ttiou . 

E '' · .ay Head sanrls.-llio<·en ;.and wi th marin fo il s of ay Heatl, a blu tf at the 
ontb wt• t xtreme of th island of ) la rt ba V ineyard, J\fa nchn ett . ee 

D n.Jl .A.m . . Jonr. ci. , ·oct. , J 9-1 3<1 " ~· i es, Yol. XLVIII, p. 299 . 
E 5. C!·oatml beds.- r ata u , North Carol in a, P li ocene ma rl . <'e Dall , Tra.~t s. 

\: agn r Free l ust. 'cicnce J an:, 1 92, \ ol, III, part 2, pp. 201-217. 
E 6. Wac,ca n~mv becl .- Waccamaw Ri ver, onfb a rolina , Plio cne marl . eo Dall, 

T ran s. \ Vagu t' Fr o Inst. ' ie uce, 1 92, Vol. III, part 2, 11p. 201- 217. 
F 2 . .d stia,n (typical).-Y Jlow a nds of A t i, Ita ly. Th e cu lmin:1tiu "' member of the 

P lioc n , u . nAll y COlT la tecl with t he R !l Crag of Britain. ee G. F . llarriR, 

1 GE OL, 1' ~1.' 2--22 
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in ewton , ystcmati c li tofthe Edwardto coli ction iu th British .M u ·cum, 
1' 91 p. 327, and tahl t:' . Tb i work will hereaft r u o cit d in th note as 
' Harris, Tau! of I 9l." 

F ~ . C1·ag of Brilain. - TIJ • orrola.tion of t h p •c i;ll hori zons of tb Hrit i h ' ra.g 
with t h e Ya ri ou Pliocene b eds oftbe 'ew \ orl<l is uot Yl t pm ticn.bl . In 
orcneral tb whol e cnw eri e is probabl y cou1pnrabh• with the wbol of the 
Amcri ·a n Pliocene below th Laf'ay tt . 

'!'RAN l'l' IONAL BED' , 

B . A u1·ijlfi'O tt8 gravels .- Tb o auriferou "' l'l:wels of th ' i lTit Xevnda region of C~tli ­

fo rui a a a whole nmy co,· r a con sid rabl part of t ho Ter tia ry co lumn. 
\Vhil part of t hem n.r Plio •ouo a larg ]ll\l't a r probably [i oc<'n and 
they are a id by Dill r to b l aterally <·outiunous wi t h ho loo P formati on of 
Lindgren, whi ch i ch i Uy l -pp r Mioceu . • eo Whitney, M Ill. Mn~. Con1p . 
Zoo!. , Yol. Yl , part 1 1 77, p. 2 3; Dall aud Jlnrri ·, Bnll. . •. G ol. ~nrvoy , 
1o. 4, 1 92, p. 321· t ho text of G olo"' i At la l . . ·., folio 5, ncmm nto, 
al ifm·nin, 1 94 · Turn r in Fourteen t h Ann. l t· p t. . f-'. U ol. m·,· ~- . 1 nrt 

II , 1 94, p. ·16:.!· :111d Lindgr n, Ap; of t h Au:·if rous ' mv 1 : Jonr. (: ol. , 
November -Decewhcr, 1 96, Vol. IV, pp. 1-!l06. 

C 3. Palo Du1·o be<ls.-Tbe c h d, identified in west•rn Texas b y eott a trnnsi­
t ional, hav a.l o h a•l t b au urcl n aru of ' oodni h t b ds" applied to th 1u . 
. eo Dnmbl , .Jour. Geol. , \ ol. II, No. 6, 1 9-1·, p . 559. 

E 7. Dupli n beds.-Lat 1\liocene marl of D npliu ouut~-, Xorth Va rolina . ee 
Conrad Am. Jour. ci., 1st seri e , Vol. XH, 1 11, pp. 35- 3.13. 

F 4. Congeria beds.- 'om · at leas t of the va1·iou " 'ou ,...ori n scbi ·b ten ' of eaatern 
E urope seem to be of a. tmo iti oual chanwter . ' e lla rri , TalJl c of 1· 91. 

MIO ENE. 

B 9. Tolle .fonnatioll.-From the town of lon e, Amador ounty a l iforuia; 
Lindgr ninth t ext to eologic Atlas ., folio ti, ' acrameuuo, 
1 9·!. 'ce note under B · a! o Dil le r, F our teenth Ann. Hept. 
• urv y, 1 9~, l'P· -103-433. 

nam t1 by 
'alifornia, 
. ·. G ol. 

B 10. ooke beds.-From • ooke Inle t, on th outh rn con t of Van couver I laud. 
;l[iocene bed coutuining a pe nliar faou a probabl y later tha.n th Empil'<' or 
A Lol'ia. ~lioc 11 • Se J . ' . Merriam, Bull. Dept. Geol. uiv. 'aliforuia, 
Vol. II, No. 3, 1 96, pp. 101-10 . 

B 11 nnd 12. Empi1·e bed .-From typical exposures u<:ar Empire ' ity, 'oo Bay, 
Oregon. 'e Di ller, eventeentbAnn . Rept. . . Ge I. . urv y, J'artl , l 9 ·, pp. 
475-476. The ·e b d a rc well expo ell betwe u Pigeon Poiutand Fossil Point, 
3 miles soutbw t of Empire ' ity , and abut unconformabl · upon the Oli go­
cene beds at Coo Re>Ld and the Eocene at Mar h field in the same region. At 
Fo il Point they are overlain by the r ichly fo . iliferous Pleistocen b d 
of t he oos cou,...lomerate. o f>tr a can be judged from the fauna coil cted, 
the Empire bed are th exact equivalent of the upp r part of the Mi cene 
beds a t A toria ·all d by Dall, in 1 92, th e A tori>l. andstones, to d i tin­
guish them from the (Oli,.oceue?) A.· toria shal es (form9rl y called 1ioc ne), 
whi ch conformabl y und erlie them. The exact place of t he A tori a. hal sin 
the column runst await a better knowledge of th e fauna. If the double 
n e of the nam e A tori ~b in thi ma nner i regarded a obje tioo a ble, the 
na.me E mpire bed mi ,.bt be taken forth andston e . 

B 13. Montereybells.-Tbe 1onter y bed are mo tly compo d of soft hal s, often of a 
whitish color, with many infu ori a and few but usuall y well pre crveu mol­
luscan fos ils, aocla certain proportion of sand tones. The typ ical outc rops 
are tbo e of the southeastern pa r t of 1\Iout r y Bay, bu t they a •·e widely 
extended els ~l'here; in tbe auta. ru z mounta.iu, at Carmel Hay, otc. 
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Portions of this group h ave b e n na,JJJ ed th e Carm lo series, Pescadero series, 
and it seems to in clude parts of t he ,'an Fran cisco andstoue; but the 
eq ucnce and r lat ion s of the different i\Iiocene bed south of the olden 

Gate are sti ll in n eed of mu ch elu id n.tion , a nd ca n not be clearly mad out 
until tile fa una i more thoroug hly studied. Iu co ufnsed regions, such as 
this, a lithologic study alone is entirely insuffic ient, and dep ndence upon 
it can only lea<l to gren.ter con fu ion. It wou ld be well i f the appli cation of 
n a mes to m inor local eri es of rock s could be po tponeu until t he geolo.ry is 
w orJ,ed out for t h o"" ueral succe ion of th e b eds of this part of tbe coa t . 

ee Lawson, Bull. Dept. Geol. Univ. 'alifornia, Jo. 1, 1893; No.4, 1894; 
Ashley, Proc. aliforuia Acad. ·at . ci., 2d f' erie, Vol. Y, 1 95, pp. 273-367; 
Lawson, Am. Geologist, June, 1 95, Vol. XI, pp . 342-356; and \Vl1itney, 
Geol. 'un•. aliforuia, G ology, Vol. J, 1 65, pp . 61-166. 

4. Lot£p .F'ork group .- } rom t he Loup Fork of Platte Riv · r, central Nebraska. 
See Bull. . . Geol. Sun•ey N'o . 4, 1 92, pp. 293-29 , 329; and Da na, ~1anual 
ofGeolorry, 4·t h edition , 1 95, p. 889. 

D 7. Oakville beclB.-From Oakvill e, Live Oak County, Texas. TJJ e form Jlart of 
t he assemblage in T x as form el'ly incl uded under tll e name of th e Fay tw 
bed , but whi ch furth er stud y b as shown to be heterogeneou . eo Bull. 

eol. nrvey No. 84, 1 92, pp. 174.-5, and Duutble, J our. G ol. Yol. II, 
No.6, 1 94, pp. 552-3, 556. 

D 8. Pa cagOl£il£ c!ays. -:I!' rom the Pa cn.goul a River, J ack on Coun ty, ~lis i ippi . 
. ·e Dull and tanl y-Hrowu, Bull. eo!. oc. Ameri ca, Vol. Y, 1 94, p. 168; 
aud E. A. Smith, Report on t h Geology of tlJe oastal P la in of Alabama, 
1 9~' pp. 91-97. 

D 9. ChesaJ>eake formation.-ChesapeakeBay, :.\'[a r.v laud , around whi ch the formation 
is exhibited. 'eo] all and HatTi , Bull. . Geol. urvey No. 4, 1 D2, p. 
123; a11l ' col. Mag. for June, 1 '91, p . 2 7. 

Prof. R. D. :Lli bury, in Aunual R port tate Grolog i' t Kew· Jersey fot·1 93 (Part 
I , urface Geology), 1 94, pp. 39-52, a ncl ame for 1 94, pp. 99-l OJ, has 
describ d certa in g ra\' els, under the name of the 13eacou Hill fo rmat ion, 
which be correlat s with the Miocene and describes a phy icall y a ual ogous 
to the ·outilern h sap ake, t hough th e analogy between a n arly pur ili· 
ceou gr avel antl the be apeako marls i s uot olHiou . ntil th e nn]Jub­
l i lu·tl vid n o in Pro.C sor ali hury's h and is aYailabl , a atisfn to ry 
·o tT lation of tb t •raY l i~ impra ticablo. 

E . (;ay Jf ad grarels. >ay Jleaa, Jartha Yin yard Ma acbusett . See Dall, 
Am .. Jour. ci., d ri c. , Vol. XL VITI, 1 9~ p . 299. 

E !)-1 l I. B eds of St. J fa ,·ys, Plum Point, a11cl Jonl'S TVhal:f'.-Lor:a litic on the :Ma.ry­
laud Mi oc n c tion. · e Harris Am . Jour. ci. 3d ri e , Vol. XLI 1 93, 
pp. 21-3 1.. DPpo it of th Yorktown pooh of Daua (1 63), Mioc ne of 
Maryla ntl. a n <l Vir ..,. inia. 

F 5. Jlei!'ctian.-'}. l ny 'r-Eyn ta r , Ia s. de t r rain es t ertiaro., 1 e Harri Table 
of L 91, pp. 327, 329 lt is prob <~bl t hat tlJe Lnnghiau au tl T ortoni an are 
al o cov r d by t h Ameri a n i\1 iocen sorie ·. 

TR.A.N I'l'IO .AL BEDS. 

5. Deep Rirer ope, Am. -aturalist, Yo!. XX, 1 6, p. 
367. ,' .Unll.l .• ' . G ol. urveyXo. ,192,p p. 297,336. Tb nam e Ti cho­
J ptu ~, as a geueri dcs\ <rnation, is a iLl to be preo •cupied, au l the,.,. ograpb· 
i a 1 Lc nn D p Ri ' 'er b d has 1J en propo. 01l by cott, bn t it is uow stated 
that the correl't nome of tb ' stream is mith Hiver, and tb i , if admitted, 
will proba bly take preceden e. Th ltori zon is tb quival nt of th b ds 
of ·au an (Gers) in Fran , t inh eim in \ urtemburg, mHL tlJe Diuothe­
ritun ~:~an cls of Bn.varia, a ·cord ing to, cott. 
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D 10-ll.. Alt£1n Blu.o· beds and Oak Orov sancls.- Fo. s ilif ron s bells of Alnm ] luff, 
Apalach icoht J i,· r, and al rov on th Yellow Ri\7 !11'1 in west rn Florida. 

e Dall a,nd ,' ta nl y-Bro wn, Bull. Geol. o . Am I' ic-:1 1 Vol. \ , J 94, pp. 
165-167. 

E 12 . . lshley Rir&r 1nar/.-l hospba tizeu tll:lrl of th A hl y Hiver, outlt 
tho upper m tnb r of h Ashley and op r rnarl of Tnom y. 
Am. Jour. ci., 3d sri , Yol. XLVIII, 1 9~ , 11p. 300-301. 

F 6. Sausans bed .- e note uutlor 5. 

EOOENJ~ A D LIG-0 E E . 

aro lina., 
eo Dan, 

B 14. 1\urnel Poiul beds.- 'bale and an ~l onthwcst uf Tunnell oint, 
Coos Bay, Oren-on contain in.,. a S11ar e fauna, distin c t nlike fr 111 t he Eoc no 
shale belo w and the Empire b d abo,·e· eon .C rmable with t h • form r but 
not with th latter. Th fa,unal hang- and tb a p ct of tb speri ug­
g st that thi s g roup of bed , whi h i about 1,200 f t iu tb i kness, may 
rep-.·esent the li gocene in t his s ctiou. b rvation b · Dall in 1 97 are in 
pr p ar ation for ]1nblicotion. 

B 15 . .ct sloria shal s.-'1\pi cal locali ty at A toria, r g . Th s h a,l rt r it~ pm-t 
sandy, and when the whole f•Lnnn, is known mny be dill' r ntly limit'd. o 
Condou, .Am. Saturali t, ol. XIV 1 0 p. 457 . 

C 6 . .John Day beds.-Jolm Da.y ba in, re"'On . e . cott,. ' cionc 11 w series, No. 4.2, 
1895, p. ·199. Exa t Eurot ean oquiYal nt is th hori z n of l-it. T raucl le 
Puy, a cord ing to. cott. 

D 12. Tampa beds.-Tawpa ity, Fl~t . eo Dall, Bnll. f.;. :eol. , ' urvcy Jo. <1, 
1 92, p . 112. 

D 13. Chipola beds.-Cbipola RiY r, we t Florida marl • o Dall, Bull. . ~. Geol. 
'un·ey No. , 1 92, p. 11-. 

D 14. Upp&r 'hattahoochee beds.- eo uoto under· I 16. 
D 15 . .Allamalra Q1'ils.-Altama.b :t Riv r , G r "ia . ec Dall, Rull. . :-i. Geol. nn-ey 

No. 4., 1 92, p. 1. 
D 16, 17. Chattahoochee becls .- ba,ttahoochee Ri,· r, 1< lorida.. c Dall, Bull. 

ool. urvey No . .J., 1 92, pp.106-107, 112, and Dall and tanl y-llrown, Bull. 
Geol. ' o . Am rica, Vol. , 1 9.J., pp. 164, 170. 

D 1 . Hawthorne beds.-Hawthorn , Alachua onnt.~·, Florida. .• e !>all , Bull. 
Geol. urvey 'o. , 1 92, p.10i. 

E 13. hiloh marls.-M nrl of hilob and J richo, :X ow J rsey. S J all, Bull. 
Geol. urvcy N'o . .J. 1 92, pp. 40--41. 

This marl was depo ited in troubled waters under the inJiu n o of t rong cur­
rent , and contains both ligocone :\ncl Miocene speci s, but which, it i 
probable, wer·e not contemporancon . The vid nco i ouclu h ·o of he 
conditions und er which the marls took their present sl1ap , and the di crim­
ination of the mixed pe ie can onl y b ~~ s nmod from t he unmix: cl faunas 
of other region ·. 

E 14. Bowde•~ beds.-Tllo typical lo ·ality i at Bowd n, Jamaica, where t ho marl 
afford a rich fauna. which has nntil recently been always r crard · d as l\'[i o­
con . F r a des i'iption ancl discn ion of thtl fauua eo Gnppy, Quart. Jonr. 
G ol. oc. London, Vol. XXII, 1866, pp. 2 1-29<J.'; for note on the Haitiau 
eqniYa.l nt of the Bowdon bed see Carrick Moore and • o werby, Quart. 
Jon_r. Geol. oc. Loudon, Vol. VI , 1849, pp. 39-53, and a lso Gabb, Tmns. Am . 
Philo . oc., Vol. XV, 1 ~3, pp. 3-102. Th eqnival ncy of beds at Curn~ao 
is e ta.blishecl by collections marlo by . S. . Albatross, on which n o publi ca­
tion h~s ben wade; tbatoftbe )fonkey Hill beds on· tho I thmns of J>arien, 
from ·ollections by Rowell, Bhtko, and, more la t ly, by R. '1'. Hill. Tile e 
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isthmian b eds will probably offe r three horizons, which are, in ascending 
order: 1, the foraminiferal b d with 01·bi toides .forbesii j 2, th Gatttn b eds ; 3

1 

the 1onkey Hill beds. The l atter are t ho e which are t he equivalents of t he 
Haitian marls, th e Bowrlen beds of Jamaica, the Caroni beds of Trinidad, 
an d tho Bo nill a bods of o ta Rica (Hill ) . The rela tive p o. ition of Nos. 1 
a nd 2 is h ardl y certain, but, from tbe fauna, · o. 2 is the equivalent of t he 

la iborne sand s of Alabama a nd tho Arago or U pperTojou of California. 
For a cliscu sion of the Caroni a nd associated heels of Trinidad see ,uppy, 
Quart. Jonr. Geol. oc. Loudon, Vol. XXII, 1 66, pp. 281-285,571-579, and Vol. 
XJ. . .VIII, Kov., 1 92, pp. 519-5 ; al o Greo-ory, in t ho sa me publi cation, Vol. 
LI,1 95, pp. 255-310, and Dall Proc. . . Ka,t. Mu ., Vol. XIX, No.1110, 1 96, 
pp. 303-305. 

F 7. Aqtlilania.11 .- e Harris, T able of 1 91, pp . 327-329. This i not tl1o Aqu itanien 
of Dr. acco, whi h he 11lacc in t he 1iocene. 

TRANSITIONAL llEDS. 

C 7. Protoceras becl.-Upper port ion of the White Ri\7 er beds of South Dakota. ee 
Leidy, Geol. nn·oy, :M inn e ·ota (Owen), 1 52, pp. 539- 572, and ope, A.m. 

atnrali t, Vol. XYIII, 1884, p . 686; also \ V . B. Scott, Princeton CoU. Bull., 
Vol. II, No . 4- , 1 90, p. 175. 

D 19.' !t ell Blt~(f g·roup.-Frow 'b ell Blnif, avanua b River, Georgi a. ee onrad, 
Am . J our. ·i., 2d sorie Vol. XLI, 1 66, p. 96, and E. ·w. Hil .,.arcl, in ame, 
Vol. XLII, 1 66, pp. ' - 70. 

E 15 . .Napa1·ima b ds.-Naparim a or an F rnanclo ser ie of Triuiuad, \\"est Indies. 
ee Guppy, Microzoic of Trinidad, Qnart. Jour. G ol. oc. London, "\ ol. 

XLVIII, 1 92, pp. 519-53 , and Gregory, in same, Vol. Ll, 1 9-, pp. 2-5-310. 
Probabl y the q ui val nt of t he Gatu n b d ·of Darien. 

F 8. 1'ong1'ian.- H arri s Table of 1 911 pp. 327-329. Thi is the Tong ri an of 
May r ·Ey mar alHl t b majority of Europea n "'eologi ts, but not of Dr .. ·acco, 
who us s th e nam e for a lower Oli go ene group of bed , hero referreu, in 
oonformity with the ma of authority, to the Lig urian . 

b. LOWEn OL IGOCENE on V I K m ; n GI L'\" TAGE. 

A. . Jlicksbtt?"gia u.-Vi k burrr group of "\Ya rrrn County, Mis i ippi. eo onrad, 
Am . . Jour. tl<"i., 2cl rio , Yol. H , 1 4.6, Jl. l:U. Owiug t t he numb r f com­
mon Rp c ie of mollnsks, it has for ome time b en que t iou d " · bother the 
Vic·k bu rg a nd Ja k on bcrl could be paratecl as di tinct g roups, but later 
ro. a r ·b sall y th Ja ksonian mor intimately t o the fauna of th laiborne 
and , and in dica& that, wh n fully xplored, t b Jack on ian fa nn a will have 

ind ividua lity nongh to r etain it. place a ~t ui tinct m mber of the Eocene. 
B 16 . .d tnl'ia b d.- c Dull, Hull. •. . G ol. urYey o. 1 1 92, Jlp. 224-, 3-1. A 

h ori?.on below tb Astoria shal e at Astorin, Oregon, ·barac t ri zed by tho 
pr . en of A tnria and other Eocene form s. 

9-10. 1Vhi.te Rir ,. beds.-Wbite River, outh Dakota. Meek and Haydon, 
Proo. Acad. Nat. ci. PhiJa.,Vol. XVIIT, 1 61, pp . 44-3-444-, and Dann, Manual of 

lo 'Y 4-t h ditiou, 1 9-1, pp. 6, 91 . AI o W. H. cott ,, cience. 2d aeri e , 
o. 42, 1 9- p. 49 . 

D 20. ca T££ !]1'0Up.- cala, n tra l south F lorida. e Dall, Unll. . . .eo!. urvey 
·o. 1, 1 92, p .331. 

D 21. " orallimes to11 c." - alt 1 [ill , Ia rke 'onn ty, Ala bama. ~ee mith an d John· 
son Bnll. U., . G ol. nn•ey No. 43, 1 7, }). 1 . W hen b t tor known t his will 
pre~ rnbly take >L g og raplti c name. 

D 22. ricksburg.- e note nnrl r A 8. 
D 23. Bell Blu,(J.-Rod l3lnff, Wayn e Uounty, i\liss i sippi. ee E . W. llilganl, A•.,ric. 

aml G ol. i\Ii si s ippi , 1 60, pp. 135-136. 
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E 16. Shell Blu:U' group.- hell Blnff, ll>Vl~nnnh R iv ·r , Geor ,.. ia. co Com·ad Am. 
Jour. ci., 21 cri , Vol. XLI, 1 66, p. 96, an u E. , V. l fil .,ard, in amo, ol. 
XLII, 1 66, PJl. 6 -70 . It exact po i tio n i . t ill n ot clefini toly sottl tl . 

E 17. Coo1Jer Ri·ver mm·ls.-Coopor l i r, onth a roli mt; wrongly n uitPtl. b y Tuo­
mey with th A ·h i y River marl un der t he nn.mo of A b l y (Llld ooper 1 cls. 

ce Toomey, Geol. 'outb a roliu n, 1 4 , pp .162,2Jl n.ntl. Dall,Am. Jour. Sci., 
3d series, Yol. XLVIII,1894. l'P· 300-301. 

E 18. ~uallara samdstoue.-Gnallava, o ta Rica, sandstou r , ca rry in cr t ypicn,l V icks­
burg fo~ iJs, su has Orbiloidesmantelli; e R . T. Hill, Bnll. Mns. on1p. Zo I. 
Harvar l oll. (I n pr paration.) 

F 9. Ligm·ia.n.-S o Harri , Table of 1 . 91, pp. 327- 29, an l uot un der F Thi s i 
tho Tongrian of acco, but n t of 1\r:tyer . 

Santa C1· uz jormatio11.-IIa.ving r c i ,-od from Dr. H . von l bering a nnm bor 
of fo il molln. k s f1·om th o , anta ru z formation of Patagon ia,' it l'Lll S 

desi rable to note h ere that th y h:w :> d id d ly modern a pe t 1 and if not 
Miocene, can hardly b r ferrcd to a hori z n old r tbnn til li ' 0 en , tb ugh 
an Eocene (P:tri ian ) ag hn b n •onfid u t ly !a im d for thi formation. 

ee remar ks by Am eghino and ~ mith -,Voodwa rd . col. ~l ug. n w serie, 
Decade IY, Vol. IV, No. 1, Jan ., 1 97, pp. 4-23; a! o this pap r, p. 33-. 

TYPICAL EOCE1 E . 

a. J A K ONJAX STA 1£. 

A 9. Jack on i t~', Hinds County, Mi s is ippi wb r 1 on [oody Bmn h, n fin fo il 
in,·ortebrate fanua ha be n collect d . e onrad I roc. Acad . ' at. i. 
Phila. , Vol. VII, 1 ~;;; p. 257, a ntl H e ilprin, in th same for I -· p. 1 

B 17. Fomntiniferal shales(?)-A eri e of bed over 1,000 feet thi k , of a y tor-
min ed a"'e, conformably und r ly ing the Tnnn I Point bed a 
Or gon. , ee note under B 1·1. 

C 11. Uinta g1·ortp.- From tb iDta Mounta in , · tab . laren o l in", . S. 
Geol. E xpl. Fortieth Par. Atla 1 76, and Dana ~faunal of G ology 4th 
edition, 1 95 pp. 6, 91 . The Ludi an of D'Orbign y is cq nival ut, a cording 
to W . B. cott. 

D 24. Zeuglodon beds.- ocoa po t -offic , hoctaw onn ty, .A.ln.bama, r ec n t ly xam­
in rl b y Rnrus n,ncl cbn c bort , null pr ·Moutiu" ll.LI iuuivillualiz t1 fu.uua, · ~>~ p •­

oially character ized by th r emains of Zeuglodon, oola ranellina, Oslrea 
falco, and otb r mollusk , and rath er nnro rous brachiopod . 

D 25. Moodys Branch becls.-B ds at l\loody B ra nch , Jackson, 1i i ippi . 
D 26 . .Ma1·ka Mills beds.- loveland ounty, Arkansa . ee Harri , G ol. nrvey 

.A.rkansa, Ann. R ept . for 1 92(1 9-i) pp . 9 100, and Am . .Jour. Sci. 3d erie, 
Vol. :XLYII, 1 9-i, p. 304. 

E 19. Santee beds.- pp r Eocene of antee R iver, outh arolin a . ee Tnomry, 
Geol. outh arolin a, 184 , p. 156. Tuomey included la iborni a n as well 
as Jack ouian marls in hi s series. Th~ term a adopted her r efer to the 
upper green marls from whi ch Zeuglocl on h as b een obtain d. Tb serie 
when nnd i turben would probably be el i vi i blo into seveml h orizon orre-
spouding to the clif:feren t members of ti.J pper Eo en e. 

F 10. Ba1·tonian.- able moyens of t h e Pariij Ba in. Barton beds of the English 
series, tc. See Harris, Tahle of 1 91, pp. 327-329. 

b. CLAIBORN f A<"" STAGE. 

A 10. This term a empl oyed h re ompriscs the s rics from th e Orangeburg or Talla­
batta to the 'Vhite Bluff ma;rls, inclu ive. It is divid d by H arris into 
upper nnd lower groups, the former in clndin" th e la iborne sa nds and the 

1 This is the Snpra-Pntagoninn of Hatcher, with mari ll <> fossils. 
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Whi te Bluff, Arkansas, m a rls . See ourad, Proc. Aca<l. Nat. Sci. Pbiln.., Yol. 
VII, 1 -5, p. 2-7 ; Hoilprin, in t h sam for 1 2, p.l 4, and ITarri , Am. Jour. 

·i. , 3d seri es, Vol. XLYII, 1 94, p. 30-L 
B 1 . ..tl?-ago bccls.-From ap Ar ago, r gou, near whi ch t hey nrc well expo eel. 

These beds nr om posed of anclstoncs nncl shales, a nd ext ncl northward 
from Capo Arngo to Cap Gregory and then e eastward to Miner :E lat, on 
t he ·onth shore of th e eutr:m co to Coos Bay, Oregon. They have n.n avera"'e 
dir of 70° NE ., ancl a tbi kness of over 3,000 feet. They con tai n CctrcUta 
planicosta, Ampnllinn p. and oth r middle E ocen forms which sngge t 
th ei r corrcl ntion w ith t h e la ibornian of the Gn lf column. Thy ar e 
ttpparcn t ly n wer thn,n the b lackish rock of t h r eg ion n,bont tl! junction 
of Little River :1ncl t ho Xorth mpqu a which a lso contain Cm·dita p lanicosta, 
but which h n,ve al o a l ::tr ' 0 proportion of distin ct specie . The name Ar a"'O 
beds i nggcs tecl by Mr. Dill r . They appear t.o b older than the b racki h­
water depo its which inclose t ho oos Bay li n-ni te · , tl!ong h t he latter have 
occa. ional in tercalary marine layer whi ch contain pecies of fossi l shells 
appar entl y id ntical with memb r of the Amgo fauna . The brack ish-water 
speci s compri o form b oloJ1"'i ng t o Corbi cula, Cyr ena, a,ncl M lania or C r­
itbiop i , forci bly r call ing thoRo which occur in t ho l igni ~e beds of the 
Pug t gronp, som o f which 11roYO t o be identi cal. 

Th Uml)qn:L bods above alltld c1 to co ntai n a n otab l number of "Lo:conema" 
turritct Gn.bb, which i tat ocl by him to he common in the Tejon, and lm,-o 
be n r cfened by Dill r to th Tejo n g roup . (Boll. Gcol. So . Americn, Yol. 
I V, 1 93, p . 219. ) 'i bil e t bi dispos ition of t h em ma,y bo con!irmotl by a 
stn!ly of th e ir fanJHt , and i probabl , th o Arago beds, which w r not at 
fir t d i criminat cl froru t ho ·e of t he Umpqun, n ow a pp ar, from t h tli ff r ­
cnc<'S in their fauna., to r equires paration as :t di tiJ1ct s ri s of bed . 

ee H ard on t he correl::Lt ion of t h Tejon in i n , Au "' . 1 , 1 93, Yol. XXII, 
p . 97. There . ecm to b e a strong proba,bility that part of t he bed h er to­
fo re refenecl to the 'f ' j on repr sen t the ba •a l Eocene, bnt at present w are 
without nffi cien t ,-idenco to peak po itivcly. 

C 12. 11a~hakie beds.-Wa h a ki e Station, w otwa.t er County, \\' yoming. 'ee Bull. 
U. . Geol. nrvey No . . J, 1 921 p . 337. Thi an d th e other , nbdivi ion of 
t ho Bridger ar a,dopted nth a uthori ty o f P rof. \\ . B. cott. 

C 13. 111--i dge1· gro 11p.-For t Br id crer, Uinta County, \ Vyomin g. ee H ayden, ]'rel. 
Rcp t. G ol. .· urv. olorado a ntl . - w ::l.fox ico, 1 69, p. Dl, nnd uot 1111der 

._ 12. 

For a di ' <' li S ion of b lln rfa no Lnke b d , i n whi h th y ar divid t.l iu to two 
groups, tho npp L' lJ d r egar<l <'d a qnintlcut to the Br idger and the lower 
b •ds t o th Gret•n ( \Yi nd ) Ri,· r or pj) r 'i'i n atch, see sbom , Bnll. Am. 
~l n . Nat. Hi t . , N w York, ct., 1 97 Yol. IX pp . 247-2- . 'l'b Poi on 
C:tn yon s ri , origi nall y ref'C' ITC'U hy] r of. R. . Hills to the low r Eocene, 
are d <'tormi nctl by 'i ortman :1nd loom to bC' r tnc<'on Ji·om th e pr enc 
of l1:1 cnlite. 

C 14. called \V int.l Ri,·cr betl fr om Wind :1nd reen 
riv r \Vyomin . <' )1 e k nncl Ha ycl n P roc .Aca tl. at. ci., P h i la ., Yol. 
XII r 1 61 1). -147- :tnd Haycl u, Pre!. Hcpt. col. u r·v. olora·do and :N w 
~l t•x ico, 1 69, p. 90; a ls not nud er 12 nu<l 13. 

D 27. While 11/u.tf nrarl. - " -hite Blnfl' J eil'<' r on onn ty, Arkan as. e H an i Aun. 
R pt. , ol. U t'\'. Arkan nsf r 1 92, Vol. II, 1 9-1, p. 7. 

D 2 . ClctibOI'n e sauda.- Cla iloorn , {on ro onnty, Alnbama. e onr·ad, Proc. 
A ·tt<l. Nut. c i. Phila., VoL VII, ·1 ~5 p . 257, and E. A. , lltith, Report on the 
G 'ology of tb e onstal Plain of Alabam n, 1 9·1, pp. 17, 122. 

D 29. Ost1·m selliJfvnnis bed. - lail ru e Hln fl", ;lfonr ouuty, Al nbama. Se E. A . 
. 'mitb , Report ou tb eo logy of tb oa t al Plaiu of Alabama 1 9-J., p . 123. 
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The. e, with D 30, 31 nro s tl'u:tim a oci n. ted us tho Low r ln.iborne in 
r ontrn.cli. t in t ion to D 27, 2 , whi ch form th e l ' pp r 'la.ii.Joru . 

D 30. Lisbon berl .-Li bon Landing, Monroe ounty Alabama . co E. A . . mi th, 
Report ou th o G ol ogy of th o oa tal Plain of Al:tbnmn., 1894, 1. J30. 

D 31. Ta llctha t.lct or Oram geburg form a lion. - Hitbor to known as t h ~uhrstonc, n, lo al 
term us d [: r th r ou o- h ili eo ns rock .· belon g ing t o t ho Low r Eoce ne o f t he 

n.rolin as, Georg ia, Al a ba ma , e t ., adoptocl by Ly II in 1 ~ 5 (Qu ar t . .l our. 
G ol. 1-\oc. L oudon, Vol. I , p. ~ 35 ) for a formation whi ch l1 o r gn.rdcd as 
newer tha n t ho whi to J ime ·tone. The 11 a m Bnhr to n had b een u ed by 
F in ch autl oth rs :1 n.rl y n 1 :.3 (Am .. Jour. ci. , 1s t ~<c ri es, I ol. \' IT, p . 3 ), 
but tho t erm i of a c ll oqni al ra.tb r t han a distiu cti \ ' O h ~trn.cte t· . O wing to 
the Yery g reat obj ecti ons to t h e o qual it ati ve miu ora.l o,.i cal t rrus as names 
for for m<ttions, and t he Joo e w ay in whi lt the pre n t one h as b <> n used 
iu the litcr a tur , i t h a b n thongbt u st t o propo a go "'ntphi ·:tlJJH mo 
for the ori " iual g roup . Th e 11 n.mo ol cted is th a t of th ran•• b ur' llis· 
tri ct of outh arolin a, t h t ypi calloculit · of th o Huhr ton , ns deftu etl by 
Tuomey (Geol. onth a1·olin a, 184- , p. 14-9), in COlT c: tin g Ly ll's ·tru t ig­
r<lph y. It w as in t.be Onlll'' bnrg di tri ct t hat Tuomey found he fossils 
which fixed the hori zon, noel al o t he t hi r k tand fin••st xpo. ur . F ortl,e 
expo ures of n early th e a me arr, b nt of difl 'er n t fauna. and li thologic 
charact er iu Alab a ma, I rof. E. A. 'mi t h ug"'e t bc numo Tall abatt a, from 
th e l ocal name of t he hill s conta ining t l.l m. 

E 20. ;1lanzanilla beds.-Eocone betl of [a uzani!Ja, Point, oa t coas t of Trinidad, 
whi ch eem, f rom tb ir fos ·il, to b proba bl y co val wi th the Gutuu b ds 
of t h Isthmus of D a ri n and t ho Am. o beds o f t he upp r p itrt of t h Tejon 
of alifornia. eo Guppy, Qnn.rt. Jour. Geol. oc. L ondon, Yo!. XXII, 
1866, p. 572. 

E 21. Gatmt beds.-Bocone beds of Ga tuu, n ear Vamo ·\' a mos tatiou, on th line of 
tho P a na ma Ca nal. Mr. R. '1'. Hill h a. r ecently brought back a olloction 
of fossils from thes b d~, cou tainin g a uumbe r of laibom sand an d T j on 
(1\rago ) pecie , and fixin g a ppro)o.--imately t h ir geol ogical h ori zou. A 
simil ar fauna was fo und in a di fl'eren t run hix a t l\J i nd i Hill , on t b I iue of t he 
ca nal. • ce a! o Dall, Trn.u . Wagner Fret) lu t . cience, Pbil a.., 1 92, Vol. 
III, p. 233. 

E 22. lla1·k River beds.- hark Ri ve r, New Jer y . ee om·ad, Am. Jour. ci., 2d 
sri , Yol. :XLVIT, 1 69, pp. 35 -36J. 'l'bi , l ike the E oc u of 1'or t h Caro· 
lion., i r garded uy H a iTi as ne wer t han th a t of :Ma ry la u l and Y irg iuia, 
which bas been in luded nod r t he nan1 of P a munkey by D arton. 'eo al o 
W. B. Clark, Prel. R pt. Cret. a nd T rt. Form . of ' ew J er ey, 1 93, pp . 
20 210. 

E 23. 1f7.ilmington beds.- ee la rk, Bull. U. 
also note nuder E 22. 

Geol. ur y o. 3, 1 91, pp. 48-50 ; 

E 24. Ora.ngebu1·g f ornw tion .- e n ot e under D 31. T l.l ori cr inal Buhr t one of 
'l'nomey . 

F 11. Pa1·isian.- ee H a rri , T a b! of 1 91, pp. 327-330. 

C. IIICKA A\\' AN STAGE. 

A 11. Ch-ickctsatoan formation .-This group repre ent tho upper part of what has been 
loo ely termed the Ligniti c or th e lignite-bearing bed of thl:) Eoceu , which 
li benea t h the Oran,.oburg, Tallahatta or Buhrstoue fo~·mation. It i not 
the Ligui t ic of s veral authors who h a ve applied th e term t o th whole or 
part of tho st rata former!~' in cluded in tho so-called L aramie form ation. It 
does not include the earlie t lignite beds of th e rnlf coast region, nor oven 
th y oung st of snch beds . It was allecl th orth rn Ligniti c b .Y Hilgard 
(Agric. and Geol. 'Mississipl) i, 1 60, p . 110) ; Heilprin has termed it tho 
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Eol ignitic (Pro ·. A ad. Nat. ci . Phila. for 1 1, p. 159, footn ot ), a name less 
accurate and otherwi e eq ually objectionabl e. A. p ortion of it is believed 
to lJe iucluded in t he Camel n serie of R. T. Rill, of amden, Ou:och ita 

ounty, Arkansas (Ann. Rept. Geol. nrvey ATkansa , Vol. II, 1 , p. 49), 
but the o lJeds aTe not ch aracter i tic and not t horoun-blyknown. B lieving 
that, to conform to the international rules for geologi nomenclature, it is 
d si ralJ ie t hat a defin ite geog raph ic t erm honld be nbstitnted for th e pr s­
en t petrologic name, the subj ect was laid before Messrs. E. 1\. Ili lgar cl and 
E. A. m it h, with a request that they should sugge t a suitable term to be 
adopted . 

Profe or H i! gar i write , und er date of D ecember 20, 1 95: "The enti re Northern 
Li ni t ic is within th 'Chi ckasaw Purch a e,' and its most ch aracteristic and 
con pi cuous outcrops are on t he four Ch ickasaw blufl's, of which th ~I m­
l his bluff is t ho last. It wonl cl thus seem emin entl y p r oper to let the name 
be Ch icka aw, which I think i not p reoccupied." 

ince <'Ommunicating with Profe or Hilgard I h rLve been informed hy Pro£ sor 
Sha l r that the name Ch icka aw wa , h think , propo ·ed for this group in 
some manu ript prepared forth Kentucky 'tat e urvey at the time it wa 
und er hi direction , and whil be is not ure that i t ever got into print, h 
remember d istinctly that it was colloquially in u e among the member of 
th e nr vey for the formation exposed, as stated by P rofessor Ililrrard, at tho 
lJiutrs of the ' ame uame. 

Profcs or mith entir ly accords with Profe sor Il ilgard's sub tit.ntion; so that 
tbostl chiefl y inter ted having accepted t he change, and a careful search 
not reveal in g any conflicting use of the term, nothing seems t o tand in t h 
way of its adoption. 

The relations of the Ligniti c or hicka a w stage w ith the retaceou and Low r 
Claibornia n in nortbw stern Louisiana ar discus cl by vaughan, Bull. 
S. Geol. urvey No . 142, 1 96, pp. 14- 27, and Rani , The Lignitic tage · I art 
I , in BulJ. A.m. Paleontol ogy o. 9, June 15, 1 97, Vol. II, pp. 195-29.1.. 

B 19. Ke-11ai group.-Lignitiferous b us of t h northwest coast of Ameri a situated 
betwe n th o Me ozoic limestones n.nd the marine Miocene, from the latter of 
whi ch the Kenai group are not sepan•tecl by a,ny stratigraphic bren.k of 
importance, the two rica b ing con formalJl . The Kenai g1·oup i. most 
f ull y di played on the northwest slope of the p ninsula of Kenai, Cook 
Jul t, Ala ka, hut xt u 1 aloug tu coa t 1md iu tl• iutori or, in many local­
itie fr 111 :Xorton i"oun!l on th north to Briti h Col nmbi a a nd perhap to 

r gon. Tb bed were r forr d to the Mi c ne by H er Newberry, and 
other pal ohotan ist, lJn t hy J . "ta rkie Garcln r , D:tw on, a,nd ruowlton are 
b Ji ved to bu Eoc Lle. 'I'h y a r with little doubt co val with tb Atane 
b d f Gr olan d aud oth r nrctic leaf-bearing trata. Their exact horizon 
i doubtful, buts m ' of th plants appear to be common to t h e ligniti c b d 
of tb Me ·i an Gulf e ast, a1Hl lh y are pro vi ioually p la ced her awaitin~r 

d fini te in form ation. Fol"a di cu ion of t ho snbj ('ct e Da.U, Bull. 
col. un·oy :K . 84 1 92 pp . 2-1,9-252; Knowlton, B ull. ol. oc. Am r-

i a, ol. V, 1 93, pp . 6 7-59 , ru.Hl Proc. . Nat. Mus., ol. XVII, 1 94, pp. 
236-240; al o Dal l, ;,.; v n t onth Ann. Ropt. . Geol. urv '!-',Part I , 1 96, 
pp. 837-842. 

C 15. lrasatch.- Wa ·atch Mountni n, , Hayd n, P re!. R pt. Geol. 
nn·., olor·ado a nd :K w ?!Jex ico 1 69, p . 91; Cop , Pro . m. Phi los. oc., 

F b ruary, l 'i2· a.nd. Dnll Bnll. eo!. urv y No. J., 1 92, p.337. ee 
al o W. B. eo tt, ci nc . new r it·s o. 42, 1 9!'l, p. 499. 

D 32. Hatcltetigbee beds.- Hatchetigbeu Bluff, on t h 11 'l'ombigbc R iver, '" a hin gton 
ounty, A.labanlft. . 'e E. A .. mitb, Bul l. . . G ol. un' ey, :Ko. 43, lc 7. p. 39. 

D 33. JJaslti sel'ics.-l3a ·bi Or ek, Iarke ouuty, Alabama, als knowu a \\' oods 
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Bluifs ries . o . with aml.Johuson , Bull. . (I ol. un·ey :ro.43, 1 7, 
p . . J3 · ancl E. A .. mitb, Report on 1b G olog~· of 1ho 'oa tal Plain of 
Alabama 1 94 , p. 27. 

D 34. J'u scahoma series.-Tns n.homa Landin..,., bo taw ouuty, Alabama. 
' Lan.,.don, Bull. eol. oc. Ameri a, Vol. II 1 91, p. 596, and J.~ . A. mith, 
Report on tho Geology of tb ons t.al Plain of Alabama., 1 9·l, p. 16~. Thi s 
eri o is b tor known as the Bolls Landin seri s, bnt Pro£ SSOI' 'mith, 

who ba work d more than anyone 1 on thi crieR , g i vo · pr N·d •nee to 
the nam Tn caboma, who e :llh·anta"'es over tho ot!Jer na1r>e are s um i ntly 
obvious. 

D 35. G1·ertfJB Landing se1·ies.-G regg Landing, Alabama ]{iv r. • eo Harris, Am . 
. Tonr. ci. , 3cl eris,Tol.XLVIJ194p.304. Tbisserie ofbcls, wit.htho e 
of Bells LaucliJJ" or Tu cabom:1 a.nd tho e of a.m~fal i a, form a gr np of 
clo I · relat d faumtl hori zons, whi ch aro 1 y Uarri maintain d to b the 
equivalent of the I amnnkcy Eocene of Maryland and irglllw. 

D 36. Kanajal-ia eries.-Nant\falia llJuff, Marengo 'ouuty, Al abama, on th Tom. 
higbee RiYer. ee mith <tnd Johnson Rull. . G ol. . unTey No. 43, 
18 7, p. 51. 

E 25 . ..dtan e or .. dta.nekerdluk leaf beds.-Disco Gre nl<tnd . ee H eer Flora F ilia 
Arcti ca., Vol. I , 1 6 , p. 72. Th <' b d <tr 11rovisi nally pia. ·ed h r to b 
parallel with the Kenai ronp. It is po ibl that fntn re re carches will 
resnlt in moving both hi gher up in th Eo ene olumn. 

E 26a-b. Pa111unkeyjormation.-Pru:uunkey Riv r, Virginia. e Darton Bull. G ol. 
oc. America, Yol. II, 1 91, p. 439 . This ~ rmation i int ndl·d to compri o 

all tl1e Eocer:e of 1\Ia.rylancl and irginia. as und er tootl by Ro rs and 
om·acl. Harris, Am. Jour . • ci., 3<1 erie , ol. XLVII, 1 94 , pp. 301-30.1 has 

shown that the fa,una of tb beds i paleonwlogi ally imilar to that of tb 
Bells Lauding group of Alabama, a conclusion indi cated by both tho mol· 
lusks and t he coral . i · . B. la rk is of the opinion that the Pamunkey is 
the equivalent of a mor extended portion of the Eocene column n rccog· 
nized in Alabama.. ee lark, John Hopkins Univ. ire. Vol. XVI, J\o . . 121, 
October, 1 95, p. 3; and Bull. . S. Geol. nn• y o.141, 1 , p. 39. Profes· 
sor lark divides the I ary la.ncl and Virginia Eocene (P . munk y ) i11to two 
aerie of beds, t he '\Vooclstock, aboYe, which he is inclined to r ,.,.arcl a the 
equivalent of the laibornian; and t h Aquia r olt , below, wl1ioh i more 
distinctly hlouti c'"l w i th tu Tu ouuoum ot• Dull Luullill • ,;~; l'l c of All,.. 
bam a. A more thorough knowlollg of the fauna in the Pamunkey i senti a! 
to a. .. finn.l decision on thi que·tion. 

F 12. uessonian.- ce Ha.rri, Table of 1 91, p. 330 · aucl Dana, ~lalllul of G o!O"Y· 
4th ed ition, 1 94, p. 925. 

d. MIDWAYAN TAGV.. 

A 12. Miclway slage.-l"rom :Midway, a plantation and landing on the Alabama Riv r, 
l'i ilcox Connty, Alabama. 'ee Smith ancl John on, Bull. ol. Rurvey 
No. 43, I 7, p. 62. For a. pba e of thi erie Langdon propo ed tho name 

'layton group, from Clayton, Barbour onnty, Alabama (Bull. C:eol. 0 (' . 

Am erica,Vol.ll,191,p.594), andE.A. mitllinbi la.testpubli caliou ems 
clispo eel to ub titnte the name Jayton for that of Midway, as a wh lo 
(Re11ort on the Geol orry of th oa tal Plain of .Ala ham a, 1 9.J., p. 192). ome 
fnrther examination into their equh·alency would see111 ad vi. :tble before 
thi chang is definitely adopt cl, t hongh Mid " ·ay a a proper uam <' i open 
w obvious obj ections. The ubject has been di cu eel by Harris in Hnll. 
Am. Pal. No.4, 189fl, pp. 7-13, who adopt the uame Midway and fully illns· 
tra.tes the fauna. 

B 20. 'l'ejon r; ro•tp.-x~rom Fort Tejon, Californi a, nea1· whi ch th f~Jrmn.tiOil was 
fir ·t recognized by om·ad in 1855. The fauna at this locality, where the 
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T jon hels lie nn~onfonnably upon metamorphic r ocks, mu t be regnrrled 
as t.ypical for this formation (see note und er B. 1 ). It is a se1-ted that in cer­
t~ in . itnfttion (as a t 'ow Idri n, alifornia ) the Tejon is not only conform­
aula to th Chico Cretn.ceous ueds, bu t represent sed imentation continuous 
with t h eirs. If this prove t rn e it is oh,-i us that the lower part of tlHI Tejon 
mnst r epresent t he ba al Eocene. Hnrri s (Sci nee, Angnst 1 , 1 92, Yol. 
XXII, p. 97 ) has shown t lwt th fann n, Jlre ents great similari ty to t hat of 
tb Lower laiborno of Alabama. Dr. ,T. C. Merrinm, of th ui ver i ty of 
Californi a, after a Cthr ful stn<ly of tho Martinez group of Gabb, finds the 
typi cal fauna occurring n ear th e town of Martinez Yer y distinct from tha.t of 
the t~ pi cal Tejon which occm·s abov i . ee Jour. Geol. , Nov.-Dec., 1 97, 
Vol. Y, pp. 767-775. It is th erefore probable that t he conformity r eferred 
to is aocidenta.l nnd local, and t hat no true contin ui ty e:-cist , in tb coso 
in tended, in t bo Cr tacoou -Tertiary sedimontntion. The T jon is provi­
sionally l eft n.t tb foot of t he colnmn, lJUt shonld prob:t bl y b r a ised to t he 
Cbicl;asawan divi sion, or even higher, leavi ng the Mar t ino?. bed - to r pre­
sent the Midway in the Pacific oinmn. The Yi ews of ' tanton , formulated 
before Dr. Merri am bad completed l1is rescn rches, and in which t h form er 
tr ats the Mar tinez group a Low r Tejon, and gi,·es r eferen ce to t he rnth r 
copions lit rature of tb is vAxecl q nestion, may be found in the , cventeenth 
Ann. Rept. . . G ol. n.rvey, PnTt I, 1 96, pp . 1005-1036. 

B 21. Jlfa1·lin e;;; !JI'Oup.-From the town of Martinez alifornin, near which t ho ypi-
cal outcrops occur. ee note nnder B 20. 

B 22. Pu!Jel !JI'OIIp.-Brn.cki b-wn.ter lignitiferous beds of Pug t ouucl, '\ nshiuo- t,on. 
ee White, Am. Jonr. i., 3(1 ries, Vol. XXXVII, 1 , p. 443. In hi s dis­

en si on Dr. '\Vbi te qnot Mr. Willi ns to the enormon thickne of tbe 
bed includ ed in the Puget group, and de cribe tJ1 em as e tuarine. ertain 
marin o lJeds of Dwamish, Puget Souncl, contain Tejon fos il · and areren-arded 
b y Mr. '\Yilli s as not older than the upper part of the Png t group, whi h 
wonltl t bus appear to be essentially of Tejon age, and probably repro ents 
es tuarine local conditions coevn l with pnrt of the hi o cri es, ueing tlm. 
basal Eoc no or nppermo t r taccon . Tbe conditions of estuarine clcpo i­
tion with development of lin-nit bed. probably outinued through the 
Eocene and possibly in t,o Miocene time. If o, the Pnget. group lll<l ? e,· n­
tually u o differentiated in to several member:. . ec note nncl r 13 1 . ee 
:Ll o Durmrd Inl t b ds of . ir· .T. "r. Dn.w on , Trnn . . Hoyal Soc. annda, 2d 
scl'i , Yol. I 1 -, pp. 137-151. 

C 16, 17, 1 . !'11 rw beds.- opo, Ann. R pt. l-. . Goo . 'nrY. IV. One Hrmtlredth 
Mer. for 1 75-1 77, nnd Am . Xaturali st, Yol. X\ I , 1 2, pp. 177- 1!)5. The 
v rtobrl1to fo~sil of th Pnerco b cls are eli cuss d hr 0 born an<l E arle, 
who show that the seri es ontuins wo principal horizon bearing fo ils; 
tb l wer, l yin g n ar th ba e of the formation wa found expo eel at Pina 
V rtn. nn yon in th , 'au .Juan ha ·1n of n orth we tern N w Iexico nnd •1 e­
wb er . It i ba rnet ri zed e p •iall y by tho g nora P olyma todon and 

hri n.cu . Tb upper, R paratecl fr m the l ower by an interYa! ~f 30 feet of 
unfo s ilif rou ro k, was 0}.1_)0 d nmong other pl ace , at the lJeatl of an yon 
Gal l go, and i barn,cteri ze<l by tb g nera hirox, lndrotlon n.nd Panto­
lambcla. Be id th ha.ra cteristi genera m ntion cd, t here are n um erous 
other c· ommon to th two beds. r hn \' therefor separatecl t he t wo hori­
zon in the table. . ee 0 b rn :tnd Earle. Bull. Am . Mus. Nat. Hi t., Vol. 
'\II, 1 95. pp . 1-70. 111 ore tban two y •ar a.hcr th n.bove wa written, Dr. 
Mattl1 •w r c1 ortod to tl1e "ow Y rk A ndemy of ~e i en oe t hat the upper :tnd 
low r Pucrco b cls contain in oorulllon no pecies R.nd.only three or four gen­
ern. H tainin cr for the lower seric the n ame of Pu reo, Dr. '\Vortman pro­
pos s for tl1e upper bed the name Torr "'0L1 formntion. eo Scienc , D c. 3, 
1 97, u w ries, ol. VI, No. 153 p. -z. 
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C 19. Fort Unio'lt !JI'Oitp.-Fort niot• , in w e torn 'ortu Da.J ota· a lso known a. the 
Grea t Lignitio cr ronp . oe l eek aud Hayden Pro •. Acad. Nat. ci. Philn. 
for 1 61, p. 433, aml Knowlton, Proc. . rat. Mu s., Vol. XVII, 189-1, pp. 
207-2,10. 

D 37. Na.heola s ries.-Kaheola, .?lla rengo Coun t~·, Alabamfl>; a lso, uutl perhaps better 
known th o M:\tthew Landing scri e , from the point of th at JH\tll in Wilcox 
Co nnty, Alabama. ee mith and .John on, Bull. . . ' ol. ur vey No.43, 
18 7, p. 57, and ntith , Report on tlt Geology of the 'oastall lain of l:1l.u1ma, 
1 9!, pp. 1 1- 1 230. 4 1. 

D 3 . ucan1ochee series.- F t·om u arnocbeo r ek , ' Vilcox ounty, Alabama; also 
known as th Black Blu fr eri es. See mitb n.ncl John on , 13nll. U. ol. 

urvey Ko. 43, 1 7. p. 61, anrl mitb. R port on t b eology of th 
Ilnin of Alabama, 1 94, 1'11. 1 6,:. 0; also D all :mel Harris, Bnll. 

urvey No. 8-i, 1892, p. 3_2. 
D 39. Midway limestones .-From l\Iiclway, 'Vilcox un ty, Alabama . not ttncler 

A 12. 
F 13. Cer11aysian.-After ' roays, a vi llag near Rheims, France. 

of Geology, ,ith edi t ion , 1 9-~ , pp. !, 923, 92-. 

B.J.A.CENT ME OZOI 

Dana, ~lanual 

B 23. Chico hasta g1·oup.-Al o widely !mown a tb hi o-Tejon. From the t own 
of Chico, Butte Coun ty, Cal ifornia. ee n ote nnder H 20, and . A. W'hite, 
Bull. . . Geol. nn· y o. 15, 1 85, p. 11, and pr liminary r marks to this 
series of no te. Compar the ~auaimo !!TOnp of . ir , V, 1 a. w on, Tmns. 
Royal oc. a.uacla., ~d aerie , 1 95, pp. 137-151. 

C 20. Denvtn- !J7'0rtp.-Denver, olorado. .'ee Iar&h, Am. Joul' . ci. , 3d r ri , Vol. 
XXXIV, 18 7, p . 32•1; , tan t on and Knowl t on, tratigrapby and P aleou tology 
of t b eLa.ramieanclrelatecl formntion in Wyornin", Bull. Geol. 'o . Ameri ca., 
Vol. VIII, 1 97, pp. 127-156· :1ncl p relim inary r ema rks to this paper, p. 333. 

D 40. R·ipley 91'0 ttp.-From Ripley , Tippalt 'ouuty, Mis i sipp i. " e Hi lgarcl, R pt. 
Aoorio. and Geol. l is i ippi, 1 60, p. 7. 

E 27. U]Jper Ch·een Mw-1.-Accorcling to White :md ' Vhitfi ld, wh ile the npp r reen 
Marl b c1 of New Jers y ha in it low r portion fo ila of tb Ripl ey fau na 
and in its upper part speei belou o- ing to the Middle E ocene, ther i rea lly 
a. fa nna.l hi ~ttus betwe n the two. Tho ew Jor ey marls a.r deposit form d 
in troubl d water and a re tratigra.phica.lly unreliable from the tendency 
to exhibi t m ixed and het rogen ons fo s ils . ee White, Bull . . iS. eol. 

urvey No. 2, 1 91 pp. 100, 106; and Wbitfi lcl :\Ion. . . Geol. 
Yo!. XVIII, 1 92, p . 20. 

F 14. Danian.- ee Dana, fa un al of Geology, 4th edi ti on , 18!J4, pp. 5 , 64, 66; 
a.l o Harri , Table of 1 91, pp. 3 0-331. The pper Danian or Garum nia n 
of Meulan (Pisoli tic limestone), though referred to t h E ocene by :\layer­
Eyma.r as above, is by later anthori tie pretty generally a ignecl t th 
uppermost retaceous, deduction being made of t he Ca.lcaire do Mon , or 
Montiau of Cornet and Briart. 
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TilE PlU 

GL \OIER OF 10 N'I RAINIER. 

By l. 'RAEL . R s ELL. 

1P L PITY l Al:. P EATU HE OF THE T TE OF 
W A JIINGTO :r . 

'l'lle tnte of Wasbiuo·ton pre cuts marked geographic a nd climatic 
div r i ties . The ascade l'IIountaiuscro' the tatein ageneralnortb ­
ou th direction ~wei di,·i de i t into two portions \\·bic!J are a different 

from each o ber in nearly a ll thei r f, atures a· two ad.iac nt r gions 
can ,yell be. 

The ' a ·ade 1\Iountaiu begin at the outh in norther n 'alifornia 
and ext nd uor thward aero · Or gon and Wa bingtou an d into B ri ti b 

olumbia. Iu JIOrt!J ru vVa ·bingtou t!J e r auo·e i compo ed of gntni tic 
rock , aud it ·' 11ic feattu·e ar b rc much more diYcr e thnn in it 
southemexteu ion, wh er·eonlyigueou rock , mo t lya nd iteanclba -alt, 
haven ' yet u en report d to occur. htny of the ummit l) aks f the 
Ca ·adc Ha nge in "\Va lJington are from 6 000 to ,000 fee or more in 
n lti tud e. ..::\..t lea t fi Y pa s ar k nowu which are co n idered practi ·a­
bl for r a ilroad. . The e range iu cl \ atiou from 3,100 to 5,500 feet 
abov the~ a . T!J lnmuia l~iTer, ft owin •.,. from ea t tow t pas ·c 
thr tt<Yh t he mountain formin g in part th > uonudarybetwe n \\'a bing-­
ton ml(lOr gon nntl dis e ts th ran g nea l'ly to a 1 vel. Tb l Ya­
t ion at a, ·ado L Ck l:' i ' bu lOG feet au ve tile 0. an. 

Ea t of th f, othill t b of' the 
olumbia asiti ·t rm d \\'bi·bmerge u t lt e outuwith ava t platean, 

forming· outh •a t m "\\rashiu gtou and ex t uding- far into Oreo·ou. The 
elevation in thi s r giou mng from about· 00 feet alon g the ohunbia 
to 2,500~ t ncarth W a!'< hin "'ton-ldahououudnry. eut ral and outh-
n tern ashingtou, mura in g a r giou nbout 20,000 quare mil es in 

ar a wa, 011 a I vel pla in of ba alt form d by many ' ucce i' e flow 
of molten ro k. In the Ilei ,,;hborltootl of tl1e 'a cade th e once level 
ba altic h •t have be n brok n by unmeron line of fracture aud the 
interveniJJ O' block have b n variously ti.lted , bu t in the outhea t rn 
portion of t he tat th lava, beet <LI' t ill horizontal a1 1d form a 
nearly 1 vel plateau i n wh1ch ther ar many deeply eroded tream chan-
nel , orne of which, termed coul l ar no longer line of drainage. 

355 



356 GLA IERS OF MO T RAINIER. 

Tit a t hwa flow whi ·h ·o v red centml nnd Ro nth east'nt vYa h-
iugtou, a ud a · till grca ter region to the :onth wanl met th mountain , 
of metamorphic ro ·k of hlalto and Washin gto n in n,n itTen·uhtr lin e 
coi nci!ling iu g nera i with t l1 vVash i ngtoH-ldalto bou nd ary from the 
Oregon line north wnrd to pokanc Rher; th nco we::; ward tl1 border 
of the lava i ·fo llowed by t h olnm bia in nJ akin •'· i t we terly d tour, 
kuown a the Big Bend. To the north of th .B ig l~end or th Colum­
bia arc r ugg'd mountain , of grau it rock which m rg with the 
north ern ascn,d . h n th o· ol gy au<l g ooTai hy of \\ a l1ing ton 
are more horo ugb ly. tudi ecl it will proba.bly b fou11d t.l1 at th g ranitic 
portion of t he northern a cades belouo- in reality to th gT nt r·ic 
of bi n·hland and mountain ' nort l1 of the B ig Bend which is de ignat d 
in g· n ral a.s the Okanogan ~Iountai11 . 

The ~r·cade Mountains nr 1 r eipit us 011 the w and d ce11 tl 
abrup 1.} to a re n·ion of mild reli fi n which tl1 extr m ly in g-ular 
ba iu occupied by J'uo· 't uud i nnk. Thi ' low cou ntry d 'ply 
covered with glaci ~Ll drift ext nd w stward to the lyrnpic Mountain · 
aucl to tbe Paci fie. 

' bowu in tbi brief ontJ iu e, tl.Je mai11 o· ograr hie featur · of Wn ' h­
ington are a 0 Tent mountain rano·e tr nding approxi maL ly :N . Jf>O g ., 
a rou o· ll ened lanL pL,t au n th ea t, and a dis: t d plain of ghl ·ial 
drift on til wet. 

· ocia t d 'vith t ho a cade range in Y\ a hiucrtou, bu of late1· date, 
and di tioct from it bolh geographically and g ologi ally, ar fom 
especially promineut volcanic mountain·. bout F rnil ' a t of tll 
re t line of the a ·ades in outh-ce11tral Wa hiugton taud M un t 

Adam , 0,570 fe t hio·b. T his is a vol an ic coue much defa · d by di . 
in tegration and ero ion, bLlt team e caping front i ts ummi t reveal ' 
the fact that the rock wi thin t.he 110w- and i · - ·ov r d cou are till 
hot. Fifty tnilcs we · of lte a· ·ad ·, aud Hea-r LlJ au a lia,u 'bound· 
ary rises 1\Iou ut Baker 10 7-; feet lligb al ' O <tvolcani mountain, with 
a well-d fined crater 11ear it ummit. imilar to 1onnt Baker in g o­
gra]Jhical po ition, but in tbe onthern part of th Puget ound coun­
try, stands Mount St. Helen , 9,750 fe t high. Mount Baker and 
Monu t t. H elen have been in ruption iu modern tim ·, :111d i t i ' 
believed, altl10no-h perbap not proY u that erupti ns from them l1 ave 
occurr cl within the la t fift;y yea r . 'I be fourth great vol ano referred 
to, and th e gra.ncle t of all i Mount Rainier to be de crib d later, ou 
which the glacier· formi11g th nbject of thi pap r ar ituated. 

GLIMA.1'E . 

Of pecial intere t in the tucly of the g lacier of ~1ount Rainier is 
the character of the climate of Wa hington. 'rh plateau countr.} to 
the ea t of the Oa cad ::; i arid and partakes of the d e er t-like n<Lture 
of the Great Ba in region, of which iu mauy respects it is a northern 
exten ion. The rainfall i · small. Over an area of 20,000 quare miles· 
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tb P- mean annual pre ipitation varie from 5 to 20 in ·l1 ei'\. The sum­
mer., are long a nd hot· the wint r mild and raiuy. uo\\· lie on the 
higher portion~> of the plateau for everal '"eck ea ·h yea 1·, bn t Reldom 
renu-tin s more t lnm a few day.· in the va.ll cy . T he plntca.n i · treelc s. 
In the lo,Yer vall ey agebru l.t and other de. r t sh rubs impart t heir 
neutral t in t· to the lantls ~,;ap . The hi gher portion of the platenu in 
a tate of nature were cover d with lu xuriant bunch gras e. . {ucl.t 
of the form r prairi e is now und r cultiva.ti.nn . The deep rich ~-;oil 

formed l>y the decay of basa.lt ab orh th e rain a nd retain it in u ·h a. 
manuer a tor ud r wheat raising pos ible with an ann nnl precipita­
t ion of le t l1 an 20 in ebes. 

West of tl1 Ca ·cade the en t ire country, except certai n l imi ted areas 
where ·oil con lition nre unfavorabl e, was originally cloth cl witlt mag­
nificent fore · ts. T he forest of fi r, cedar, spruce etc. from whieh t he 
Evergreen • t:tte derive· it popular nam , extend from t he sbore of t he 
Pncific over the Cascade fountains a nd down their eastern f' lop to 
an elevatioll of auont 2,000 feet, leaving the hi gher ·unnnits bare. 
Tl.Je annu:tl rainf:tll to t he we t or the mountain s range- from GO to 
onrJOOinches. On th bi o·hermonnta in i ti probabletha themcan 
annnal precipitation, mostly in the fonu of sno~· , i iu exc.:c. of' the 
ben ,·ie. t precipi t-ation ob erve(l in the vall ey· . 'Ih e tempcrn.ture 
tbrongbout tl1 year i stu·pri in gly miltl and equable. The win ter are 
lmmid, but with littl e , now in t il Yalley . 

The prevai lin g willll in Washington are from t he we, t, a11d com 
from the Pa ci fi cbaro· d '\\' i b moi tnre. In pa. · in o· 1\Iount l~ainier 
and other lofty mountain they are forced up ,1·a1'Cl, rnrefiecl, and elti ll etl, 
an] part with mucb of t h ir !.tumidity before rea ·bin g the plateau east 
of the Ca. cad 

Glacier. are no le· d pendent on ·limatic co ndition t l1 an fore t . 
W r l1ioh mou ntain ril-;e in t he paths of 
warm monntai11 of IY<1 hin oton, and parti ·u-
larly n .i'llou 11 lh~i ni L'. th , co nd i ions ar abundantly fn l fill d. 

l 0 'ITIOK A D l~ LJ~Y .ATION 01•' :i\IO ..... r'J.' R.A.lmER. 

Monnt Rai ni r i' Rittmt d a.pproximat'ly 4:) miles l'lOilth astor the 
rityof'Ta.·onuLa nd 11 mil I:;W''toftii C 1'(' , ofth Ca cau i\lountains. 
A determined b · th ruit d tat G oloo·i al nrvey it highe t 

nmmit C'rnter Peak i~ in latitud J(iO 51' 0±. J" and lon o·itnd LlO 
45' ~ .50" and is lJ. 5~G fe t in hei ght. 

'l'h cou n try in t .rv nino· betw 11 Puo·et onnd and the foothill of 
:J\Jount Hainit~ r is low and for th most pnrt heavily for t COY red. 
li rom Ta oma wbi ·h i: at tide l " I 11 \rho! hri o-lt t of the mnj e t i 
mountain i. in ,·iew · i.ltat is t.h i na l heigh t of t he peak embraces 
the ntire I nttion of its nmmit abo ,·e th a.. 'l' be nppea ranc of 
tile mou ntain fro m near Tn ·o ma, i ho1vn in t it photograpl1 forming 
Pl. L-"-v . A ltl 1 ng h mnel 1 of th d tail in t he. culp tming of tb moun -
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taiu's slopes is lo t iu thi picture, yet it rves to how tll i olation of 
the gr at peak and th roann r in wbi lt it tower above all it neigh. 
bor . een from many point on Puo- t Sound ev n a far north as 
the trait of Fn a, tbe monntai11 i wom1erfu11y impr ive. It ri C' 

boldly into tb ky a. a mao·niftcent SltOir-clad dom , and ap[ ars 
uffi iently rugo·ed and precipitous to bid d fianc to th bold st moun. 

taine r. In fact, it north rn id is o pr ipitou that no a cents 
have be n attempted from that direction. 

'Io tbe ast of Mount l~ainier and i nt rv nin o· b twe nit base and 
the Cascade range, th r i a rugo·ed and d ej1ly roded country not 
yet thorong!J ly xplored, in which the lt i o·b t p ak are, by estimate, 
between 7 000 aud 8,000 £ et high. Tbis region, in co tnmon with th 
lower lop of l\Iount Rain i rand nearly all of t h adjacent country 
a preYiou ·ly stated i den, ely£ re ' t ov red. 

Th important place that 1\Iount Hainier occupi in th mind of all 
who are familiar with the harming sc n L'Y of w stern Wa hington ba 
created fL de ire for more detail d information on rnino- it higher 
and more ina ce . ibl portion and particularly to tbe 
glacier vi ible on it · side from ()"rea t cl i tance . 

DI OVJi;UY A DEAl LY EA.'"PL R TI 
RAINIER. 

1 ~ MOU:NT 

pani h explorer entered what i now known a Puget ouncl in 
1790, and mu t have be n familiar with Mount Haiuier as een from a. 
di tanc , but, o far a, there ord eem to show, they did not giv a 
nfLme to tbe roouutain. 

Yancou er explored and mapped Pug t Sound in 179 .. and named 
not only the waterways and tb ir imm diate. bor but ev ral of the 
mountains een in the eli tance a well. Mount Bakpr, Ra.iniflr, nml 
Hood woro uaru •c.l at ll.li · time in honor of th lord of the Briti ·h 

clmiralty who e name they till bear. In the narrative of his oy· 
age/ in de cribiug the region about PortTownsrnd, Cal ta.in Van ·ouver 
stated that a '·very remarkabl' high round mountain, overed with 
now, apparently at th outltern extremity of tlte eli tant range of 

snowy mountain before noticed [the Ca .. cade l boreS. 4~"'0 E.' When 
farther outh iu Puget ound, he record d (p.70) : "'Ib weather wa ' 
erene and plea ant, and the country conti nued to exhibit, between u 

and the eastern snowy range, the ame luxuriant appearance. At its 
northern extremity }\[ount Baker bore by compa N. 220 E .; the round 
snowy mountain now forming it southern extr mity, and which, after 
my friend Rear-Admiral Rainier, I distingni ' bed by the name of Mount 
Rainier, bore N". 420 E . 

Before the coming of Vancouver the Indian had a 11ame for tlle 
mountain in whi h we are intere ted. To them it wa known a · Tacoma, 

1 Cnptaiu ,eorgc Vnncom·cr , A Vnyuge of DiscoYery to tho }[ortl.l Pnciflc Ocean ami Round the 
World , London , J 01 , 8°, ,-ol. 2, 1 p, 73, 79. 
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as nearly a. their pronunciation can be rendered in E11glisl.t. Person­
ally, 1 am trongly in favor of retaining tl.te aboriginal name, but as the 

- 11ited States Boa.nl on Geograpl.tic Name ha dflcided that the name 
which Yanconver g::n-e shall be nsed on Government ma.p and in offi­
cial p·ublications, I have no choice in tbi paper but to accept their 
decision. 

The first ascent of Mount Rainier W!l>S made by Gen. Hazard Steven 
and P. B. Van Trump in Augu t, 1870. A.n ex eedingly graphic and 
ent rtaiuing account of thi pioneer climb was publi, b d by Stevens in 
tbe .Atlantic Monthly, Yol. XXXVIII, 1 76. Tbi asceut wa made on 
the ·onth id of th e mountain, by the way of what a re now known a. 
Paradise Park and Gibraltar wl.tich i practically the route followed in 
receut year by many tonri ·t . After spending a nio·bt iu the crater at 
the ummit, they made the descent by the arne route. 

In October, 1 70, 1\Ie r ·. S. F. Emmons and A. D. V\ ilson, of the 
United States Geological Exploration of tl.te Fortieth Parallel a cended 
Iount Rainier, takino· es entially the arne route as tl.tat followed 

about two months before by teven and Van Trump. During th i 
excu rsion mu ·h valuable information concerning the geology of the 
mountain and e pecially in r lation to tbe numerou glacier on its 
ide , was obtained and tbi will be presented later. 
During th past ten years the south ide of Mount Rainier, between 

the "i qnally and Oo\Ylitz glacier , ha become a favorite and much 
frequented re ort for camping parties. The park-like region near 
timber line pre ent · unu ual attractions on ac ount of the r,ool ummer 
temperature, bracing a ir, and magnificent cenery, and al o furnishes a 
con enient starting point for person de iring to climb the great peak. 
An e ' pecially beautiful portiou of the southern slope, known as Para­
di e Pa.rk is one of a number of or en meadow-like tract trewn in 
profu .. ion with charming flower during the bort summer and diver i­
i.ied bytl.trif'tygmve offir towhichmncbofit b autyi due. From 
Paradise Park the way to the . urn mit of Mount Rainier i ea ily fouud, 
and the climb, con idering the elevation attainable i by no mean 
diffi ·ult. 

IL~R.A TERI TI 

Mount aiuier i an extinct volcano. The re idual heat of it once 
molten rock sti ll o·i\-e origin to steam jet , li CYhtly impregnated with 
ulphurou ga e in a few in tance , which e cape from crevice in the 

uow partially now-filled craters at the ummit . 
.A has b 11 determined by Bailey Willi , tbe mountain tand on a 

lanting p neplaio, wbi l1 consi t of o-ranite ' , cbist , and coal-bearing 
T rtiary rock : that i , the region where Mount Rainier i situa.ted 
wa roded duriug late Tertiary tim s un til it wa reduced practically 
to a plain at ea lev I. Such a I hLin i, known among geographers a 
a peneplaiu. Tbi peueplain wa then upraised and t ilted o as to slope 
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g ntl y we. tward . inc th e plain wa b n d eply 
di s cted by ero ion, :wcl th e Janel ma es bet we n t h sunk n t ream 
cha nnel hav b en worn in to mountain form . Tbe o- n rn.l lev l of 
t he , ummi t. whi •h mark a.pproxim ately the po it ion of the t il ted pen . 
pla.in in t he r gion aljacent to fount Haini ron th e nor tl1 , is <tbont 
6,500 ~ et. The tream that have rotwbencd the plnin by excavatiu 
deep channels in the rock compo in g .it were ·uided we 'tward by t il e 
slope procl nced by the uplift ing; t ha t i , t heir com·,e w r dct rmin d 
by th lope of tb land, due to til t ing and for thi 
cla ed a con~eq uent tream . ev ra l river hav t h ir OUI' C in 
t he glacier of J\1ount Rainier, and flo w away fro m th e mountain in a ll 
direct ions, a nd have cl eply eroded it ide~ . 'fh , too ar on, . 
quent trea m ; that i , t heir cour e were letermin cd by tbe orig inal 
slope of the mountain . 

Tb late t marked rup tion of Iount Rainier cea ed before th work 
of ero ion, now evitlencetl by nch on picuous re nlt on it:· low t· 

lopes a nd in the platfo rm on whi hit tam] wu: fa r n<l vanced. T he 
ro ks all about t he b~t e of tb " l a.no are 111 ai uly Terti a ry edi1n nts 
an d the product of an icnt volcan i eruption s. Of ol d r date tha.n 
tbe Ter t iary, a nd apparently ri ing th rough tbe ro k. o that ag at a 
few locali ties, are i olated area of li ght- colored granite. On t rop 
of gran ite were noted on the ou th id of fount Eaini r nea.r the 
extremity of the Ni qually Glacier , by Kantz in 1 -7, and Hl o by 
Emmon in 1 70. Simi lar g r·ani te, formiDg bold round d knob. and 
mountain -like mas e on tl1e nor tl1 id of t h motmta.in, between ar· 
bon and • in throp gla iers, wa. discov reel iu 1 96 durino· the recon­
nai a.ncewh ich formed the b:t i of this paper. line conn ctiu g the 
granite outcrop on the two id s of t he mountain bear lightly ea t 
of north, and pos ibl y indicate t he dir ction of t he liue of fracture 
that admitted of the extru ion of th la.va of wbi h ~1 unt Rainier i 
bui lt . n hypotbe is uo·ge t d by th e ob rvation. mad by my elf 
la t ummer i that t be g ranit '"a, rai eel by faul ting after the 
adjacent Tertiary rock were depo ited. bu t previou to th ir b ing 
worn down to a peneplain . No opportunity wa found !Jowever, for 
testing this ugO'e t ion . 

The main ma of f ount Rain ier i com po eel of and . ite a.nd basal t, 
which were ejected to a con ideraule extent in a frag me11 tal condi tion 
as cori a, pumice, lapilli, bomb , etc. La\a tl ow were not abundant 
duriug tbe later s!age oferuptio n. Th e 1110untainrank asacompo i t 
cone, but so far a it. tructure i revealed in th e canyon and amphithe­
ater sculptured in i ts ide , an tl as i indicate<l also by t be profil of 
t he great cone, it wa bui lt largely of material thrown out by explo ion 
from a. ummit crater. Th profil e of the mou ntain and the character 
of it. ummit how t hat a t the time of its greate. t per:e ction and 
beanty it r o ·e a a taperin g cone, with gentl y concave ides, to a b io·bt 
about 2,000 feet gre~ter than its present elevation . At a la ter date it 
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wa truncated, probably uy a n explo ion, which removed t he upper 
2,000 feet and left a snmmit crater from 2 to 3 miles in diamet r. 
Remnant of tb e rim of this imm n e crater no~- form Peak ncce 
a11d Liberty 'ap. Subsequently explo ive ruption partially filled 
the great crater a nd formed t~·o ·mallet' craters withi11 it. The rims 
of t he. mnller c· ratcrs are t ill ·] early t racen ble, although nt pre ent 
the depression tb y encircle are nearly fil led ~ith snow. A mod erately 
prominent point between the two younger ·rater known a rater 
Peak, i now the actual summit of the mountain. 
Asl\Jount]~aini er tand . to·da itha lo tmuchof itsyoutbfuloTace 

and ym metry. It. rock have yi Id e l to frost and torm and ha\e 
been deeply sculptured by glaci r . T!Je cltara teri tic feature pro­
duced by the deca y, eli ection, anrl e ro. ion of the rock formin()' t he 
mountain, and tit future topoo-raph ic ·ltano· , that may b expec;tecl to 
take place if t lt e preRent de tru ti,-e agencies con tinn e their work, w ill 
be co tt icl "re(l after th nature of the g lacier to which tlte change in 
the pbysiogl'aphy of the mountain ar mainly dne a 1'e briefly discu sed. 

X RRA'IIYE. 

The reconnai . ance dnrin g whi •h tlt note for tbi es ay were 
obtained began at arbonado a mall ·oal-minin g t wn nbont 20 mil s 
sou thea t of THcoma, with which it i con1te ·ted by a bran h of the 

nion Pa itic Haill'oad. Oarbonado i ~ ituat d on th e bord r of the 
unbroken fore t. Eastwarcl to beyond tlte ere t of tbe Ca cn.de Uoun­
taitt i a prim eval forest, the d n ity Hll(l magnificence of which it is 
impo ible atlequat ly to de cribe to one " ·hoi not omewbat familia'r 
wi.th tlt e ruget Soun<l region . From Carbonado a trail, cut throuo·b 
tlte forest under tlte dire ti.on of Willi in 1 1, lead to Carbon Hiver, 
a tream flowing from Mount Rainier, ~lJi ch it formerly cro eel by a 
bridge that i 110\1' cl ·tr yed a,ncl tben c ntiuu to tbc w t of Lite 
mountain to Bn ywild. A branch of thL trail J a 1 ea tward to the 
north ' i<l or th mountain, ntakin g a e ibl a b autiful r egiou near 
th timb r lin e knO\Yn a pl'ay Parle \.. portion of th mnin trail 
and th bran h leadiu o· to pra,.r J ark i . hown on th accompanying 
map, Pl. LXVL 

Onr party ·on i, ted of Hnil y Vi illi . g ologis in barg . GeorO'e 
Oti mith and my. elf, a . i tants and F. l . in \\'Orth, Fr cl Kocb 
Vi illiaru B. William ·, and fi chael Anti r ca111p hand 

From arbon aclo w proc ed cl with pack animal along the Willis 
trail, already wention cd, to tb cro , ing of arbon Ri\ r . W > th D 

le ft the maiu trail ancl \V nt up the ri ght bank f the ri\er by a trail 
re entlycuta fnra the month of ' bcnui •·eek. Attbat loca.lityou r 
party wa. divided. Willi ::tllll my elf, taking blanket , ration , etc., 



362 GLACIER OJ<' MO ' 'f RAINIER. 

and cro ing the ri1·er, pro eeded up it bowlder· trewn left bank to tb 
foot of arbon Glacier. The r mainder of tbe p<trty cut a trail along 
the rio-1Jt bank and in t he cour!ie of a few clays ucce ied in makin g 
a depot of nppli e near wh re the ri er m rge from beu a,tll tbc 
extremity of the glacier. Th pack train was t h n tak n back to near 
Carbonado for pa. tur . 

The tramp from C::trbonado to the foot of the arbon Glaci r wa 
full of intere t, as it revealed the ·baract ri tic of a great region, 
covered with a den e forest, whi ·his a part of th de ply di . c ·ted 
Tertiary peneplain nrroundiug l\foun t I aiuier. Th rock from Car. 
bonado to arbou River cro ·ing ar oal b aring. Exten iv min ' 
are worked at arbon ado, and t st haJt · h::t\ e be n p n d at a G w 
localitie 11ear the trail which we folio"· d. \ t 'arbonado th river 
flows through a teep·sid i canyon about 300 fe t deep. ear where 
the Willis trail cro. es th tream the canyon broaden i deeply filled 
with bowlder ·, and i bordered by forest-covered mountain fully 3,000 
feet in elevation. On account of th d u. e for , t , th sc n ry through· 
out the region travers d i wild and l)i tm·e qu . ~\t a ~ w locali t i 
glimpses were obtained of the grea,t now- clad dom of Iouut Raini r, 
ri ing· far OYer the intervening tr c veretl foothill . 

Th forests of t]1e Puget Sound r gion arc th mo t ma-gnificent on 
the continent. Tit moi::;t atmo phere and genial climate h ave led to a 
wond rfnlly luxuriant gTowth, e p cially of evergr en·. Rug fir tree 
and cedar tand in clo e-set rank and hoot upward traight and 
ma ·iye to h ight which frequently ex eed 250 fe t, and om times arc 
even in excess of 300 feet. The tree ar' frequently 10 to L f et or 
more in diameter at the height of one'· head and ri e in ma~ iv col­
umn without a blend ·h to the fir t branch wbi ·h ar in many 
in -tauce 130 feet from the ground. The oil beneath th mighty tre s 
is deeply overed with mos ·e of many harmonious tint. and rle kE-d 
with ruuk fern;:,' llo gra ·efully bending frond attain a le11gth of G 
to feet. Lithe, lender map! , , termed vine-maple from their l1abit 
of growth are pi nti fn l e pecially a,long the small water course . In 
many place the broad 1 ave of th d Yil :-; club (Pat ·ia horridct ) g1ve 
an almo t tropical luxuriance to the hadowy re.Llm beneath the lofty 
canopie forme(l by the fir and cedar . 

In writing of life in t id fore ·t while pro pecting for coal in 1 '1, 
Willi ·1 state that on of tbe fir tree which wa · mea ured ro e like 
a bnge obeli k to a height of 1 0 feet without a limb and tapered to a 
point 40 fe t above. "The more lender tr e , curiou ly enouo·b a.re 
the taller; straight, lear shaft· rise 100 to 150 feet, topped with fo li­
age who e higbe t 11eedl would look d wn on Trinity spire. Cedar , 
hemlock sprnce, and white fir mingle with thes giant , and not 
competing with them in height, they till the spa es in the va t colon-

•Bailey Willis , alions and glaciers, r•journ y to th <· ic Helds of Mount Tacoma : 'l'be Northwest, 
April, 1883, Vol. I, p. 2. 
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nade. • • • Tbe ilence of these forests is awe orne, the solitude 
oppre . iv The deer, tile bear, the panther, are eldom met; they 
ee and hear first and ilently lip away, leaving only their tracks to 

prove their 11umber . There are Yery few bird . • • • The wind 
play in tile tree tops far overhead, but seldom Lir. the branche of 
the maller growth. 'Ill great tree trunks , tand immovable. The 
more awful i it when a gale roars through the t imber, when the huge 
column way in uni.::on and groan with voice . trangely human." 

The mighty forest through which we t raveled from Carbonado to the 
eros iug of Carbon River extends over the country all about Mount 
Rainier and clo the the sid ~ of the mountain to a height of about 
6,000 feet. From di tant point of view it appear a an unbroken 
emerald etting for the gleamino·, jewel-like ummitof the now-cov red 
peak. 

In . pite of th many attraction of the forest, it wa wit.h a ense of 
relief that we entered the canyou of Carbon River and bad space to 
ee about u . The ri,·er pre ent feature of geograph ical interest, 

e pecially in tbe fa t t hat i t i fillino· in its val ley. Tbc load of tone 
contributed b) the g la ·ier from which t lle stream come as a roar­
ing turbid flood, i ' greater than it can weep along, and much of its 
freight is dropped uy the way. The bottom of the canyon i a de olate, 
flood - wept area of rounded bowlder , from 100 to 200 yards broad. 
'l'be strean1 channel i contin ually" llifting, and i frequently divid·ed by 
island of bowlder , lteaped high durin g som period of flood. :!\iauy 
of the tream ·bannel leading away from Mount Rainier are known 
to have tb cbaracteri tic of the one we a ·cemled, and ' bow that the 
canyon. wer can-ed under differ nt condit ion from tho e now ~re­
vailing. Th prin ipal amount of canyon utt ing mu ' t have been 
don before the ·tream were overloaded with d bri contributed by 
rr)aci r -that i the d , p di e tion of the lower slope of Mount 

b I latform u " -hi h it tallll mu t bav preceded the 

N TIIE , LA IER:-4. 

re tin th , b lt r of tll fore t, lnll d to leep by the 
roar t' arbon I i\ r itt it tnmultuou. ours after it ' cap from the 

limb d th b avi ly morain e-cov r d xtr mity of ar­
A night weary with carryin,; lwavy packs over the 

chao· of s t n that co et· the gla ·i r , we lept on a ouch of mo 
b antitl d witll lovely ulo out, almo t within tho spray of Phi lo Falls, 
<t at~tra ·t of lear ic wat r that pours into the canyon of arbon 
Gla i r from , now field high up on thew tern wall of tbe anyon . 

I will a k t h r ader to defer t h study of t he glaciers until we have 
mad a r connai ance of the mountain and ·limbed to it ummit, a 
be will tlt n b b ttcr prepar d to und rstaud th relation of the 
glacier , n ve,, and otl1 r f -atnre with which it will be nece sary to 
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deal. In thi portion of om· fir sid 
outing, deferrin o· uu tillatcr t he mor 
gl a. ·ier . 

XJ loration let u ~ enjoy n. umm r 
ta k of qu s ioning the 

F rom P hilo Fall · we asc nd d . til l hi gh r, by followi ng partiftlly 
snow-fi lled la11 e b t 1> ' ll th e long Jat ral morn,in es that lt a, 
by t he shl'inkin o· of arbon Gla i r , a nd fon nd t in para II >I ·lt ai 'P· 
r ·sted ridge about a mil long n,nd fro m 100 to 150 ~ et hi g lt mad or 
bo~dd r. and ::;ton s of all hap .. , wlti c:h re ·ord th form I' p l ' it ioll . of 
tlt glacier. A long th e w tern border of t.h old s :mel most we. t rl y 
of thee ridge tbcr i a vall y p rln1p 100 arus wid , i nt tTenin o­
betw n the aban don d lnternl morni n n,nu th w t m l'ii d e of th 
yall ey which ri e ·in pr ipi e . to for t cov r d heigh t at 1 •a. t I 000 
£ et a,bove. B twe n the morainal ridrr thor s im ilar l HLIT w 

va,Jley ach of wbi h a tb tillle of our vL it July H> 1le ply 
snow·cover d. Tlt ri clg s a,re ·l tb d "· i b . prnc nnd 
togeth r with a vari e y of ·bi'llOS and fl w ri 1w a nnual s. 
ri!Sing tbrough th wi h fi ow r . . 
purple 13rya ntbu , , r 
panion, if not n ar r elatiYe tlt 'a iop , with wh it 
clo ely ' imulat in g tbe wbit h fLth r mn,k gloriou ' tb IIIOssy bn.nk 
fro m wb ich lte li II o·er ing I'll OW ha on .iII t d epa r t d . A 'l' s of lll ad ow 
la nd, t ill oft with ~now water a.nd mu ical witl t rill.' a ncl brook IJ w­
in g in unc r tain co ur es O\·er t he d p , ri ch turf n,r b '< In tifn l with 
lilies, which . e med wov n iu n, •l th of o·old :tl>ont t li bord rs of tit 
li ngerin g now bauk . \\ nr ncar t h upp r limi of' timbE>r g-rowth 
wh er parklike op ning witb t hick .t f v I 'OT e ll ' g-iv n,. p \<·Ltl 
charm to t l1 c mountai n . id . Th morain al rid o· 11 nrc ' t th glacier i 
forest- O\' reu on it outer . I p whil t h d c nt to t il ' g la it·r i a 
r ough, de. ob te l>ank of . tone, n,nd diTt. T il g la i r ha. 1·id nfly 
out r ntly shrunk away from t hi rid g ' \\'lti ·h wa ~ I'll) d alowr it 
b order l>y tone Ol'OUgltt f rom :t U Jcl ·}iff tiJat ris S l1 er frotn he ice 
a mile up tream . tandin o· on he morainal rido·e ovcrl ooki iiO' th 
glacier one h a to t he a t 1rard an nuob truct cl Yi w f t h d ol, te 
and mo tly tone and dirt ·o,· red i · . Acros t he g lac i •r nnoth ' l' 

embankmen an be en, , imil ar to t he on on t il e west, nncl lik it, 
r ecording a rcc nt lowerin g- of the nrfa of t it o·la ·i et' of aoout 150 
feet. Beyond the o·Iaci r are xtremcly oold n,ud rnggecl mountain . 

ca11tily cloth d wi th fore t ne.-"t rly to t heir . ummi t. . The p ition 
of the timb r liu bow that t lt oar p ak a,bov ar bet\\' ll 8 000 
and 9,000 fe t hio-b . Lookiug outhward up t it gla ·i er w !Ja,·e a 
gli rup P. in to tbe wi ld a mpltitheat r iu wbi •h i Ita . its ource. Tb, 
'~all of the great l10llowin tb moun ta in . id ri:;; in . ll!in gly ,·erti '<11 

precipi ·es about 4,000 feet hi glt. Far n,bove is a ·ltinin , snow-cov,rcd 
peak, whi lt \Villi. uamecl t he Lioerty 'ap . It i one of t h Citlmina t ­
i ng points f Ionnt Raini r, but not tl1 actual . ummit. It· I ,·ation 
is about 14,300 feet abov the sea. Toward the west the ' 'iew is 
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limited l>y t l1 e forest-covered morain al rid ge· 11 ear a t h a nd a nd l>y the 
precip itous f'llope · l> eyond , whi ·h lea d to a JJ Orth ward-projectin g spur 
of 1\iount H.aini er, kn0\\'11 a· t h M:otl1 e r Mountain . Thi , our fi r t 
vi ew of 1\lonut l aini er Hear nt ha ud , h a · uown t hat the Yall ey down 
wui clt arbon Glac ier .flO\r .·, as ''" 11 as t he va~ t a mphi theater in wllich 
it u ~ · i ts source, is s u11k in t h · tlank s of t-he mountaiu. 'ro resto~·e 

t he nor th r u ·lop of t he a ncient volcano a · it exi t d wh n the moun­
taiu wa youn o- we should h:.we to fil l th depress ion iu wh ich tll 
o· lacier li .·at least t o t he h eigh t of its borderi11 g rid o·e ·. On lookiu g 
down tb g·laci r we se i t d ·cendi11 g into a Ya ' t o·ulf l>orcle red by 
steel mou11 taiu , whi cl1 ri se at lea t 3,000 feet above it. · l>o t tom. 
Tbi is t h canyon throu g h wl1iclt t b ' m t r form d by t he m lt ing of 
the o·la ·i r e cape . 'I'o r tore t he m untain t hi g reat gulf would 
al o l1 a e to l> e fi lled. ··]early the t raveler in t lii 1·egion is. urrounded 
by t i.L r cords of mig h ty ch a nges. Not onl y doc h e inq uire l1 o'v the 
volcanic mountain >ra form ed , b u l10w i t i bein g de t royed. The 
t ud y of t he glacier will do mn 11 to wa rd makin o· clear the mann er iu 

wl..ti cl1 th on ·e ·mooth lop · .- h ave b een t renehecl by radiatin g valley , 
leav in g moun tain -like r id g s b t 'veell . 

.A.notuer lin e of in quiry w hich we hall fi 11cl of in ter • ta >rc advan c 
i , uo·o·e t cl by t h e r e ent shriukao·e of Uarbon Glacier. reall ofthe 
glac i l " t hat flow· from t h moun ta in " a tin g a way . I f we find t hi to 
l.> t heca e what climati cha nge doe it indi ate~ 

and beau ty. 

1' R ATEU. LAK E . 

a mong tl1 e moraill a l ridges by t ll icl of Carbon 
ach o f which ''"a · rowtl ccl wi t u 
excur ion , mad · by Mr. mi tb 
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and the lake was ice C0\7 red xc pt for a few f et ncar t he margin. 
Thi wa.· 011 July 20. I l1 ave been informed that tll lak i ' wma,Jly 
free of i ·e before t his date, but the winter pr· cd ing onr vi it wa of 
more t han u ' ual ' ,·eri t.), t h snowfall being- li avy, aml tu comi ug 
of summer wa therefor mudt dela ·ed . 

'J'be name ra terLak implie tbatit water oc upyav l aniccrat r. 
vYi lli s ~tates t hat. a.tur ha. b r placct1 <1.11 lllerald ' a! on n 
P ln to s ally po1·t · but t hat th gr>at depr 0 ion no' water-fill d i a 
volcanic ra ter i JI Ot 0 appato nt a, W might xpe t. rrh e ba~ill i in 
Yolca nic r ock bn uon of th hnrnc· tt.>ri stic fa crat r dne to vulcnn i 
ex1)lo ion an IJ recon·n iz 'd . T h ro ko , . o far a ' l aw t ll m ar 
ma ive lavas, and no t fragmental ,o c·ori :u or other prod uct 0 of exploHi\ 
eruption . On tl1 e bold, round >ll rock ledg s d wn wlli ·11 "' climb d 
in order to reach th e sl1 or t her Yrer de p 'lacial orinn· howin g 
that t lt l.>asin wa on c: deeply filled with movin g ic . M ob. t·vation 
wer not su fficiently xt n<l Ll to cnab l m to form <Ln opinion a: to t it 
ori gin of t li e remarb1blo d pre sion, but wh.tte,· r may hav b n it 
ea rli t hi ' tory, it l1a ertainly b n profonndl JII Ocli ti tl by ic rosion. 

Following t il lake hor outhwanl O'ropiuo· our way ben atl t t he 
thick drooping brancbe whicll dip iu tb lak , w reac·h d tll 110t ·!t 
in tb r im or th e ba in t hron()'b wltich h wat ,., e ap a nd tart n 
thei r journey t "i'.lowi ·h Hiver and tli nee t tl1 ca . \ e tber fi und 
t l1 c branch of th o \Yilli tr,til leadi ng to pray Pnrk, and t urn d toward 
camp. Aga in w njo:y d th luxury of follo\ring a windin g pathway 
tbrou n·h ileu t colo11u ad(' fo rm d by th mo 0 TOW ll truuk of nobl 
trees. On eit her ide of the rail \TOrn in t h brown il It t rn nud 
flo"- ring l1rnbs w rob nt over in oTa eful ctu·,· , a nd a t time filled 
tb l ittlc-u ed lane fir t tra,- r ed fift en year b for>. 

'l'he trai l 1 d u to hn()' le ' li ff a bold ro ky promoutory r i iug a. 
doe E l apitan from th Yo mit , 1, 00 £ t from the for ot-li11 d 
cauyon of ::\Iowi h HiY r . From }~aul e lifl' on b bold th mo, t 
ma nificent Yiew that is. to b bacl in all the wonderful r ()'ion ab n 
l\Jount Rainier. 'l' be cene b lt elcl on look itw ca tward toward th 
mightymouutain i 0 remarkable <l ike for it magoi fi n e ~Ln d for tll 
arti t ic grouping of th variou featnre 0 of t he nl.>lim p icture. In 
the va. t depth a t on ,' feet t he t ree top 0

' tbrongh whi h the mi ts 
from neighborin g cataract. are lrifting, impart a omber ton e and mak 
the vall y · bottow eem far mor remote than i t i . The id of the 
canyou are formed by prominent rrate ridg , leadin g upward to the 
h,ining now fiel l of the mi ()'h ty dome that head tbc valle . in 

thousand feet above our stat iou ro e the pur wh it Liberty ap th 
crownio no glory of t he mountain a een from the northward. The now 
de cendin g tlte northwo t ide of t he great cent1 al dom i ' gather d 
between t he ridge forming the ides of tile valley nnd funn a white 
ncv from WlliCh :flowR Willis Glacier. orne idea of tbe grandeur 
of this cene may be gained from the illu tration, Pl. LXVIII. In 
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looking up tbe valley from Eagle Uliff the eutire extent of the snow 
fields nod of the river like . tream of icc flowing from them is in full 
vi w. T l1 e ice eud iu a dirt-covered ann rock- trewn termiuus, ju"t 
above a hug rounded dome that rise: in its path. In J 1 tho ice 
rea ·bed nearly to the top of the dom and broke oft' in an icc eliif the 
<.l eta ·heel blocks fallin · into the gulf belo~•. The appearan ·e of thi 
cliff in 1H .) is shown by Pl. LXXX I. 'rhe glacier has now withdrawn 
its terminus well above the precipice ,,·hero it formerly fell a an ice cas­
cade, aud its snrface ba hrunk an·ay from well-defined moraine ·· in 
much the ,am manner as l1 a~ a l read ·been noted iu th oa of Carbon 
Glacier. A more detail d a ·count of the retreat of tho extremity of 
Willi Gla ·i r will be given lat >r. 

From Eagl Cliff \YO ontinuod our tramp eastwa rd alono· th tra il 
lead in g to pnLy Park climbed the zigzag patbwny up tl1e face of a 
cliff in frout of pray Fa.ll . and gained th picture qu nn<l b autiful 
park-like region abo ,·e. An h our trnmp brought us again near tlle 
Guardian Hocl,s. .A wift descent down tho ev n suow fi ld~; ennbl ed 
ns to r oach camp ju -t a th sh<Hlows of ,-enin g \\'Ore gathering in the 
tleeper oa nyo11 ·, l aving the . ilent now field.' above ,tl l ~Lglow with 
rellected :nn t tint . 

CRO '. ' CARBO.X GLAC TEl • 

Taking heavy packs on our back .. 011 tb > morning of ,Jnly 21, we 
rl cendetl tb , tc p broken snrfae of the !llost re nt lllOrain bonler­
in•r arbon blacierin it ' !llid<ll ' cout\' e om idea of which i' eonveyell 
by Pl. LX.:~T\7 : and reached t h . olid blu icc behn . Our cour o led us 
directly aero . tlle g lacier aloug the lower border of the rapidly meltin i)' 
CO\-erinO'Of wint r 110\'i' . rrlJ o-]acier i there<lbon a mile aero. . It 
ceutral part i hi gher than it ' borcl r, and for th mo t. part the iee is 
cone al d by dir a 1Hl .-ton"· .rust below th n<' \'1;, howe\' •r, we found 
a pac about half a mile long in which melting l1 ad not le<l to tho 
<:Oll ·entration of . nfli c:i nt debri · t mak trav •lin g liflicult. Farther 
<l<J\nl th gla i r wh r surfa. m ltiu g m-ts more <ldv~mcetl t h entire 
g-la ·i r with t h exc ptio11 of a few Jan of clear i •e b t w en th ill· 
d fin cl m diaJ mot·nin · wa , compl tely CO lH·Nll <l beneath a d esolate 
he t of' angular. ton' ' . On reaching tb a , t side of th glacier w 

were ·onfhmt d with a, wall of clay and tone .. , th iun r , lope of n, 

moraine imila1· in all resp t s to the one we ba l deRcench·d tor '<l •h 
th w t bord r of the gin ier. littl ar ·h revealed a locality 
wher a ton g u of i ·e in a -light mba.yment 1 roj ~cted som di tauce 
up th wall of morai nal material and a teep limb or 50 or GO feet 
brought us to tb ummit. 'rb gla.eier has rec ntly ' hrnnk-tbat is, 
it SUl'fac ba b CU low red frOlll ' () to 100 fe t uy melting. 

On the a t id or 1 b g lacier we found ev ra.l teep, sha.rp-cr ted 
ridg ·lotl1 d wi h ~ rest tre , ·\\'ith nanow gra '.)',a nd flower· tre\\'JJ 
dell b~tw eu in wLich bauk of uow till l ingered . The ritlg-c are 
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compo>~ed of bowlcl 'I' aml a.no·nla.r tou s of n. g reat vari ty of izc, · 
and shape' rLlld ar plain! · lat 'ra.lmorain s ab:w<lom•tl by the shrinking 
of the n·Ja ier. Oltoosing ,~ wa,y up one of t he nan·ow l:1ne: uorder d 
on ca. •11 side by ste p lopes d n el cover d with tr> s tt ll(l lll'l1us, 
w f u ud seem· footi ug- in t h hard gnu11ll ~u· :no"' . and soon 
r ached n, more op ' n pa.rklike <~l'l'<t, eov r d with mossy bos s of turf 
on wit ieh grew n. g r at, profus ion of brill ia 11 t flow 'r . Be for 11 . ro:sc th 
great •lifT wlticlt p:lrtially in ·los' tit a1nplri t.hentor in which 
C:hwi •r lla it our •c. 'rlte · • pr 'ei pi · s, a, a lready stat ' U, Jmv a 
heightofabou t4,000:Cet <Lnd aro stepth<ttth ·n wtlo· · n tel iu g 
to t helll, bnt de ends in :wahw he·. bov th ·lift's \\'It r t tltc 
inclination i lo pr ·ipitou tht s now li · ill t hi ek Jay r ~:~ tlt dg-es 
of "hich are expo ed in a vcrti •n l pre ipi e rising auove th avalall hc­
·w •p t r ck-slope below. Far above, and n.lway th e c ntral obje ·till tit 
wild c n ry uri'Otmding us ro ·e tbe bri ll iant white Liberty U<Lp, on 
of th pinnacles on the rim of tlte <>Tea um1nit rater. Our way tl1en 
tnrn d eastward following th ·irle of lt ntOUll t:-Lin and l <l u · throngh 
aregionju tabov th timberline wlticbcolnntaudsfarreachin ·view~-! 

to t h wild a nd rugged mou 11 tai n to th uortl1ea t. 'l'h is op 11 tra ·t, 
leading down to grove - of :pru · t ree aml di cr ifi '1 u. ·harming 
Jakel t bear~ aUUIJlhtllt \' id II ·e Of havin g form r]y b 611 iCe· ' OV I' d 
anrl i , knO\\'ll a .Moraine P:lrk. 

In order tor tain our cl vation w Toss d liago nally t it t p : Jt OW 
lope · in the upp r portion or the l\lomin Parle 1\liclw<t.Y o r he 
now w re ted at a ltarp re of ro ·1;: , aucl found that it is ·ompo,;ecl 

ofligbt-colored gTanite. Lat I' we found thatmu ·h or tlt area b tween 
tb • arbon and V\ iuthrop gla ·ier i omr o d of thi: ant kind of 
ro ·k. Grauit form · a portion of tlte border of lt vall •y throuo·h 
which :flow tlt >·la ier · ju -t HHtned, <LDd furui ·hed tit rn with mu ·h 
graniti·debri .whiclti ·carri dawny:u;morninc. nndl:ttorwork Jo r 
iuto well-rounded bowlder by tb tt·ea.m. ft winO' f1·om th i · . The 
pr enc of oTauite p bble ' iu tlJe •our. e of arbon a nd \Vhi te riven;, 
far below the glacier· i thn ac ounted for. 

weary tramp of about-± mil 'S from tlt amp we had l rt brou l1t 
u to t he border of \\'iuthrop Glacier. In the l1igbe t o- ro,·e of tr e. 
whi hare bent down and fre(FteJttly li e pt•one on tbe ground although 
till living we I ·ted a w lJ . ' h l tered ca01 piug pla ·e. Balsamuough 

fumi bed luxuriant b('d ·,and ti t • tr . killed u.r winter torm euaul d 
us to have a roat·iug camp fh'e. Freslt trail of mouuta,1u goat and 
their but recently abandoned b d llO\\' e l that tlti is a favorite r e ort 
for tho e hardy auimal ·. l\Iannot · were a l abundaut, and frequently 
awakened tbe echoes with tl teit· hrill, whi tling ri s. 'ill el vatiou 
of our t·amp wa about ,000 feet. 

From our camp ou the clifl's above th we ·t border of Wintbrop Gla­
cier w made excur ion· aero s that glacier and to it ' heavily mora,iue­
covered extremity. 'Ib - snow mautle that is ·prea.d over the reg-ion 
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about Mount Rainier each winter melts fir ton the rugged plateau ur­
rouuding the base of the mountain , and, as the summer's h at increa:es, 
gradually withdraws up the mountain sides, but never so a to un cover 
t.he more elevated r gion. The snow line-that i , the positiou to which 
the lower border of the mantle of perennial snow withdraws Iat in 
snmmer-ha an elevation of about 9,000 feet. The lower margin of the 
wintry covering i alway irregular, however, extending farthe t down 
on the glaciers and retreating bighest on the rocks. At t ile time of our 
visit the snow had melted off of nearly all the region below our camp, 
leaving on ly dirt- taioed now banks iu the more completely sheltered 
reces es and in deeply shaded dells in the adjacent forest ·. On t lJe 
glacier all the region at a greater elevation than our camp was white 
and free from dirt and toues, while th ·bard glacial ice wa abundantly 
expo eel at lower alti tude · and ended in a completely moraine-covered 
terminu . Above u all wa. barren, white, and wintry; b low lay the 
i~O\Yery vale aud gras park , warm and inviting, leadi11g to the wei­
com bad of noble fore t ' . Otu' cour e led upward into the frozen 
region . 

TO 1'HE WEDGE. 

On leavin g the eamp on the border of Winthrop Glacier we began our 
alpin work. There \Yere five in the party elected for the difficult ta k 
of :caling 1\Iount l{.ai nier, namely: Willi mitb, Ain ·worth, William 
and myself. Taking· our blanket a small npply of ration , an a lcohol 
lamp alpen tocks a. rope 1 0 feet long to erve as a life line, and a few 
other article 11ece · ary fo r traveling above t imber line ''e b gan the 
a ·ent of ·winthrop Glacier early on the morning of July 23. Our 
route wa comparatively ea y at the t;u·t, but became st eper n.nd 
ste per a we advau d. The snow was fi.rm and, except for t he numer­

revass<' pr " nted no great diffi nlti e<> to h over ome. In eveml 
in dom ' as if foreed up from b neath but cau ed 

in r alit by bo of ro ·k OY r whi ·li th gla ·ier flow . Tbe e d me 
ar broken by radiatin o· •r vas ·e whith inter ect in tb ir central por­
tion leavin pillar ' n.ud ea tl li k mn e of now with vet·tical id . 

t n lo<'ality in att mptin to pa betwe n two of tb batt red 
dom s, w fountl our way blo ked by an impa able ·reva 

rn.bl time' as 1 ·t in arcll in o· for a practi able upward route, but at 
I ngth, by makin <~ d tou r to tb right, w found a way wllich, althouo·h 
teep, a llo"' d u to va·~ the much cr va d ar a and gain the harp 

rid g-e of roek whi h di,·id the n ~vc . now rlowiuo· ii·om the centra l 
dome of the mountain , au d mark tb eparat ion h tween v iu thro1 
and E m moo glaci r . Thi · prow-like promontory, rising ome 500 feet 
ab e the gla ier ou eith r band we named The We l o- . 'I hi i 
the upward pointing, a ut angl of a great V- hap d portion of the 
lower lop of the mountain left iu bold reli f by the ero ion or the 
vall y ou ith r id . A will be described later, there are everal of 

1 GEOL, P1' ~--24 
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these remna.nt about the ides of the mountain at th sam g nera.l 
horizon , which r cord a . omewhat definite stag·e in the d tru ·tiou of 
the mountain by ic ero ·ion. 

On reaching The Wedge w found it an utterly de olate rocky cape 
in a ea of snow. ' e were at a.n altitud of about 10,000 fe t, and far 
above timb r. "\Vater wa btain d by preadiug now Oll roooth 
rocks or on rubber beet and allowing it to melt IJy th ' h at of tbe 
aftemoon sun. Cotr e wa pr pared over tho alcohol lamp shelt red 
from the wind by a bed he t ·ur port d by alpen to ·k . Aft r a 
frugal lun ·h we made uelf lik l dg in a . t ep lop of nrth and 
stones and laid down oi.u blank t for tb night. From . hl'ltered 
1100k amid the rock , expo d to the full warmth of the d lining l:i tlll , 
we bad tl1e icy lop s of the main c ntral dom e of the mountain in full 
view and 110 what emed tue mo favorabl rout for the morrow' 
climb. 

nrrouuded a we were by the de olntiou and olitud of barr n rock , 
on whicll 11ot 'en ali ben llad t<tken root, and pur whit 110w Ji •ld ·, 
we were much urpri eel to re ·eive pa ·ing vi it from ' ev ral hum· 
ming bird ·, which hot pa t u like winged j wei . They came up 
the vall y o upied b the Emmon Glaci r, turned harply n.t The 
Wedge aud went down tue way of the v inthrop lacier. ·what 
tempts the c children of the uulig!Jt and the flower into he frozen 
regions eem a my t ry. That th humming bird ar bold xplorer 
wa not new to me, for tue rea on that on everal occa ·ion in previous 
year , while on the now-covcl'ed lope · of fount t . Elia far abo,,e 
all ve tiges of vegetation, my heart had been gladdened by glimp e of 
their brilliant plumag . 

When t!Jc sun d cliued beyond t!Je great now-cover d dome that 
towered above u , antl th blue hadows crept down the pr viou ly 
dazzliug cliil" , Lhc air l>o ·awe ·old auu u, Ll'oug· \1 iuu 11HL<le our ]H~r ·11 
on the rock uncomfortable. Wrapping our ·~lve in our blanket we 
slept until the ea tern ky began to glow witu ' unri e tint . 

~1.'0 THE St.:i>Q\IIT. 

Early on the morning of July 24 we beo·an the climb of the steep 
now slope leading to the ummit of tbe mountain. I oped together 

a we bad been on the previou day, we lowly worked our way upward 
in a tortuou oour e, in order to avoid the many yawniuo- crcva e . 
The way wa teep and difficult. Some member of the party felt the 
effect of the rarefied air, and as we lacked experienc in true alpine 
work out progre wa low and laboriou . lVIauy of the creva · e that 
our oour e eros ed were of the nature of fault . Their upper rim 
tood everal feet above their lower margm , antl thu added to the 

difficulty of passing tbem. Our aim at firl:it wa to traver e tbe n v of 
Emmon Glacier and gain the less rugged slope bordering it ou the 
south, but the intervening region was gTeatly broken and, a we found 



u. S. GEOLOGICAL SURVEV EIGHTEF"TH M~~UAL RE'J''O'H PART II Pl. LXVIII 

MOUNT RAINI ER ; TH E LIBERTY CAP AND WI LLIS GL ACIE R, FROM T Hr: TRAIL NEAR EAGLE CLirF; LOOKING SOUTHEA ST. 





ROSSELL.) THE CR.ATER AT THE SUMMI'r. 371 

after several approaches to it, utterly impassable. The climb presented 
no pecial difficulties other than the extreme fatigue incident to climb­
ing steep snow slopes, especially while attached to a life liue, and the 
delays neces itated by frequently turning and retracing our step in 
order to get around wide crevasses. 

Once while crossing a steep snow slope diagonally, and having a wide 
crevasse below u , Ainsworth, who was next to the rear of the lin lo t 
hi s footing and .·lid down the slope on hi ' back. Unfortunat ly, at that 
instant, Williams, who was at the r ear .of the line, removed his alpen­
stock from the . now, was overturned by the pull on the liu e, and shot 
head first down the slope and eli appeared over tlle briuk of the 
crevas e. trong pull came ou the members of tlle party who were 
in advance, but onr alpenstocks held fa t, and before assistance could 
be extended to the mau dan gling in midair, be climbed the taut rope 
and stood unhurt among u ·once more. The only seriou result of the 
accideut was the loss of an alpenstock. 

Pr ssing on toward the dark rim of rock t hat we ould now aud then 
catch o·limpses of at the head of tbe now slope and which we knew 
to b tlte outer portion of the ummit crat r, we rossed many frail 
snow brido·es and climbed precipitous lope ·, in som of which steps 
bad to be cut. A we u ared the summit we met a strong we ' terly 
gale t bat chilled u and benumbed otu· :fingers. At length, \veary and 
faint on account of the rarity of the air, we gained th e lower portion 
of t.he rim of stones marking the po itiou of the crater. \iVhile my 
companion rested for a few moments in the helter of the rock ·, I 
pre sed on up the rugged s lope and gained the top of the rim. 

'Ihe stones exposed at the summit are bare of snow, po ibly on 
account of the heat from below, and ar rounded and their expo ed 
ul'face poli bed. The mootb, black bowlders bine in the unlight 

mnch the same a the and-burni heel tones in de ert region . Here 
on the monntain brow, expo ~d to an almo t coutinuou gale, the 
rock llave b en poli lt l by drifting snow cry tal ' . The prevail'ng 
round d form that the stou s pr eut may be there uJt of w atlt eriug, 
or po sibly is du to t he ma,nuer in which the fragm nt w re je ted 
from th volcano. Iy hasty xamiuatiou uggested the former 
explanation. 

D ceoding into the crater, I di covered revi e from \rhicb team 
wa e •aping, and on riacing my band on the ro ·k wa r~joi ced to 
find th m hot. My orupanion soon joined me, and we began the 
expl ration of t b crater tu aim b ing to find the 1 as uncomfortable 
pla e ill ' hich to take r fu o·e from the free>~ing bla t rather tha,u to 
make ci ntific di co Yerie . 

The crater that we had entered i ou of the maller and more recent 
oues in the truncat d summit of the peak, and i deeply filled with 
now, but the rim i bare a11d well de:fi.n d. The steam a.nd heat from 

the ro ks have melted out many ·averns beneath the snow. Iu oue of 
these we found helter. 
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.A ' I G H T I N 'l'HE 'H..A'l'ER. 

The cavern we chos in which to pas· th nig llL, al though irr gular, 
wa about 60 feet lono- by 40 wide, and had an arch d ceilings me 20 feet 
high. 'l'il e uow bad be n m !ted out from beneatil , lea v i ug a r oof o 
thin that a diffused blue li g ht p uetra.t d the chamber. Til floor 
slop d teeply and on the ide to\vard tile center of th crat r there 
wa a narrow pace b tw n the ro k . aud tb d ·c ndiu g roof wbi h 
led to uuexplored depth . a lid into tlti ·forbidding g ul f would 
have been exce diu gly un omfortable, if not eriou , our li fe lin \va 
stretched from crag to crao- o a to furni h a supJ10rt aud allow u to 
walk back and forth during the night wi thont danger of lippin<Y. 
Three arched openino· or doorway communicated with other cham­
ber , and throu gh tlte e draft of oll a ir were continually blowing. 
The i y air chilled t he vapo r ri. ing ft·om th warm ro ·k and ti lled t he 
ch amber ·with team which took on g rot qu forms in tho un ertai n, 
fadin g light. In t h central part of the icy cha mb r wa a pinnae! of 
rock, from tbe rev ice · of which team wa!:i i uin g wi t h a low ltis, iog 
ound . ome of the team j t · wer too lt t to b ·omfortablo to the 

ungloved band . In tbi uninviting chamber w pa d t ll e ui rrlt t. 'l'h 
muffl ed roar of tb gal a ~ it ' wept over t ho moun ta,i n ·ould b h ard 
ilt our retr a t and made us thankful for the belter the erwern 
afton.! eel . 

The floor of our ell wa too uneven and too te ply in liu d to admit 
of lyin g down . Tllrougbout t b night we l an d ao-aill t th h t r ck 
or tramped wearily up and down holding tb life line. old bla . t from 
the brauching ice bamber swep t \er u . Our clotlle · w re aturate l 
with con den ed t eam. \\bile one ide of th e body re t in g arrain t t he 
rock would be hot, t he trong- drafts of air with a fr zin o- tempera­
ture cltill d the otll er sid . fter 1oug hour of inten e darkn e. the 
dom of snow above u became fain t ly illumiuatecl, tellin g that tlle sun 
was again shiuiug. Aft r a light breakf<l, t aud a up of tea, I repared 
over our alcohol lamp, we resumed our exploration, nou e th wor e for 
the xpo ure- of the ni gh t. 

N R.A.TER PE.A.J . 

Following the in ner rim of the crater so a to be b ltered from the 
ga.Je. till blowiPg teadily from the we t, we gaiuedi t northern border 
and climbed to th topmo tpinnacle, known a Columbia' Ore, t. 'rhi 
pinnacle ri ·es about 50 feet above the general l v l of the irregular 
rim of the crater, and i the highest point on the moun tain . It eleva­
tion, a previou ly tated, i 14 ""6 feet. 

The magnificeut view described by form er visitor to this command­
ing tation, which we bad hoped would reward our efforts, was con­
cealed beneath a canopy of moke that covered all of the region about 
the mountain to a depth of about 10,000 feet. The surface of the layer 
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of smoke was barply defined, and appeared like an undulatinO' ea 
surrounding the island on which we stood. Far to th northward ro e 
the regular conical summit of fount Baker, like an isolated cagirt 
i land. A few of tlt rugged and more elevated ·ummit ·, markiug the 
cour>ie of the ascade Mountain., could be discerned to th ea tward. 
Tbe ummit of l\fount Adams and Mount St. Helen were in plain view 
and emingly 11ear at band. All of th forest-covered region between 
the -e elevated ummits wa blotted out uy t he d 11 e, heavy layer of 
smoke, ~-hicb ro e until it met the westerly gale of the upper region . 

During the a cent of Mount H.ainier by Emmon and Wil on, pre­
viou ·ly referred to more favorable atmospheric cottditions prevailed 
than at the time of my vi it, and the region about the ba of the 
moun tain was clearly revealed. In describing the view from th , urn­
mit Emmons ay : 

From the north ca. tern rim of th e crater we could look down au unbroken slope of 
nearl,l' 10,000 feet to tb bead of the \Yhi t Hiver , th upper half or two-thirds of 
whi ch was o st eep tha t one had th e feeling of looking over n. p rpcncli cnlar wnll.. 
[Itwas11p t hi slopethntthe climb bri ef:lyclescribed a bovewas mad .] The s.vs­
tems of glacier n.ncl tho stream.· which fl owed from them lay prea(l out as on a map 
at on r feet; radiating out in ev ry direction from t he c utral mass, they n.ll with one 
accord curve to tho we twanl to end t lleir waters down toward Puget ouud or the 
Lower olnmbia . [Attention has a lread y heen directed to tho westward CU J''•a ture 
of tho streams from Moun t Rainier on reachi ng the til ted peneplain on whi ch the 
mounta in tands, and tho explanation h a b en suggested that they arc consequent 
streams tbe directi on of which wa determin ed by the ori ..,. iua.l slop of the now 
deeply dis ected plateau. ] 

Lookin g to tb o more distant country, the whole tretch of Puget Sonud, eeming 
like a pre ty li ttle lake emhow red in green, c uld be een in thenorth,·est beyond 
whi ch the Olympi Mountai ns extend out into tb e Pncifi c Ocean. The a cade 
Motlntains, lying dwarfed at onr feet, ou ld be traced northward into Bri ti h ol­
umbi:~, and so nthwa,rd in to Or gon, while above them , at comparati,•ely regulnr 
intervals, ro ·e the gh o t-l ike forms of on r compani on volcanoes. To th e eastward the 
~· o rnngocl ~ r hnndr cls of mil s over hain on cha in of monntaiu ridge , which 

gradually disappea r din the dim, bln di tnn ce. 

THE l\IO • '.rAI 

In th tnm ated. ummi t of 1oun Rainier there are three crater . 
The large t one, par tially filled by the building of tbe two otll r , is 
th old t, a.nd ba ulfered o O'reatly fr m ub equent volcan ic ex:plo-
ion and ero ion that no more than it general outline an be traced. 

Peak ucce s and Lib rty ap are promin ot point on th rim of what 
remaius of thi lJUge crat r . It diameter, a. 11early as can bejudged, 
i about 2t mile . v itbin the great <.:rat r , in the formation of which 
th mountain wa truucat d and a previou ly stated, lo t fu Uy 2,000 
fee of it ummi t, there are two mnch maHer and much more recent 
crater . The larger of th e, the one in which we tool refuge, is about 
300 yard in diameter aml th e econd, which is an incomplete circle, 
it rim having been broken by the formation of its more recent com­
panion, is perhaps 200 yard a ross . The rim of each now partially 
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snow-filled bowl i e te ply from wi thin to a harp 
ere t. The character of t h inn r IOJ)eS !tows that much rocky mate­
rial ba been d tached and ha fall en into th e caviti from wl1icl1 it 
wa ~jected. '£he ro ·kin th ·rat r wa ll i in fragm nts and n1a e , 
some of them w ll rounded and probably of the na tur of volcanic 
bombs. In each of the nut II r crat r ' t l.t er are num eron. t am .i t:-;. 
These bow that the rock b low i . till hot, and that wat r percolating 
downward is changed to team. '£b e steam j t~ vidently indi ·at 
the pre en e of re idual h a.t a.nd 110t a.n a ·tual connection with a. vol-
canic center l ep below the nrfac . · 11 th c ideo availabl t IH.l 

to how that Rainer i!:l a n xtin t vol ·ano. It b 1 n g~' , how vC'r, to tile 
explosivetypeofvolcanoe ,ofwbicb Ve uviusi tb be8t-known exam­
ple, and there is no a tuauce that it u rgi may not b reawak ned. 

'.I.'HE DE CENT. 

In de cending we cho e of tb mountain I 110win g 
from the reports of many xcursioni t who bad a cend d the p ak 
from that direction that a. practicabl · route c uld probably b found. 
Tbr ading our way betwe n numerou cr va ' e ' w Roo n ·a me in ight 
of a bold, out tanding rock ma , whi h w judg d to b Gibraltar and 
succeeded in r a hiu g i t with bu t li ttle difficulty. Ou ga ining tile 
junction of the rock ·with tb now field ri in g abo it we founfl vi­
deuce. of a trail, which wa , oon lo t, bow ver ancl onl y s rv d to show 
that our g neral cour e wa tl.t e right on . d p, narrO\Y , pa e 
between the border of i q ually Gla ier a nd t b , pr ·ipitous , ide of 
Gibraltar, ft·om whi h t l1 e now and i hacl b en m !ted by the II ·at 
reflect d from tlle clift on our left, l d n lowu to a , h If on t ll e lower 
side of the promontory,' hich I rov d a . afe a ud a. ' y way to t lt ere t 
of a rocky rib on th e mountain ide whic:h xtend d far down toward 
tho dark for ·t in view b low. 

Gibraltar i a portion of the cone of Raini ' r built b for the explo ion 
which t runcated the mountain. I t is an ont · tandin g a nd very promi­
nent rock ma , a may be se n in PI . L ..: _ IV and L~ XVII lef in 
bold relief by the ice excavation which ha ca rved cl ep vall y on each 
ide. The ro k di vide tbe de ending n v in the am mann r a 

doe The Wedge, and cau e a part of tb now dra iuage to flow to the 
Cowlitz and the other par t to be h·ibutary to th N i qually 0 lac ier. 
The rock formin g Gibraltar con , i t la rgely of fragment ej cted from 
th crater above, but pre eut a rude ~>tratification due to the pr ~ nee 
of lava flow . When eeu from the . ide a.nd at a convenient di tance, 
it i evident that the plane of beddin g, if continued upward at th 
same angle, won.ld reach above the pre ent ummit of the mouutain. 
Gibraltar, like The Wedge and everal other ecoudary peak on the 
sides of Mount Rainier, are, a previou ly explained , the harp, upward­
pointing angle of large V- haped mas e of tbe original volcanic cone, 
left in bold relief by the excavation of deep valleys radiating from the 
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central peak. On the back , so to speak, of the e oTeat V- haped por­
tion of the mountain whi h now seem to rest again t the central dome, 
secondary glacier or interglaciers a they may be termed. have exca­
vated valleys an d amphitheaters. In the V -shaped ma of which Gib­
raltar i the apex, a broad amphitheater-like depression ha been cut 
out, leaving a bold cliff abo ,·e it. The excavation of the amphitheater 
did not progress far enough up the mountain to cut away the apex of 
the V-shaped ma , , but left H with a preci]_.Jice on it lower ide. Tllis 
remnant is Gibraltar. An attempt will be made later to describe mor 
fully tile proc of glacial ero ion of a coni al mountain, and to how 
that the econdary topographic features of Mount Rainier are not with _. 
out. y tem, a they appear at fir t view, but really re ult from a process 
which may be said to have a defi nite en lin view. 

Below Gibraltar the de. cent was easy. ur life line wa no longer 
11eeded. 'frampin g in single file over t he hard ·urface of the . now 
field, remnant of the previou wint er' now, we made rapid progre s, 
an l about noon gaiued the sca.ttered groves of $pruce tree which form 
uch an attractive feature of Paradi e Parle 
Fortunately, we fountl Prof. E. S. Ingraham, of Seattle, and a party 

of friends, including everal ladie encamped in Paradi ' e Park and 
the ho pitali ty of tile camp wa ' extended to us. During th afternoon 
w ba ked in the warm unshine. and in tho eveni,1g gathered ab nt 
a roaring campfire and enjoyed the oci ty of our com1 anion , who 
wer entbusia tic in their prai e of the wonderful cenf'. about their 
camp. 

PARADI E P RK. 

The southern ide of Mount Raini r i much le precipitou tbau 
its 11orthern face, and the open park-like region near timber lin i 
broader, more diver iti.ed, and much ruor ea y of acce . The general 
el vation of tb park i l'! b . tw n r>,OOO and 7,000 fe t, and it is . everal 
th u au l a ·r in ext n t . Its b undarie a,re ind finite. It merg 
into th h avily forested rerrion to th, ontb, and int more alpine 
r g ion on th id toward th mountain which tower above it on 
th north . To th ea t it i bord r d by owlitz Glacier and on the 
we t by ~i qually Gla i r. Ea ·h of the fine ice river de cend 
far b lo\v t imber lin . Th . mall iuterrrlacier kuown a. the Paradise 

lacier, may bc COil ider c1 as I ing witl1in the limit of th park. 
Paradi Park pr , nt ma.ny and varied harm . It i a omewhat 

rugged land witl1 ad 'P pi ·tur squ va.ll y winding throu gh it. The 
tr s "TOW in i olatc(l rr rove . Each bunch of (l ark-green fir an d hal -
am. is a cl.u t r of g-rar fu lly taperino· pire . Th undulatin g mead­

ows b tw en the hady grove a1·e brillian t in ummer with a veritaul 
carp tofgorg u blo oms: Ineontra.,tto thee quisitecbarm oftbe 
grove and flow r -d eked rolling m adow are de olate ice .fields and 
rugged gla iers whi h vary through many ti uts a.nd shades, from 
silvery whitene s to int n . blu . Added to these minor charm , and 
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central peak . On the back , o to peak, of t hese great v. haped por­
tions of t he mountain which now eem to rest against the central dome, 
secondary glaciers or in erglaciers as tbey_ruay be termed, have exca­
vated valley an d amphith ater . In the V- haped mas of which Gib­
raltar i t he ap x, a broad amphit!Jea.ter-like depres iou bas been cut 
out, leavin g <1. bold cliff' aboYe it. The excavation of the amphitheater 
did not progres far enough up the mountain to cut away the apex of 
the V- baped ma s, but left i t with a precivice on its lower ide. This 
remnant i Gibraltar. An attempt will be made later to describe more 
fully tile proces of glacial oro ion of a conical mountain, and to bow 
that the econdary topoo-raphic feature of fount R.ain ier are uot with-" 
out sy tem, as they appear at fir t view, but realJy result from a proce 
which may be said to have a definite end ill view. 

Below Gibrnltar the de. cent was ea y. Our life line wa no longer 
needed. Tramping ill ingle file over the bard urface of tb now 
field , r mnants of the previous winter now we made rapid progre , 
and about noon gained th cattered o-rove of sprue trees which form 
uch an attractive feature of Paradise Park. 
Fortunately, we found Prof. E . S. Ingraham, of Seattle and a party 

of friends, including everal ladies, encamped in raradise Park and 
t):!e hospitality of the camp wa. extended to us. During the aft rnoon 
we basked itl tbe warm sunshine, a,nd in the e~·eni,1g gat!Jered about 
a roaring campfire and enjoyed the oci ty of our companion , who 
wer enthusia t ic in their prai e of the wonderful cenP. abou their 
camp. 

PARADI E PARK. 

The outbern ide of 1ount Rainier i much les pr cipitou than 
it uorthern face, and the open park-like r gion near tiwber liue i 
broader, more diver ified, a nd run ·h more ea y of ace s. Th general 
1 vati n of tho park is b tw n :1,000 and 7 000 f, et, and it i . veral 

thou and acr in ext n t. It bonndari ar ind fruit . It merges 
into th h avily for st d region o tb south, and into more alpine 
r gion on th i I toward th mountain, whi.cb tower aboYe it on 
th north. To th bord re 1 by owlitz Glacier and on tbe 

Ea ·h of the fine ic river de c nd 
mall intergla ier known a , the Paradi e 

Gla ier may be con id r d a lying witlli.n the limit of tb park. 
Pat'adi Park pr nts ma.ny and varied charm . It i a omewhat 

rngge<lland with ad 'P I i tur qn vall y winding thxouglt it. 'Ihe 
tr ' ' grow in i olat !1 oTove . Ea h bun h of dark-o-reen fir and bal -
ams i · a cln ter of oTac fully tapering pir s. The undulating mead­

OW!:! between th hady o-rove ar brilliant in umm r with a ver itable 
carp tof gorg ous blo oms: In contrast to the exquisite charm of the 
groves and ftower-d eked rollino· m adows are de olate ice fields and 
rugged glacier wbi h vary, thr ugh many ti ut. and shades, from 
silvery whitene to int n e blue. Added to the e minor charm , and 
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towering· far above them, is tb ma ive . ummit of' l{aini r. At time 
t lle ublime motmtain app a rs teel-l>ln o in tll unclouded sky, or ro 'y 
with the aftero·Jow at ttn s t, or all a.tlarne with the glorie of t h new­
born day. Cloud · gati..H:•r about t lle lofty summit and transform it into 
a torm kiug. Avalanche rushiug dow11 it id awakell t lt e clto 
in tlle tt eighborin g for t. The app aran e of t he monntain i · 11 ever 
the san1 on differ nt da.y · · indeed , it cbangcs it mood and xert a, 
varying intluen e on th beholder from l1our to hour. 

omethi11g of the magnifi enc of 1\'fount l aiuicr a.- s en by visitot· · to 
Paradi e Park i revealed in the accompa11 yin g ph togrnph (Pl. L..-~Xl\ , 

here r produced through tbe kindne of Mr. E . Oul'tis, of eattlc. Tbe 
view was taken near sun et, when the bill of vouin g wa just begin. 
ning to dis ·ipate tb vapors thn.t en hrou<l d t h -tlmmit f the o· ,~ at 
peale 

While th e central attraction to th Jo,· r of moun tain c n r in l'ara­
dise Park i. th va, t now· ·overed dome of Moun t I aini r th r ar 
other mountaius in vi '"' that merit atten tion . To th' ea t rise' th 
serrate and rugged Tatt o b ranO'e, hown on Pl. LXXII whi b i 
remarkabl for t he boldn s with whi h it ' bonl ring .'lope" ri from 
the fore t d region about it and tb angularit of its ma.ny errate 
summit . Thi ran ge ba, never be n explor d xcept b ' min et'> ' and 
bunters, wbo bav mad no record of their di overie . ] t i virgin 
ground to the geologist and geogn11 her. Di taut view sugg st tlt at 
the Tattoo lJ Mountain have been ulr tured from a plateau prob­
ably au uprai ·eel peueplain iu which there exist d a gre.'1t rna ,' of 
igneous rock urround ed by le re i taut Tertiary ediment . Tbe 
softer rock have been remov d, leaving th hard r and more re i tan 
ones in bold relief, to become ulptured by rain aud fro t into a mul ti­
tude of angular p ak . 'fbi attractive, and a yet nn tudi d group 
of peak i in pla.in view from Paradi Pru~k , and may be a, il .v 
reached from them by a single day tramp. fany otller deliO'btfnl 
excursion are open to one who pitche hi tent in tb alpine meadow 
on the outb side of Mount Rainier. 

'1'0 LITTLE TAHOMA.. 

Bidding our friend in Paradi e Park good-by, we re mned our 
journey ear·ly on the morning of J nly 26. ending tow~Lrd Gibraltar 
until an elevation of about 10,000 feet wa rea bed, we turned ea t· 
ward for the purpo e of traversing tb ea tern ·lope of tbe mountain 
and regaining our camp at 'Winthrop Gla ·ier. fter cro in o- tb 
upper portion of Paradi e Glacier, we traversed broad and but little 
broken snov. fields to the brink of tbe vall y down which Cowlitz 
Glacier flows. Beyond Cowlitz Glacier, at ~Lbout the ·am level tbat w 
bad reached, we could , ee the bold, cathedral-like craO' of Little 
Tahoma, th e upward-pointing anO'le of a econdary mountain ma s 
which divides owlitz a.nd Emmon · glacier . Not wi bing to descend 
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into the (leep valley before us an d climb out again on the farth r ide, 
we chose to ross t he 11ev field to our left nud endeavor to pa s over 
a rugged and much broken re0 ·ion wh re th main urr nt of Cowlit:;r, 
Gln ier descends a, rocky lop about a thousand feet h igh. Inti llow. 
ing the route ch o Pn we became inYolved in a ucce. ion of creva ses 
aud ice precipi ·es, which cau ed mu h delay. Jowl.) workino- our w·ay 
upward, we renched t he ba e of the hi o-he t ice wall , bnt a vertical 
cliff of ice about 50 feet high barred a,ll fu rther progress iu that direc­
tion. Reluctan tly we turned back a,nd, losing a,ll the advantage we had 
gained by three r four hour of exce ively hard climbing, went down 
the central portion of th e Cowlitz Glacier until we reaclled the level 
of the high est grove of tree on its left bank and crossing to tb land 
chose a, deli ghtful and well beltered pot benea,th low pine tr es at 
which tore t for the night . 

Our camp wa perhaps half a mile below where the ice tream flowing 
southward from Little 'l'aboma, and nam d Ingraham Glacier on the map 
forming P l. L~ YI, joius the main Cowlitz Glacier. Our bivouac wa, in 
a delightful locali ty, and would h ave furni hed a plea ant camping place 
if we bad beeu provided with the nece sary blanket ' ~tnd ration with 
wll ich to make life comfortable. A. i t was, we had to sleep on h mo s 
without covering, our feet to a blazing fire. For food each man l1ad 
on hard-tack a nd a cup of t ea, without sugar or milk, for each meal. 

ar at l1 ancl wa a cascade of clear water, furnished by t he m lting 
suow field on the back of the pur of which Little Tahoma i th cul­
m iuating ummit. A. larger cascade a mile below tum bled over the 
rugged cliff and awakened the echoes on the precipice aero t he 
glacier. Th mu ic of the falling water filled the interval of our 
broken leep. 'I he full moon shed a oft light over the white glacier 
and ruo·ged ro ·k , and added a charm to a wild ceoe that under more 
comfortabl couditioo would have been cou idered oue of b most 
fa ·inating we m t duriug our excur ion. 

11 of tb owlit11 Glacier in i w was h avily now-cover d, and 
brok 11 i11 a y ' tematic maun r b marginal creva se which 1 ft t he 
hor at angle f about 450 and tr nded upstr am. The appearance 

or t hi gla ier at a lat r tage in t h melting of its ·overin g of now 
is shown on P l. L -X I. Th glaci r i d eply tUlk in a well -defined 
valley and i perhap. t he mo t chara teri ti · exampl of a glacier of 
tlt · alpine typ to b found n the l ope of lVIouot Rai ni r. 

J i ing with the ' lut a,nd parta,kin o· of our a,llotteu ingle hn.rd-tack 
and a up of t a., w climbed th rn ·g-ed !iff at the ba e of wl1i h we 
l1 atl pa d t lt nio·h t, taking a rout explored tb previou af rnoon 
by mitb and in worth~ an d o-ain u the ummi t of the cliff overlook­
ing Ingraham Glaci r. 

dee1 de c ut of 500 feet over ledg of crumbling lava brought u to 
the bard ice below. A.u hour's tramp up the glacier a nd along the ba e 
of magni.liceut cliff of vol ·anic ago·Jomerate and lava iu rude, irregular 
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layers bronght u, to th sharp angle of rock at the ba c or Littl 
Tahoma, again t which the n ovel now from the ntra l dom ' divide. 
Th de cending now 111eets th wcdg of ro ·k and is parted by it, as 
the cnrr nt is clivi l d by th prow or a hip <It an ·hor. Tlt icc and 
snow mnch ' hattered and tandin g in pinnacl , , ri s a lllln1recl f t 
more ngnin t he ob truction in it lownward cour . The ·lifi'R are or 
being cut away by the trong ice current, and ri l'l aboYe it in vertical 
precipice' that culminate in harp pire a thou Raud fee t above. th 
glacier. 'Ibis proved a plenditl lo ality for t udyi 1t o- the mann er in 
which tile n v6 divide on rea bing the medial portion of th main 
mountain .,ide, and for eein o- the modification in the topography clue 
to the erosion of glaci r flowing· from the central dome. 

To the north of Little Tahoma :mel :flowing a twar<l i , Emmons 
Glacier , the large t ic tr am of fount Rainier. Thi · glaci r is 
gr atly brok n e pecially in it upper cour e, and ha a pe nliar 
feature not · en in conn ction with any other glaci r. In i t c 11tral 
portion th ere are two neatly parallel ridge of ro k, wbi h begin far up 
toward th summit of the main dome an.d descend for a mil or more 
below the level of the prow-like point of Httle Tahoma. Th ~ parallel 
ridge app a.r from a di tan e to be media.! moraine , and in part thi. 
i their true charact r. 1l along the dark belt in the c nt r of the 
gla,cier llOWeYer, there are narrow and angular ere t. of 1'0 kin pia ·e, 
wJ1ich proj ct above the surface of th e ·now and i e. 'Ih . r tR of 
rock can great creva s . to form in tb i ·e flowino· on ith r id of 
them and between them. For this rea on Emmou Glaci r is mor 
difficult to ·ro than any other met with duri~1g our re onnai ance. 
The origin of the parallel rocky er e t the nat tll' of whicl1 is , h0\1' 11 to 
some extent on Pl. L III, a.nd their place in the t pograpl1ic d velop­
ment of t he mountain wa not fully ma11e out. 

A 'RO ·::; E:\DlO~' tT-LA 'lEl't. 

The n •v of E mmon Glaci r abr a ' t of th prow of Littl Tahoma 
wa · o 0 T a.t ly sbatt red that, looking clown on it from th clifl' again t 
wllich the neve divide 'no practicable way for cro, !no- could b cllo ·en. 
Going clown onto the a-lacier and fol1owiuo- i t . id under the l1afluw 
of Little Tahoma for about a mil we found the lope more g- ntle 
with fewer crevas e , an l then turn d our fac toward Tb vY dge, 
where we had left our blanket. four day pr viously. way aero s 
the glacier was fin ally eli ·overed however by patiently makin g- trial 
after trial and going a.bout tb end of the wide t br ak . :\Iany nar­
row creva, es '~>ere jumped, other were eros eel by frail ' now bridge . 
By per i ·tent effort we at length g-ained the nan·ow ere t of ro ·kin the 
center of the g-lacier, a11d although our goal was in plain view, many 
difficulties had till to be overcome before we reach cl our former ca.mp­
ing ground. 

Aha ty lunch and a cup of coffee renewed our strength. Takiug 
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our blank ts n our backs once more, we started on tl1e homeward 
tramp down the Winthrop Glacier. 'l:he footpr in t made fiy days 
prev iou ly were clearly visible n,t first, bu t each impre io11 stood in 
high relief, owing to tbe more rapid mel t ing of tbe uncompacted now 
about i t. The descent was easy n,n d rapid. By 5 in tbe afteruom1 '"e 
again joined the member of .our party who had remain ed in the timber· 
line camp on the we t border of Winthrop Glacier. 

1'HE RET RN. 

Our I lan wa to c;ury our reconnai sauce about the west lope of 
Mount Rainier, o as to g·ain at lea tag neral idea of all of the glacier 
flowing from the mountain , and of other feature in the geography and 
geology of the r gion, but learning that the forest along the trail leading 
to arbonado was ou fire, a change became nece ary. 

l~eturning to our form er camp on the west side of Carbon Glacier, 
pfans were quickly mad e for di viding the party. Willi , with the camp 
haULls, returned to the lower extremity of Carbon Glacier and thence 
to Carbonado, whil Smith and my ·elf, taking a smail supply of rat ion ,· 
but without tent. or blankets, turned our face westward and vi ited 
Willis Gla ier, Eagle Clitl', Crater Lake, atld thence by way of the Spray 
Park trail aud t he main Willi trail al ' O rea lied Carbonado. 

Ourreconnai ' ance x.t ndedfromJulyl5to3l in lu ive. Ourroute 
may b traced on t he accompanying sketch map Pl. LXVI, on which 
the o·lacie r and maitt topoS'rapbic features of the mountain are indi· 
cated. The glacier · on the outbwe t ide of tbe mountain between 
Wi lli and i q uaJly glaciers w re not visited, but ome of their prin­
cipal feature were eeu from di tant point of ob erYation . 

I 1<: ERO ION OF I OLATED, 0~-:ICAL ~IOUN.r..tU~. 

tudy of th mann r in which tb topoO'raphy of Mount Rainier 
en modifi d by ic ero ion ha ugo·e. ted <'er tain O'eneral priu­

ipl whi lt control th cu lpturin · of an isolated mountain peak 
nfliciently lofty to 1> cr wn d with perennial no w alltl to o·ive origin 

to gla i r::;. Althou rh the ·e con lu ion w re reach 1 after lletailecl 
tudi , of imli\·itlual O' la ·ier, and of th topographi change r ulting 

from lon g-continued il' rosioo it is on ven ietl t in <lescri bin g t be gla iers 
of Monnt Raini r to lt ~t ,· o in mind at lea t the gen raJ laws goveruiug 
tit ir li ·t t·iuu ion ~wcl l.Jeba,vior. 1 

Th geoloo·y of 1ount Rainier and it pre ent general form how t bat 
when in it · gr a te t p rfe t ion it We . a onical mouuta,iu with grace­
full concav ide, . Th upp rportion of the moun ta in i form d to a 

xtent of frao·m nt throwuoutduringexplo ive eruption. Lava 
flow are al~o abuuda,ut, but did not greatly modify the character of tlle 
lope as determine l by the falling of projectiles hot out of the ummit 

crater. The primitive form was that of a typical coria and lapilli 
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COlle of the character of Fusiyama, Japan, aud otll r coni ·al volcanic 
pile whi h ' till r tain their youthful perf tiou of form. 

Wheth r or not l{.ai11ier wa trnncated before til g-lacier had greatly 
modified it lower lop i unknowu, but the trnneution wa not Ruf­
ficieu to ll<t e 1nu h influenc on th character of the gla ·ial mautlc 
form d about it. ln either ca th b ight of tb mounlftil1-b tween 
15,000aJldlG,OOO fe tuefor th xplo iontbattrUJwated it~:;sunlmit,and 
about H,.-oo feet after that event-in ur d the gathering of' p rennial 
snows £tnd the formatio11 of JH~ve fi Ids au1l gla ·i rs on it mor ol va,ted 
portion. withont lUI intorvenino· period of " Mhering and str ·~tm ero­
sion. The main topogntphic change that ha\re r ult d mu ·t tiler fore 
be due to glachll action an l to th rodirw power of Rtream fed by the 
melting f the ic . 

Th weathering of rock ma ei'> unprotect d uy now and i ·e ba also 
a, i ted in th work of deformi1JO' the one ymmetrical pcnk. 'limatic 
condition . similar to those to w b ich Ioun t Rainier i. II OW xpo ' ed 
would lead to the covering of th mouutain above ~Ln levation of about 
10 000 feet with a sheet of pereouial snow. Th now' ould chang to 
th conclitiOJI of a n v which would give origin to glaciers. A om­
ing that th peal· wa originally a perfectly ymm trical cone with 
smooth, ven sides, and that tlH~· n ~ formed a uniform cov riug over 
the upp r third of it urface, the downward flow f th n c would be 
equal in all direction . The preading of the ice as it flow d down the 
cone a progre i>ely gr ater area l>eing covered by it as it d 8ceuded, 
wotild insure equal melting, ex ept o far as that miglJt be influenced 
by the nuequal amount of heat r aching the outbom and northern 
sid >1 of the peak, and would either thin away uniformly in all direction 
or l>o gath red into local stream . 

:Jbtny disturbing conditions come in ho,vever in theca' of a p ak 
like :'lfonnt Raini('r, COtnl)Of\('11 of looR r g g lomcrn,t f\llfl ln,vn, Rh ts. 
Irregularitie in th urface of th cone, ero ion by tr am. flowing 
from the ice, unequal drifting of th now a w II a unequal m lting 
owing to variation ·in expo ·uTe on the 110rthern :tnd outbern id , etc., 
would lead to tb gatheriuo· of the descending ice into more or le . w Jl. 
defined streams. Individualized ice tream once e tabli bed would 
hold their po itiou and by their ero ion would sink de per and deeper 
into the rock . From the extremity of each gla ier a stream fed by the 
melting ice wou ld carve a gorg or canyon 1 adiug to riv rs on the 
plain below. . tbe ice gathered in well ·defiued Rtream melting would 
be retarded and t he glacier cou queutly extended farther and farther 
down the water-cut gorge . In this nntnuer what maybe termed primary 
glacier would origin ate fro m the dividing of the de,·cending neve. 

Below the horizon where the primary glacier divide the ice ero ion 
would be confined to comparatively narrow ·hannel , and would cut 
radiatino- trencbe~-; in the ides of the mountain. Excavation would be 
continued below the extremitie of the glacier by the str am, flowing 
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from them, and the valleys would there be narrower th~Ln in tileir ice­
filled depre siou higiler up. As the glacier de pen their bed th y 
sink into the roountaiu and are more completely sheltered from tb un, 
thus tending to perpetuate their own exi tence. Between t h primary 
glaciers ther e would be portions of the lower .·lopes of tlie monntain 
left in relief by tlie excavation of the valleys bet,veen them. Tlte e 
V-shaped ma s pointing up t he mountain would form wedge again t 
which the de ·ceudin o- mSve would divide to form primary g lacier, . The 
Wedge and Little Tahoma are t pical example of uclt wedge . 

The surface left a ' V-.- haped masses between th primary glacier' 
wbeu the division occur above the now line, or wb n a climatic ·hauge 
cause t lte perennial snow to desceud lower on the mountain · ide ·, 
would become covered with now field , which would give origin to 
secondary glaciers. Interglacier, below Tbe Wedo·e, and the small 
glacier on th back of the V- haped rna of which Little Tn,homa is 
the ulminating point, are exampl of the e econdary glaciers, or 
inter,qlacie1·.·, as t hey may be termed, after th typical e:-.:ample jn t 
mention eel. 

The interglaciers exc::wate valley ' and cu t b::tck amphitb ater: o 
that tlte urface of the original V-' baped ma betwe 11 a11y tw·o pri­
mary gla ier b come hollo'1'ed ut, leaving rocky ·re ts along their 
ides. The ridges bordering the primary glacier conY rge upward, 

and , u11iting form w dge., 'vhich, crumbliuo- under tit ' attacks of the 
de, tru ·Live ageucie of th, air becom broken iuto piuu:ccle . or otll er 
form the d tail · in t lleir scnlpturing c1 p ndin o· on t!J ' uatur of tlte 
rock. Tlle original v .. ilap >dwa ~w 1 L't by the intrenching of prima1·y 
glacier.- tllll · be·orne k 1 ton form ' , their border ' and hio-lt, w dge­
lik , upwanl -poi11ting cxtremitie alone 1 roj e ·ting above th ' IIOW, 

except when be ummer melting is far adva n eel . 
.A. i w ll known , tit a ·tion of a glacier other conditions 

b iua th aroe d p nd.' on tit <•Tadient of it~ bottom. 'rhe a,bra:;ion 
of til b d of <t norm<tl alpin ('fla i r in ·r ases from Hs terlllillu:; with 
incr a of rrradi nt Ul to a c rtain p int, a11d tlien if the o-radient 

till in r aRt' •' and approacl.le th vertical, l.l om les aml le ' :S . Tbe 
gradi ' Ut that insnr , g-reat ' t ero ·iou i.· JJot d finitely knowu. It Yari e 
with tlte amount or d bri ' witll which h i e i ' ·ltaro·ed a , well a ' 1r ith 
otl1 er onditou . , bntis tlpparently in tb neio-bborhood of 3oo. Tlli · law 
ba an important bearing on til topooTaphic ·hauo- · that an i ' olatecl 
gla ·iCl·-co , eretl mountain p::ts s through . Judrring fTom the pre ent 
ondition of ]I( nut Rainier a11d oth r imilar i olated peak on the 

l >a ifi c ·oa t, it app <H that tb ll1ost inteu e erosi.on oc urs in a zone 
a !.Jon t half a, mil br ad, wher th primary o·lacier h om d i ind 
ice lu tbi , zon t h gla iers xcavatc ca,nyou and tl.lu 
iucrea e · tb slope of th ·eutral mas of tb mountain abov the 

C the V- haped r . idualrua se on its lower lope . Tlie 
valley tend to become ampllitheaters. 
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has been show n, e peci~tlly by W illard D. John 011, of the nited 
State. cological urvey-tb re ult · of who e tudi , ltow ver, are 
no t y t fully pnbli hed-tbe cliffi · n ' irclin g an amphitheater in which 
a glaci r ha it ourc graduall y r c d , owing to th di integration 
of the rocks in t he great ct·eva so, t rmed a b rg · ·hntnd1 wbi ·h is 
forru e l n ar wher th upward - loping 11 • e m ets t he rock wall· 
inclo in u it. Tbe rock in tbe b rg chrund are ·batt r e<l by change. · 
in temp ratur and by the freezing f water in th ei r crevi es and inter­
stice , and tb loo ened fragm nt · ar pin ked out by the outward 
flow of the neve now. Tll bero· chrund are rtll >d with uow each 
winter ani reopened the followino· prino·. Tbi ' proce s I ads to an 
en r o·etic apping of t !J ba e ' f the clifl' an 1 a con · qnent r ce ion 
of their wall . The fac ' of the clitl:' n ircliug an amphith at r or 
cirque ar ommonly too te p to admit of th accumulation of ·now 
upon them but aJiow i t to fall i n av;;tla n he and to be blown away. 
The cliffi ' , b >ino· bare of now ar expo ed to chaua of temperature 
and ar wind- wept. The e variou d trnctiive a · uci a ··i in the 
extensiou of t ho ampbith ater toward the urumi t of th mountain a,ud 
aJ o in it g n ral enlarg ment. 

The primary o·ln ier' exca.vate deep, teep- id d vall y ·· but ac ·om­
pli ·h litt le toward alterin g the profil of an isolated p ak as i app ars 
when beheld from a di tauce. The even lope of tb mountain be ome 
broken by the in:en e ero ion aud the d pening of ampbith at r 
above the e:s:tr mitie of t'IJe bnttres ing wedo·e . Wh u ·e n in profile 
the moun tain lope become broken at t b horizon referred to, as may 
be een iu I l . LX r and L_rx L Th re is th n a lou o·, we piug 
a ·cent from the ba e of the mountain to th horizon where the wedo·e. 
terminate, a nd then a down ward lop toward the v rti al axi ' of he 
pil leading to a belt of mod rate io lination which tarminate above 
in tbe .., teeper lopes forming the ide of t !J en raJ don . 

. t t!Je ummi of a lofty now-cover d mountain tb r· i · but little 
ero ion. Tbe now ar mo tly blown away orb aped in J)yramid ' on 
the ·rowning ummit ' . On mountain of uffici nt height-such height 
varying with clima.tic condit.ious-tlte sno'v do uot melt ·o a.' to be 
changed to a neve, but i. alway . dry and pow ]ery. llder uch on­
dition relief from indefinite accumulation i e ·ured by the blowing 
actio.n of the wind, by evaporation of the now, and by it de nt in 
avalanche . Whcu bare rocks are expo ed on a lofty mountain, a in 
theca of Mount Rainier, they may b ome poli hed by drifting now 
but this action i too light to 1 ad to noticeable topoo-rapbic cl•ange . 

By tbe proce s outlined above a regular, ·mooth vol a nic cou whi It 
reache well above the now line become sculptured by g-laciers, o a · 
to pre ent a pre ·ipitous central mas , with a conical or dome- hap d 
nrumit, according to be hape of the · riginal peak, bounded by tbe 

steep walls of amphitheater a nd urrounded by secondary peak and 
crag forming tlle a pice of V- hap d r e idual ma ses between primary 
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Elevat1on of the foreground , about 6, 500 feet , elevation of the summ•ts, 14,000 to 14,526 feet. 
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glaciers. From the ·e tahomas-using t he name of the be t example on 
the ides of Mount Rainier as a generic term-descending line of ·rags 
forming rocky ribs lead down to the platform on which t he mounta.iu 
stands. 

The extension of the amphitheater at tb bead of tl te primary 
glaci ers renders tl1e ides of the entral dome more and mor • precipi­
tou as glacial erosion progre se . rtaiu of the primary glacier ma y 
advance with their task of excavat.in o- the lope- wbi ·h th ey d ·cend 
more rapidly tha n others a.nd eut back their ampbithea.tet· faster t han 
doth ir neighbors, tbu makin o· the Central dome UIJ ymmetrical. rJ'bi 
i th case in the present tag of th e erosion of 'lonnt ]{ainier. Carbon 
Glacier flowing northward and having it amphitheater l'h ltcred from 
the noonday un, ba excav<1ted a 0 Teat recess or cirque in the ide f 
t he mouutain, while the glacier on the on th . id of the peak have 
s arcely more than b egun to form similar reces e . 

Th proces outlin ed auove, by whiclt ani olated now-cov r d coi1 e 
i culptured by glacier ' and by the treams flowing from th m is not 
an ideal pictur of what may occnr, but i ·rather a tatement of what 
bas take~1 plac ou iount R aini er. The regularity in the developmen 
of topographic form that wonld re ulJ from the cnlpturiug of a conical 
mountain of bomogeneou rock b a. been modifi ed in the exam1)l e uefore 
us by irregularities in th primitive form, due iu part to th trun ati on 
of t l.Je snmmit, but to a mu h gr ater xtent by Ya.riation in ro ·k tex­
ture. Mount Ra inier, a already state l , i a compo ite c·one bnilt of 
projectile and lava treams. The portion form d of agglomerat a.re 
open in texture and yield readily to mechanical ero ion. 'Ib lava 
flows are frequently den e and comr act aud tand in relief when the 
adjacent agglomerate is worn away. Inequalities in oowfall al o 
occur, owin g- to th preva1en of we terly wind · a.nd, a: preYiou ly 
mentioned, now melting i greatest on the outheru , or po sibly the 
southw st ru , ide of t b mou11tain . \..tan arly tage iu tb hi tory 

f the moun tain aft r it bad c < ed to be an acti,-e vol ano t iJ heat of 
inftu nc d th rate at whi h tb now fallin g on it 

wa · m It a. Thi influ n wa g r ate t and lono-est continued at the 
ummit, a orne e ft.' t ' of tb re. iclual beat of the rock are till to b 

n there. Fr m th i cau tb ·mumit may l1 avc be n bar for a, lon g 
t im e after o-Ja. ·iee · orio-inat d on tlt id of tl..te mountain a nd had 
b gun th ei r ta ·1- of eroding tb ro k . 

Tb vari d condition ju t numerated and po ibly till other , 
would lead to modification in tb orderly equ nc of tor ograpllic 
·hanges that a lofty i olat d p ak f IJOlllOg neon ro k would r a 
t hrough. 

'han o-e' in th tor ogTaphy of fonn Ra inier have al o b en influenced 
by gr at vari· tions in climatic condition: . Tb mountain i uppo n 
to be of T rtiary age, probably rlio en (a to the definite time at wbi h 
it was built I can offer 110 dir · proof), aud wa expo cd to t h climatic 
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cl1a.ng s which wer ncb a mark d feature of the Gla ial p riod. Tb 
extent of t b gla ·ier ' that flowed away from t be p ak durin g th Ula-

ial period and tb variations they experi u ·eel h av not l>een mad 
out. ucb fact as are in b;wd bearing 011 th i q u tion ind icate that 
th primary glaciers w re well e tabli lJ d before he coming of' t lw 
Gla ·ial per iod and that th ice dra inage during it maximum followed 
valley pr viou ly outlin d, whi h were gr atly d pen d. 

In pite of the modifying condition ' enu m rated abov , a ncl1 o ibl~ 

still other thatruayhav inf:lueoc d t b e ma11ner in whi •hl\fouu tHainier 
ba been ulpt ured, the change in top0°Tapby that the mot111tain ba 
undergone make a 11 ar approach t what houl l b xpe t d from tit 
erosion by ice on t h upper port ion aud by wat r on the low r ·lope · o · 
a ym m trical p ak of l1omogeueou rock of th e h io·bt of th example­
before u auclund r the cli ma.ti · c udition to which it ha b n xpo ·cL 

OOMI 1'0POGR PHl HA .E '. 

With the postulate that xi ' tino- climatic co ndi t ion will r main pra 
ti all unchanged for a. Teat length f tim -the tendency of th glar 
cier tor cede, di. ens eel lat r, bei og cltecked-it i 11 ot difficult to sketch 
in outline the main to] ograpbical change that Mount Baini r will pa 
through clnring the age· o com . 

The primary glacier are cutti nrr ba k the Jiffi · ncir •ling the amphi­
theater. from whi ·h they flow, and in their middl cour · ' ar ·lowly 
inking into th ~ide of th mountain. 'rhi ntr ncbing of th gla ·i r,, 

by affordino· greater b lter for t l1 ic , tend toward th ir pr en·ntio . 
Th gr ate t change· in topography now in progres about l\Iouut 
Rainier are at the bead of th (}' lacier that have mad a mark l 
advau · in excavating th ir amphitheater . 

As an amphith ater rec de far her aud fartb r into t l1 , ide of an 
i ·olateu peak tlle reniou J~worable fot· tlJe accum ulatiou of ·n w aJI(l 
the OTOwth of a neve ue ·om l ' and I exten iv . For this r a on 
the enlargem nt of an amplii th at r leads to a c1 Tea e in t he iz C 

th e glacier flowiug from it. Thi is illu trated at t il e pre ent time on 
l\Iount Rainier by Carbo11 Gla ·ier, which ba formed a hug amphithe-
ater on the uorth ide of the peak. T!Je ·now on tb le te p , lo 
above the cliff Jeadiug to Liberty Cap creep clown to t he verge of tli 
preci1 ice and there break o1f an l form avalancl1 , whicb de ·c 11Cl to 
the glacier below. Carbon Gla ·ier in reality ha no true n<~ ve at pre -

11 t, except th now-covered areaju t m ntion ed above tb summit f 
the cliffs ncircling it · amphitheater. Til gathering ground of tb 
glacier ba been decrea ed by the extension of til amphitb ater until 
i t is but a fifth or a ten tlt of its original exte11t . Some compensatio11 for 
the clecrea e in the size of the neve, a a glacier eularg s its a mphi­
theater i found in the fa t that as the enlargeme11t take p lace the 
divide between the amphitheater and aclja ·ent neve field . ·rumbl 
away, and the glacier whose amphitheater recede mo. t rap idl y div r t · 
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some of the snow drainage that wa previously contributed to tbe 
neighboring glad r. This proce' i ' illustrated by Carbon Gla ier, 
which ba ' enlarged the western side of its amphitheater o a, to divert 

. orne of the neve whi h formerly upplied Willi Glacier. 
Carbo n Glacier is still enlarg-ing it amp hitheater, and if the process 

doe not check itself by deer asing the area on which now for th up­
ply of the gbcier accu mulates, will cau such a recessiun of the cliffs 
at its head that t he central doroe of the mountain will becom broken. 
The pre ent ymmetrical form of the mountain' summit will then be 
modified and replace l by a ere ·t lJ<wiug a teep descent to the north 
aud a much gentler outhern lope. 

If other glacier about l\Ionnt Rainier al o cut back their amphi· 
theater so a to break the ummit curve of the mountain , pinnacles 
and crests will replace the present rounded dome. In this stage there 
would be a centra l core, or a mattm·ho·rn, as it may be termed, with pre­
cipitou ribs and angn lar ummit, surrounded by deep amphitheater . 
Wh u thi stage is r eached the gathering ground for ncv fields will 
probably be o reduced t!Jat t!J e glacier will shl'iuk a ndll av but little 
influen ·e 011 the ucceediug topographic cha,nge~:~ wllich tlle mountain 
will pas through . 

fter the glacier ' have ceased their work, weathering and tream 
erosion will continue. The mountain will b come more and more angu­
lar, owing to the ulpturing of deep radial vall eys down its sides, 
and tb peaks and cr ts l ft betwe n them. The hi tory in stor for 
the mountain ,...-hen it is o altered in hape and reduced in elevn.tion­
with th exc ption of the central core-that glacier· can no longer be 
upplietl b it now, i illustra.ted by many ancient volcanic pile and 

need not be eli ·cussed at this time. Briefly stated, th topographic diver-
ity of tb mountaiu will increns for· a t ime anu gradually th central 

core of hardPu d lava, filling the pipe through which eruption formerly 
reach d the urfa will b brough out in reli f by the removal of the 
le · orupa t a. O'lom rate a nd lava sheet' about it and stand a a 
tow r abo th ruin urroundinO' it. Thi ''vol ·ani · n ck" will 
lowly rumbl and iuk to the condition of a round d hill with rock 

fragment ou it· ummit. Tb ultimate fate of tb on e gloriou moun· 
tain i r du ti u to ba 'el v >I. When thi · topoO'rapbic ph a e i rea hed, 
a plain bu littl levat d abo the ea, will occupy tb place where 
now tands Mount Raini r . 

PR • NT ONDITIO OF TilE LA IER . 

As stated on a previous pao·e the ice b die on :Mount R,ainier may 
b cia, ified in r fer n ·e to their position on th moun t~Lin as primary 
aud econdary glaciers. Th ecoudary glaciers have al o be u termed 
iuterglaci r th type beino· Interglacier1 situated on the broad -shaped 
r mnant of the middle mountain lope between "\Yinthrop and Emmon 
glaci rs. 

1 GEOL1 PT 2--25 
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The primary ice treams in t lle order of their oc urrence, beginning 
on t he nor th ide of the mountain and going about it toward t he at 
south etc., are as inrlica.te<l on tlt e accompanying 111ap, the Carbon, 
Winthrop, Emmons Iugr'allam Cowlit~, Nisqually Kautz vVil on, 
Tah oma P u allup, Bdmund and Willi s glaciers. 

The secondary tream , or interglacier , as i t is couvenie11t to term 
th m, in tb order ju t stated are Interglacier, Fryin ·. pan Little 
Tahoma, Williwaka , Paradi se Van Trump, and oth n; not rtam d. 

ll t he glacier of tb i type al'e not repre entetl ou the accompany­
ing map (Pl. LXVI), partly for the r a on that they merg with 
indefin ite SUO\> field ~ , and some of them bav not been r coO' nizecl by 
tho e to whom we ar incl btecl for tb map. It is only in htte um­
m r or early autumn that the existence of glacial ice ben atb the 
general snowy covering of the higher por tion of the mountain can be 
eli tingnished. The interglacier a a rule do not form well -defined ice 

. str ams, but are rather broad n V"S, from wl.Jicll a protru ion of o·iacial 
ice can be f:>ee u when the summ r melting i far advanced . In s me 
instances a. about t he Guardian rock , t b glaciers of hi type s a.r ely 
merit he name here applied to them, a t!Jey a.r littl mor than n6vcs. 
The ' e . mall ice bodi s gra le in to Jtow accumulation whi ·h endure 
perhaps fo r 8everal year , but are oc a ioually complet ly melted . A 
former extension of the interglacier , and the previou existence of true 
gla ·ier where only deep. now accumulations now occnr, is ho wu by the 
poli h and grooves on the rock below the po ition they occupy. In 
common with the prirmtry glacier , tho e of tbe · oudary typ w re 
formerly much more exten ive than at present but t ll eir condition dur­
ing the Glacial period lias not been fully determined. 

CARBO GL.A. IER. 

The a,mpbitheater in which arbon Glacier has its source, as already 
stated, is the lar rre t excavation that ha ueen made in the ide of 
Mount Rainier. The wall of rock ri ing above the bead of the glacier 
is auout 4,000 :fuet higb. On this vast precipice little snow accumulate. , 
but on it summit there is a vertical cliff of stratified neve DOW about 
200 feet high. This wall of suow, conspicuous on account of it· ou­
tra tin color with the dark rocks below, expo e a section of the nev · 
which re ts on the slope leading from the crest of the precipice to 
Liberty Cap. The low do)Vuward creep of the neve can s portion 
of it to br~ak off fro-m time to time and descend in avalanches to tb 
bottom of the amphitheater. 

I n the amphitheater is a n ve, it is true, but not of the ordinary typ . 
A deep accumulation of now is formed there each winter by t!Je ava­
lanches and by snow blown from neighboring heights, in addition to 
that which falls directly, bnt the surface of the depoS>it tllu formed i 
uneven, and, as may be seen in the numerous creva es, lacks the well­
marked stratification which is such a characteristic feature of uorm al 
neves. 
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The avalanches from the cliffs encircling the head of Carbon Glacier 
bring down con · id rable rock d bris, and in StlmJUCL' rock-falls arc com. 
ruou, owing to the action of the wind, tb loosening of blocks by changes 
of temperature, etc. The now iu the amphitheater tiJU becomes 
heavily charged with debri ·,which i carried down by tbe outward flow 
of the n ~ ve , a nd become concentrated on i t::> urface a melting pro­
gre se . On account of th e strong wind that prevail much dust i 
also scattered over tile now flooring the ampbith ater, which serve to 
darken it nrface. 

vVith tbe rece iou of the wall' at the bead of the amphitheater there 
ha been an increa e in it bread th. Some of the now drainage l1L'e­
viou ly contributed to \Villi Glacier on t he we t, a nd to a former in ter­
glaci ron th east, ba been diverted and now feeds Carbon Glaci r . 
\ s prev iously tated, tbe rece ion· of the cliffs at the head of the 

amphitheater ha deer a e<.l the area of. uow accumula tionl adiug to 
it, an d thu ba led to a diminution in the ize of the glacim· originating 
in it. Th e lo s due to the rece sion of t l1e cliff , and the con.·eq uent 
deer ase in tlte extent of t he elevat d region of now accumulation, 
bas apparently been mu h greater than tbe gain duo to a broadening of 
the amphithea ter and the con qnent robbino- of adjacent glaciers of 
their now upply. Carbon Glacier, by enlarging its amphi theater, i 
lowly de ·troyin o- the conditions on which it exi tence dep nd.,. n 

the central portion of the great wall at t he bead of the amphitheater 
t!Jere i a buttre s-like ridge, which indicates tbe po ition of a form r 
dividing wall. At an early stage· in the culpturing of the moun tain 
tber were evid ntly two amphi theaters which contributed their now 
to arbon lacier . With the enl argement of the e rece e in the 
mountain side the rid ge that eli vided t hem l1 as nearly disappeared. 

The ide of the amphi theater are rocky ere ts as may be een e pe­
cially on the a t where a cl ark ridge of rock marked by pinnacles and 
crag. parat the now drainage of arbon lacier from that of 
Winthrop Tla ·i r . Thi line of rao- and pinnacle i the re t of the 
wall of bar r k inking we twar l to arbon Glacier, but it ea t rn 
, lop i mu ·h Je pr cipiton and i lleavHy over d with n ve sn w. 

mall enlarg m~ot of tlJe amphitheater will can e a break in the 
divide on th ummit of th li ffi, and some of the now nowflowing to 
Winthrop la ier will b div r d to feed it more energetic neighbor 
on thew t. 

The out tt·otching ridge forming the ' ide wall of th amphitheater 
extend n rthw~•rd and mer e at their lower or northern extremitie 
iuto broad, int rglacier space at an elevation of about 9,000 feet. The 
amr hitheater i about ,000 £ t acros from ea t to we t, and in the 
neighborhood of 5 000 ti t in l ngth from the ba e of the great cliffs 
at it b ad to tb br ak throucrh which the glacier outflow . 

At the outlet of th amphithe<Lter' the snow, till having the cbarac­
teri tics of an v i mu h creva eel, e pecially where it pa es over 
bo e of rock on th fioor beneath. Dome-lik elevation are thus 
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can ed in the gla. i r which are brok n by radiating- fl, nr , into 
ca tle-lik block with pre ·ipitou wa,Jl . Dome of tlti ll<Lturo at· a 
characteristic featur of many of the gla ·iers on Monnt Raioi r and 
the fact that they ar du to the i pa ing ov r promin >utrock ma s 
is clearly hown near th extr miti of ev ral of th primary ·Ia i r. 
wb re t b rocks have been xpo d b the m l ti ng ao1lr c 'S ion of the 
icc. Tbe w1ture of the e domes will be 11oted Juor iu detail in ·on. 
ne ·tion with the d suription which follo'Y of Wi ntltrop and v\ illi 
a]acier . 

Just b lo'' tb 

resembling a great Atairway, are not a novel featur , a 
but a characteri tic of many alpine gla ier . Th l v 
rating break· in a glacier indi ·ate imilar topogra.pbi 
rock urfacebeneath. In tndyino· xi tino·gla·ier. iti in 'tructi veto 
examine valleys form rly gla iated. 'rbe be t report d illu tn1tiou f 
tbe altel'Uate tep a11d terra e ~ ature in hiah .grade gla iatecl vall y 
occur in the ierra Nevada, and hav be n de ribed by m in a pre­
vion article. 1 In ascendincr 'l'uolumne all , n ar it ource on Monnt 
Lyell, for example, oue encounter· a ,erie · of t ep e carpm nt pi:tr 
rated oue from another by almo t level reache , iu orne of which tb r 
are hallow rock-ba in lakes. When tb great valley re£ rr d to wa 
oc upied by a glacier eaub of the teep dt' S euts can eel an ice fall. 
The e condition are reproduced on a mall cale by Carbon (Hader. 

As is explained in part in the report just r ferred t , and a ha been 
till more clearly tated by 'Willard D. Jobn 011, a glaci r cut back it 

bed from one ice falL to another in mu h the arne way that a a cade 
in a tream recede . The formation of scarp and bel v , as the 1 vel 
reaches may be termed, ~ tlue to a process similar to that by whicb 
amphitheaters are enlarged. 

Opposite Ande ite Clift' arbon Glader is about half a mile broad 
but it soon increa e to nearly a mile in witlth, and maintain tbi 
increa e all the way to the brink of the teep de'cent a mile and a half 

1 I. C. Russell, Quaternary history of Mono Valley, California: Eighth A.nu. Rept. . '. Geol. Sur· 
vey. 1889, pp. 348, 354.-355. 

• 



U. 8. GEOLOGICAL. 8URVE'f EIOHT(ENTH 1\NNU ... L ACPORT P ... AT II PL. LXXIII 

THE SOURCE OF EMMO'IIS GLACIER , SHOWING THE SUMMIT AND EAST ERN SLOPE OF MOUNT RA INIER 





IIU EI.l-. ) CARBON GLACIER. 3 9 

uelow. Indeed, bnt little diminntion in breadth occur until the :final 
de ·cent toward t il terminu begi n, . It then coutract in width orne­
what auruptly to a l>ont 1,000 feet, and ends in a precipitou lope. 

Oppo ite Andesite Oliff the ltard blue ice of the glacier i ex po eel. 
In thi rel!ion tl1ere i a reach of the glacier about half a mile loner 

. ' ' bl 

intervening between tiJe lower edge of tbe nev , and tl1e l1eavily 
111oraine-covered i e farther clow·n tream, which i ompa,ratively f1·ee 
from dirt and Rtone . Th e exten t and character of thi. nrface vary 
from day to day cl uring t he ummer, the neve receding and t h dirt­
stain cl anfl stone-covered area at the same tim increa in g up tream, 
owino· to tl1e concentration of d bri at tb surface as melting 11ro­
gre s . 

Down tr am from th b l t of clear iee just referred to th glaci r is 
prooT iY ly more and lllOre deeply overed with ton and dirt. In 
tl1i s r~giou many of tiJe minor features haracteri tic of moraine ov­
red ice, uch a . glacier tables, , ntl cone , . urface tream monlin ·, 

et ·. may be recogniz d. bout 1,000 feet down tream from ncl ite 
liff four . om what prom in 11t medial moraine make their app arance, 

and may be tra d to the brink of the t ep de ce11t a mil uelow. 
'r'''O of t he em raine ar n ar the we t side of tbe g·lacier the neare t 
beiug about 700 f~et from it west rn border, and eparAted from it 
c mpanion by a lau e of le compl etely d •bris-covered ice about 150 
~ et broad. 'rJJe otiJer pair of 111edial moraiu . occupy a similar po i­
tion adjacent to th ea t i le of the gla ·ier. The e medial moraine 
ar Hot con pi ·u u, featu.re , but ar markecl by irregular debri. pyra­
mid , ri iug from 10 to 30 feet aboYe tiJ a(ljae nt surface. 

Tb debri alooo- thew st , i le of tb o·la ·ier, derived larg ly from 
11d ' ite 'liff, i · gray, corre ·poncling witl• be olor of the cliff from 

\Thitlt i Come j UUt 011 aJl otb 1' pOl'tlODS Of the urface the prevailin o· 
colo!' or t il mot·ain s; is; d:-n·k l rown. Practi<'ally all of t he morainal 
mat t•ial i ' angular. Hound d or mootb And · triat <1 ston are 1-
dom 

B I w th b gim1ing c nt I ading to tb t rminu ' of 
tile crlaticr uo i · ·an u . n in ~t gtnera l vi w. 'rh utire urfa i 

t of b rown Ancrular d •bri::;. The huger , tone 
rAng in l:'iz from a f: · w in ·h to · veral feet and mino·led with them 
ar la.ro· qu< ntiti of fin , enrth -lik material. Thi ·portion of tbe 
o·Ja i r is rugged n a· ount or numerou ren1 · es a111l unequalm lt­
ing dn to variation· in t he thicku of tl1e d ~ bri . ometbing of 
tlic mann r in whi h urfac morainal material i · one ntrated in d pr s-
ions ~llld t hen rai i i 11 r li f by th m lti ng f th adja ·en t nrface o 

as to form debri s P. ramid · may t ller be 11 . Thi proce " lto·wever, 
o n most nctiv ly wh n a g l i r lm bot little motion or i tag-

nan t }.tnd about llfount lhi11ier lllfi·Y b lJ t studied near the t rminus 
f Winthrop J" la ·ier. .At the nd of 'arbon Glaci r tiJ iced c ml 

pre i pitonsly · 00 or 400 feet, and prcseu ts a dirt· stained fac too teep 
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for one to climb t p R. t tlJ foot of this steep 
d ·cent Carbon l{i er om ro· m a caveru in tl te ice, a · a browu, 
roaring torrent, beavily en umbered witl r bowlders. 'r il e r iv r i over- · 
loaded witb oar e debri and i~'~ filling·, or aggrading, its vall y n,l! tlte 
way to tlle mtrrow ·auyon 3 mil abo ' arbouado. 'Ih condition of 
th valley bottom below tbat locality i not k11owu to m '. 

\Yhere the riYer leave th icy cav rn from whi It it merge · mauy 
of the ston s in its bed are a,ugular; tb , hav om dir ctly fr·om the 
teep ice lope aboYe. tit r tone -, J11a11y of them ~ f t or mor in 

diameter a.nd composed of hard ro ·k are well r nnded; th se ltave 
been brought out of t he ubg·lacial tuun ,1, and. how that much ro~ion 

i p rform ,d by tb tren.m before it com to th l igh . Le · than 
hall' a mile below tbe termiuu of the glacier nearly a ll th tonet> tl1at 
form it bank. are well rounded. 

Th nd of arbon la i r was een by 'Willi in 1 1 AL the 
time of our vi, it the gla ·i r had r tr ated about 100 yards a n arly 
as ·oulcl b ·timated, aboY th po iti u it o ·cupi d frft n y •ar 
previou and the precipi ·eat H< terminu ltad brco111 mu hI s . t p. 

·om1 anying the r ces · iou of tlJ t rmiuu durirw r ·ent year-, 
there ba bceu a general lowering of tlr ·urfa.c of th glaci r all the 
way up to tlr n YC, but no mea ure of the amount that t he i · haJ 
hrunk could be ma.de. 'rb low ring f the ·nrface is of th natur f 

a g neral sbriukinrr, wllich i great ~t Hear tb r ~t of th low r ice 
fall and I rog-re " i vely d ·r a e up trearn. Ou con::;picnou ' r . nl t of 
tbi · urface 111 •Jting i ' <t marked iucrea ·e in the am unt of up rglacial 
dcbri , a noted by Willi .1 

A r ecent lowering of the nrfac of tlr glaci I' i <l by abau-
doued htteral moraines. Th are con pi uou along- a ·It t:iid' of the 
gla ier, from the brink of tlr low r i fall up to nd it ' liil' on 
tl1 we t bank and to tho ntrauco to th amphitb •at r u t.h ' t!<L ·t sid . 
Tbe ' e moraine , compo ' l largely of audy lay lt a ily ·barg d with 

tone- and angular ro k rna ·e ·, ri e from th ice in pre ·ipitou~ ·carp­
ment from 100 to 140 feet high, and a.re too teep in man pla e: to b 
climbed. The angle of lope toward the glacier i front400 to 500. Tlie ·e 
lope are broken faces, fr m whi h tone fr qu ntly fall and ar 

entirely bare of verretation. Tlle slope r £ rred tori. to a sharp r t, 
from wbicb the lop away from the i e i · more gentle, a.veraginO' 
between 300 and 400. Ou the e outer slope::; pru 'e tr e ·, ome of th m 
20 to 30 feet high, are growing. 

On lea.ving the glacier on either id and climbing the fre h lop 
of morainal material bordering it, one tind oth r imi lar parallel 
ridge , each of which i clothed with fore ·t tree..:. The e older mor;tin s 
are in several instance h igher than the roo t modern on , a.nd , how in 
general :t progres ' ive lowering of the urface of t he ice a. the widtll 
decr ea ed. 

'Seventeenth Ann. Rept. U. 
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The narrow vall ey bet"-een t he abandon ed moraine are without 
for~st trees, but are carpeted with m s, g rasse::;, and a profu ion of 
bnll iant flowers . The snow lingers until lat in ummer in t il e e 
slladed dells, and the bla ·k , humu ' oil, after t h snowdri ft disappear, 
is \\·ater·son,ked aud in mauy place wampy. Thu iu several way t he 
ridges f<tvor the growth of forest tree::; while the marshy dell between 
furni h onditions uitable for the growth of more lowly plant . 

The abandoned lateral morain s belo w Andesite Oli ff are in an 
embayment on t h . id('l of the valley. Their formation illustrates t he 
ma-nner in \\·hich :t o· Jacier build moraine · wlret·e the vnl1ey widen , 
a11d t lm tends to make it channel even ·ided. Tbe mo t reeent 
morain - the one overlook ing the i ce-start>~ from Ande ite litr, but 
no t at its most expo ·ed portion. 'l'b next lateralmomine to be form d 
if th glaci r <'Ontinnes to hrink will, i t i ' to 1.Je exp cted ·tart from 
tb extr •me end of tile cliffs where they now project into tbe gla ier. 

'rile older lateral morain :, of whi ch tbere are ometime three, and 
again four abrea t, t rminate at t.hei r upper or· proximal nd abrup tly, 
with ut u11itin g with the cliff from. which they d rived much of the 
material composi11 g them . Th reason for th eir abrupt ndin g i t ha-t 
a lateral t rea.m fo ll owing t h ide of the g lacier cut a cha11nel a.cros 
th m at thei r junction with the ide of the valley. This proces. i 
plainly illu trated on the w t border of vYinthrop Glacier near it 
terminus. 

Th morain e on the ea t side of Carbon Glacier ar in o·en rallike 
tho e just m utioned, and again all but the last form ed are witbout con­
nection at their proximal ends with the ro.or 1 vatecl region aboY . 

All of t he moraine just de CI' ibed per tain to the pre nt topography 
and were formed wl ren the o·Jacier bad its pre ent charact ri ti s, 
except t hat below nd site ' li .ff, wb n the earli t pair wa formed, 
it w::1. ::~,bont a mi l broader and its urfa e abou t ~ro feet hi gll er t han 
now. Wh ther th valley 'm ver mor de ply fi ll d with ic tba,n i , 
r ·orcled by th ld mora.in r main to b d tennine l. 

WlN'l'HR P LACIEH .. 

Th of Win IJrop Gla •i r ext nd ' to the summit of Mount 
par of tb snow tbat a cnm ulat iu t h 0 Teat ummit 
11 'r:tter p ak and L ib rty Cap Jiow M tward down the 

pr ipitou lop f th c ntral dome a.od ·ontribute to the growth ot 
th ' xt n iv neves ov rirw all that id of the mountaill . Th ea. t. 
rn . I pe of th moun ta:n is more he}tv ily snow ov reel than any other 

portion mainly for th r a on that the prevailin g we terly wind cau. e 
tlle now to b depo it d thN' in oT ate t abuudanc . 'rbe grea t peak 
ri ·in g in th path of the moi t win ch; from the Pacific produce ome­
thin g like an ddy in th a ir unent ou i t ea tern side, ancl thus 
favors deep d10w n cumulation. 

All of the ea ter 11 id of tbe mountain auove au elevation of 000 
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ar.companying map. 

· crao'!l, i n •v6 

thr , pd­
wu on the 

Th n •ve of \i\ in t iJrop Gla, iPr d scenct ]j low Th W !lg and t rmi­
nat s a,bove timb r lin e at an 1 vation of npproximat ly 000 f > 't. 
Below tlte lower margin of th n('y tb , lid blt1e ic' of tli gla ·ier 
proper in place h avily over d with down the 
valley b tween rugo-eclmoHutaio n.nd 
4 000 a.nd 000 feet . 

a nlrealy mention d, i ' tbe oc urr 11 of ,r , ll-mark l lom s the 
, ummi t · of which ar' CO IIltnOnly fra ·tur d o a ' tu prodn · nldiating-

ev ral of t he dom cur in WiHtltrOI laci r both in 
glacier proper, aU<l furni ' h abundant 

low red down Y rtically 011to a . urfa · on whi<·h th r w r kt 
lil <lOIIICI:! ur l'U ·k lOO lu 300 re (, ltiglJ. In 1:\ll ·It a, ·a Llle le 0 
dom 1;1 would become fra tnr d wl.Jile on th ' g nerally ven nrfa 
betw n it ·would ettl tlown with le: bre,tking an 1 on form to t l.Jc 
general contour of tl.Je rod~ ' b n 'atb. 

\Ye know how ver, that h · now and i e uppl yitw th 
flow fro m h igb r r gion , a,ud that it mn ' t ad vane ov t· tlt dom . . 
Thi. m an that tlt ice ha iu fact an upward motion for the g la ier · 
ri e in pa io g over th elevatiou in tl.Jeir bed . From the um111it of 
the dome the now, or ic , as th ca ·e may be, de c nd in a ll dir . 
tion but u · uall y the lope i t epe ton the down tream i le. 

A eries of i e domes on the glaciers about Mount Rainier mi gh t 
easi oy be selected ranging fr·om regular dome with practically equal 
lope on all i<l ~ , through otber similar form with pr cipitou lower 

face, to precij)ice down which the ice des end , forming what ar 
ter-med ice ca. cades. From analo o-y with the iee ca cade I hall d e ig­
nate the eleva tions on the urface of the g la ier here de cribed ice 
domes. Like the cascade the dome vary in their cbaracteri ti 
according as they occur iu a n eve region or in a. glacier proper. 
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RECENTLY ABANDONED MORAINE ON WEST SIDE OF CARBON GLACIER, JUST BELOW ANDESITE CUFF. 
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Tile domes in the neve region, as on t!Je upper portion of Win brop 

Glacier below The v\ edge, differ in apJ1eanmce from tho e in th o·Jacier 
b 

proper, owi n 0' to di1fe rences in the physical propertie of n0v ~ snow 
and ice. The dome · in t hen ve have more or les of a network of wide 
fi . ure about t!Jeir sum mit with radiating fi .' Lues extendin g down the 
Ride , whic·h gradually contract and die out in the cour e of 100 or 200 
yards. The radiat in g fi . ures on the up tr am sid of the domes a.r~:~ 
ommonly le s extensive and much le s conspicuous than t bo e extend­

in g in other direction . TI.Je fi ure iu the summits or ti.Je domes in 
the mve at the time of our v isit were widely expand ll and ,,ben t h 
temr rature was below freez in g one could afely walk over t he rough 
cavernou ' now partially filling th m and penetrate to the very center 
of the y tern of br a.ks. In some in tances a near ly recta ngular 
column of snow 30 fee t on a id e nnd r i ' iug· 50 or GO feet above ti.J e 
partially ftll <l re ,·a)i es borderin o· i t ro e iu tb center lik a hug 
obelisk. 

Farther down Winthrop Glacier, in t h glacier proper ~be dome: are 
equally on pi •uou , but the creva::; es in them fire le · rerruJar and not 
nearly so wide as in tlt iu .·tan ·e just cited. Ju .- t below tbe , kirt of 
the 11ht> a i t exi~ted nt the tim e of our visit tb r ar four domes 
in closi ng a ba in in "· bicb tTtere wa n hallo\\T pond about a,n a,cre in 
a.rea, which 1ra ·on ' l)icuou on account of it blue color.. Tlte::;e r1ome 
ro ' e, by estimate about 0 or GO f, et abov the ice 011 tb up tr am ,· ide, 
but IJ Oil!' far tb t downstr am when en fro 111 b low bad 11 nr ly 
twic tbi ' lt eigbt. Tb ir lopes ou tbe up, tre::un ' ide d S<;ended a a,n 
auo·le of rtbout 4° to GO but on the do1n1 tream , ide they w re <;On id­
erably steep r probably 10° to 12:>, and in one iu -tanc at left ·t ~oo 
or 250. Jn t above ea ·It tl ome there i an absen · of revas·es, anl 
the i e eems to b con1pre ' ed, but ~;mall break app ar 00 11 after t h 
n cent b g in . 'Ih c c·r nts es are curved and tend to sunound the 
dom <lR <' ntonr . but n ar tl1 ir nd t reucl away fr m it in tlr\' :5 

·on<·av' towar l th aw:1y. The cr· \'a be 0111 
broad r on th pecially on tho brink of tbe 

d ' C nc1. are c1o ed. rh lo,rer 
r dome wa vi;;;it d, fL IHl a hollow in tbe ur-

glacit·r wa s round b low it. tan din g- in hi hollow and 
facing t h dom on a te p d c nt mu It lik au i ·efall "' ith 
piuna les of bin i<; along t h On ach, ide of the dome tb er 
i a, ·nrv clri<lg or ic makin g th' ea ·t nll(l w t wall of tl1 depres­
. ion i n whi •h !1 obs rv r taud . The cnrv <l ridge becom low r 
and low r a ' t it y lea.v t-he dome, and uui ting, ompletelJ inclo e t he 
J.e.pr • ion , th lowe t poiut on th rim b ing oppo ite th dome. A 
tream f, cl by surfac · Ill ltin n· ·our d along in th b ttom of t he 

de1 res ioH, flowing in th , llir ·tion of o·Jaci al mot ion for 5 or G rod s, 
and tb n plungect into a ·revas . In tb depre ion below other ·im­
ilat· dom . there w r ·hallow pond . 

The barri rs below t he dome are evidently due to a trong flow of 
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ic about their side~:>, whi b for]l)ed th lateral urved ridg th;tt unite 
a hort distan ·e l>elow. 

'Ihat tll dom a.r du 

The mann r in which a gla i r ri e OY r a dom i. of int rest in 
connectioq with tb muclHli us ed problem of th au e of gla ial 
motion . A. detailed study of ice dom would apparently fnmislt vi· 
d nee for deciding wbether '" glacier b l•av . a a 1 igid body that i 
thrust forward by a for a ·tin()' from above or aR a pla . tic l>ody mov­
ing under the inftuenc of gravity. The mann r in whi ·h th ic in 
th ca e of a dome in tho glacier proper, flow about the ob.-truction o 
a to form lateral ridg s which gradnally approach an1l inclo a 
depre ion below c rtainly favorR th idea of pla. ti('ity. 'rh i e 
appear to b forced over th ummit of a rock dom ancl tori. e high r 
than tho adjacent urface np txeam both by the pr ·ur of i • abov 
and by the lrag of the d per ice curr nt on itb r ide. 

Jt i difficult to con eive of the mann r in wllich a rigiU body would 
l> have undP-r the condition h r referred to but ther appears to l> 
no rea on for a sumin()' tLat it would close in below the dome ; w 
should expect, ratl1er, to find an opeu h:mn 1 b low each obstruction, 
with pr cipitou and much -broken walL. 

On the ea t ide of W in throp Glacier below TheW d()'e, the rock 
ri e precipiton ly and form cli:ffi , from which much debri fall . Til 
glacier i evidently apping the cliff that border it from The Wedg 
to near it termination. On the we t side the limit f the nev ~field 
i indefinite, there being many crags that ri e through the ·now abov 
the timber line. · 

Below that horizon, however, th glacier'. margin is sharply defined 
by bordering precipices. The ice has there melt d back from rugged 
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cliffs so as to leave a marginal valley some 200 feet de~p, in wbi h a 
stream flows. The margin of the glacier is heavily moraine-covered 
and much broken by creva es. In places it is impassable. The 
extremity of the glacier, as already stat d, flows pa t a bold ro k 
dome, which was formerly covered by the ice, and at a later tao·e, a.s 
the g-lacier re eded, divided into two bran he , the eastern one being 
tbe broader . As the glacier continued to retreat the tongue of 1ce to 
the we t of th e rock dome melted back, and a heavy lateral moraine 
was depo itecl as a free ridge, having a curved course, which extends 
out from the hore and join ~ th e rock dome. The end of the moraine 
near the , bore ba been cut away by the stream following t l1 e ide of 
the glacier, and when trac d toward th e border of the valley i;· found 
to end in a ptecipitous slope. Standing on the ere t of the moraiu , on 
which a few . mall spruce tree are growing one can look down into a 
deep vall y to the we t of the ro k dome across which th e morain has 
been built. The slope of the moraine on that side i: steep aud the 
des ent i a-bout 400 feet. On the id overlooking the gla i r tbe 
de cent i still more precipiton . Th e ice ha brunk away from 
the moraiu and i now fully 100 feet below its re t. 

Above the ro k -dome and bordered by the harp-crested moraine 
ju t mentioned th ere i an embayment in th ide of th ghcier, oc u­
pied by he;w ily d ~ uri -covered ice that is fast m ltiug away. Tbi 
·· tagnan t ice ba · a markedly different a pect from that on other portion 
of the glacier where motion i till in pro o-re ·. 

The topography of t;tgnant moraine-covered ice is difficult to 
de cribe, but ea ily recogni zed. promineu feat ure is the great 
numb r of bort, teep ridge or crest , ri iug to a broad, gable-like 
an gle in the center and bounded on one ·ide by a teep re cent-shaped 
lope of dirty ice :tnd on the other by a much more g ntle lope, which 

i h avily morain -covered. The steep slope usually face outhward, 
but thi · i.' not an invariable rul . B low the teep lope , and filling 
the pa e betw ' n ndja n t r t there i · u ually n. deep accuumla­
tion of tone a11d dirt. m ltin o- progr e the e concentrated 
mas of morainal material are l ft a dcbri pyramid . The moraines 
n stagnant i ar u ually darker than Olt other portion of a gla­
i r, probably on a count of th gr ater abund ance of fin e, earth-like 

deb•·i , whi ·h r tain moi tnre ao(l i alway w t. Tbe teep lope · of 
the i · re t iu th ase of the Mount I ainier Glacier ar dark-brown 
and frequently appear u arly bla k, as i. aLo true of the tagn ant 
border of !ala pina Glacier Ala 'ka. The e dark, wet lope are not 
common on movino- ic . 

The a teru branch of \Vin th rop lacier end in a low lope to the 
a t of the r ck-dome referred to, and lla bnt li ttle morainal material 

in it. Abov th e lo w terrninu tlle ice r ise teeply, and lla been 
wa bed cleau by urface t ream. . bove tbi steep r i e the ice i pro­
foundly creva eel aud can be eros eel only by patiently choo ing a way 
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from one na rrow i blade to a noth r b tw n d e p ga· he in t he olid 
blue ic . 

Tber ar many otber :D atnres of Winthrop Gla ·i r that <1 nt n,nd 
att ntion, but in th :Lb nc of a cl tailed map and otb r i lln tration 
an n,ttempt to de cril>e t hem i ~ probably itot ad Yi :tble. 

On intere ting- fea.tur 11 at· tile end of vVinthrop Ia ier, r ported 
by ]!.J . • Iugraltam, but not . , n uy m , i ad fp, narrow clef in the 
rock, on the borcl r or the ' all ey and parallel to it · long r axi , abottt a 
mile below wher th o o·laci r DOW termina te· . Tlli gorg is probauly 
tlte r ' ult of .·trea m ro ion alouo· th itl of th gln i r wlt ni t was 
much more extend ed than now. That tbi i tb rn explanatiou f' it 
origin, however, remains for futnre t r av ler to d term ine. 

EM:;\10 S GL.A IER. 

The best exampl of the manner in which t he gen ral n v • field 
de cending tlt lopes of tbe · ntral l om of Mount H.a,ini r i clivid cl 
by wedges of rock int primary glaci r is furni h d by Emmon ' In ·ier 
and it 1t eighborin g iee treams. Tbe origin of tho w dg now rlivid · 
ing th Hcve, by tlle rosion of t b outwarcl.fio,ving i ·e, ha. air' ndy 
b n explaine L 

Below Tb Wedg and Little Tahorn,, Emmon Ia icr i a w 11. 
defined ice strea,m, about 5 mile in leu()'tb, wiLh bold, ro ·ky ·lift': on 
ea It side. T h glacier b come ltea.vi l charged ~vith debris alono· its 
border from tlt adj~teent !i ff and in th low r portion of its ·our 
i ' completely covered with tone , nd dirt on each ·ide. 'J'he:e lat raJ 
moraines become broad r and broad r toward tb terminu, of' tlr 

con aled by a cont illuon t o f brown a.n<ll.>aLT n l l- bri . 
right-hand id of tlrA glaci r, for one or two lllil . ab \' tb terminu 
abandoned lateral moraine occur in pantll l ridg ' , markino- a graJual 
shrinking of t ire ice. A imilnr rt•cord · ur:' al o on th 1 ft hie but 
the morain e ar there broad r aud lr ow by til ir olor alld by tb 
r eli f of the urface tlrat they re t on , tagnant ic . On h id of 
the valley, above t be ,tagnant morai n -cover d ic jn t re~ rr d to, 
there are abandoned morain s which ar ban ked ao·a.in ' t tb steep li If's 
forming the vall ey .:id . 

The toDgue of cl ar ice 1rear tlte extr mity of th gla. ier i om 2 
or 3 mile long ana, although gradu nlly tap ring down tream is 
much of the way about 01re-tlrird of tile width of til valley. T he 
grade is there low and the i ·e not much brok n by cr va Dowu 
the central portion of t lti ' tongu t here are t "'o li gh t medial morainal· 
ban d , d erived fro m rocky ere. t · in tlr e central par t of ti re n >ve mo tly 
above th e horizon of Little Tahoma. 'Tbe e narrow r ocky 1 dge may 
be een in P l. LXXII!. 
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The manner in which debris causes a (lecrease in the flow of the ice 
containin g it, and :final stagnation if tl.t e rock material reache <L laro·e 

0 

p rcentage, 1 lead to int re ting- ugge tion in t!Je ca e of the o·lacier 
here de cribed. 

The· excessive Joa.d of toneR and earth on the ides of tb rrlaciel' 
' the central portion being notably free from . uch accumulation ause 

the mm·ginal portion to become lwavily charg d with engla ial d 'bri 
a meltino· peogres e . The flow of t!Je ice i thu checked, and the 
marginal portions of tbe glacier become tagnant. Thi i equivalent 
to a narrowing of the valley through which the ic flow., ancl the 
cleitr portion i enabled to J)rogre farther before melting than it 
would if the uorder had no t become tagnant. Emmon, Glacier, lik " 11 
tbe oth r primar>y glaciers on Mount Rainier, is evidently wa ting away 
and it · terminu r ced ing. The proce s just r ferred to by which t !Je 
channel available for the tlow of the clea.r ice become con tra.cted, 
might lead to an ad van ·e of the terminus in spite of tlle fact that a 
g-eneral wa t in g awa.y i' in progre . 'I he, taguant i along the ide 
of tl1e valley not only causes a decrea e in the width of the channel, 
but bi ld the clear ice from melting more effectually than tiffs of 
rock would do. TIJ' clear ice nnd r the pr ent conditiou i ' also able 
to advance farther than it 'Would in a broad vall y where it iue 
would be expo eel to melting; or t!Jan it would betw en cliff, and rocks 
which, by reflecting h at, would canse even greater marginal Jll ltin o· 
than would occur in a broad valley. 

Emmon Glacier is deeply intrenched. Near its terminus it is bor­
dered on each icle by bold, rugged mountain ranges, left in relief by 
the excavation of the valley in the whi h glacier li . T!Je valley 
become narrower and it ide~ still more rugged below the terminus of 
the glacier. The tream flowing down it, a bmn h of White River, like 
other imilar rivers already mentioned, i overloaded with coarse d bris 
and i aggrading it channel. 

INGR HA."'I GLACIER. 

The .portion of th nev d cending t.!Je ea t icl of the central dofi!e 
of ::U0unt I ainier, t the right or outh of Littl Talloma and divided 
by that promoutory from the portion of then ve tribu.tary to E mmons 

laci r, form a primary gla ier of an a.bnormal type. Tbi well­
defl.n dice strea,m doe not de cend t he mountain lope in direct cour e, 
but i deflected southward or becom tributary to Cowlitz Glacier. 
It cour i oblique to what may be considered the normal flow of a 
primary glacier originating on an i olated peak. 

v h r the d cending n v is plit by the sharp edge of the great 
wedge- hap d remnant of the ide of the mouutain, of which Little 
Tahoma i the ulminatincr peak, the ice ri e again t the rocks an d i 

1 I. . Ru s 11, '!'he intlueuc of d6bris ou the fiO\\' Of glncier : Jour. Geol. , Yo!. III, 1895, pp. 23-832. 
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greatly shattered. The portion of then v '• turn <.1. southward by the 
ob truction now <le cend a te p slop and is mu h creva. · ed; below 
the lope the uc, ent is more gentle, and th bard, blue ice, but little 
encumbered with clebri flows on a a well-clefin c1 gln,ci r. All along 
the left side of the gla icr the cliffs of Little Tahoma, ri ' O in rugged 
precipices from which d •bris i continually falling. On approaching 
it junction with owlitz Glaci r, Ingrallam laci r de ceud a pre i· 
pice about 800 feet high and form a fine ico a ad . ometbino- of th 
appearance of tll i teep ioe-cov red de cent i sbown in tb accompa. 
nyiu o· illn tration (Pl. LX .,.., ), in which the bead of Cowlitz lacier and. 
the bold cliffi ofb deled lava and aggl merate betwe u the two glacier 
areal o hown. In thi illu tration, als~, the bedd d charaot r of th 
toek forming Little 'rahoma, and the manu r iu w·hich t he irregular 
strata end in the air on the I ft-that i , toward the ummit of Mount 
Rainier-may b recognized. Before ero ion alt r d tho topograpl1y of 
the mountain, and pr viou to the blowing away of its ummit, the 
strata i11 Little Tahoma w re continued upward to th ummit of tlJe 
perfect •olcanic con . 

The illustration to which attention ha been dir ·ted i nn ati factory 
on account of it "flatne ." Tbe 1i tance from the ro k in tbe fore­
ground, across Cowlitz Glacier, to the clifl' of inclined b d between 
the two ice falls i fully a mile. The peak of Little Tahoma i about 
3 miles di tant. With these mea ure in mind the photograph r pro· 
duced in Pl. L XV become more intelligible. 

COWLITZ LA IER. 

The Cowlitz Glacier, above where Ingraham Glacier joins it, xpands 
somewhat ttnd occupie au irregular depre ion baviug m of the 
feature of an amphitheater. The lope at the head of the depre . 
Fion n.r , o shMp thn.t th snow descends in n-valan hcs. The main 
portion of the ncv6 i comparatively low on the mountain ide but ome 
of the now drainage comes from near tl1e ummit. The valley o cupi d 
by the neve contracts ju t above where Ingraham Glaci r come in, 
and it is there that the lower limit of the n eve probably occur , but 
at the time of our visit the glacier wa now-coveted and white a· far 
down its cour e a we were able to ee. The nowfall during the win­
ter preceding our visit wa uuu nnlly heavy, e pecially on the south 
side of the mouutaiu, and the melting of tbe now in spring wa Joug 
delayed. Photograph taken in previous year (PJ. LXXVI) show that 
ordinarily in ]ate ummer the oli<l glacial ice i expo eel and form an 
extremely rugged, dirt-covered urface, where we walked with ea e over 
hard now. 

The portion of Cowlitz Glacier below Ingraham Glacier is inclo eel 
by bold cliffs, and is well defined. There is le s evidence of shrinkage 
along its side than in theca e of the other glaciers examined. This is 
pos ibly due in part to the fact that Ingraham Glacier has a high grade 
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and probably condu ts away mneh of the snow tha might be con id· 
ered a · belongino· to Emmons Glacier. A sbarp-cre ' ted lateral moraine 
across a side expa,n ion of the valley, a mile below Ingraham Glacier, 
i evidence, ltowe\7 er, of a recent lowering of the nrface of at. lea ' t 75 
or 100 feet. 

The low r portion of Cowlitz Glacier was not een by me but judg­
ing from wltat I ob ·erved, I should ay that it furnishe the most typical 
example of an Alpine glacier that exi t abou i\fount Rainier. It is 
readily acces ible from Paradi e Park, and could conveniently be ma.de 
the subject of special tudy. 

NISQUALLY GLA IER. 

The i qually Glaeier flow pa:-;t Paradise Park on the west, and as 
thi beautiful region i visited each summer by hundred of touri t , it 
is, in a general way, the be t known of the glacier on Mount l{.ainier. 
1y visit t o the southern ide of the rnouuta,in was too brief, bowev r, 

to admit of my becoming acquainted with the glacier that i o familiar 
to many other and in tead of attemptino- a de cription of it I wi h 
rather to su o·gest ob ervations that vi itors to Paradise Pari;: may ea ily 
make. 

i qually lacier ltead in two nev field ' which 0 cupy what may 
be termed incipient amph itheater , situated below the level of Gibraltar. 
Each of th se depre sious receives snow from avalanches that de cend 
tb teep l pe above them. The ea tedy u ve, the one neare t Gib­
raltar, however is fed by two now tr ams, which endure through the 
ummer, and from ice ca cades, on which small avalanches frequently 

occur. The e feature are shown on P l. LX VII, which al o mus­
trate the manner in which the glacier i creva sed and the extent of 
the beet of d bris covering it bord r · ju t below where th two n ves 
unite. In this same reo-ion there are everal mall ice dome , one of 
wbi ·b may be re ogniz cl in PJ. L "" rr ~ . i itor to 1 aradi e Park 
cou ld r nder a i tanc to tud nt of glacier by obtaining goo l pho­
tograph of thi i e dom from time to time, and thu furni bing a 
re •ord of tb hange it pa e through. By boring 2-inc!J auger holes 
to a depth of 6 or £ et in the ice and in erting vertical take , the 
daily rate of urfac melting ould be mea ured. row of such 
tak plac d i11 lin aero s the glacier would furni b a mean of meas­

uring the fl.ow of the i e. 
The i qually la i r uarrow to a well-defined tream to the we t 

of Paradi e Park and at it ten.ninu there i an archway from which 
Ni qually River ru b out. Photographs of the terminu taken at 

v ral dat duri11g the summer from the arne point of vi w-which 
llould be o marked that it could b rediscovered year after year for 

the purr ose of obtaiuino· atllitional pictures-would ftunish data for 
a c rtainin rr the advan e and rece ion of tlte gla ier. To aid in 
the ob ervatiou, r cords hould be made on the cliffs, eitlter by hi el-
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ing into th ro k or by pain ting nn appropriate 111 arlc npo n i t, which 
would mark the 1 osition of t ll ice front n.t !t d no it time n.nd admit of 
mea nrem~ut of the tluctua.tions of t he end of t li e glacier in ub equ nt 
years.' 

Nisqually Glacier atl"onl abun :!aut opportunity for ob erviuo- and 
studying the various minor feature that glacit·r pr ent, ucli as tlle 
unture of creva.s e · aucl tb ir ditf rent types; t he natur and o1·igin 
of moraine ; the manner in \\"hieb.lateralmorain ' a-re l ' l"t tr<tlld don 
the sides of a valley by tbe low ring of the ice; o-lacial table·, and th 
chan o·e t hey pa. t hrou o·lt during t h sea ··on of melting; and on . ; 
d •bri pymmicls et . The deli ght of camp life in Paradi Pari can 
be greatly enh anced by anyo 11 e who cboo ·e to ava.il him elf of tb 
ad vauta.o·es for glacier study there afforded. 

The glacier ou the southwe t ·ide of l\Iotmt Ra.iu ier hav not be n 
een by m , and no data a,re availn ble concerning them ex ept such a 

are gi ,-eu on the a companying map. 

1\'ILLIS GL CIER. 

On the northwe t i1le of }\fount Rainier and at tlt h ad of the deep 
narrow vall ey t hrough whi h th n rth branch of {owich l~iver flow 
there i a gla ier, known a the Willi Gla ·ier, wbi ·h i p rbaps the 
most intere ting of any here con ' id red. It ha many of th features 
of tbe primary glacier all'eady describ d, but i of mall si~e, and one 
may ee all it chara ·teri tic feature in a _,ingle day' excnr ion. 

From tl.Ie summit of Ea,o-le !iff-where may be e n t he mo t magnif· 
icent of the view about 1ouut Rainier and in fact one of tl.Ie mo t 
sublime picture of noble ceuery to b h~td anywhere in Ameri a-the 
whole of illis Gla i r fr m the now fielJ that giv brillian y to 
Liberty Cap down to the dirt- taioed and creva eel xtcemity of tbe 
ice tream, i embx·aced in a ingleview. Below tbe end of the glacier 
the river, ri iog in two br:mche from it divid cl extremity rag O\'er 
its bowlder-fi lled chann 1 and between craggy moun tain which ris 
in precipice· on eitlxer hand. To an ob erver on Eagle Cliff tbe di tant 
roar of th troubled waters in tbe wild valley at hi feet i mingled with 
the softer mu ic of creek and rill that plunge down the bordering 
cli'ffi to join the torrent below. 

From Eagle Cliff tbe manner in which Willis Glacier i divided at 
its extremity into two moraine-covered tongues of ice i a noticeable 
feature. The bold, rocky emi nence that causes the di visiou ri e steeply 
in the ·enter of the valley to a height of fully 1,000 feet, and is clothed 
on it down tream ide with fore t tree . For the ake of a name, I 

1A com.mit<ee of the International Congress of Geologists was u.ppointed in 1894 for the purpose of 
recordiug observations of tbe uatttro aboYe suggested . Prof. IL Fieldiug R id , of J"obns Hopkins 
Onh·ersity, Raltimor , Maryland, is a member of thirl committee, an<l will furnish instructions for 
makiug the desired obsen·ations. Photographs, or oth r <lnln concerning the fluctuations of glo. •iers, 
forwarded to Professor Reid will b carefully preserved and utilized to thG be• t advantage, full credi 
being given those furnishing tbe informa.tion. ee theJ"ournal of Geology, Vol. IIl, 1895, p. 284. 
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propo e to call this bold, i. olated miuence Division Ro k:. 1n1 n 
Eagle Cliff was fir t reached by Willi in 1 81 the glaci r si'1ce nam d 
in l.Jis honor was larger than now, and extended to near the summit of 
Di>i ion Rock. On gaining tl1e brink of the cliff imm diately to the 
nortll of the nmmit of be rock, which i con 11icuou · from many points 
of Yie"· lower down the valley, tuc i ·e broke off so a · to form a preci­
pic at the summit of the rock c1ifl'. A . will be hown below, this 
ob ervation enable u . to make a rough mea ure of the amount that 
the end of the glacier has receded during the pa ·t fifteen year . On 
reaching DiYi ion Ro ·k the glac.: ier divide into t\>O tapering tongue , 
more fully described below, and as e n from Ean·le Cliff is marked by 
three rather faint medial moraine , ep~Lrated by lane of clear ice. 
The central moraine end at the division produ · d by the ro ·k, and the 
ones on each side follow the ·entral portion of tbe tongue oC i c in the 
valley at it · ide . 

In Yi itinn· ·w illi. Olaci r I approacl1ed it from the ea t by way of 
the Guardian Rock , and ca1ne to the brink of tho canyon through 
wllich it flows micl\ray betw en it terminu and the teeper portions 
of its m~v<l . The cr . t of the cliff's of jointe<l aude ite bord ring the 
glacier on the northea t ri e more than 1,000 feet above it urfac and 
fu_rni h exc edingly fa,·orable localities for ob rving the glacier at 
their ba e. From uch a tation the entire glacier, from the clear white 
snow :field culminating at Liberty ap down th teep ide of th cen­
tral tlome, wh re the 11 1v6 i much broken, to the blue ice b lo\\· and 
on to the moraine-covered terminul", i. in full vi w. The entir dis­
tance from Liberty Cap, where the now accumulate , to th extremity 
of tho n·lacicr., where it melts away, i approximately .) mile. . 'l'he 
di~tance from the head of the slightly defined amphi.th.enter in which 
the glacier heads to it t rminu i abont 3 mile . The br a<lth f the 
glacier wl1 r it ' borcl r ar be t defined, about a mile abov it t rmi­
nns, i approximat ly 3 000 ~ t. Thc ·e measure ·, or rather e timatcs, 
lww that th gla i r i rnall, but the many int r ting feature it 

it on or tb mo t instrn tivc of tho glaciers in the 
-;y ' tem to whi ·hit belong:'. 

'Ihe Horth waH of th canyon through which th' glaci r fiO\Y is 
expo eel to th . un aud the uow is melt cl from it arly in the ~ ummer, 
while the ·on"h wall n a,rly to tl1e end of the gla.ci r remain . h avily 
now-cover d throughout th year. From the c uo\\· fteld' broad, 

irregular n(• t' d c nd to fe d th glacier. Owing to thi ]iff renee 
in exposur and to th manner in wbi h the oppo ite ide of th canyon 
arc affect d by n •ve ero ion and \\"Catherinn- the ontllward facing wall 
i steep and rugged with ome veg tatiou in favor d place while the 
northward-fncinn- lope are n·entl . 

_\ t t l1e head of the canyon tber is a t p ascent to the summit of the 
mountain r cmbling th high r an(l more precipitou · ·liff· at thel1 ad 
of Carbon G-laei r. On these cliff' irregular patche of nev 1 now are 

1 (:EOL, P1' .;.J--26 



402 

to be se n. Tb 
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umulations as w 11 a. from 
d s · ncl · in twaJanch s to 

of then ·v region a mile or two above. Tbi ro k is worn and round d 
on it up tream side, but pr nt a broken and angula r precipic ·when 
seen from b low. 

The ,.rad of the ncv portion of the gla ·i r i · g ntl ; in fa ct to ou 
tanding by it, id in it ' lower portion, th surfac appear almo t 

level, except that it i higher in th middl than a t the mar,.in . B low 
the ice fall ju t below the lower limit of th ncv tb de cent to the 
terminu of the «lacier above Divi ion Rock i ~4.0 feet, or about 1 foot 
in 10. 

Above the ice fall mentioned above the n ·v · i not only n arl y flat 
for orne 2,000 feet, but pr.tctically wi thout cr va se:s. The a,bs nee of 
crevas es in thi region i mainly clue, 110 doubt, to the ab euce of in · 
1nalitie on the rocky floor beneath, but i in part exr lain d by the fact 
tbat the previou. winter' snow, forming the nrface conceals th break 
that may exi tin t he ice beneath. 
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Below the neve, at the time of my vi it, July 30, there wa clear i ·e 
fonniug a bel t orne 500 feet broad, which extended aero. s the glacier 
and wa limited below by the ice fall. In this IJOrtion creva es beo-in 

0 ' whieh at first are narrow, and grow broader and broader as the ice 
nears t bc brink of the preciJ)ice o\· r which it fall s. The fir t creva es 
to be een are marginal , and trend upstrearu at angles of a bout 40o 
with th e ·hore, but toward their eli tal extremities they curve clown­
stream. oon the ·revas e ' from either side meet in the center of the 
gla ·ier. Thes lon g breaks a t fir t have a o-entl e downstream urvature 
in the central portion. earer a ud nearer the brink of tbe fall the cre­
vasse become wider and wider, a.ucl at th e same Ume more pronouncedly 
curved , until the brink of tl.re precipice i r each d . The wall of 
ice tl1ere b come brok 11 and fa.ll in blocks and fragmen ts of many 
hapes aud ' ize into the intervening creva se . On the brink of the 

fall t l.rere ar uumerou blade and to"·er-like pinnacle·, from 10 to 15 
feet thick and 20 to 30 feet high , which are inclined forward a they 
pa s ov r t he precipi.c and fall fro m time to time witll a era h. 

The mo t interesti11g feature of the ice fall i t hat the imrface of t he 
gla ·ier, a. the ice approacbe the te p de cent, ri :e , harply, a i t doe 
in pa s ino- over a dome. The backward or up tream lope of th e nr­
face of the g lacier in the central part, a mea ' ured with a clinometer, 
whil e on a level with it on the adjacent shore, is betwe n 20 aml 20 30'. 
The total ri e is about 20 feet. Tbi ri e of he surface ou 11 eari ll g the 
Lrink of the precipice eems to l1ow that a ri lge or bard rodr there 
cro es t he bed of the g-lacier. The nature of the rock in the precipi ·e 
dowtr whi ·h the ice de cud i r vealed at th e end ot t he fall, but 
wbeth r there is softer eock above it or not was not ob en ·ed. Wber1 
the ice passed ov r Di vi ion Rock a rise of the glacier, like that j u t 
cle.-cribed, mu t have o ·ctured ince tl1e surfa e of t he rock lopes 
downwa rd t ward tb • e:~.. t, formino- an in clin ed plane, up which the 
glacie r traveled. 'lh inclina iou of t he . urfa of th rock was not 
mea ueed but by e. t imat i ertaiuly 3° to 5° . The len nth of the 
in lin ed plane now expo cd i ' about 500 feet. 

At t h ' icl) fall d scribed abov t he o-Jaci r d precipitously 
400 fe ' t. On til fac of tlr fall tile cr ,·a se so con pi uou aboYe 
ar ·lo d and th , urface . lope lr arpl.r down tr am probably at an 
angl of tiO or 100 for about 500 feet, ~wd then b come mor gentle. 
Th ic at the ba e or th fall i vidently trorwly ompres. d. Blue 
band ' at ri gllt ano·Jes to tl1e flow of th e glacier w re ob er,·ed but a 
·areful . tudy of th em wa. 110t mad('. urface tream. are common on 

tbi p rtion of the gin •i r dnring mirlday in ummer, but they oon 
reach •reva s ' aull di~:;app ar. 

D cending the glacier, one finds t,bat th ice 11ear the terminus is 
mucb wa ted by meltino-,, urface dcbri b('come abund:mt. aud iu the 
c ntral portion abov Divi ion H.o ·k de I creva es ar pear wltich are 
I arallel in a general way witll the d irection of flow. Th creva , es 

I 
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inclica.tc that t he ic is split on comin g in contact with t he rock on 
wh ich it divid e~; . 

On reachino· Division Rock w foun(l t hat in th miLlcllo of th V 
formed by th eli vi ion of the glacier we on lu t p from t h i o on to 
the rock although at the sitle of t lt e T k t he ice had melt c1 <t\\·ay o 
a: to form d ep o· u I fs. 

Ju t wh re the ice divide a monument of rough t ne abm tt -lo feet 
high \ras bni lt. Tbi mouumeut i on th top of a mall rounded ro ·k 
dome som what detaclt d from t he mn,in mn,. of Division I o k, and 
records tb po ition of tbe t rminuR of t ho o-la icr at the center of t ho 
V referred to on July 30, 189G. Divi ion Ro ·k, as tat d a boY , ri ·e 
teeply from the monument to its summit and i trewn with tone . 

On it summit there re about ten small ever 0 T en tr ", whiclt how 
that the actual ummit was uot occupied by the crlaei r wh 11 it wa 
se 11 by illis in 1 1. 

The eli , tance from the monument d crib cl abov to t it bl'ink of the 
cliff at the urnmit of wbi ·h the ice broke ofr, n ou · rv d by \i ill if!, at 
th e date ju ·t tated, i abont 00 feet. T h gla ·i r ba l' tr at d th i 
distance ct.uriucr tb pa t fifteen year , but tbi i not an a cumt 
mea ·nrc of total rece. sion, ince at th t im th po ition of tb t rmi­
nu . wa fir t record ed it formed a v rti a! precipice of i •e on the . nm ­
mit of the cliff r ferred to. In tbe nmm r of 1 1 tb gla ier form d 
a n ice t::a cade at the low r ide of Divi ion Rock, but th fa ll en ic did 
not reuuite below tlJ cl iff. 

The appearanc of Div i ion Ro k in th . nromer of 1 
gla ·ier ~till end i in a. -pre ipice at it low r maro·in, i. 
LXXXI. 

- , wlten tlt 
ho\\·n in Pl. 

The glacier , after being parted by D ivi ion 1 o k , end . a lopin ·and 
rapidly tapering d ·bri ·C v red tongue of ie <lown the deep vall y ou 
ea h ide of iii. 'J:he utb r u tongue i ' t-ll · larger of tlt two a nd now 
end about abrea t of tbe hi gbe t 1 ortion of the ro ·k. 

Up tream from Divi ion Rock the icc ri e omewbat , t .eply i 
heavily covered wit h dcbri , and o brokt~n by cr a e that it i with 
d ifficulty oue can climb it. Ju t above the ftr. t ·harp ri · , and on tho 
right or northern bank of the glacier, th r i a nother bold ro k Im t­
lar to Di>i ion Rock, but clo e to the bord r of tbe canyon . This mi­
nen ce wa formerly covered by the o-Jacier, but h a be n abandoned 
uffici utly long to a,ll ow fore t trees to grow on it · . ummit and north­

we. tern side. 
The retreat of the glacier wi thin recent yea,r. ha been accompanied by 

a lowering of i t urfa.ce, a i pla inly re orded by fre h-looking r idg · 
of debris along its border. On the northem ide of the g lacier, for a 
mil e above the fetE of 400 feet, there are three well-defi ned aba ndoned 
lateral moraine . The younge t of the , the one neare t t he glaciel', 
rise· about 50 feet above th e ice, and at th fall i about on a level with 
the piunacle ou it crest. The second momine is about 40 feet high r 





, .. 
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tltan t he fir t, and, unlike the more r ecent one, is par tially clothed with 
small tree::;; above tlti again is a thick moraine, the crest of whi h is 
lower than that of t l1 e s cond. 

Belo\Y t l111 400-foot fall therei ·an abandoned lateral moraine, }Jroba­
bly of t he arne ag a.- the youngest morain de cribed abo>c, which i 
100 to 120 feet above t he glacier. The vertical interval b tween thi s 
moraine and the pres nt surface of th ice increa es "'radnally d wn­
stream. This moraiu shows a recent reces. ion of th e ice, aud probably 
marks ~L stage in t he loweriu g of its smface, whi ch wa. d termin d in 
tiJe reach betwe n the 400-foot fall a nd the present termiuu. by t he 
ob truction mad e by Division Ro ·k. 

'Ihere ar e many other instructive features to be een on Willi Glacier 
whi ch would well r epay detail ed stud y, b ut t he time ::wailable did not 
enable me to make accurate notes concernin g th m. It is to be 1101 ed 
t !J at future tr:wel rs will r eport e p cially th e po ition of t l1 e i e witlt 
re~ renee to the monument built on the east end of Divi iou Rock, an d, 
if po . ible, ' ecure photographs of t he gla,cier from tb point of Yiew 
from which th e photograph reproduced in Pl. LXXXI wa obtaiuecl. 

INTERGL.A.CIERS. 

I can offer but canty informat i n concerning the intergla ier ' about 
Mount Rainier, a s the time avai labl for making the reconnai• ance on 
which t his report i. ba ed was too short to admit of more than a a ual 
examination of a few of t it m. Th at the mall glaciers or iginating on 

. the remnants of t l1 e mountain id , bet.ween the deep can;~ ons arved 
by tbe primary glacier , however, arc of importao ce iu t he proc of 
topographic de' eloi m nt t !Jrouo·h which Mouut Hainier i pas in g, is 
evident from even the hasty ob ' ervations available. 

Tbe type of tl1 i nterglacier i funti heel by the example from which 
the generi name i derived. Interglaci r, named by E. . Ingraham, 
o ·cuvie a broad, d p d pr ion on t he V- hapecl remn ant of t be a t-
rn slop of tbe mounta in betw n Winthrop ani Emmon glacier . 

Th ar x of thi V- bnp cl ma i. Tb '\"Vedge, de ribed on a pre­
viou pag . Th gla ·i r r ei e u now drainage from the main c n­
tral d m of 1ount I ainier but i . upp li d by b now fallinO' on the 
V- hap dar a r ~ - rr d to. Th o·Jaci r ba · d epened it ba in by exca­
Yation unti l om tl1i1w of an a mpl.Ji tb a~er lta be n form ed, t ile rim of 
whi hi th li\' id between Intergla i r aul \'i inthrop Glacier on one 
id and E mm on Glnci ron th other. The rocky ridge parating 

Intero·Jacier fr m ·win throp Glacier ba be n brok n at on e locality, 
principally by th lateral cro ion of t he latter i e tream, o as to form 
what h a been named t . Blmo Pa ·s. 

In terglacier flow n t warcl, but 111 1 t a way before reacl.tin g- the ' alley 
wbi h Em mon lacier occu])if\ . Tl.t stream form ed by its meltin o· is 
tributary to White l{i v r. 

T!Je iut ~·glacier below Littl e Tahoma ha a broad now field , below 
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whi h there is apr trus ion of true glacial ice in snmm r. Instead of 
de cending t he slope of the mouutain so as to excavate a symmet;rical 
amphitheater, how ver, t his glaciee divides a nd i tributary to l~mmon 
Glacier on tbe north and to Cowlitz la ier on t he so uth. The u ve to 
the east of Little Tahoma divid into two bmnch in mu ch the same 
manner a. the main u vc :fi ld about t he c ntral dome of the m uu­
tain give origin to primary glaeie1·s. The two mall glaciers fed by 
tbi · snow :field have xca a ted d pre ion for themselve , 1 aving a 
sharp wedge-like mas of rock at tll pla e of divi •ior r. On the en tern 
slope of thi econdary V- hap d rem11aut of th mountain sid , I ft in 
relief by the cuttin g away of its border , there i a mall now :field, 
shown on the accompa.nyiug map, which probably Ira t rue o·Jacial ice 
beneath it. nder the tentativ 1"ystem of cla ification u d above 
for the glacier about i\iount Raini r the little glacier here rcferr d to 
would b long to a tertiary erie . Thi mall namele o-laci r d mand 
attention from future traveler , a· it supplements in an in ,trnctiv 
manner the e\'idence furni bed by the lar·ger glaciers of the topograpll i 
development of an i.-olated peak nnder tl•e iuflu n e of glacial ro ion . 

.A. may be eeu on consult ing the mnp ju t referr d to, ach of th 
bran be of the interglacier to the ea t of Little Tahorn::~. ag·aiu sub­
divides, leaving- in a h insta.nce at t h place of bifurcation fl , weclO'e. 
like rock mass facing- toward t!Je neve fi'OI1\ wllich tl1e glacier have 
their source. .A similar divi ion of o·Jacier into bran lle i illu trat d 
on a much larger scale by everal of tlle ic tream on the s utbw t 
side of Mount Rainier. In thes in tanc , how ver it i probable that 
rock dome imilar to Divi ion Rock at th extremity of Willis Gla ·i r 
cau e the ice tr am · to divide, and not tb iucrea e in the area of th 
mountain side with di tauce fr mit apex. 

Tb information re£ rred to above concerning- the topooTapby of tl1 
V-. haped a.rea en t of IJittl 'l'ahoma and the e ' i, ten of a sma ll 
glacier .in that region repre enting a tertiary ri i ba e l entir lyon 
the excellent ketch map forming Pl. L.-vr, wh ich i here r produced 
with some li g-ht change , from a manuscript map prepared by 1 r ... 
H.1\:L arveut and G. F . Evan , of Tacoma, Wa ·hington, from . urvey 
made by them elve' . 

Between Cowlitz and Ni qually glaciers there i an ther condary 
glacier or intergla i r known a Paradi. e Glacier. Other mall ice 
bodies on the ides of Mount I ainier, beginning at about timb >r lin 
and occupying-areas more or le s completely inclo ed by primary gla­
ciers, may be ea ily recognized, but to attempt a detailed cle ' criptiou 
of them at this time would be premature. 

The interglaciers were form erly much more extensive than now, and 
much of the beauty of th e park-like region in the neigh borl10od of th 
upper limit of tirnb r growth is due to the cl1anges they made in t lre 
r elief of the mountain id , both by rounding and smoothing the rock 
over whi~h they flowed and by heapiug moraine upon them. Many of 
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th e era o· and pinnacles which give diver. ity to the enery on the tc p 
moun tain slope , like the Gu~Lrdiau Rocks near Spray Park, Gibraltar 
and the numerous ere t nea r it, and other similar crag in Henry' 
Hunting Ground, etc., a re remnants pared by the glacier which once 
enveloped n early t he entire urface of the mountain , but still in th ir 
deeper portion. flowed in mo t instances in well-defined hanneh;. 

RECE lOX .zL""D ITRil\T~GE OF TITE GT., CIER . 

Every glaciel' about i'llount Rainier that wa examined by the writer 
furnished evidence of a recent rece ion of i ts terminu and of a lower­
iug- of i t surface. In t wo inst auce - the Carbon and W illis glaciers­
rou gh mea urements of the a mount of t llese changes during the pa t 
tift en yean; were obtai n d . 

A re ent rece ion of the extremities of the glacier i , hown by 
barren area. below t hem on which vegetatiou i advancin g. .All of t he 
primary glacier extenfl. below timber 1iue, aud in a climate lik that of 
the r o·ion about :Mount Hai nier any area where t here is ufficient soil 
oon bee me covered witll youn · trees. The barren ar a about the 

end of the g-lacier may in part be accounted fo r by the fa t t hat t he 
tream from the glaciers hift their po it ious from time to t.im and 

sweep away t lJ e earth in their cour es or make depo its of bowlder 
and ton ; but abou t t he extr mit.y of each glaeier t her are area not 
thus affected which are simila r in oil co ndition to adjaceu t ar as on 
whi •h large tree are g row in ·. Til forest. are advancing· on th bar­
ren a r a and o-raclually taking po se sion of t hem. Tllis evidenc , 
even if actna l ob ervation of tl1e recession of tlJe extremitie of t he 
glacier wer not available, i · suffi ient to how that th ic treams 
ha ve for a number of year been growing horter and borter. 

The fa t t ha t abandoned lateral morain s borderin g- t be gla ier 
b low tl1 ir n v fi ld ar in many in tance not yet clothed wi th yeo·e­
tntion, whil older mor<: in of a imilar chara ter are for t coY red, 
i vifl. nc t hat th ir urfa e. have b n rec ntly lowered . Theel va.­
ti u f t he ·r -ts of t h • r cently abandone 1 lateral moraines n bove 
the ui·fa of th glrt ·i r that t hey border i l a t, or perhaps lJOt :tt a,ll, 
noticeabl jn t b l ow t h low·er bor lcrs of the n 'V' , an d become pro-

re, j,·ely gr ater· a nd o-reat r down tr am. Th lowcriu o- of t he . ur­
face, f t he o· Jnci rs i · dn laro· ly to surface melt ing. Tlli ' l ads to a 
one ntration of ngla ial dcbri at t he urfacc. Por tlti .· rea on the 

l wel' portio n of t lt o·Ja ier a.re almo t alway h av ily ov r d \Tith 
ton and , l'th . t h up rficial debri · incr a es in thickne s 

it a lford gr atcr a ntl oT at r prote t ion to the ie beneath, and ur­
face m l t in g is corT pondingly r tanled. '£b influen e of climate on 
tb melting of t h gla i r i t bu. eonn teractctl to a marke!l d gree. 
'While in the as of glaci r that arc free of morainal mat rial Ol' but 
li o-htly load cl nl'fac mel t ingwon ltl bc in exces ofsnb urface m ltino·, 
it i apparent t hat in th a· of heavily moraine-covered iee bodies 
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tlle rate of m ltin g is g-ren,t t below the urfac portiou. The ub ur. 
fa e 111 •ltino· is appar ntly due to the d c nt of urfa e ·tr ams into 
cr va . . e and moulins and to th ll at fnrni bed by tr am from tbc 
adjacent land \Yhiclt :flow through en(Tlacia l or ubrrlacial tnnn 1.. 

Th mark d recession and shrinkag-e in I rogr . in t l1e en c of the 
glacier::> ou r[onut Rainier i vidcn e of a climatic ·hang-e whi l1 is 
a ·c mpaniecl eitller by ad r a e in the snowfall or by an in r a · in 
th mean a1111Ual meltino·, or what i more probable, of both. \\ hctl1er 
th rece ion aud urfa e low ring f tb g la i rs i a, o11tinuous proc-
es or i vari d by minor 11eriods of a lvauc an lrise of th urf:t · i 
not known. Judg-ing by what l1as be n ob erv d in t he case f t he 
gla iers of the .A. lp , how v r, i t i to b xp ·t d that the gla ·i rs 
abont Mount Rainier will be fon11d t pul ate, a it w r -tba i their 
extremitie , althouo·)t in pro of r tr at wh n a, p •riod of t n or 
twenty y ar i con id r>cl, will be found to al ternately advanc and 
retreat wh n mall r period of time ar considered tl 1 a,Jg brai . urn 
of the fluctuatious being in the dir ction of r e ion. It i forth 
purpo e of obtaining mor d tail d information in r ~ re11 • to the 
fluctu atio11s of the glaci r tltat re ord of th p ition occupied by 
thcit· extremiti , suo·gested in a preceding page, arc !lC ired . 

The rapid recession n,nd marked lowering of the urfac of th gla. 
cier. about 'lount Rainier i not peculia.r to that ystem of ic , tream , 
bu i .· bared by all of the glacier ~ of the we t coa. t of orth Am ri a, 
with but one l;:uown exception. In 110 in tan ·e hav tbe minor fiu ct u­
ation . of tl1o glaciers referred to been ob erv cl, but the fa t of a rr 'II · 

eral retreat of tho extremities of tbe glaciers from tho e in th Hi gh 
Sierra of California to wet rn .A.laska ' i well kuown. 1 Not only <He 
the glacier. of the Cordilleran region of orth .A.m rica uud r o·o ing a 
gradual decrea e, but all other iu th northern hemi pllcr , with the 
1)0 . . ible. exc 11tion of tho. c of Gr<' nlnncl anrl nfljnf'Ant region , nro 
likewi e :hrinkin g back in to tlte Jli gber porti n of b mountain · from 
wllich they flow, altbough in , orne in tanc xhib.itiu · local ad van 

Tile rece sion of the glacier r ferr d to i evidenc that a climatic 
clwnge ha been in progre for at lea t a s or of year 1 a.nd probably 
for over a century whi h i unfavorabl to the exi tenc of perennial 
ice. Evidently the mean ann ual snowfall i becomin · lc. , th mcau 
summer temperature gr at r, the p revalence of clon l and fog. in the 
ummer ea on clecrea ing, or a combination of the change in con­

dition throurrhout th entire 110rthem h mi ph r is leading, on au 
averag , to an excm; of m ltino· over snow accumulation . Obser­
vations on t ho fluctuation of tl1e extremitie of the glaci r abont 
Mount Raiui r tlJus have increa d inter• t becau e the e fluctuation: 
form a part of a erie of changes whi ·h i affecting probably th e 
entire eartl1. 'Ihe tudy of the climatic changes inclica,ted by t l1 flue· 

11. C. Russell, Glaciers of North .america, Gwu &. Co.,Bost.ou, 18U7, pp. HG-150. 
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tua.tious of exis ting o·lac ier ha · a till wider bearing, a. it may be 
expected to t ltrow light on the much-d i, cus d problem of the ca.u e of 
tb cold of t he Glacial period. 

1\Iount Rainier is a typical example of a. lofty volcanic cone built 
la rgely of projectile lm t conta ining a l ·o mauy laya tream . 1 b lon o· 
with t he cia s of volcauic mou uta in known a compo ite cone . 

t ou time t he mountain wa more lofty t han i t now i.', it r du . 
tion in :Ueight beino· (}u to an xplo ive ruption which blew awn,y t he 
upper 2,000 feet of the ol'iginal cone, leavi11 g a great rater in the trun­
cated remnant. fter t lt e lo s of it summit tbe mountain wa not 
symm tri nl; t b rim of its great . ummit crater wa big-best on t he 
w :t, and lowe t a11d probably breac'bed ou the eastward ide. 

At a more recent date two maller crater were formed by mild 
explosive eruption. within the great crater and uearly fi ll ed it.. The 
buildiug of t lt e e seco ndary rater · partially re torecl the ymmctrical 
outline of t he top of the mou11tain, but gave t o it a dome- hnped itt tead 
of a conical ummit. Wh ther glacier were -formed ou the mountain 
pr viou to it: t runcation, or appeared only after that vent i u11knO\YU. 

Tit ere is 11 0 evideuce to show t bat the hi g:U er por t ion of th mouutain 
wa · expo eel to stream ero ion previou to tl.te gathering of per nnial 
s11ow. and the formation of glacier.. Broad u ' vc.' field w re formed 
about tuo ides of the mountain , and extended from t ue ummit far 
down its ide ·. The lower limi ·of the ~ 11ow fie lds fluctuated with •li­
matic chan ges, which al o cau eel many Yari ation in the size aud 
extent of the glacier flowing from t hem. The de ·c nditw u ~ n~ , on 
preadiuo· a tho area to be covered i11 r a eel with deer a of ele­

vation, b came diviued antl gave origin to primary glacier which 
cnrv d d cp canyons in t it mi cld l IOIIQ f th mountai11. Th~ back­
ward cnttiug f th h ad of the a11yon 1 d to t b xcavation of more 
or l w 11-d ti11 d a mpbith at r . 

n low tb xtremi ti f tu l rimary O'la i r tbe ri,·er. formed by 
th · m ·l ti no- i e carv tl d p anyon Jtot on ly iu t h low r lo1 •: of 
the mountain, butin th plat~ rm or p lat au on wlti hit i ituat cl . 

e ondary g laci r~ origi11ating on tlt intrr-pace between th pri­
mary gla i r , xcavated depr ion , tho r im of which now tand a 
ricl g ' and peaks abont the middl 1 pe of tb main momttaiu ma . 

Th modifi cation. i11 th o·en ral hi story du to a great exteu ion of 
tlJ glaci r during th Glacial po b r emai 11 to b ndied. A ll of th 
glacier about :Mount Rai11i r ar r ecedin g a11d ,· ltrinkiJ g within the 
vall .Y wa.Jl t hat on fl ne h m. 'Evitl n · fa marked eli watic bange 
unfavorable t o th exi't nt· of p r nnial ice i t bn incli atcd , 1rbiclt 
i in harmony w.it lt imil ar viden ·e fnrni heel by uearly a.ll t be kuowu 
glaci r. of the 11ortheru hemi ph re. 
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·wA TIINGTO :r :NA.TI NAJ_, PARI. 

The magnifi.c nee of fount Rainier and th wood rfnl b auty of the 
region immediately surroundin g it bavc 1 <l to an arnest <.l ' ir on 
the part of nearly all who are famili<ll' \Yith the Puget uncl country 
and arc con iderate of tb future w lfar of th Stat of a bing- on 
to have the mouutain <1nd it environ r er d in a tat of !latur a 
a national park. 

:Xot only is the tting a id of t lt propo d park thougbt d irabl 
on w.bnt may be consid red , th ti · ground '-a.s the pre erva.tion of 
a tract of primitive fore t fr m th inroa.d of lumb ' rm n and from 
fire kindled through car I r:; ne or with a ruthle d sir to d troy 
may be termed-but student of fore try e clearly that to pr er e 
tbe natural vegetation about .Mount Raini r m an. a cb cl n tit 
floods in the river flowing from tbe mountain and a le ening of 
the dang r from inundation. in the thickly settled vall y I ading to 
Pun·et' ound and Columbia I iver. 
I~l 93 byproclam<ttiouof Presid nt .] veland a r e tangulartractof 

laud indicated on the map forming Pl. L..._r :X:XII about 3- mil qnare, 
and in lucling Mount Raini r in it west rn por ion, wa made a fore ' t 
re erve. A may b een from the map, more than half of tbi · r ·erv 
li ea t of the ere t of the a cade Mountain·. Owing to ami tak 
due to the imperfection of the map available, tb w tern boundary 
of tlte re erve wa made a north- outh line pa sing only about 3,Z mile 
we t of the nmmit of Iount Rainier, and tho leaving much of til 
we tern ,'lope of the mou11tain, i1tcluding ome of it , n w field and 
glacier , outside of tll prot ctecl area. To orrect tbi mi:sta.k , and 
also in order to secure more compl te protection for tb r n-ion ab ut 
Mount Rainier, a bill wa introduced in ougre on Jnne 11, 1 D6 
(H. R. l'~o. 405 ), for t he purpo of creating a national park to b 
kuowu a the' Wa bingtou Natioual Park, which hould in lud au 
area about _,5 mile quare of whi ·h tit ummit of Mount Rainier 
would be aboot the central point. The bouuctarie · or thi · propo ' ed 
park ar al o ltown on Pl. LXXXII. 

Owing to the preceden e of other bu in , the bill referred to did 
not ome up for action in 1 96, but before the do e of t h la t ion 
of the Fifty-fourth Congress it wa. pas eel-too htt , however, to receive 
the Pre iclent's . ignature. 

The movement toward making the region abou t 1ount l ainieL' a 
national park bas attracted much attention and received the h arty 
support of many person , among whom are tho e be t <tualified to 
juclge of the de irab ilit..y of preventing the r egion r ferred to from 
pa , siltg into th owner ·hip of individuals or corporatiOn . In oruer 
to indicate to t he reader the wide pread interest that ha beeu awak­
ened in tbi project, and to pre e11t additional information concerning 
the region to be included in the propo eel park, I can 110t do better 
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than append llere a memorial from committees appointed uy veral of 
the scientifi c ocieties of t he U nited tates, which was pre ented to 
the Uni ted States Senate by Senator qu ire on July Hi, 1 94,1 Thi 
memori al reads a follows : 

To the enatc a11d Bouse of Rep1·eaentati.ves of the United States of America in Congress 
assembled: · 
At a m eting of the Geological ociety of America, in Mad ison, Wis. Angu t 15, 

1 93, :t ommittee wns appointed for the purpose of memorializing th ongr $' in 
rela t ion to t h establi hment of n natiounl park iu th o ta to of Wn shiugton to 
inclutl ?llonnt Raini r , often call etl Moun t Tacoma. Thtl committ-ee consi t of 
Dr. DaYicl T. D:1y, Mr. • . F. Emmons, and Mr. Bailey Willis. 

At a meeting of the Americau A sociation for the Advan cemen t of, cicnc , in 
Mncli on , Wi ., Angu t 21, 1 93, !1 committe was noppointed by thnt bocly for t he 
snme purpo o ns abo,·e mentioned, consi sting of Maj . . T. W. I owell, Prof. J o eph Le 
Conk, Prof. I. . Ru ·ell , ;\fr. B. E. Fcrnow, aud Dr. C. H . i\I rri ~.m. 

At ~L meetin g of th e rational Geo<Yrapbic ociety, held in \ asbin<>'ton, D. ., on 
October 13, 1 93, tb ro wa appointetl a ommittee for tho J11lrpo e abo,·e men tion cl, 
con i ting of Bon. Gnrdiner G. Hubl>a.rd, Hon . \V',ttsou C. qu ire, :.\Ir. John \V. 
Thomp on, ;\ l is :.\l :ny F. \ \ -aite, aud :.\ [is Eliz:t R .... cidmore. 

At :1 meeting of th e. ierm Clnb, held in 'an l"rnnci co December 30, 1 93, :1 com-
mittee for tb arne purpo~f' wa appo'in tetl, composccl of 1\Ir . John :.\luir, Pro id ent 
D. , . Jordon, 1\Ir. R. j\[. Johnson, ;\ir. George ll. Bayley; Mr. I'. H. Van Trnmp. 

At nome tin" of the Appalacbinn Motmtain luh, held in Boston Aprilll , J 94, a 
siutilar comm itte was n.ppoiuted, consisting of Ur. John Ritchie, jr., Rov. E. 
, mith, Dr . . barles E. Fay. 

The comm ittee tbns n.ppointetl were instrncted by the several bodie to which 
th ey belong to cooperat-e in the preparAtion of a memorial to ongre s, settin ,. foi·tb 
the nl.J tantial rea ons for the estnb li sbment of such park. 

Pnr un nt to their in!'truction , th e co mmittees pre en the follo"' in memorial to 
the ongres , and JH'A y that sn b act.ion may be tk'lken by t hu honoralJle f'enators 
and Hepre entatives as will secure to the people of the Unitecl tn.tes the benefit of 
a nationnl I ark whi ch ball ittt'lnde tb(' arcno mcntion d above. In upport of their 
prayer they heg to nbmit tbo followin,. tatement : 

Hy pro lamation of tho President, in com pliance with the stn tntcs pro,·idell tber -
for, a P:1cific Fore t R serve Ita be n e ta.bli ·heel in the State of \\ a bington , the 
west rn portion of wbi his nearly coin i 1 ut wi t h tb tract of lantl to b in cluded 
in tit national park for which yonr memoriali t pray. 

The we tern part of thi re en · in lu<lt·s many fcatn re of nni qn inter st and 
w nd rfnl grand ur, whi ch fit it pe<" uliarly to h a nati onal park, forev r se t a iclo 
forth plea nrc nntl in.tru Lion of th p opl e. Th r e,.,.ion i one of ncb exceptional 
rninf!Lll and now fall that t!:le pr ervntion of its for ' t i$ of unu unl importance as 
a prot ctio n :1"'ain t flo ds in th o low rv nll y~ · hut tho enic feature, whi ch mark 
it out for :1 national p:1rl' :.tttract tonri t.<, who ot fire to tb timber. This de truo­
t iou goc on no tw itb tanding i t is a for ~t r c ·erve, n ncl will con ti nne until prot.ectiou 
i afl'orcl c1 by adeqmtt o npervi i n of t he area, wb tber ns 1t re rve or park. 

GE NER.U. D~: RJPTJO:s'. 

Tb rc rvo i tray rsed through tho mi rl dlo from n orth to south by t he ere t cf 
tb Ca c:1de R:tnge, whi ch has an eleva t ion vnryin "' front 5,300 to 6, 00 feet. This is 
th o divide b tw n tribntarie o f Pnget ountl , Jlowiu« wet, :1nd tho e of Yakima. 
Ri,·er, flowi tw onst. l\l ount Hninior, th i olat d Yol c:wic p ak, 14,400 feet bi,.h, 
6tancl 12 mile w t of t ho divid , from which it i~ epnratc<l by !1 deep Yall y. 

' , unto Mis. Do . No. 24i , .Fifty. third Cougres , econd ses ion. 
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than a.ppend here a, memorial from committees appointed uy several of 
th e scientific societie of the ni tecl States, whi ·h was presented to 
t he United States Senate by Senator Squire on July lu, 1894,1 Thi 
memorial reads as follows: 

To the Senate and House of Rep!WJen_tativcs of the Uni.ted Stales of America in ongress 
assembled: 
At a me till" of the Geological ocioty of America, in )Jadi on, Wis., Aug-u t 15, 
93, n committee was appointed for the ymrposo of memoriali zinu th o Congres in 

reln t iou to th e e tablishmeut of a nati onal park in the . ta te of \\Ta hingtou to 
in clml o i\loun t Haini r, often call ed i\lonnt Tacoma. Tht> committ-ee cons i t of 
Dr. D:wi!l T. Dny, i\fr. ' . F. Emmon , and Mr. Dailey \· illis. 

At a meeting of the American Asso iation for tho Advan c meut of cience, in 
i\lacl i on, \ is. , Angu t 21, 1 93, a committee was appointed b y that body for t he 
same purpo e a above mentioned, consi ·tiD<Y of Maj . . T. ,V. Powell, Pro f. Jos ph Le 
Conk, Prof. I. ' . Ru sell, )Jr. B. E. Fernow, aud Dr. C. H . :Merriam. 

At a rueetiu g of the rntional Geo<rrapbic ociety, held in Wa!!hingtou, D . . on 
Octob r 13, 1 93, there wa appoiutecl a eommittee for the J11lfJ>OSe aho,·c mentioned, 
con isting of Hon. Ga rd iner . Hnbharcl, l-Ion. ' Vnt. ou C. 'qu ire, )fr. John \V. 
Thomp on, ;\Jiss )Jary F . " "a ite, and :'IIi Eliza, R. ~ cidmoro. 

At a meetin g of tho • ierra lnh, b el!l in . an} rnnci co December 30, 1 93, a com­
mittee for th e am pmpn I' wa nppo'intod, comp osed of Mr. John )luir, Pr ident 
D., .. Jordou, 1\Ir. R. i\I. John. on, l\Jr. ' eorgo B. Bayl y; 1fr. P. B. Yan Trnmp. 

At a mee tin" of tho Appalach ian 1\Ionntain lnh b ld in 13oston Aprilll, J 9-1, a 
si11tilar ommitte was appointed, con i ting of Mr. John Hitchie, jr., Rev. E . C. 
,'mitb , Dr. Chnrle E. Fay. 

The comm ittee thus appointed were instructed by the several bodie to which 
th e,,· uelonrr to eoopcrate in the preparation of am morial to ongre s ~etting forth 
the nbstantialrea ons forth e t>thli hmeut of ncb park. 

Pursuant to tbeir in11trnetiou th e committee p r eut the following memoria l to 
the Con"'I'Ol< , ancl prny that snch notion may ue taken by the honorabl e Fenator 
and Hepre enta.tive as will ~ccnre to tho people of the United tate the ben e lits of 
a natiounl park which hnll inl'lnd tb€> ar am utiou d above. Iu upport of th ii· 
prn~- r they beg to nbtnit th following tatement: 

By proclama t ion of tho Pr i!lcnt, in omp lin.nce with the tntnt s pro·l"ided t here­
for, a Pa ific Fore t Re rve lw becu e tabli ·bed in tb tate of 'Va hiuorton , the 
WE'St rn portion of whi hi nearly coiD ident with the tract of laud to ue in lud od 
in th national park for whi b sour memoriali ts pra~'· 

Th west rn part of thi resel'\- in ludt·s many f atnre of nni qne intere t and 
won<l rful gmndcur, whil'h fit it pe uliarly to be a national park , forever t a ido 
for the plea ur and in ·tru tion of th p ople. Th r giou i one of ncb xcep ional 
rainfall and snowfall that. tb pre ervttti n of its for t i11 of nnu u:U importance as 
a prot clion aga in t flood in th o low rvalleys; hut th conic f•atnres, whit-h mark 
it out for a na t ional prtrk Itt tract tonri t~, who t fir to th timber. This de t rno· 
tion go son notwith tand itJ it i sa fore~<t rcs n e nnuw ill C'ontinne untilprot. ctiou 
i · afford eel by a deqna t • SUI erdsion of the ar a wh tber as n r e ·erve or park. 

GE NERA.L DE, lllf'TJO:-'. 

d through the mirldlo from north to outh b y the ere t cf 
the a ·end l aug , which has an r leva tion varyi n .r fro111 5,300 to 6, 00 fe t. Tb i 'is 
tho divitl betwe()u tr ibutnri s of Pnget onntl flowiog wet, and t hose of Yakima 
Hiv r , flowin" n t. )lonn t Hnini or, tb isolat d ,-ol canic peak, 14,400 feet high, 
6taud 12 miles we, t of th dh-id ·,from which it is pnmt d by a deep nlley. 

11nL ~fie . Do . ' o. 2n, Fifty. tbiru Con1-rres · . second e io11. 
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The ea t rn hnlf of the reserve difi'er from t he westPrn in li111 nte, in flOI'a, noel 
in fnunn , io <YeO"';·apb i antl geolog ic f, n,tun• , and inn, poets of c IH' r~· · The o:l te rn 
slop of th e 'a ·cado .Haug-o withinthores 1·v i amonntainou 1· g ion,witbsnmmit 
risin o- to a g nernJ l vntion of 6,500 to 7,600 fe I aboYo th s a. It i f(lrcst CO\' red 
andpr cotsmnnyattra tionstolhetonristan<l bnntor; butiti not p onl inramong 
the mountain regions of Am ri a itb r for g randen1· or int re t and it is no t an 
e sentinl1lart of th nrcn. to b set np'art as a nati onal park. 

Th we tern slope of t h a cades within tb re erVL' i sl1ort and st p a. ·om-
pared with t!Je oa t rn. i\[uch of it i pi·e ipiton , particularly oppo ito .l ount. 
Haini er whore its bare wall · w ould npp ar most g rand w r they not in th shadow 
of that OYerpowering penk. K rth and ·outh of Haini r thi slop i · 111 r g radual 
and t1cns ly wooded. 

Th wet I'D !J a lf of the Pncifir r • ervc t hn t portion whi ch i t is propo rd shall be 
m:1de a, national pnrk, i . chm·nct ri z <l by ~lou ut Haini cr, who. sn mmi t i but 4 
mile from the we torn houmlary of t!Je r en · aud whose g lacier xteod b yond 
it s limit . 

1\lonnt Tacoma is no t imply n, YOlcauic cou , p cnliar for it hn gene s. It was 
form erly a Yast vol a ui do me, 30 mil e in radiu s to t h 11 0rth, w ·t , nnd so uth ; but 
ri,·ers have nt deep canyon g lac·iers have arv d ampl e U IH pbithnater~ uaek iu to 
the ma , aud now ma ny. n:nte ridg- s ri sing from n f w hundr d to 10, 00 Ji•ct 
above th o ea co111·eror at that nltitud to upport t h o c u tral pyramid, whi h to w r 
mor thnn 4- 000 feet abov it lJase. 

Thi g rand mountai n i 110t, lik e Moun t Blan c, m rely t h dom inant peak of a 
h nin of snO\\'. wonntain · i t is th only now p ak iu vi ow, Mount 

1\lonu t Adam h iug, like it, i oln te(l a u<lmany mile eli taut. I a inier i majc ti · in 
it · isolation , r ea bin ,.,. 6,0 0 io ,000 fee t aboYe it n ighbor . It is up rb in its 
boldne , ri in o- from one cauyon 11,000 f et iu 7 mile . Not onl y i it th grn nd •st 
mountain in thi onntry, it i one of th e rand mountain of the w rid, to he 
named with t . E li a , Fu iyau1a , and Aramt, and th mo t sup rb snnunit of' the 
Alp . Eminent ci nti t of En"'land and Germany, who, a m mbcr of tli Al pine 

lub of witz rland and tnw ler of wide xp ri uce, woulclnatnrally h 
tiv in their judgment, have horu witne t t he maj t y of th see n ry about 
Raini r. 

In 1 3 Prof ssor Zittel , a well-l{oown Oerman geologi t, and Prof. J ame Br~· co, 

member of Parliam nt nod author of th Am ri an Cowmonw alth mad a r port 
on th o sc nery about 1 nnt] :tin ier. Amon ~ other thin gs, th ~· said: 

"The c n ry of Mount Raini r is of rar and v~~r iecl bean t.v. Th peak it elf i as 
noble a mountain n we bn,· ,·or en in it lin and tructnre. Tho glaci r whi ch 
descencl from it now field pre. cut all tb e chara tori ti c feature of tho c in tbe 
Alps, noel though le extensi,·e than t!Je i tr ams of th Mount Blan c or lll on ta 
Rosa group arc in their reva se aud .scrrar eqnally t riking aud eq ually worth y 
of lo o study. \\'e ha ve seen nothing more b eau tiful in . wi tz rland or Tyrol, 
iu orway or in th e P~Tenee , than t!Je a rbon River gla icrs ::wcl th e great l'ny­
allup glaci er ; indeed, tb ic in the latter is tllliJSually pure, and t ho cren1s s 
unusually fine. T!J e co mbin ation of ice cenery with woolllan<l c nor~· of the 
grande t typo i to be found nowhere in tb Old \\'orl d, unl it be iu the Himalayas, 
aud, so fa r as w know, now here cl eon th e Am eri can ontinent." 

These emh1eut and experieue d ob erver furth r ay: 
" \ Ve may perha ps h e permitted to xp re sa hope that the snggeijtion will nt no 

distant date be wade to ougre s that }Jouot l ainier lJOnld, like the Yo ·cm ite 
Vall y aud the geyser re"'ion of the t;pper Yellowston , b r eserved b y t!J e FeLicral 
Government and treated ns a national pa rk. " 

But ;\fonnt Tacoma i i ugle not merel y b cn,use i t is sup rbly maje tic; i t i an 
arct.ic i land in a temperat zone. In a bygone age an arctic limate prevailod over 
the ~orthwest, and gl aciers cover d t!Je as a(le Range. Al'(·ti animal ~ nml ar tic 
plauls then lived throughout the region. A thu climate became milder and glaciers 
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melted, t he creature. of the cold ·limate w l 'O limited in their geographic range to t he 
eli tricts of the hriuking o-lacieTs. On the "'reat peak the glaci rs linger still. They 
give to i t its g rcate. t b anty. They n.re themselves ma g nifi cent, and with them 
snr vives a co lon y of nrctic a nimnl and plants wh:ch can not exL t in the t emper ate 
climate of the l c ·s l ofty mountain s. The e ar ctic form. are a effectunJJ y isolated 
as hipwrecked sa ilors on an i land in mid-ocean . Th ere i no refuge£ r t hem beyond 
t hd r ha un t on ice-bound cli ff' . But even t h ere t h birds an d animal are uo l ou o-er 
sa f' from t he k een portsman, and the few snTvi,·ors must soou be exterminated 
ttnlc s protectec.l by t he Government in a national park. 

F.CO~O~n RE OuHCE . 

Tbe a rea of the Pacifi cforestre erve iuclndesYa ln alJle imberand importantwater 
snppli It .i aid t o ·ontain coa l, gold, and ih ·er. 

The t im ber on th e western lope difl'ers f rom that on t ho en tern in size an d density 
of growth a nd in kinds of trees. The fore ts of Pnget ou nd nrc world-renown cl for 
the magn ituue a ufl b nnty of t h ir hemlocks, c·ed:us, and fi r . Th eir t im be r consti­
tutes on e o f t h e mo t important reso urces of th o State. ow here aro t hey more 
luxu r i:mt t han on the fnotbill we t and north of :Mount Ra ini er. But th i r value 
a.s t imb r i there ubordinate to th eir value as regnlators of flood s. Tbe Puyallup 
Rh·er, wh e lower va ll ey is n. rich h op o-n ruen, i e>on now subj ect to floods during 
t he rapid molt inn- of t he snow on ?II unt Ra in i r in t he l imited area n.bove t im ber 
li ne. In the broauer area below timber l ine, b u t a bove 3,000 f: et in elevation, the 
depth of now in the winter of 1 93 was 9 to 15 fe t. P rotected by t he dense canopy 
of the fir and hemlock tr c. · thi snow melt slowly and t he river is high from I a rch 
to Jnn . But let the fore t be once dest r yed qy fi r or by lumbermen and tho s nows 
of e<<Ch w inter, molting iu a rl y sp ri nrr, will a nnuall y overw helm t b Pnyn llup 
Vall ey and trausform i t into a g ravell y wa t11. Th e same is true of White Ri,·er 
and tho Kisrtun ll y . 

The fore ts of t b ea t ru lope, tributary to tho Yakima, are of ven greater 
importune as wa,tor pre en · r . Th y cou. titnte :t g reat re er voir, holding back 
the pr cipita ion of t ho wet ea on an l all owing it to 61ter do wn wh n mo t n o ded 
by crop . In the Yakim a Valley water gives to land it val ue. torage of fl ood 
water · a nd exteu i\' tlistri bu t iou by canals i H OC s a ry. Tb fore ts bein rr prc­
sen· eu to ontrol t ho water, t ho natural torage b a iu shonhl be improved and 
canal b nil t. For the o r a on it is most important t hat no p ar t of t he fores t 
r esen ·o bonl<l be acr ifioeu, oven thou,.b the eas tern half is not included in t he 
natiou:1l park. 

Th boundarie10 o f tho p ropo eel nntionnl pnrk. have b en so clrawn a to oxcl ucle 
from it a rea all lan d upon whi<·h c·oal. goltl or otb r v;tln abl mineral are uppo otl 
t o oconr an<l th y con.fonn to the pnrpo. c tba.t th pari· shall include a ll feature of 
p nliar n io b anty w i th out oncroa bing on the int r sts of min rs or ett ler. 

A CE S ! Bli.ITY. 

on snv t ho e who an mnr<'h nn,·l cn mp in tho prim val fo r est can n ow v i it 
Mount I aini r; but it i w ildoru ~>, no t th di tnnc , that >11:1 k sit difficult of 
approa h . n thew t t h di ·tance up th Ni q ually RiYcr from t ho r a ilroad at 
Yelm Prairie to t he r es r v j but JO mil<' . Th on rrlJ h ea,Til y timbcrell, tho Yal ley of 
the T i t:~([nal l y afl'or<ls nu a y r onte for a railroad. The owli tz Valley a! o oifer a 
lin f approa. h without eli IIi nl ty by rail , it bciu "' a bout 50 mile from t b railroacl 
to be rc rv . 

n t h nor tl1w t t he r ai lroa<l :ot \Vi lk on is but 2 miles from t he summit of 
:Mount Raini r , nntl th ' Ia i rs can be reach d by ri ding 25 mil e t hxough t he 
gr at fo re t. 

On t h n rth the 'a cad brnnch of tb e ror thern PaciH Railroad cro e t he 
rnu g •, onl y 13 mil o in a direct lin and 19 miles along t h summit from t h northern 
limi t ofth I'e r ve. 
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On the ea t th city of "orth Yakima is but 6:. miles from the summit of Mount 
Rainier. 

The propo ed park OYer n mountain rt•<Yion which li s o ' I'O s th lin of trav 1 
from ea t to wet. The raib·oad winds northward; the travel clown th oluud.>ir\ 
Ri\'erturn southwardto nvoid it. Th g r !ttClllT ntoftouristswhi bfl owsnorth 
and ontb through I ortlantl, 'fa oma, cattl , Ynn e 11\' r, antl Ala ka pa s s to th 
we t within ight of Mount] ai11i r, and wh n tlle gran<l old mountain i ohscnr d 
by doml. t.l.J travel r linger to Cle it, or, passing regretfully on th ir way, know 
that they have mi eel th e lin Rt view of th ir t rip . 

\\hen n railroafl i l.Juilt up the ' isq 11ally or owlit.z Valley to th park and cotl­
nect iou l.Jystag is ns ur d uorthwnnl to tho a <'!l(ll' hntnch ofth orthorn J a ··ific 
Railroad and astward to Yakima, tlle Jlood of tm" l will l.J div rt d thr·ough tho 
park. 

nOUTES WITf!lN T II J.: nE F.R \ 'Il:. 

The point which oombin acce sibility with . nrrouUtlin "s of ~r at b anty, and 
whi h i tb refore mo t approp riate :1 a ho t l it , i onth as t of i\ Ionnt H:tini r, 
on on of the pur of th Tootoo h Mountains, ne;tr the owlitz Valley. To open 
this region to trav. 1 it would b Sllffioient toe tnuli h the h ot I ancl it · onn otions 
down the Ki qnaJly or wlitz Ynlle)-, to <r tb r with trail to point of int rc t 
within the p :u·k. From th .hotel a prin r i1 a! trail would xt ntl. uortl1 to tb 
Emmon and \Yhi to I iver glaci r whi h would thus b a ily accC' iblo, and 
th n e th railroad at \Vi lk s n co uld r eadily u · reached on hor cba I o,·cr th old 
Northern Pacific trnil. In th futnr, starre road ,or po ·ibly a railroad, w nl<l be 
extemled ov01: th 'owlitz Pus to the a tom lope orth Yal<ima woulu ho r :tch d 
>i :t the Tieton or Tannum alley, noel Taunum Lak woulcl becom a favorite r e ort. 

But tho lli ghway w.':lich wonld ·hall n rr th world for its qua l in grana sc n •·y 
would extend from tho owlitY- Pa ll rtbward alon rr tho .. rc t of th rang to th 

a oade bran h . Th di lance i 50 mil , 31 in tho park ancl 19 beyond it to tb 
railroad . ·within tho re crvethe nmmit i open and park-like. n tb a, t i as ·a 
of mountain ; on th we t i a bold d c nt of 3 0 0 fc t to tbo ' ' all y of (' wlitz 
and \Yhi torh·crs, beyond whi ch Tacoma ri in ov rpow ring "rand ur ,000 fe t 
above the road and on ly 12 miles distaut. 

0:\'CLL' l X . 

A committee of your memorialist has carefully xnm ine<l the xis ting ma.p of tb 
tate of \\ a hiugton with pecialreferenc to the po itiou of this r r>e, and find 

that the bonndari s of th o r ' on ·o are farth er a t, iJl r lation to 1\lount Rainier, 
than wa uppo ed. The we ·tern boundary tra\"Cr s the lop of ~!ount Rainier at 
altitudes of 7,000 to 9,000 feet, and the glacier extend several mile beyond it. In 
order to include all of the glacial area and the immediately adja ent for ton th 
we t, your mcmoriali t re peotfully r ecommend. that the we tern boundary of 
the p ark be drawu one rang west of that of th rc rve, viz, at the r nucre liu 
between rauge 6 and 7 east of the Willam t te m rid ian. By this chan"e no pal't of 
the Wilke Oil- arbouaclo coal field would be included iu the park. 

Your memoriali ts fi nd, a already tated, that it i n ot necessary to include the 
ea tern lope of th Cascad in tho park, and f11rtb rmore that i t is de imble to 
leave tho Katchcz Pass on the n or th and the Cowlitz Pa on t h south open for 
tho con tructiou of railroads. Your memorialists t ber fore pray that th park u•· 
defined by the followin" uoundaries : B <Y inuiug at the northwc t corner of sec. 19 
T. 18 "., R. 7 E. of t he \Villametto meridian · then e south 24 mil e more or les to 
the sou th west corner of seo.l , T.l4 N., R. 7 E.; thence east 27 mil e more or les 
to the summit of the Cascacl Range; thence iu :~ northerly direction to a point 
east of the place of beginu iJJg, and thence we t 26 miles ruore or lea to th place of 
beginning. 



m ;. SELl..) WASHINGTON NATIONAL PARK. 415 

Your memorinli ts r espectfull y r epresent that--
Rail road Jiu s have beeu surveyed and after thee tablisllment of a nn,tional p a rk 

wonlu oo n b e built to i ts bouudaries. Tho conce ions for a h otel, stoppiuo- places, 
aut! tage routes co uld be l ea cd and t b proceeds devoted to th o mainteuan ce of the 
park. Tlle }JOli ciug of the }J::trk coulu be Jlerformed from the barrack s at Yan couv r 
by cletails of soldiers, who would thus be g iveu useful unl h ealthful cmploymeut 
fron• May to 0 tobcr. 

The e tabli hm ont of :1 hotel would afford opriortunity for a weather tntio u 
which, in vi ew of th o cont rolliuo- i nfluence xcr ted by louut Rnini cr on tb 
moi turc-laden wiud from tlle Pacific w ould b e imporraut in r cla tiou io local 
w at her pred ictiou . 

Your mcmori nli sts fnrtb r represeut that this r gion of n.Htn·elous beauty is even 
11 ow being seriousl y marr cl by careless campiug p ar t ies . Its va,lnabl for ts nnd 
rare ::tn imnl nre b e ing inj ur tl and ·will· certainly he destroyed uul c s th forest 
r e erv be pol iced dnriu o- th camping seasons. But efl1cien t protect ion of the unde­
veloped wildern i extraordina rily difficult nnd iu this ea practica lly impo s ible. 

Therefore, for tho pre erntti ou of the property of the Uuited State , for the pro­
tectio n from flo ods of the 11eopl e of \\"nshington in the Yakima, Cowlitz, Xi squall y, 
Puyal lup, nucl White RiY r vall ys, nncl for t,he pl a u re and ccl ncatiou of the nati on, 
yo.'n· memorialil;t · pray t ha t the area :tboYo cle cribecl be declared r, national pnrk 
fore,· r. 

For t he -ntiona l G ogrnpbi e oci ty: 
TARDIXER . HUBUARD, 

Presiclent. 
For t he Ameri ca n As ociation fo1· the Advancement of ei nee : 

J . \V . 1~0 \Y ELL. 
For tb :eolog ical ocioty of Ameri cn : 

B.ULEY WILI. I 
For tho Sierra Club: 

.] O II X :,\[ "I R. 

For t l1 e A ppal:lcbiau :.'lronutai n lnb: 
Joax RrTCIIIR, J r. 

\VA BIXGTON, D. '., Jmw .Jl, 1894. 



'IIIE RO K~ OF ·10 re R I [ER. 

By GEORGE 0 '1'] 'MITH. 

I :rrrROD T R¥. 

Theen.rlie t gcoloo-ical ob rvation ontbe tru tureof fountRainicr 
were made in 1 70 by . •. Emmon , of th Geologica l Bxploration of 
the Fortieth Parallel. The rock p c·irn, ns col i ct d at thi t im w r 
studied later by 1\Ie r . Ragu and Idding , of th ni ted 'tat 
Geological Sur,ey.1 This petroo-rapb i al stud y . bow d that "l\[onnt 
Rainier i formed almo t wh lly of hyp r th n -au<le it , with cliff' r 'llt 
coml it ions of g-roundma an d accompanied by bornbl ndo aml olivine 
in place . ' 'Ihe only tbcr p rogmpb ical ·tudy of th Y lcani 
i that of Mr. K . Oebbek , of l\1uniclt,2 upon a mall collection matle 
on l\rount Rainier by Profe or Zittel in 1 3. 

On tbe reconnai ance trip on tlte nor b rn and ea ' t rn lop of 
·fount Rain ier , durin g tb ·eason f 1 !)5 and 1 !lG t ile writ r bad 

opportunity to make some g neral ob ervations on the ro k of tlli 
mountain, aud the p trographical mat rial th n oll ·ted ba. ince 
b en studied. The ob, ervation and coli ction w r of n ity lim­
it d, both by the reconnai sane haracter of the examination anl by 
tb mantle of now an<l ic whi ·h cov r o large a part of thi volcanic 
one. 
Two cla.. of ro k ar to b eli cu d a oc turing on Mouut 

Rainier: t il lava and pyrocla ti which compo tlt vol ani on 
aDd tbe grani t ic rock form ing tbe platform up n which t ll volcano 
wa built np. 

R K. 

GEOLOGIC RELATIONS. 

On Crater Peak a dark lin of ro ·k appear abov the now, and lt t'e 
the outer . lope of th e crater rim i fonnd to be covcr d with bloek of 
lava. A black, loo -e-textured ancle ite i roo t abundant, aml fr mit 
occurrence on the edge of thi w 11-cl fin d rat r may be r ard d a 
repre ent ing the later eruptiou of Rainier. Lower down on the l pe ' 
of the mountain opportunit ies for th tucly of the structnre of t l.J e 
volcanic cone ~Lre found in the bold rock ma . es t lt at mark t lt e ap xe 

' Am . .Jour. - cL, 3d seri• s , Vol. XXVI, t 3, pp. 222-235 . 
2 Neues .Jahrbuch flir Min. , etc., Vol. I , 18!15, pp. 222-220. 
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of t h in terglacial area.. . Example. of the e are L ittle Tahoma :Hb-
' raltar, Oath dral Rock, the Wedg·e, and tl.te Gua,rdiau l{.o ·k . These 

remnants o r th e old urface of t he oue, together with t he cli ff:s t hat 
uound th e lower course of the glacier , exhibit the tructnral r lations 
,·ery well . 

Even when viewed from a dit'tan ce the e cliff aml peak are seen to 
be compo eel of bedded materi al. P 1·oj ectin g ledges iuterrupt the tal~ 
lOI e and expres difference of bardne s in the everal bed , while 

\ariations in color al ·o in cli a.te sepa rate lava flow and aggl mer­
atic deposit . G ibra ltar i thu seen t o be compo ed of int rbedded 
lava a nd pyroclastics, and on the Wedge a i11til ar alternation i ev­
era 1 times r epeated, a pink ~tgglomerate bein g exceptionally triking 
in appearance. 

The e lava fl ows and bed. of volcan ic ejectamen ta t ho expo ed dip 
away from t he Ulnmit at a low angle. The teepest dip ob er ved was 
in th e amphitheater at th e head of arbon Glacier, ,fuere in the 
dividitw pur t he clip to the nor tbeast i about· oo. Sow exceptions 
in th e in linatiou of tl.te bed were noted on t he outb ea tern 1 pe, 
whert3 in a fe x\· case the layers are h9rizontal , or even <.lip toward the 
centra l axi · of th cone. In o·eneral, however t he volcanic compo -
ing Monnt Uaiuier may be aid to dip away from the ummit at an 
angl somewlt at lower than t hat of the slopes of the pre ent con . In 
the outly in g ridge. to t he nor th , the l\fother Range, · re cent Moun­
tain, and t he S lu i kin Mountains th tructure eem · to be t hat of 
in terbedded volcanics approximately horizontal. The extent of the 
.volcanic fro m t he uent r of ruption ha not been determined. 1011-

lar lava extend · to t ll e south, beyond the 'Iattoo ·ll Range, and volca.oics 
of . imilar compo ition occur to the nortlt, in the Tacoma quadranrrle. 
The latter lavas and t nfJ may ba ,-e orig in ated from mall r and less 
importa1t t cones, now destroye l by erosion. 

radia l dik wa b n · d at only one lo ali t.r, ncar the ba e of 
Littl 'lahoma. In . ral ca e th lava ma e, a een in ro ec-
ti 11 a r 1 u - hap d and wher a ' o ia,ted with frao·roental bed have 
un on formabl relation . Thi lt ow tha some of tb la.va flows took 
t lJ form of tream. r elatively narrow ratll r t han of b road beet . 

uch a f atur i itt accord with the eli tribution of rock types. Thu 
alo ng Pta rmi o·an Ridg for on iderable vertical and horizontal r ange 
th r ·k , how only li gh t variat io11. The eli tribution of rock type 
will be more fu lly di u din a 1at r paragraph . 

f .how la.rg a pa,rt of th la ,·a flow tb crater still remainin g was 
the point of origin i a qu tion to be an \Yer tl only after more detailed 
ob rvation ha, b 11 mad . The b t ection for tbe tucly of the ne­
e ·, ion of flows and t'j c tam uta j t h am phi heater at t h bead of th ­
'arbon Gla i r . Th 4-,000 feet of ro ·kin thL bold wall would afford 

an xc llent pportunity for t lti were it not tbat freq uent avalanche 
pr clncl t he po s ibili.ty of g ologi · t udy ex opt at lon o· r ange. 

1 ' GEOL , PT 2-- 'J7 
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M EGASCOPIC CHARACT ERS . 

'rhe volcani c rock of Raini r are or varyi ng- color and t- ·xtnr . 
D en o bla ·k ro k · with abn nd ant ph no ryRt. of gla 'HY f>lcbpar ·, 
ron ·h and conrse lava of differ nt t in ts f' pink r cl, ancl pnrpl , and 
compact li o-ht-gray ro ·k a,re . orne of t h t y p r pr . nte<.l upo11 t il e 
lope. of t his volca11ic co n . In olor , t h major ity of th l'O ks may 

be grouped tog th r a li g·bt 0 Tay to da,rk g ray. 'Ih bh1 k antl r c1 
lavas are le , common. n texture t ho Raiui r ] a, a ar 
par t, ompact. lago· a nd . oria on p it as ' ar r ornm n, but prob­
ably repr nt ou ly a sma,ll part of t he difl' r n fl 11· • _ . ar t h Unar­
dian !locks htro· ma, · ~e of rop r laYa arc fonn l wbiclt sugo· . t 0 •ct •d 
bomb . Agglom rat ic and tuifac ou. · ro ·k ' ar of q ui t ommon oc ur-
renc' al though le · important ha,n t h lava· . c ·icnb r htv<l 
at s \eral ~o ·alitios a,ll(l frag·nt ' n t of a, l igh t~ol i v 
larg a.., a foot in <li ant ter, wltolly over me or t b 
ou tb a t of Little Ta homa and in Ior;tin lark. 

ontr~ t i n partin o· or jointing i oftc n ob, r d, b in g .., p eially 
chara teri tic of tb ba alt i · type . The platy parting i 111ore 
common b ut h ·olumnar or pri ~mati partiug i w 11 exhi bit d at 
eYeral loca1it i . Th b lack ba alti · lava eao:; of 'owl itz Ia ·i r 
ltow t he latter tructm in a triking manu r. 'Ih blo k. 1· mbl ' 

pig of iron in s ize and hape, and wher ex po 
th e e s m to be pil d in var ion po. it ion . 

The rock on the bi rrl t r slope of fount Raiui r ar in g·eneral Yery 
fresh in appearance. n xceptiou may lJ u ted in th ca of th ~ 
roek ·at the ba e of IJittl Tahoma, wh ro , om alt rati u i · cvi 1 nt. 

urfa · . of t he lnva bl ·ks and tlJ e rr 11 ral 

O'f t h nat-ur 
ical clecompo 

MICROSCOPIC CHARACTERS . 

Mi ro copically the e lava how mor unif, rtni ty than i ' appar nt 
megascopically . Hock which in c:olor anti textur appear quite diY r ·e 
are foullCl to be minoraloo·i al equivalent . 'rbe majori ty of the e rock 
are ancle ite the byperstbene-aucle it . pr domin ating, a was ·hown 
by Hague and Idding ; but over large area the a nd ite ar d cicl d ly 
·ba. altic, an d, indeed, many of the lava are ba alt . The mega. copi · 
differences are mo tly referable to groundma character , the ·olor of 
th e rock being depentlent upon the color an a proportion of gla ·y ba 
present. Tber fore the degree of crystalli zation f grounclma ·on­
stitueuts is of more importance in determining the mega copic appear-
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a nce Lh an is t h e mine ralogi cal ompo ition, and th 
for t he m :t par t li g l1 t grny in eo lor whi le the mor 
and •si tes are oft<' ll b lack or r d. 
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ba al ti la ,.n are 
acid hyp r:s t hene-

J n petr gntphic c l1araet r t it lava· ran «e from llypcrs t l!en e-ande· ­
it to ba::;n l t. Th is ,·ar iation i ' d e pendent upon t he fer ro111agne. ian 
·il icates, and four roek typ nre r epresen ted-hyperst hene-ande ite, 
pyroxene-a nd<· ·it0 , ntwit -an<lesit •, and b;Jsalt-;1 n.v of whi ·h may 
carry f\ m;l ll n.moun t::; of hornbl e nde. A ri~rid ·eparation of t bese rock 
t p es hO\re ,·cr, i. im pos iblf' , sine in eu ::; ibl gTat1ntion ::; ·onn<'ct the 
most acid wi It tlJ e 111 0 t ha ic. In t h a me flow hyper ·th ne-nn desi to 
Jllay o ·eur in one portion~ while in ·lo e l)l'Oximi tythchn1i .· an a u o· it . 
and . ite . 

T hese hwa h av o-rountlmas · textures t hat var.v from almo. t bolo­
CI'Y tall in to gla ··sy . T h ~ lt >d or hyalopi.l i ti · textur i the mo t 

ommon and pl: o·ioclase i · the pri11cipal ground111a s con t ituent. 
~ ' l1 e £ ltl ·pars ar lath-: baped , oft ' II wi th ca : tellate<l t rmi11ation . In 
t l1 more ba ie ph a ·c a llh <1rons of n.ng- ite and f oli\in o nppear, nod 
magnetit g rain : ;He u . ually pre,:;e 11 t . F lo 'l\·age i · often b eau t ifully 
xpre,· sed by t h arrangelll o t o f the slc nd r hths off lLl .·par . 
..:\.mono- th pl1 •oocryst: feld pari : th mo::;t prom io ut. It has tl1 

n. na l twi nnin g l1ar ~tet ri ti (' o l' plagiocln.::; r and bt'lou gs totb ea.nd ' i nc­
labradorite s ric ' extin ·tion an o·] ;; pr ,·i og ba ic andesin e and a ·itl 
labrad rit to lJ t h mo t comm o n. Zonal t rncturc i char;:J c tcri ;;tic 
b ing n oticeabl \' en witl1 ont the u f p olari zctl l i,!.!'llt. Zonal 
a i-raugem ent of g las in clus ion . t :tifi to th e vit:is itndcs of erystal -
lizati 11 autl oft e n t l1' eore or n feld pa r ph ' uocryst i .. een to kt\· 
snfl'ered ot-rn · ion by th ma g un1 aucl uber1u •ntly to h a ,·c b•en 
repair d " ·ith a zone of fel<l par mor a id in co mpo iti on . 

or t !J dark r phcno ·ry t 'the pyrox ncs arc more abundant th a i! 
th olivin e or ltornblenrl >. ilyp rsth ene and angite occur alone or 
togeth r and ar r arlily di ,· tino-nishcd by their diffe r n t cry:::ta.llo ­
o-raphi c b a.bits a . well ashy th ir optical prop rti ' , 'Ill hyp r stl1 11 0 
i n nally m r p rfcct l.r idi morpld c a nd o Lll' in lon o· pri ·m , wit-h 
t h pina ·oidal ph111 ' , b ' t d •v lop d, whil e t h an ·ito is in tou t 
pri .' nl s u:uaJly winncd. Both ar li h t ·olort:!d. a nd t ho pl o broism 
of th hypersth ne is someti tu e quit ' faint. A cordi no· to h e r elati> 
illll)Ortauc of the ·c tw p y ro · n s tb la.va belong to diff r u t typ 
byp r tb n -andc it , pyroxcn -a nde ·it or a.u,; i -a,nd it . 

r tain or t h Raini r lav~t , in tout pri m om 
rt n wi t h r •elde n d border, . T he usual a cia -

tioH with apalit ;tnd mao·n ti le cr · ta.ls i · noted . Th olivin varies 
mu •h in rela i vo abnml an ·e . o n to be on iclered UO\Y a n acce ·ory 
a nd now ~1n e n tial con ti u nt, and in the httt r ca e tbe ro k i a, 
basa l t . 

liornbl encle i. not :tb nnclant in a ny of t he roc k . tudi cl , a l th ou g-h 
typi a l h oru bl nde-antl . i tt l1 a ' been de cr ibed a mon g the ::;peci me n N 
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coli cted by Profe or Zitt 1. v here it occur it is in brown cryslab, 
which ]Hlve u. ually suffer d magmatic alt ratio n. In one a, e, wlt t' 

t his a l teration is Je - marked, t lte idiomorpui borobl nde i found to 
inclo-e a, ry tal of labradorite, and thn mu.- t h:w b 11 on of th e 
late t p lteuocry t to crystalli ze. It al ' O sure nnd ' oli vin 'in t hi s ~> n, rn e 

ro k 1 wbi ·hi a hyper t ben -aud ito, tll 11 rnblend and oli vi ne bein g 
only accessory . 

The different t xtm - of t h s cxpr ·iv pri-
mari ly of diver i ty in th e pby i al ·ond iti us or ·on olidation, but nl o 
in 1 ar t of var iations inch mi cal co mposit ion. T ho vn ri ationi'1 in min ­
eraloo·i al compo it ion ar lik wi reflr al>lo to t h s' two fcwtor ',but 
ller' th latter i t he m rc impor ta nt. Til hyp rsth n -angit : livine 
vari atio u, already reD rr d to, doubLl s well ox pre,i'1 t h cit rni al 
composition of the mao-rna, a11 d d s rve to b t:tkcn as t h ' hi f Cl' ite­
rion in t he ·!a ification of t he lava . w~L 11 ot d by Ifa o· ne and 
Idding th hyper th ue a ud olivin play a li ke rf>l ' th fo rm er o cur · 
rin g wb 11 t he ilica p r entag i omewhat hi o· h r than iu ba alL It 
is x p t ional t find t he t wo in th sam im n th on being ab ent 
whenever t he other i pr ' nt. The fo llowing a n:tl ys i 2 of t l1 typi al 
hyper then e.ande ite from Crat r L'eak bow t il l<.tv<.t to b 
tively acid. au i it : 

.Analysis of ii!JJI r~til eu e-and sit•· from 'rain· i 'tai.', J fou ul Hainier. 

'iO~ ..... . . .. ..... . ... -··· ·- . .. . .... .•. ............... 

Al,O_, .... ............. . .. . ...... . ... . ..... . ......... . . 

FeO ... .. ........... · · ··--········ ···· ···· ········ ···· 
'aO .......... .............. ...... .. .. ... ... ......... . 

l\J 0'0 ............................. . .. .. . ..... ........ . 

Xa.,O . ......... ..... ........ .. ......... _ ........... . . 

P t'('l' IIL 

6l.li2 

16. 6 
G. 1 

. fi7 
!:!. 17 

. 93 I K,O .......... .... .............. .. ............ ..... ... _9_1:-~:-

An analy i 3 of one of t he li o·h t-gray, olivine-bearin g rock on be 
northern ·lope of the mountain g iv a ilica p rc.entarre of 54. 6 and 
i doubtles repr ·cntative of t h mor ba ' i ·of the Raini r la \' a . 

Tb ·poradic occurr n e of hornblende in the e andcsit i prin ci­
pa.Ily the result of phy ical eo nditions r ath r than f ch mieal ·ompo i­
tion . The magmatic alteration of th pllenocry. t . of horn blen ue afford 
evidence of t his vari atiou in consolidation condition , a diminution or 

giviug ri Lo tb ma gmati · 

'Obser~ d by Idclings : Twelfth Ann. RPpt. . . Geol. 'urvoy , p. 612. 
2 liagu nml Iddings, 01 . cit,. p. 2-5-
10 lJbckc, op. cit., p. 226. 
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alt ration of the hornble11dc. Thati thi change took place durino· tlte 
J:;tr.er sta,;e of consolidation i · shown by the rel ative ag of the horn­
bl ucle, no ted a,bove, and al. o by he fa ·t t it at in one ca e a, phenocry t 
of augite w here iti abut::; n.gaiust tbe hol'lll.>l ende has JH"Oteeted the latter 
from tlt i · alteration. The a ltera,tion i '> in part p·etHlomor·phic t ll e 
!Jornblencl e reta, ini tw it ch<lracteri ti · out lin es, l.>ntoften tll >r ba b en 
re orption . In one a,nde. ite t be abuudan ce of th · e remnant · of horn ­
blende and nl»o of a uo-ite a,nb dron in t he groundmas ma,y_jn tify the 
c nclu · ion that t l.li ::; augite an de. ite i of derivative origin, or t he cia 
deserib d by a ·bingtou .' It lll<"LY b noted al o tbati hyper~ tben 

sllow a teudency to ma<rmatic al teration, althou gh only rarely. 
J11 a ba al flow in l\foraine P<u-k, tbe laggy and com pac p ha e 

:;how diff r enee in phenocrysts ::~swell as in oToundma . 'I he gh s y 
rock h a . h} p rstbene as t he pr dominant Jlltenocry. t, while~ ]d p::~r i 
th 111 0re importa 11t iu t h ompact and mor cry talli11e ancle ·ite. 

'l' he eli. tribution of the rock typ s de cribecl above i.· o f intere t . On 
t h northern lope of t lJ e mountain, betw en Willi'> a nd arbon gl ::~ciers, 

t it characteristic lava i a gray andesite, smooth to rough in texture, 
a nd sbo,r itw platy ancl colum11 ar parting. Hyper,tbene is not tb pr . 
vailin g 1 yrox:cnt'l and olivine is usuall y pre eut orten in uch abuudanc 
as to mal' the rock a basalt. 

In Mora in e Park oTay ande itt> a l o predominate, with both pyrox­
ene, a' plienocry ts, but here ltyp r tlt ne i. t lt e more importan t . On 
t he east rn . lop on th e ~ edo·e, brtween \\ inthrop and Emmons gla­
ciers. tit l avas are pyroxene a nde ites and ary mu ch in meo·asc pic 
appearance, although li ttle in micro cror ic character . The e rock, are 
quit di tinct from any. een to the north. Tb e nnnatak in Emmon 
Gla ·ier ,)s compo ed of b yperstlt ne-ande it but ou Little 'rah oma 
the la.Ya how more vnrie y . Both augite-an le itc and hyper tltene­
aJHlesite oc nr, whil at the onthern end of tbi» intero·Jacial rock ma , 
ju:t ea~t of owli z Gla ier tb •Jiff ar ompo eel of the pri matic 
bln ·k ba a l t. 011 mter P ak, a.nd b low on Gibraltar hyper then -
and :it o cur' with co n ider::~bl ,-aria. ion of color ::tnd texture. On 
tlle , pnrs '" t of Sisqnally 01:1 ·i r th andesit ·ontain both pyrox­
ene. , th aun·i e b in g-. ont what the 11101' import<mt. 

'rh dbtriuution of th vo l ·auic rock ' . a . .- d t et'mined in the t udy of 
r •onnai , ~we colle tion , inclicat s t hat the cou has been built up by 

ruption · of la,·a and of fra~·m ntal material. The u c , ive lava 
W r doubt! .' o!' On ' id crabJ• thickne but were limited in 

'J'b bed of fragmentaJ mater ial ar of the n ature of 
ccia a nd of O<lr:-;e agcrlom mt · on t he higher lopes, wh il e 

ufl's o cur :tti a gr Mer di . tauce from th center of >rnption. TIJi 
ompo it on app at's to b remn.rkably free from radial dike which 

ma y indi at that tlte volcanic energy wa ·· expended hiefl y ::~t the 
crat'r. Th Yariation in rock typ on liffer u t ide of t he volcanic 

'Jour. ol., \ ·ol. IV. 1 !!6, p. 276. 

, 
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con mny be vitlcnce of' ·hnn g-e in p ' ition of entr r of >ruption. 
'J'h(' clestrn ·tion r an earli er ' ratet· :11tcl tit t· entri · position of a, 

la t 'r wonld g·i v ri: to s uch a radial d iR t ribu tio n of lavas a · lias b en 
deseriu d above. 

OCCURR EN CE. 

Th pr . nc of an a id bolo r stallin of fount 
I niu ier wa s first reported by Li ntrnaut ICran t11 in 1 .)7 from wltos 
account Gibbs wn · led to nnttonuc th o · ·urn•n1· of 
gran ite a a clike in 1· cent hwas.1 Emmon in 1 ' 10 b: rvcd a ·Jill' of 
' beaHtifnl whit . y nitic granite ri in"' nbov tit foot of isq unlly 
Gln ier and correctly interpret •d the o·eolo"'ie 1· lations . ln J !lG, 011 a 
r counai sauce t rip tb wri er id ntifi d g-ratt itP among tlt bowld 'rS 
ompo··ing the lat ral morain of arbon Gla ·i r a · well a: on th 
urfnce of the O'la ·i(' r it lf a.ncl in th' follo\\"ing· . rasou bo"·ld •r of 

grauite w re fotmu tn b plentiful in th river b tl at th foo t of thi ' 
glacier. Tbi anomaly of grau it bowltlers ·omiug from a YOI ·attic 
I ea k wa also JJotcd i 11 tb ea uyon or tb ~ i ' (] ua lly by Em mon . 

In t h om xrltat mor c:ureful · mly of t ho Ionn t. H.aini r ro ·k ' 
arch was made alt(l the gTa11ite wa found in pla · a.t e eral poin t 

ou the northeu tern lope. biotit -h rnbl nd .oTanit wa ob n · d 
n a rbon Riv r at tlt mouth f r ·ek, alJOnt 12 mile from 

th ummit of Mount Rainier, and at ll nui Fal l , 3 mil ur the 
river a fin r grained ltolocry.· tallin · rock oc ur appar ntly an aplitic 
plla ·e of tb gra.n it . In t he low r portion of 'arbon Glaci r, 11 ar it 

a nuna.ta.k of o'l'ani te an be n wltilc tlte Ram rock 
a t b yond th older of It 

J'id ge f granite wa. 
astern morain arbon laei r at 

an altitude of between 7,000 and ,000 feet, and th m r promin nt 
£ ature to the ea. t in Moraine Park al o owe tb ir urvival to the 
greater ero. ion-resisting power of th granite. 

PETROGRAPHIC DESCRIPTION. 

The-e granit have few feature worthy of peeial mention. orn -
blencle and biotite are tbe ferromagoe ian con tituent ~bnd vary mnch 
in r lative importance. The variations from horublende-granit to 
biotite-granite occur iu the ame knob or riclg , and con iderin · all 
occurrence the two va1·ietie eem to be of qual development. Tberc 
is al o some variatiou in the amount of quartz pre ent, and in tbc rela­
tiv importanc of the ortbocla e and plagio ·la e. All of tb e ·harac­
ter. · areal. o founu in the gean ite of the orthern Cascade 

1 Emmons, Dull. .A.m. Gcog. Soc. , l877, :So. 4, p . •15. 
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RELATION TO THE VOLCANIC ROCKS . 

A long t he ide of t he knob overlookiD g Carbon Glacier t he grani te a 
een from ~L di tan co appear s to ue in tru sive. Blocks of an de ite cover 

tll e slope, de:I'"osit •d t h re by t he glacier at a t ime when it po · · ed 
gren,ter lateral extent, a.nd the grani te tal u ·from above ct·o s . t lti 
a rn e . lope in a narrow l> and. The relation prove lc s deceptiv on 

clo ' e xami natiou, a nd the gra ni te is en to co rt. titntc an older ridg . 
Fartlter along t lti. r iLl ge, at the cliffs on the north ea t rn edge of 
Moraine Park tbe granitic rock is fo und overlain by tb lava . The 
actual contact of t he two rocks i concealed by oil fi llin o· the crev ice 
left by di in tegration along t he contact pla ne. The grn.nite, however, 
exhi bits no iutru ive characters, while the overlying aude itc becomes 

oriaceous in its lower portion, a lt bou crh compact immediately abov . 
This co ntact is on t lle onthern ide of th e granite ridge, the ere of 
which is approximately ea. t-west. This po ition of t he laYa contact 
coD ideral>ly b low he highest occnrrence of th gran it indica,te. that 
t he topographi c feature · of t bi old granite ridge were e \·en more 
marked at th time of t h eruption of tbe lava and t h building of 
the volcanie COli C. Abov thi ridge of granite on t he one ide tower 
the cliff of bedded volcanics which corupo e t he Slu i kin Mounta in , 
and on th e other is tb e a ndesite rido·e boundin g- the ca.uyou of vVin­
t brop lacier . Tim 1\Jount Rainier, although a volcani p ak. r ts 
upon a n elevated platform of granite which i exr osed by. erosion at a 
few points on t he lopes of the moun tai n. 

'ill!l\IARY. 

clastic ·. 

p it iou of t he Ja,·a ex.pr cs its lf iu min eral gical difference , an d 
thu fourr ck t.n ar eli tiug-ui h 1-hyper ' th ne-antlesite, pyroxene­

n,ugit -a nde it and basalt. The el i tribution of thes types 
a rad ia l arraug ment of lava tream , and hyper tbeue­

is the mor· :tbundan t variety of lava. 
ranite i xpo cl on t b lope of Rai ni r wh ere ero iou ha cut 

away t he ov rlyilt g la >a, and it i plain tha t t be vol ani cone r t 
lli on a n elevated platform of older ro ·k, approximately 000 feet above 
. ea I vel. 
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1HJ~ A E OF THE FR NKLT~ WHITE LIME TO~L 
O.F iEX OUNTY, :NEW JER. iEY. 

By .T. E . "'iiVOLFF a ud A. ]- . BRoorr.~ . 

GENERAI1 D E RIPTIOX 0 ]' THE REGION. 

The Ar !J an 1 H ighland of w .Jer. yo upy a belt n,bout 20 mile 
widt' wbi ·h ru11 aero. t he tate and coutinu nor th a twarcl in to 
:S w York a nd outbwe tward into P 1111 ylva nia. V'i ith t he exception 
of a few longitud inal , ·alley. in wb idt t he . oung r Pal ozoic rocks 
occur t h wbol <tr a i o ·upi d by gn i , r pre euting in cren ral 
a few recuniu g litbologi al. typ , wit!J ne.'l.rly con . tant nortltea t 
trik and . outh a t lip of tb foliation , and with n, freqnent l inear 

parall el . tru ·tur<', both of t he gnei.;; and of the a . ociat d magne­
tite or cl po~it whi ·hi with rare xc ptiot • , inclined at a moderate 
mtgle to tb. north a t lying o·enerall ' in t lt e phmeof dip, and i ·ail ed 
' '1 itch.' Th ~<'nior nntlt r has gin:-n r n:sons I:n· th bd i 'f, in th 
a.<' or a typiC'al ar a that tbis mn~t b trn tnr of primary -ry talli­

znJion of th ro ·k~ as t h •y no"· xi. t amlllotpnrcl.r. ('O ndat-y (<lyuam · 
m tmn rpll i •) structnr .2 

. \ th<:'ir w st rn marg·in tb Hi hlancl prop r :lr '. u · <'d d hy t he 
broad \..ppalac·hinn Ynll<'y, in wbicl.J th ambrian fl tl(l ilurian l im . 
, tone :111d IIurlson Riv r , lnt xt nd w , twarrl t tit 

h 

t wo 
a nd 

11n rc~ rl'ing tot ho gnoiascs " .. \..r h on" is usc<l ns n, oon,'ton i ut f rm , hut the authors do not wish 
to commit thcm•l'l ,. ~ to nuyth iug b u t th pr . nm hrinu nge of f he sel'ics . 

•J. K Wolff, .cologion l Rtt u('fu ro i n th 'iclnity of Hlhoruin, N w Jot-s~· : Ann. R pt. ~ tnfo Geolo­
gist • ' W Jors y for 1 03, pp. 359-969. 

43 l 
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1 s important b ntirely within tb guei i ar a. l 
by isolated area of whit lime tooe, baYi11g a o·eneral lin ar fH'l'nn g . 
m nt which i::; pantll l to the a nera 1 trik . of the o·n i. . Tl!o we t,. 

rn belt is much larger and lie n ar t hew t ru marg in of th gn i s .-. 
large portion of it is more or 1 · clo ely a ·ociat d with t lJ vall y 

rock . Th rear t hree important ar a in thi b ltr-the Oxford ar a, 
tho Jenny Jump :Jiountnin 1 ar a 'vhich i co nd in ·i.z , and th 
Fra nklin area. Tile la t i by far th large ·t, xtendiug from parta, 

iiiiiPaleozo/c and Mesozoic 

~fflltfe limestone 

C:=JGneiss 

Scale 
0 I l. .) 4 5 6MIL(~ 

}' rc . 77.- ketch map Rhowing th rli•trihotion of the whit<> limes tone in . "ew .Jersey. 

Sn ex County, New Jer ey in a northea terly direction to Iount 
Adam and Eve, in OraoO'e County, w York. 

,The relation of the Franklin white lime tone to the Cambrian an d 
gnei · ic rock forms the ubject of tbi: paper. The detailecl field 
work was done in hat portion of the belt lying b tw en Sand ill on 
the north and Sparta u the outh, which in ludes th mo. t favorable 
exposures for the tudy of the relation . This worl- wa done 'inciden t · 
ally to the investigation of the areal geology of tlJe Franklin 1uadrangl . 

I Lu,vis G. Woatgate, The geology of the llOrth rn part of J'euny J'nmp Mollntaio, w·arroo COllDty: 
A nn . Rept. State Geologis t New J ersey for 1895, pp. 21-61. 
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IJ Hl~ TR W OV OPJ);fl OX . 

'l 'he literature relating to t he geology min eral,, a 11d mitt e of Fmnk 
lin F nrn a ·e a nd vicinity, a nd of t h whole belt of white litue tone, i 
voluminou . A partial bibliography ba been giveu hy J . F . Kemp 1 

F. L. ason,2 and L. . W e tgate.3 

Tbe ore and other min eral of the white limestone belt attract d 
th att ntion of , ientifi c men at the very begiruting of tbe geological 
science in tbi . couutry, and ·everal of the earliest paper on creolo ical 
and min ra log ical sub.iects were devoted to the region. 

The earlie t ment ion w have been able to find i by Willia.m l\fac­
lur in 1 oo ,~ who de ' cribes' tbe large-grained marble on the edge of 

the Primitive, n ar parta with the as ociatecl ore becl ·. Although 
tb e zin c: or wer po ibly noticed and prospected as early a 1640, 
and sev ral ton of the reel oxide of zin c were ·hipped to London 
ab ut 1710, from which ·peeimen probably fouud t heir way to E uro­
p an ·oll ection.- yet Dr. Archibald Bruc ga1· the first description 
ancl analy i of tbi ' mineral in 1 10, with a n in idental mention or t he 

a nnxem a.nd K atin cr 

rauo- ountr " w 
tran it iou, aud no iced 

'Tra ns. :X " V ork end.!' •i., Y I. "liT, pp. 76-77 ; nlso Kemp, .A rthnr ll olli ck , nnd H iurich Ries, 
nn nl• N " ' York ~\ cad . .'d., Vol. Vll, I' ll· 63 6ii4. 
• no . Geologist, Vol. VIT, Ill· 2-11-252. 
1 0p. rit., pp. 4 3. 
• hsen·n ti ons on th o geology of th nit d t-aleR. t . : Trnns . • \m. Ph ilo•. So ., \"ol. I' J , I 09, p. 

421; nl•o II"' Mme, new series, Vvl. l , 1 18, p. 34 . 
•On r ·d oxl•l o of zi nc, •t<·. : 13rn · '• .Amori nn Jonrnnl of l\1 iuernlogy, \ ' ol. I , 18LO, pp. >16-LOO. This 

vo11 rnbl volume, wllioh r pr· s ut a th boginningofAmoricaum inornl gicnln nll geologi ulre ea rcb, 
oootlllua io th llrRt par (I 10) analyses untl des riptions of two new minerals by Dr. llrnc (bruoite 
rm\1 zin ·ito, na th y ar nO\V knowlt ), wbioh a r& probab ly th flrst s nob cl s rip tiona pnblis beu in tl1i s 
country. 

6 Lnr<ln r nOtll< m and William Jl . Kon.Ling. On tho geology nnd mineralogy of .Frunklln , t<·.: Jour . 
.A.ond. Nat. c i. Phil11. , ol. Ir, 1 22, p p. 277- 2 . 

' J am J>ion·o,(l logy, min ralo!,oy.soon ,._,., to., of tb 1-Lighlallll•uf.NuwYorkaO<lNuw,Jer y: 
.A.m. Jour .. d ., l a l scr i "• Vol. \1 , I 22. pp. ~6-33 . 

1 GEOL, P'l' 2--~ 
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Thoma uttall ,' in 1 2~, o· i '"au <Lccount of th rnin cra l ~o; of 8parta: 
and ay of th e white lirn s ton e: 

Tb cry talli.ne calcar o11s ro ·k, wbi h her alt rnntes with grunitin s off lspar 
and qua.r tz, or with u ds of sicnitic "'rauit (near to Dr. Fowler's honso, tbo pro­
prietor of tbe Franklin work ), di <tppear , an l a ouf:luont gran wacke, almo'< t 
porpby.riti 1 n.ud contemporan ou n.pparently with the oth r fo.rrun,ti ns, app H I'S 

dir ctl ~- O\-erln,ill by a b d of l aden, miu11tely g ranular, s concla.ry lim tono, con­
t:tining or•ranic remains of th o u nal ·hell and !'Orallin s, and Jay r of hlacki h 
born ton or potro ilex. Tbi · ro ·k a well a th gra uwacke benectth, pr nt di -
semina t d cr_ystalR of bln fluato of li1u . " Thu we l1av he1· b foro ns, a 
at Lake baruplai u, the noY land inter ting sp ctaoloof an uniou of O\' ry ola of 
rook, but 11assiug d cid dl into each otlwr, a if a.lmo ' t ccmtempora.neous! lf they 
ar not cont mporau ou , bow do t hey h~tpp n to pen trat nrh oth I ' h~' ,. iu 

h pal'd 2 i11 1832, con idered th wllit lim sto n Primitiv . 
Henry D . Roger , ~ in hi · fir t r eport of 1 36 ·p <'Lking f t h white 

lim e tone n.ys: 

I regard i t havin"' been ori<rinally the blue lim ton of th district, in vaded 
at ome period ub cquent to its formation by th v ins of min eral matter [i.e. 
th zinc ore veins, and ' ins of syeuit a,nd quartz] iu a highly h at d or molten 
tate, effectiug a seri es of change imilar to tho e known to have l en cans d by 

injection of trap into l,imestoue trata untl r pr tty aual oj!on. contliti n . 

He attribute t.l1e peculiar mineral of the whit lim t.on to nta t 
metamorphi m. 

In hi final r port,3 inl ±0, he reaffirm th am ou lu ion a mucl• 
gr ater leu nth. He g ive ad crip tion of th xtent and boundari .' 
-of the white lim e tone belt with a li ·t by Dr. Fowler· of tlJ principal 
mineral a sociated with i t. detail d de cripti n i giv n of th 
ch!'l.ng from bl n. lim s ton to whit rys tnllin lim tou , with iu ·t· a •. 
ing cl \-elopmen of o-raphite, at the conta t with a dike of rup t ive 
granit 4 mile outhwe ' t of parta which i el ct d a repr entative 
of many localitie hO\Ying tb same m tamorphic change du to the 
igneous rock. The pre ence of chondrodite i ' a l o a. cribed to th arne 
can e. 

Charle T . Jack ou,4 in L852, ay that th whit rrone-
ou ly uppo ed to be a metamorphic iluriau rock, which i au not b 
con ideriog that it i below the Pot -dam an d tone, whi ·h ·ut off tbe 

ilurian rocl\S from any contact with the pyrogenic rock •accoml any­
ing the fra.nklinite. 

William Kitchell 5 in 1 55 place the white lime tone in the zoic 
and de 'Cribes the dikes of gran ite and syenite cutting it in variou 
place . Be also describe two mall belt of metamorphic limeston e on 
the western edge of the Azoic, ·everal miles outhwe t of the Franklin 

1 ObeerYation~ nncl geological remarks on the minerals of Paterson nnd tb ' 'alley of Sparta. in Now 
J ersey: - . T. hlecl . nnd Pbys . Jonr .. 1 22; .A.m. Jour. ci., 1 t series, Vol. V, 1 22, pp. 23Q-248. 

2 .A. skoteh of tho mineralogy ancl geology of tho conn ties of Oran::re, New York, and use x , New 
Jersey: .A.m. Jour. ci., 1st series, Vol. XXI, 1 :!2, pp. 32L-a34. 

•Rcpt. Gcol. Sun-ey New J ersey for 1836, p. 132; G ology o·f New J ersey, Final Report, 18(0. 
• Reports of theN w J ersey Zinc Company, 1852. (Geological, by C. 'l'. J.) 
' Second .A.nn. Ropt. Geol. Survey New J ersey, for the .' ·ear 1 55. 
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area (one near Pinckneyville, the other hetween An dover an d Tran­
quility) lyiug between the blue lime ton and the o-neis , which are 
cut by dik s of gran ite. A to the age of t he e no distinct mention is 
made. 1 

Dr. George H. ~ook, iu 1861 t aud later, held to the pre-Cambrian 
(Azoic) ao-e of the white lime tones. This view was e pecially elabo­
rated in t he r por of 186 ,3 in which full de cription of the local 
boundari es of the formatiou · and of their li t lwlogical character , of 
the zinc depo it , and of t he fi eld relation are given. e say (pp. 
43-44, 61): 

In r gartl to the crystalline lime tones, h e [Ro"er - J was mi taken. Th ey are 
ev rywher con fornmble to th g nei sand interstrati fi d with it . * ~ • Th r is 
good rea ou t o beli ve that many b ·ds of oarser gra nite gneis have been mistak,, n 
for gra ui te dik e and d crib d a uch. Thi has beeu t heca e particular ly in the 
ry t allioc limestone, where the altero atio cr or inclnd d beds of guei ha,· been 

thought b y many to be dikes. They ar . however, conformable to t he lim tone, 
and a r of the same age, and are metamorphic rock . 

ook, "a ' lt eld in the 

of tb areal 

' In th bisl ri nlr \'i w it don page 433, ... ·nson incorre Uy ascrib s lh d seripliou of thol-'l'Udual 
chan from hlu to white liln<•slou nt tho lnt1er lo nlity to t h FrnnkJin belt . Th . tn t~mout thnt 

Rogers in his first repor t (l 6) "snys nothing in this report of his idea. of th contemporaneous 
origin of tl1 whil o nu!l blue lim ston s" should nlso be o•·rooted. 

~ T t on th ]lrohnhl f\.1! of th whito limestone nt nsscx and Franklin zinc mines, New Jersey: 
Am. Jour. i. , 2c1 S<'ri s , Yol. XX:Xl [. 1 01, pp. 208-209. 

'G ology of Now J rsoy, 1-46 ; George H. Co k, tat geologist; Jobn C. - mock, nssistnnt ,. ol· 
oglst. 

•N. L.Jlritton. in J lUid 1 7, plac d tho wbi t.e limostouo conformable in hi middl or gneiss ic 
group of tb 'ow J rsey Archean . nn. Rept. Geol. urvey N w J orsey for 1 85, pp. 36--!>5. 'am 
~ r 1 
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di tribution of the formation be de erib · th ro k , and fir t g iv 
the di tributioo of tll o-ranit , de cribin o· it ' wid e occnrr •nc throu h­
out the area and giving t he proo~ of it.· empti v ori o- in . 'I hese proofs 
are : t ll at it cut obliquely a ro the lin of ·tril of tiJ ' hit lim . 
tone at Fr a nkliu F urn a e and ha been 1 rov d by b diamond drill 

to be io terlaminated irregularly with t h limes ton , a nd t hat it pro­
duce di tin t contact ph nom na, ncb a tb dP.v lopm nt of tluodte, 
chonclrodite, tourmaline, t ·. · al o, that it is firml knit to tue a m­
brian sand tone at a ontact near Hamburg, a11d at th Po ·huck mine 
road has fragment of and ton a,ncl oth r rock mb del d in it· that 
in this aud tone and the blu lime tone gra phite i dev l 1 <l near 
the ontact with granite, a nd mi ·a and f Jtl par in the a nd toll ; al o 
that the grani t chan ge the blu lime ' t ou gradually into a white 
limeston e near th con ta t witl1 a dike. The ruptive nature of the 
grani t with reference to the white lim tone, and we ma.y add to 
the a ociated gnei · is unque ti nable r~;nd a on ha e tablish d 
thi beyond doubt. Th fact adduc d to prov a imilar r 1, t i n to 
the ambrian quartzit and lim tou c m to u to be apabl f a 
different in t rpr ta,tion. 

S · ~tpolite rock, or "g fi e ter gabbro, 
dike ro kin the whi te lim ·tone. 'Ib 
bite' in the 
E. Beech r 
announced. 

The detailed de criptiou of the geologi al e tion , wbi h \Yill b 
refer red to la.ter in connection with our own ob rvation . e tabli b, 
according to. a on, the tran ition of th white and blu lim ton by 
grad ual cha11 g when in proximi ty to a granite clik , t he lin of ·outact 
being a brP-cciated zone in many · ctiou , and al o th iu t rb dclin g f 
the two l ime.tone with tb ann ton or quartztte. A ummarized 
in a later paper 1 hi conclu. ion are a· follow : 

1. The whit Jim ~ton · a re conti nuon with th blue lim stom•s (now a <'l' p lcd 
a of ambrian ngr), and every de..,ree of transition may b found bl·twcen th ·m. 

2. Both have the 8am dip and strikf'. 
3. Both are tonformaule with~~ qu:u'tzit also contain ing ('am brian fo s il . 
4. Both ar uncmlformabl with th gn is upon which th y r e t. 
5. Both hav in . nm total the am <·hl'mical ompo itiou and ar magne ia n. 
6. The altered crystalli n· condition of the white lim . touo i!l due to th intrusion 

of irrneous rna e and to rerrioua l metamorphi m [ the latter agency is not m u­
tioned in the original paper], wb il th blue lime tone nev r coutains uch igneous 
injections. 

7. The pre once of certain minerals, esp ciall y cboudroclite, i not indicativ of 
geological ag . 

The concln ion under (5) i con idered in cletail.in apr vious pap r,2 

1 Summary of facts proving th Cambrian ag of the white limes ton of Sussex ounty, New J rsey: 
Am. Geologist, Vol. XJV, 1 94, pp.lGJ- 169. 

2 1'h chemical composition of some of the white liu.te~>toues of .'usse:< County, );ew J rsey: A01. 
Geologist, Vol. XIII, 1894, p!J.lf>4-l64. 
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in wlli ch by a. ries of chemical an aly e a general magnesia n cltara ter 
of t lt e white limes tone i indicated. 

The northern termination of t he white limestone at I.fouuts Ada 1n and 
Eve, in Orange County, New York, wa · descriued by TT. D. Ro o-er ; 1 it 
wa plac din the Primitive by W. llorton 2 in 139, aud cousidered meta­
morphic [Cambri an] by Mather in1 43, who adopted Roger ' view .3 

J. F . K emp and Arthur Hollick 4 in189-l: described the conta t pbe­
DOIIl na of the gran ite of [ouut Adam and Eve with the white lime­
tone, and were inclin d to adopt the view of it Cambrian ag . 

I 
On tb other hand, J.D. Dana/ in reviewing ason 's origi nal arti-

cle, iu 1 91, eli seuted from hi co nclu ion, holding it not proven. He 
doubted wl1ether the granite were not foliated gnei , and in auy ca e 
donutcd th po sibility of dike· of gran ite cau in g them ta n1 orplJ ism, 
concluding t hat to allow tlJe gTa.ni te to a!; ume thi uniform eoa,r e, 
foli<'lted structure tlre lim tone must ha,-e been bot enough to cau e 
it · own meta morplii m. He doubt the apparent tran ition., and . ug­
gest. a. a po sible ca u ·e the :uperposition of t he la-ter limestone on the 
earlier, and ubsequent changes· l1 e al ·o a· ert t liat like trik an d 
dip do 110t 11 ece sari ly imply contemporaneity. 

'J 11 a review of t he paper by K mp and Bolli k, H . S. William 6 

donbt the u l:li iency of tl.te evidence for tiJe identity of tlJe two lime­
tone · in the abse n ·e of fo i 1::; , a nc1 give· exampl es of oc ·urrence of 

twn apparently confor mable ami continuou limestones elsewhere which · 
are of di tin ·t geoloo- ic·al age. 

vVe to-ate, in 1 9,P a nd 1 95,R in d cribing the area of whit lim -
toue at the Jlortbeast eud of Jenny Jump fountain, in Warren 
onnty u li v 'H h m to u distill ·t from and old r than th blue 

.ambrian lime tone, for tlJ followino· r a on : 
1. Tlu·y difr r litbolo~icall .1- from th blu limeston in h ing thoroughly crysra l­

lin anti in containing- larg amount of :u·ce sor_y metnntorplli min .. rals. 
2. Tb •y arc intimal ly n qo iat U. with :mel apparent!~- intcrb dded wjth tho 

olrl r g-nL•i><s ' S :nHl gn i s ~ o cur also int<'rhodd d in the lim tone . 
3. Th y show no intimate a.sso(' iation in ar a! di tributiou wjtb the llln lime­

ston , uor nuy t n I ncy lo grad into it. 
4. 'l'h ttt !amorphi<· ·hang-e to which tbo blue lime tone have lJ <' U Rnbjerted 

an· g n rnl iu th ir uatur . and not dne to then tion f t!J l' r nptivcs ll_y Ybi b tbc·y 
ar cnt, so that no sum icnt ~~ • nt i at ba.nd t ac ·onnt for tb nppu ed bano-e 
froml>1u• · into whitt-lim ton . 

I . nology or New Jurs~y. l•'i nal 'Report, 184.0, p . 67. 
2lt port ou tllll g ology of Omngo 'uttuty: Third Oeol. Rept. Tew York , 1839, pp. 13:>-~'75. 
• R~port ou th o }'irst Geological Di• lriot, J 43, p. 465 ct s q. 
4Th Jtrnnit nt lfouuts _\ tlnm nntl E\·f", \\Tnrwi<•k, Ornn~re ouuty, 1 w York , :md its contn t 

ph nom nn : A 11nnJs ,·~'". \:'ork .A.I'au.: i .. -.;·or.\'[[, J•P· 6.3 654 . 
• Re,·iew uf rutnunl r port of tnt . geologist for J 90: .A.m. Jour. ci., 3d •odes, Vol. XLl [, 1R9l, pp. 

70- i2. 
&'J'h n.g of tlu whit lim tones u u1.' \Vn.t·wi k, Orange ouuty, :rew York: m. Jour. 'ci., 3d 

sori s, Yul. :XL I' ll , 1 04 , I'P· 401 02. 
7 Th ng of lh rystallin limostouos of Wnrr·ou 'ounty, Now Jors y: .Am. 0 olo!!ist. Yol. XI\-, 

1894, pp. 369-370. 
8Tho ge lo~y or th northern part, of Jenny Jump M01mtain, \1- urrou Cotmt.'·: _\nu. Rept. ' lut 

Geologltt N w Jersey for 1 95, pp. 21-61. 
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The whi te li me tone n,re believ d to he old r than t h bln o amhri a n l imestone, 
because (1) they OC('nr in in t imate n , ociutiou wi th t ho g neis s, wlt ith nr o f 
aclmitted pre-Cambrian age, and bcca u o (2) th y h av b 11 subj t d to g u t• rnl 
metamorphic force , r c ulting in great ba.uges, of wbiclt tb n ighboring bln lime­
stone shows no trac . 

In 189 A. F . Fo ' rste 1 bowed that til t hin bed of Olenellu 
brian quar tzite which lies a t the ba e of t h blu lime ton wa · n1u h 
more continuou than ind icat d ou pr viou map . R 
localitie at wh ich fo sil h ad been found . 

J. F . K emp,2 in 1893, iu a pap r on tL or d ' PO ·it of tb whit 
limestones, attributes he original d p it of t!J or to ln tion ·et 
in circulation by the in trn ive ro k . Aft r deposition wall · a nd ore 
were folded by mountain -makin g p re ur a nd m taruorpho eel . 

D E'l' ... ULE . '£0 LO Y OF rl'IIE ARE . 

TOPOGRAPHY. 

The general already b en not d bnt 
it seem well to add a few note in r gar l t th white lim , ton b It 
proper. Tbe bel t i flanked on th a t ru side by t h 
laud s and on the we tern ide by the Ar~b au outli r . Th t ' o lime­
stone under cou ideration occupy the vall y of Wallkill Hi v r and 
Black Creek . Th blue lime tone u ually form tbe floor of tiJ vall y 
and i limited to t l1 e low r por tion of th b ill ·1 pe ·. Tbe whit lim -
stone fr quentlyformsrather harp ridge and hill with f r (Juent blul.f: 
in the valley lowland, and ometime cc ur high up on th flank of 
tlic g u i::;::; iu liigliluud ·. 

Tbe drainage of the belt i northward tbrougb the Wall kiU River and 
it t ributary, Black reek, to th Hud n. Tb orig inal topogra1 by 
of the area i much obs ·ured by the glaeial d ri ft, ' bicll i iu place 
quite heavy. 

LITHOLOGICAL DESCRIPTIONS AND STRUCTURE. 

G~EI SEI'l . 

The gnei .. s of the Highlands, i1mnediately ea t of the 1vhi te limestone 
area.-The larger part of tbi a rea i cov red by t he u ual compl x of 
gneis e of varying mineralogical character and ma ' ive or . chi to e 
tructure, which are common to th Archea.n Highla nds, and in whi ·b 

it is difficult or impo ible to form any c ntinuon subdivision . er­
tain belt , however, of somewhat uniform character Cllll be identified, 
aud are iodicateu on the map. The ea, tcrumo. t belt, wbicll li e 

1 New fossil locali ties in the early Paleozoi s of Pennsyh·auia, New Jersey, an<l Vormonl, w ilh 
remarks on the close sim ilari ty of the litholog ic featur s of these Paleoz<Jics : .A.m. J our. oi. , ad 
series, Tol. X LVI, 1893, pp. 435-444. 

• The ore <lepo its at Franklin Furnace and Ogdensburg , New J ersey: Trans . New York .A.cad. 
Sci., VoL XIII, pp. 76-98. 
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between Sto kholm and the we tern crest of the ITigblands, is a series 
of ill-defined, often o-ranular gneif;se , iutimately mixed with long par­
all l bands of pegmatite. Tile iutru ive character of the latter is shown 
in favorable localities by tongues from the main band which cut aero 
th e foliation of the o-uei ·e a apophyses. 

This is bounded on be we t by a belt of gneisses characterized by 
th ir richness in disseminated magnetite, which, from the exten ive 
mining operations at the old 06den mines, now called Edi on , we 
have called the Edison gneiss. Toward the northern boundary the 
carcity of outcrops bas made it impossible to differ ntiate th is band in 

the general complex. 
Lying between the higher crest occupied by the Edison gnei and 

the extreme western crest i a very characteristic and well-defined 
baud of a gre nish-white, gneis oid, binary granite, which from its 
typical expo ures around Lo ee Pond i named the Lo ee Pond graui te. 
In several place iu this belt bands of hornbleodic gneiss o cur, which 
are cut by the former rock as an intru ive, and it is tberefo1·e con id­
ered an eruptiv rna s. At a point about east of Hardi tom ille this 
band gradually narrows and i cut off by a belt of coar e, foliat d, yen­
it ic uei s (the Sand Pond gneiss), which dies out to the north or can 
not be differentiated. 

The extreme w t ere t and slope of the Highlands are formed by a 
omplex of guei es (Hamburg Mountain gnei s), of wh ich the most 

prominent m mber is a coarse band d, borublendic gneis re embling 
pha e of the Edi on goei s. 'Yith wbi h po sibly it mio-h t be correlated. 
In thi belt ar frequent granitic pba es, which are probably intru ive 
band . 

A!l the 

The 
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we t of llamburg (a distance of 2 miles) nly two small xpo ures of 
the g11eiss are found. 

TIJr c mall expo nr of g·n i occur along the cast rn lin of 

con tact of the white and l>ln I ime tone uetw en Frank lin Fnrnne' 
and Ogdensburg. 

Poclmok gncis .-The o-n i ·sic outlier or Po ·hu ·k Mountain i r pre-
sented by two band of rock. TIJ ast rn band, which adjoil t t he 
valley a nd forms the ea t rn l pe of PociJuck l\lountain , we hav 
called the Pochuck O'fl eis, . Tbi gnei i auout hall' <L lllil in width 
and It a been tra ed from near llamburo· to tll n rtlH'm dg 
area mapped. The pr valent rock type i. a fine! folinted o-uei , ri ·b 
in biotite and bornbl nd , a nd ofteu o-radiuo- iuto. mica - hist. vYitb 
thi mica-hornbleude-gnei s are oft 11 a ociaterl bands of ampbibolitr­
gnei . Tb latter rock consi ts e sentially of plao·ioclas , g r n horu ­
blende, and quartz wi th orn e biotite, and i probably a queezed 
dim·it i · rock. 1 Dr. . L. Britton h a de. !'rib d a e a nit -. clti t fro111 
tb ea teru ba e of Po huck 1\Jonntain wbiciJ w did n t fiud. 

vYe t of tb Poehu ·k gnei soc m· ·a ma · of granite, wl1i h pin h . 
ou t n ar Hamburg and increa"e in width to the north. Jt i, a r ni h­
white grani te, which is often g·n is oid, a nd is eompo, etl e - utially of 
quartz, orthocla e, mi croelin and an acid triclini · feld par, witl1 a 
little biotite. lt iutru ive relation to th g-11ei i w II :-;howu n,t 
num erous contact along the ere t of :Fochuck 1ouutain, where it is 
ofteu seen cuttiug tiJe foliatiou. 

The Pochuck Mountaiu go i ic erie ha a trike of about . 200 E., 
and dip 750 to oo E . tteution bould here be all d to a ;;mall 
baud of t bi · guei · which occur near tb road abou a mile outbw "t 
of McAfee near the conta t of the white and blue limestone. Tlli i 
the only oecurrence we found of tb i type of rock within tile lime. tone 
area. 

FRANKLI ' Wlli'l'E Lli\1E 'T ONE. 

Typically thi i a coarsely cry talliue rock, of whicb be cry talline 
grain of calcite (or dolomite) often mea ure an inch in diamet r. It 
frequeutly contain o-raphite in di emi na,ted ca le,, which ar·e oft n 
sheared into th in fi lm flake ~ of:~ yellowi ·h mica, and len ti ·ular grain 
of greeni h ilicate (diop id , etc.). When the ' · ac ·essory mineral 
are wanting the foliatiou is ofteu indicated by th le n1ieular sl1 ap of 
the calcite grains. The foliation is produced by the ana,ncrement of 
the e mineral , and is the ouly stru tur by whicll strik aud dip cau 
be mea ·nred . We have seen nowhere in the white limestone what 
cou,ld be regarded as plane · of . ed irueutation. Our u ·e of "strik '' 
and ' dip :' applied to both wl1ite lirneRtone and the gnei e ·, refers to 
the fol iation only. It i · not the parpo e of tlli papt>r to eli. cu " all 
of the many minerals which are found in t be limeston e, about wbicll 
there i a voluminou litera.tur·e. 

1auu. J<ep t. State Geologist New .Teroey for 1886, p. 104. 
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Tl1 e cry talline limestone is typicall y white i11 color, but often lnu; a 
light bluiRb tinge. Thi · blue pbase l1as, according to our observation 

a coar ely crystalline ·l.J aract.e r, which serve to disting ni ::; h it from t!J e 
Cambrian blue lime ton , xcept in a few locali tie. where th y l1ave 
bee11 modified by shearin g. We can not agree with Na, ou ·, statement 1 

tl.Jat the degree of cry tallization depends to any great extent upon 
th proximity of an ign on rock. Our ob ervations rather point to the 
conclusion tl.Ja,t the wbite lime toue wa thoroughly cry talline before 
tl1e i11trusiou of the granit . 

In tl1e area under con ideration the white lime tone forms a lona 
more or le s in' gular l>elt, which i le · than a mile in width. The belt 
enter th area of the map from the north about one-half mile west of 
tl1e Saud llills, and southward to about McAfee varie little in widtb, 
being bounded on the ea t by the Cambrian eries and n tbe we t by 
t!J e ro ·huck gnei . ear M Afee a divergin o· arm of tbe white lime­
stone forms n, wedge.shapecl area, which is bounded on both ides by the 
eambrian rock . . The main belt continue, outhwarcl from :\[ Afee, 
bounded on the east by the Hamburg 1onnta.in O'neis' and on th w t 
by the overlying quartzite. Tbe quartzite continues to form tbe w ·tern 
bouudary to a point nenr 1\ line Hill, \rhere t he PilllJ)Ie llillR co mplex 
lies adjac ut to th white lime tone and continues to form it we tern 
boundary until it wedge ont 1 mile south of terliug Hill. From 
Franklin Furnac' :-;onthward he belt i , quite narrow, becau e a portion 
is covered by he Cambrian Jim tone which l1 er form its we tern 
boundary. evrral mall area of white limesto ne are repre 'E'nted on 
the map whi h lie entirely within the Pimple Hill gneis ie area. 

In t rike a nd dip h whit lime~tone :bow , a ' a rul littl • v;niation, 
aud almo. t <Llway · bow ' a parnll li. m to th folintion of th o·nei e>:. 
Tbe . tl'ik i . ~oo to: oo K and the <.lip i gen rally as erly, varying 
from 700 to oo. 'l'b e qn ~tiou of th r lation of tl1e white lime tone 
to th k will r c iv fu1·ther ·ooRi leration later. 

i. ·au 
'l'hat thtw l.te well-known yn-

liua1 forUL of th or b d at Franklin Furna 

GRA TJ'E. 

'Ill grauit which occurE" in th wbit lime tone is foun d a ' small 
h •t · appro. imat ly parallel to th fo li ation but ' om -

time ·utting ae ro , a_, can be 'e •n at the Franklin quarry nnd at other 
lo ali ti s. The intru i natur of t,b ' gran it i ostabli b d 110t only 
by tbi but al::;o by tb contact pbenomena,, ,· imilar to tbose de cribed 
by Ken1p and Holli kat Mount dam and Bv in tbe paper cited. 

11 xamjn at ion of t he map will :-;l.Jow t hat there is cL certain amount 
of lin ar arrnng n1ent of the grani te in tru iou , but the individual 

1 A 1111. Jl pt.S1a1o UeulO!fiSt Now Jersoy for J 90, I'· 37. 
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rna e are often widely eparated. lntrn ·ive ma s of gT:tnite are 
found al o in the gneis e , and these are oft n of con ' iderable size. In 
line with the outhern extension of tb gmnite area of Poclru ·k Moun­
tain, which ha already be n described, co n id rabltl rna of g ranite 
are found in the Pimple Hill complex. Tb e Lo. ee Pond granit lta 
also be n referred to. This Lo ee Pond granite doe 110t differ v ry 
much li thologically from the other granites wh iclt are represented by 
th e one color on the map, but it is o i olated that it ha b en t hought 
bef>t to give it a . epan1.te naut a-nd pattern. 

The granite of the white limestoue belt a nd adjacent gnei e is gen-
erally coarse, often pegmatitic, with more or 1 di tinct foliation 
parallel to the bounding pla,ue . In the larg area thi tructurc i 
parallel to the foliation of th a sociated gnei e . In the maller 
stock-like rna e the foliation i often ob cure. 

The rock is of a whiti sh or greeni h color, the latter due to tho feld­
spar. It i composed principally of quartz and feldspar and mall 
amounts of biotite and hornblende, with variou acce sory mineral ·. 
The feldspar varie in different lo aliti ; in some ca es microcliue 
with microperthitic albite predominates, in o hers ortltocla e with an 
acid plagioclase (Oligocla e). The structure of the e min rals i di · 
tinctly goei sic, analogou to that of the minerals of th gn i ,·c and 
unlike the normal tructure of ordin ary in tru i,·e gr an ite. ll the 
granites of the region have a general lithological imilarity and prob­
ably belong to the . arne age of intra ion. 

Na on a nd others have described the ba ic band in the white lime­
stone and the later dike . As the e rock a.re not germ~tne to t he sub­
ject of tho pa,per a. furtl.ler r fereuce to tll m i not deemed n ·e sary. 

HARDISTONYTLLE QUARTZITE. 

The olde t fossiliferou rock of the re!rion is the Hardi ton ville quartz­
ite tte Olenellus age of which ha been establi bed by Beecher aud 

a ou . Thi L tbe ba al bed of the blu lime tone, with a t lticknes 
varying from 30 feet to a foot or le s, an d gra.din o- upward i11 to tbe 
overlying Wallkilllime"tone. Where the contact of the blue lim sto11e 
and the older rock is e:s:po eel, we have always found tui quartzite 
pre ent, except where there has been faulting. 

n examination of the map will show t.he quartzite to occur in long 
narrow baud along the normal contacts of the bh1e lint stone. It is 
fouud along the we tern flank of Pochuck Mountain and the Pimple 
Rill , along the eastern contact of the Hamburg blne lime. ton belt, 
and again along the eastern couta t of the nol'tltwe t fork of the Ram· 
burg belt. It oecur ' a.long the contact of the Sand Hills lime ·tone area 
and the gnei es. At the western boundary of the Sand Hill area and 
the eastern boundary of the Ogden:::~burg blue limestone belt no out­
crops of thi rock were found, although it probable exi tence wa indi-

. cated by quartzite debris. We have uot thought it best to indicate it 
on the map in these doubtfullocalitie . 
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The quartzite also oc urs in everal mall i olated patche lying on 
top of the white li me tone and without then ual ·uccee ling blue lime­
stone. Three localities where t hese relation exi t have been ob erved . 
The fir t i one-quarter of a mile we t of McAfee, where t he r lation 
are omewhat ob cured by faulting; another is about a mile south of 
Har listonville, and the third i at the new quarry at Franklin Furnace. 
All th e e o currences will be de cribed in greater detail below. 

When fresh, t h quartzite is u ually blui h gray, weathering near t he 
smface to a y llow or brown, oft n porou , limonitic rock. Frequently 
it contain cou~<iderabl pyrite, and varie in coar. eness from a fine con­
glomerate to a quar tz ite. A haly pha e is often present in th e upper 
part of the b d, where it merge into the limestone. It is compo ·e<l of 
la.rg and mall grain of cla tic quartz, which are usually cemented by 
calcite, mixed with a fine aggregate of quartz. In many localitie it is 
filled with fra.,.meut of cla tic feld par (m icrocliue, etc.), and plates of 
light-colored mica, which are distinctly cia tic, a eeu in th in ection. 
Wh re it oc ur near white lim stone it frequently contains graphite, 
a . tated by Na on. 'l'hi ·graphite o curs in round plate·, often bent, 
and in thi n , ction they howuo evidenc;e of having be nformed iu itu. 
Whil the vi l nee of their ·las tic ori "'in i not so d istinct a iu t he ca,::;e 
of th mica, yet we do not doubt ti.Jat it is an allothigenous ou tituent 
of the ro k which wa derived from the adjacent white limestone or 
micac on, gnei ·s. 

At the new lime tone quarry in Franklin southea t of the Buckwheat 
mine, at th brouk section in Hardistonville, and ou the hill , LO i et 
high, 1 mile outh of Ha,rdi tonvill , we found di tinct pebbles of ypical 
whi t lim ston cmb dd din tit qnartzit . Th · l1 ould not b on­
ii nnd d with tl1 of cal ite mixed with quar tz 

found in the quartzite a. w ll 

granite. 

WALLKILL Llll'ill T ONE. 

Tbi i normally c blue lime ton which require littl description . 
It i a fine-grained homog n on ro k, be oming arena eou or shaJy as 

I .An n. R apt. .'llliP (;,.n)oj!ist N " ' J cr• y forl no, p. 31. 
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it merO' s into th C]U <L rtzit , a.ncl o ·a ioually hrwing a I avag which 
may a ily b 1nistakrn for beddiug. 'hert i · ·om times pre~e 11t in 
tl1e lime ton in mall nodule . mall, rounde lma <.'·of w!Jite CL"Ll it , 
al)(l . om time Huori te, whicll a re found in th blu lim ,•to n , are 
appar ntly of concretionary origin, but in some ca e: may b p >bble 
of whit lime tone. Lik th white lime ton , tll blu lim ' tone i 
omewlwt dolomitic, but we do not attach auy weight to this fa t a . a 

proof of their id nti ty . 
Along c ' rtain lines of couta t b tween tb white and blu lirn tone 

apr ar nt trau itions are found betw en th two rooks which we a.ttrib­
nte to hearin o· and bre ciatiorl ac ompa11ying faulting. Tbe d tai l 
of the localitie will be consi dered b low. 

On the accompanying map four area f blu lim tone are r pre-
ented. 'rh e mo t nortb ea tel'ly of the. e ar as i call ll t he and llill 

belt. Another, ·whicl1 lie west of tbe c ntral1 orti o of t b main b It 
of white lime tone, we have t ·nned tb lla.mbnrg b elt-. Til thir 1 i 
tl1e Ogde11 ·burg belt, and occupie the Wallkill Y all y outh of Frank­
lin Furnac ; while the fourth i part f the vall y rie : and flank~ 
Pimple ill:-; and Pocbuck Mountain on t u we t . Tb ological 
section· an l 1nap uould be. e de cripti n . 

AN 0 Ill LL. llEL'!'. 

'rhis ar a of Cambrian rock · li e in the north a t corner of the 
Franklin quadran gle. It ba a g n ral yn linal structur , with ome 
minor plication. iu t h ceutral portion of the ba in ( e ection A f Pl. 
LXX.\:III). On tlle we tit is bounded by white lim ton . Two mile 
north of aud Gill ·, b yond the lit~t or t h quadran I th normal 

u e ·ion i · ob~erved on the west !i<ide of th ynclin . H re the wllite 
lim e ton e flank the o·nei es, bot.h dippilw at a high angle to th a t 
o.nd •ucceed d by th le · ste•ply dipping quartzite a nd lime tone. 
Wi thin the quadratwle the quat·tzit doe:-; not outcrop on tb we t side 
of the ~yncline . The r el;ttion of tb blu and whit lim ·ton i w ll 
bo\\'n in <L mall · ide Yalley about a mile north of MeA~ e, at whidt point 

Nason ;;ection o.Xli · drawn. vVecannotagreew ith .J. ·a ·on: . tat­
mentoftlPfact ,1forourfi ldob ervatio11 a thi·localityat·ea · follow: 
Our section o. 1 ])a e· through tlli locality. Th wh ite lime · tone 
form th hill to tl1e ~outh of the brook aud i w ll expo ed along the 
exten ion of t he trike in the bed of tb str am at the fall . The folia­
tion of the graphite plat give a trike of about N . 200 E. and an 
ea twanl dip 11f about ~0° . Following along the strike up the bill to 
tlle uorth of t lle brook, we find outcrops of white lime tone extendi ng 
abont 60 feet np the : lope, all howino- a nearly verti ·al di p. Continu­
ing up the hill , which nece ·itate crossiug the str ike diagonally, we 
traver e 40 feet or Utore of talu" with 110 expo ure and tllen fi nd out­
crop of typical unaltered blue lime~toue . From this point tbe blue 
limestone outcrop contiuually to the top of tlle hill , th e upper 20 feet 

1 A 1111. R pt. State Geologist N ,;w J ot·sey for 1890, pp. 4i-48. 
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forming a cliff. The blue lime · tone strikes about N . ooo E. and dip at 
200 to 25° SE. From this desniptiou it will be seen that there i · a 
marked unconformity i11 the trike and clip of t he two limestoues and 
that the blue lime tone lie topogra,phically above the white. We 
observed none of the transitional pha e described by Nason and 
believe that the fact bear the tronge t kind of evid nee of the uucon· 
formity of the two erie . It hould be ob erved that while no quartz. 
ite outcrop in the· ection it probably i . pre ent and covered by the 
talus. outh of thi brnok no outcrops of the "ambrian rocks were 
found except in the bill with an elevation of 629 feet. 

In the outhea tern arm of the synclin t he quartzite rests dire ·tly 
on gneis. and is overlain by the Wallkill blu lime tone, both dipping 
at a low angle to the we t ward. The marked discordance of the strike 

lll!liiBLue an.d wldt.e li.rnesloTLe breccia 

E::3ovn.hri..an.. quartzite 

~Mz.Ue li.rne.stone and. intrusive grani.Le 

~Gneus 
FIO. 7 .-.ketch mop nf hrcrda enst of i\fr Afee. 

and th i w 11 hown at 
lo alitie . Th ontact lin b tw n 1h tw i a ily traceabl 
ea tern . irl of th valley nearly to the road fork half a mil 
Me fc . To tb outlt of tlJi. p int uo we tward-dipping ro k w re 
found, a the ea t rn nrm of tb yncline i cut off by a fault. Tbi 
fault om what ob ur . t h r lation ·of th ' bite and blu lime tone 
at tb outhem entl of th aud Hill8 ynclin . 

Th bill G29 J! t bio-b, on . fourtll mile ast of McAfe , afford ome 
very il1tere ting e 'PO nr , which ar inclurled in Na on' e ·tion o. 
IV. t this locality our ob ervations agr in many re~p ct with 

a on's de cription , butw differ from him in conclusion .1 Th accom· 
panying ket b map (fi«. 7 ) how the general di tribution of the 
varion roek at tbi locality. n the west lope of t bi ' hill t iJere are 

• p. cit., pp. ~G-12. 
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almo t on t inuou · xpo ur of whi te lime ton with co n iderable intru. 
siv grani . The trike of the foliation i about ~- 30° 1 ~ . , and it ha . 
au easterly dip of about oo. small r hill , wbiclll ie to tlle north of 
the road ( ee map), and whi ch i in the xten -ion of t he lin of trike of 
this white limesto u i made up a lmo t entir ly of that rock a.nd gran. 
ite . . On the crest of the large bill (G""9 feet) imm diately a t of t he 
white limestone i found a. ba.nd of qua r zite and. graphi t ic and::;ton . 
The t l'ike of the saud tone i a.bout ~. 30° E ., but the dip i variable. 

t a point on the -·outbem nd of th maiu r •, t of tb bill and 11 ar 
the outhern .end of tbe band of q ua 'tz ite, a w ' terly dip wa found. 
Here the and tone dipped toward th white lime. ton t he latt r r ck 
having its strong asterly dip. Tbi ba.nd of quartzite, which i bnt a 
few feet wide, can be traced ·ontiuuou ly from the bluff at t l1 north 
end of the hill to where the ere t begins to fall away at the Otltll encl. 

East of the quartzite is a ma. of blue n.nd white lim ton' br ia. 
In this rock :fragm nt of typical graphitic white cry talline lim tone 
are found emb <.l<.led in a blue, almo t uoaltered limestone. Tl1 se frag­
ment are ·om t ime rounded, but oftener ar quite angular. and 'ary 
from a fraction of an inch to several incbe in diameter. Quit fr · 
quently the blue lime tone contain considerable graphite dis min at cl 
in small plate . Often vein of econdary calcite hav p 11 trated the 
unaltered blue lim stone and give tbe app aran e of fragment~ of blue 
lime t ne buried in a cement of white lim too . Laro-e frn.rrment of 
mica were a! o observed in tb breccia.. In t hin ction fine v in , f 
quartz were ob erved penetrating both tlle cement and tiJe fragm nt 
of t he brec •ia . 

Na on de cribe tbi locali ty in con icl rable letai l, and as~erts that 
a tran ition b twe n the white and blue lime tone cau h r b traced, 
and that t he blu ha been metamorpbo ed to the white lim tone 
by tbe influence of tbe !!l'anit . The ucc ion from w t to a t i 
a follows: First wllite lime tone wit iJ in trusive grani te, verlain by 
quartzite both cli ppin g ea tward, and tbe qoartzit in turn uc· 
ceeded by this peculiar white and blue limeRt ne bre ·cia. A tb 
quartzite i not intruded by the gran ite or altered by it, i t i clif'fi ul t 
to conceive bow the breccia, which i Na on: t ransition zon could 
be produced by the influence of the intrusive ro k . Our explanation 
of tb e facts i that the white lime tone was faulted ov r and again t 
the blue limestone. The breccia was produced by tb fault move­
ment aucl was accompanied by a certain a mount of r cry ·tamza. 
tion. o white lime tone actually outcrop east of the breccia, but 
the extension of the strike of ome exposure one-fourth mile to tb 
south would ·arry it between the brec ia a ucl t hegn i · . A ide from 
the pre ence of the bre cia, there is pretty trong evid nc of faulting 
at thi locality, for the Cambrian quartzite dips directly toward tbe 
gneiss, which outcrop cl seat hand , while the ea tern arm of the syn · 
cline, wbi ·h bas b een traced nearly t o this locality, is entirely wanting. 
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We confe that the outcrops are not suffi cient to ennblc u to pro\e 
our explanation, but at the same time are unwilling to admit that the 
breccia can have had any other than a mechauical origin. 

HA~ffiURG BL E Ll~fESTONE BELT. 

This belt of Wallkil1 lime tone averages about a mile in width and 
extend from near Me fee for about 7 miles outhwe tward. At it 
north rn end the b lt fork an d i dovetail d with white limestone, 
while at it outbern end it points out in t hegn i i area of Pimple 
Bills. The general structure of t he II am burg belt is that of a w terl.r 
dipping mouocline, which i faulted off 011 its we~ t ide. The trike 
have a northea t rly trend and the strata. dip at :1 low angle to the 
west. T he b >It i bounded on the west by the gnei es a long a fault 
contact and on the ea t by the quartzite, which overlie the gnei es 
and whi te lim tone. (See section B of Pl. LXXXIII.) 

t tile northern end of th e belt the irnple monoclinal tructure is 
compli a ted by an an icline the eroded er e t of which ha expo ed th e 
whit limestone. Thi i repre en ted on the map by the wedge-shaped 
rna ' of wllite lime tone which er arate t ile two fork of blue lime­
stone. Thi anticline pi'Obably die out not far outh of the o~tilern 
point of t he white li me. toue. 

The relation . on t he we tern arm of t he anticli11 e are quit impl . 
At everal lo a li ti the quartzite i found dipping at low a ngle to the 
we tward in clo, e proximity to the white limestone dipl)ing teeply 
eastward. A the hill indicated a 750 fee t iligh, one-ilalf lllile we t of 
Me fe , th quartzite i D und lyinrr almo t horizont.'tl near tb top f 
th hill and i ov rlain by th blu lime tone. On the "e t flank the 
quartzit and bin lime ' tono are fouud dippin at low ano-le to the 
w t. Th l w r portion f t h a tem lop i o ·cupiecl by wbi t 
llm ton dippin"' te ply to th ea t. 'lh top of tbi · hill em to be 
an anti •lin tl.Je w t lim b of whi ·hoc upi t he we t lop of tile bill. 

. ,~ cro ' e ' tbi>: hill. W could fiud no vidence 

and the 
un conformity of th t wo 

outhem nd of the 
of blue lime-
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t ion::tlrock th pre llC of a cern li t C~tn be r cogni:~,e<l. Of t his loc;tli ty 
a ·on S<LY : ' A t t h P o ·hn ·k min road it [gra ni te! ba frao·m nt 

of sand to ne :wcl otlt r ro k mbedd ed in i t . 1 Th e•·e nr ap[Htt· nt 
rystallin chi t fragm nt in th granite, b ut w ob rved no frac:r-

ment of and tone. 
Tb east rn limb of this a nti cline i ' faulte<l oft-', and i n only on pia ·e 

along this axis was <toy ea ' t rly dippin g Cambri a n found . Tbi lo •ali ty 
i ·at t he old ll matite min e on the hill on e- fourth of a mile w t of 
McAfee. H ere a m< 11 rna of c1ua rtzite i a o ·iated wi t h th e whi te 
li me ton e . T lle g neralrela ti on are rcpre euted on h a ·co mpany­
iug diagram (fig. 7!)). 'rbi ands toue h as a I uti ular form b •in g 
abou 7.'5 .var<l long antl 75 feet thi ck. It thin R ou t iu b th dir c·tion 
aloug t he strike. To tlt west of t b san 1, ton , a.nd bigll er· on t lt bill 

lop , i fouud whi t lime ton , 
wlli h dip ' under the quartzite. 
T b y bo th t rike and dip a bout 
t h a me na me] : tri k ~. 3oo 

E.· dip, oo E . Tb and ston 
i tou o·b pyri t i ~ rouR and C r­
ruginon , and contaius m:wy 
n odules of hem a tit , limonite, 
and calcite. ome of t he 1n ay 
be altered p bbl , but ar too 
mucb a lt red lo p r mit of lefi 
ni te determi Hation. Tho r ock 
a l o <·ontain (] uartz pebble . 
In the old mi ne OJ enin g the 

and ton i ' well x pos <1 , a nd 
i n to be mu h .· IJ ared, 

lick n . id d a u d hatt r d . 

overly in g it, i an otlt er rna 
FIG. 79.- . ketch bowing r lation of Cambrian and· Of whi t Jim e, tO ll l Whi hal 0 

stone aud whi te limestone at H ematite mine, one- dip te ]>ly to th a:t. Th e 
fourth mile w st of Mc afee. 

co nta ·t b tw n tb ' a ndgtone • 
and the upper lim ·tou e is well exposed in t he mine and i un do nbteJiy 
a fault con tact. The white lime tone and t he ·a nd tone a,r ' both b a nt i­
full y lick usided. The fault pla ne tri ke about para ll 1 to the foli­
ation of the lime tone and dip at abou t soo to th we t. a on' 
section No. I 2 crosse at t hi point, a nd he a rgues from thi expo ur 
that the quar tzite i in terbedded wit h the w!Jite lime tone. The con tact 
between the upper white limestone and the andstone being a faul t, we 
can not ,ee how the e expo ure bear out a on's views. Our interpre­
tat ion of the phenomena is that this i a local thi ckening of the 'am brian 
and ton e and that th e upper white lime tone has been thrust over it. 

'Op. ci ., p. 40. 
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'l' ll e ea.sten1 fork of the B a mburg belt bas a monocli11 a l structure 
' wi t l1 a fault alon o· its wes t bouudary. The ser ie · is well expos d on 

tl1 e 110rtbem lor e of tl1e hill whose elevation is 722 fe t . ear the 
back bon of tb e ridg th e q uartzite is well expo ed . It ha, ~u id er­
able thickn ess a,ud i o mewhat vitreous. It i o \·erlain b y th e blne 
limestone, which i. cxpo · ed at several places ~tlon g th e west fl a nk of 
the ridge. 

t th 110rtbern e nd of th er e t of the hill a t th e old Simp, on min e, 
the l' Jn,tiOU o(' t he (]Uartz ite a nd t.he whit JiLU eStOU i ' W )] ~:>ltown, 

In the pits of tl.J mi11 e the (JUH rtzite, which is h ere quite f'erru o· inous, 
i : een dipping we~:;t at a n a.ng l of about T 0 wl1ile i t t rikes S. 300 E. 
Clo,e at hand is t h e white lime tone, with a ~;;trike of about~. ~oo K, 
a nd an ' a ·t rl y dii of 0° . Th ere an be no doubt of the di co rclan ce 
of t he two ri s a.t t hi locali ty . 

South of t lli contact good exposure are alford d again 1 mil ea t 
of HamiJurg . On t he crest of th hill a t tb i r oint \~ e found ontcrop 
of t he blu limestone pa rtl y IJnl.) underlain b y 2 or 3 f< t of arkose. 
Within 2 or 3 feet of tlt lowe t outcrop of the ~~rkos tl1 whi t lime-

tone, wbi ·h form th e east lope of t l.Ji l.Jill crop out, ·u t by a lou "' 
dike of g raui te whi ·ll rnns tb length, of th e bill. Th e quar tz ite dij)' 
w · r: aucl evid eutly re t on the d ges of t he white lim estone :llld gran ­
ite . Ouly a v ry n arrow strip eparates the o-ra uite from t il a rko e 
aml t l1 0 ov rl y ing l.. lue lim , ton e. 

The a m coutact is agai n exp o ed in the brook oppo. ite til 
Hardi to1 1Vi l1 . a ' On h a d s ribed t:.h i locali ty, and l1i ection 

th bank of' tl1 

it. 'I'll pr s 11 ·e of ·ev ra J fault - an d th Ol' ' lliT nee 
ambriau and to n in t h wllit lim e ' ton ma l< t iJc 

th 

fault d 111 ov r tb . quartzit . 
a ·ro ·.- th e trik of tile quartzit 
dip d 'cr ca s t abont ~5o . lo t Lll millrace the white' lim e toue 
agai.n outcrop aud i ·overlain b sanu tone. Ju t nuder t ho millrace 
larg p 'l>ul 'ofwbite lim tou w refound in th salJ(L tone. At tlli -

. 1 oint tb r is appar ntly th ere t or an a nticline, for th e north we -t 
d ip of t h ·and tone change, t a outh a .·t.erl y d ip . Below t he mill in 
t h , tr a111 l»d the saud tone and whit Jim estou outcrop irregularly. 
J'ock ·ts of t h <tllcl ton ar h r fourHl ntit·ely UITOulld d by white 
lim stou It e 111 probable that at thi s 1 int t h tream ba cut 
tlown to t b original uneven urfac of tlu~ white lime ·tone Oll which 

1 GEOL, l' 'l' 2-- 2!) 
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t he Oamllrin.n quartzite wa depo ited. Still farth I ' dow11 . t remn. near 
tl1e pring: the quartzit i again found nnd rlyin g tl1e whit lime-
tone. Tbi e m · to be a not her c::t of f-aulting for nlong- tb . ·on tact 

t.l1ere is a ~o n e of' er r mn cb. hear d rc l;. bov thi s whit' l ime­
. ton . whi ·h w b lie \· h •• s been f::tnltecl over th qnartzit • which li u> 
below he !] nartzite occur a o-a in in it· normal po ·ition. It is :,;n ·­

ccerled by the blne Jim c::;to 11 e f::trt ber down the ·trealll . 
Ftom Ha,rtli tonvill the wllit lime tone li e, a!'it f t h 

flam e. 
, that 

· trii;.:e or 
t he 'amlJri an '" st of the gnei Jlt witl1 that 
of l1 e gul'i · ·, a.od llte wllit.e lime toJJ ' r ·uwes it ' ·oiucid u ·e witll tb 
gen 'raJ trike a few bu11tlred yard north . 

In t ll e tongue of gnei · whicllli · b >tw •o tb two lime·ton ·· in 
Fra11klin t he linear par::~ llel t ructnr' of tl 1 min ral , or 
well marked . t a poi11t ju · t we t of tb outhern end of tl1 
vein, in th fir t outcrop of g n i w t of the whit lime ·ton , its 
inclination is _so iu a nor tb.ea t dire tion, which, as i w ll k11own is 
exa ·tly the inclination at which tb zin · ore pitche from the Buck­
wheat mine northea terly, au l in fact at everal plac w have 
ob, erved in tlJe white lime tou it lf' the am l •uti ·ular , l1 a.pe of 
it com ponent miueral pitching nor thea t. Thi tructur whil 
untlouhtedly originating under th e influenc of me lmniC'al cau ·e , is 
yet n, primary structure of < ~rystallization in th ro k · a they -now 
exi t, and di tin ct from auy later lJ eariu g a tiou. It t herefore -tab­
li . hes ano ther point of identity a.nd of contemporan eous ori o- in lletweeu 
the wlJito limestone, the inclosed ore bodie ,aud t lJ a ociated gnei se , 
and iucid nta.lly argues for the coutemporaueous fornmtiou of t he ore 
bo<.lie without tli -tinct ca n al connection with the granitic intru ion , 
however much the latter may h ave acted lo ·ally, ince t l• e g ranite ha 
b een intnaled into the gueis~:>e~:> ~~~:>a later eruptive, a.~:> well a - into tiJe 
white lirue ' toue. 
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From here to the sontl1 ern poiut of tlie Hambm o· b el t tbe Cambrian 
show tbe u ual discordance in dip with tbe foliation of t he g uei ::;, l>nt 
the strike remain about the arne. 

Th we tern bound ar·y of be Hamburg belt ba few outcrop. . Th e 
monoclinal we tem dip coutinu e in the outcrop: nenre' t to th we -tern 
tong ue of the g ne iss of the Pimple Hi lL . At a point a long the bo nml ni'Y 
west of the Poehuck min e road, and at t he ea ·t ba e of T'o huck 
:i\lountain, we fi nd the lim e tone and g n i witl1in 200 fe t of at· h 
other. \Vhile t he gneis · !J a tl1e u::;na,J fo li ation, the lime · to 11 e strike 

. 2.JO E. a nd clip. 4:)0 w ., ' 0 that it layer s would auut ao·,tinst t he 
guei · if contiuue l. 'Ko outerop of tb ()nartzite ha been fonnd along 
tbi co utaet >:o t hat we regard it as a fau lt lin e. 

Th main we8terly ·ontaet of th e a m brian witl1 t he gnei ses of t h 
P imple llill · and Pocbuek Mountain r eq uire · Jittle, peeial mention 
xeept t ha.t at veral place ' the quartzite or arkose i fo und r :ting on 

th g-rani te. 'rbi s i::; the ea a mile ::-ou tb of 1\:l:omoe Corn er,;, aloug the 
we -t ba e of 1 ocbuek il1ouHtain, an d especially in t he railroacl cut on -
quarter of a mile we ·t f Bamburg wh ere the flctunl ·onta ·t b>twe>n 
t l1 e q uartzit e a.ntl granite i well expo:ecl. aso u ·ay. of tbi · lo ·;lli ty 
(loc. cit. p. 30) : ' Th e oTa uite in t bi ·cut i ' iu contac-t with t l1 ' ancl-

ton and ap pears to l.Je f u. ed to it. .A.t lea t t he nnion b twe'n the 
two rock is , o c lo e thn t a , p ci men may b broke n oif part of granite 
part of and ' to ne.' A ucl thi i taken a · one of the proofs t hat t ile 
"'!'finite i rupti e throngl1 or ao·a,in :st tile a nd ·tu n . Tbe q uartzite 
here dips 3-o v\. wliile tbe granite bas a eli ti11ct fo li ation dipping 
t>cply a t, or n ar l at rig-bt an n·Ies to tl1e stratificatiOtl of' the 

quartzit . Tb minor detail ol' th conta t line is very irr gu L11'. T h 
quartr.it i !lox \"Cl' full of detrital feldspar and material tleriv d 
fro m Lh rrrnn it < ntl it is th r f'o r a, tlupli <:atio n ol' t h ::;imilar arkose 
·ontn. ·t d ·r ibecl a buY ' :-1t the l' eli uck min ron.cl. Th g u ' ral fol ia­
tion or th ~mnit how . 110 parrdl l r latiou t t he contact lin 1 l>nt 
i. t> I'P udi ·ula r to it. IIad t h o-ra ui t I' all y Howecl :-tgain::;t t il e 
qnartzit , it i t~ iu touc· i :-tb l that hi · tnt ·tnre onsitlerecl a · ori g- itwl 
flow strn ·tur should tau<l in ·nch r t>lation to t h con tact; au(l it 
woultll> cnmor ditli<.:ult i f th foliati n r th nTan ite becon:-;ideJ tl 
at~ du to uu ·eftu nt m ta morphi ·m , to ('O II c i\·e that the ehan g-e bould 

top hor t of th quart r.it which i.' alJs lu t> ly witliOUt <\11.)' 11 ·h 
co nclary foliatio n, or no t affe ·t t he ov rl y in g lim e tone. \\ ' cl\l'ell 

ou t hi · r at l1 r s If-evid ent pr position l>ecau . tli nme di ·onlance 
b t"' n tmt ificati 11 of t l1 quartzi te a nd b lu e limeston and fol iatiou 
of t be acljaeent cry ·talline rock · wl1etl1 cr gra nite g uei " or wbit 
lim ' ·to ne, i found univ r all y. 

Tl1 Ogd u bnrg bel t of Wallkill lin1 e ton e, occnpyin rr tb valley of 
th \ ·\ a llkill , is poor in ou terop J e pe<.:i a lly a long tbe ea ·t uortler again ' t 
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tb o· nm at th foo t oftlle Ui o·hla nd · and while, a m ntion d pr . 
iou ly, t he abund<wt frarrm nt of a nd ston eas t of U ..,.<l nsunr rr 

ma ke i t probable tbat th sand to11 rrally li s nncl 'r t h lim ct-~to n 
a o·ainst t b g nei::; e , th or is no outcrop in plac and uo outcrop of th 
lim e, tone it If ncar the gnei . In parta he 11 are t ou tcrop of 
blue lime tone dill gently \\'el't. Tb b It a a who!· .·hows v raJ 
g ntle fold the most promiu nt f wlli hi ' d c lop d aH an a nt1 ·linal 
axi , in tlJe north rn h a l fofth bel t . 

1'i le westeru contac t of hi , bel t req uire ;L d ta iled d seription for 
1t 1 the principal line alon o· whi ll th two limeston ar found in 
co nta ·t without then nal intervening q uarb:ite. 

About one-third of a mile north of O o·d n burg a la.rge i lated 
outcrop of g nei ic r ck i · itmtt •d 30 fe t from th 11 ar •' t out Top of 
uluo lim eston tlJe b eddin o· of which i ob ·ure lmt prouabl dip 
400 v\' . The gnei ' S i ' a ma iv g re nis b l'O ·k wiLh irregular COat" 
and fine ba,nds tlJe latter a lmost :D 1 i t i · in app <lran ·c , 'id ' ntl y a 
. tretcbecl and breccia ted g n i s r g rauile. ln t hin s ct ions til au to­
clastic clJaractc>r of th r oek i ·ontlrm cl. 'I be br k 11 or ' of t h 
ori g i11al rock li in a confu , ecl nggre o·at of large and s ma ll an g nl a r 
fragments of tbe <Lme quartz a nd f; ld par, with th d v ' lopm ent of 
minute greeni ·], mi ·a eou · cale, in tl1 fin 'l' p orti n.' . The origin al 
rock \\'a a g nei ·s or gran it . Tile b It f white lime. ton run· w .-t of 
tbi outcrop , but t il con t a t i ' no t u wn. 

If one folio"- · tile bonl r a qu art r mil north t il outnop of t ll 
two li111 t on are found withiu 50 feet of a h otll 1· ~md tl1 ' l>lue cli p · 
400 W. f ew l1nndr 1l y nrcl s fn.1·tl1 r t h \ nllkill l i,· •r ·t·u :-; ' tl Lh 
c 11ta tl ioe attbe outb\Y ·tba · , oftll hill with au I vationof6 Ofc t 
( ·e . map). R ere, in he pace b tweenth nti l r adaucltb ri ,·erbank, 
arc numerou · outcrop of white limes ton tll foliation f wbicll tr i k · 
N. 200 to ;~oo E . and dip 750 E. On t he bank of t h river ar larg 
letl o-e· of a granular speckled wlJi te ·n i , the foliati n of wl1i eb 
. t rike N . 30° E . and clip 750 B. Lyin "' in ·on tact with t hi - is'" lcd g <.' 
o f grani te whi cl1 nd apopby ·e in to tbe gnei ~ •ntting aero . the 
foliation a nd even b ending tlle dg , or th gnei ban 1 . 'Ib u a re ·t 
outcrop ' of white limestone a re 35 feet di ' tal)t, w t of tll grani te. 
W c therefore have here guei::;.' with folia t ion I ara ll 1 to t hat of the 
wl1ite lime tone eli tinctly ·ut by intru ive granite. Tb gneis i::; a 
JIOrmal, well foliated mu covite-biotite- gnei ' S . Then ar t outcrop of 
the blue lime tone, ,' oLOe di ·tauc·e ea t acros the riv r , dips 60° Y\ . 

ti ll following t be line north a nd crrJS ' in g the furna.c pond on i ts 
110rtb ide, the blu and white lim e toues come clo e togetl1 er j ust uorth 
of tl1 road. The blue lim estone · teepen: it Wl' terly dip 011 a.pproacll · 
ing the wlJite, the neares t outcr op of whicb is 40 £ e t di. tant. FoliO\\ · 
ing tile lin e a litt le farther, at a priug on the billside we find on tho 
east the blue limestone dippiug 700 W. Six fee t below it vertieally · 
and 10 feet wes t horizontally is a banded biotite g neiti or g mnit ·, t he 

tructure of whic.;ll dips 600 E . It ha . nne-grained greeni ::;h, felsitic 
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l>andf' whi ch ar a11parently sh ar p lan es, and this interpretation i ' 
confirmed by tl1 e t l1in ection, in wbi h the bendin g- and s hearing- of the 
min rnls is plain . The thickn e s of thi rock as expo eel i, about 10 
feet. Tl1' "·c.· t crn part of t h ' outcrop is a coa.r · , ind istinctly foiia ted 
rock , probaby g- ranite. On e bunrlred feet acro!:s th stri ke i the 
JI C<lre,;;t outcror o r wilit:e lim e tone, tl1 e foliation bein g n·ell mark d by 
:i li<"Ht uantls a ncl dippin g- G 0 b. llere ao·ain, within a foot or two. we 
ha1·e the .· trata, of t il e b ln c limesto ne abuttin g agnin ::t the g n •is · ic 
ro ·k~, s neee dcd by white lim e tone, the fo liatio1t o f botlt being di . 
cordant to t l1 e dip of the lilll«.>s too and til' g nei . neares t th e rout:1 ·t 
s l1 ca nd. 

Still fartb ·r north a ' t , wh re t ho line cro e the next r oad, we 
find , a· u fore, t l1 e W'St dip of the blue lim e ton . t ep nin g a · it 
approaches tl1 e wl1 it , and uet " ·e n tbe t1Yo arc outcrop. o f rock whi h 
ha ve alt matin g· bands of whiti , h ancl u lni h lim e tone s tandi no· 11 ;uly 
" rti<·al , o that it i diffi cul t .o r i mpo·sible to draw a liu betwe ' n blu 
and wl1ite. 

On cro s ing t l1e road. pa:: ing a littl IY amp, ;wd approachin g tbe 
extrcm point of th Uambur o- b It of bin lim estone g-ranite aud the 
t wo lim ·tones ::n found too-eth<'r in a pu zzlin o· r lation. :Y:1 011· 
tion X IIL ·ros c 11 ea r thi point. A laro·e bulging ma s of o-ranit 
(mark don tl1e mnp) run . p arall el t o th e trC'nd of tho white lim e tone, 
antl at it outb cm tcrminntion come 1rithin 10 ft' <'t of t h bl ue. 
little rar t her north til e two lim eston es are conn ected by a. sNic: of 
appar nt t ran :s iti ons, n·hi ·hare so well de:,;cribell by Na on that "·e ca n 
n t do betfC'r tllnn quot hi s word,:;: 

AI tlli poiut t b ,, "hit l imt":tnnn i~ . <'<'n in tlir rt contact with the gra nite. 
\\'ithin 710 f<' t to th •ast of thi s tb I.JiuoutH·ha n~c<llint cston i · ••en outcropp ino-. 
IIPI\10 ' 11 th<' <' twnpoints th,·r i 30 .~d which i collce:-tl tl by oil. .At,·arioll 
points along tit· kttiJ;,. of th • litnt>~tooo are to b ob~ ITC<lnnuh·t·on mall outcrop 
of Jimrstou i11 ,. ,. rv <h'L{f o of tr:tn~it i on from fh uncltan "' <l blnP to tb whit . 
Ausolnt<• rontimtit) ~~·a s not ,· i~ihlo. To scttlo tb t' qnt• tion o f <'ontiullity a tr n b 
wnH <111)! :tcro•s tb<' 11lrikP :"~.posing n coutiuuous serie .• \ wa xp cted. tbr rode 
xposun• ~ltowt•<l a pt·ogr ·s i1· trnusition throtwb nlm obt l'l·ery ~bad of <·olo r. from 

th o !.luo IinH•s (ou to th!' con rs ly <·ry tallitH' onow~· wh it!'. 
Th fitst clH)Hg was that tiH• lol 11 e Jimc,ton wa hrok eu into ·lost· ly atlherin•• 

prbmnt i<· fragntl'nt~ khowing ligltl irr ~ulnr or mottl< <l ·tr ak~> with clon tly ulu 
ng-J.(regat<' Xt·,t, tb Jim ~to n ~<howt•d ol'idcncc of st rong comprc sion, \l' itb 
pres nn• pl:nH•sd ,. lop •cl. , \ long fh so plan e~ tlt ron "'lt wltich th rock sp l itl'a~ily, 

w ro cloudy •aruonaC"con lland~, with th<' rol'k a l ighter oh1r. Tb cu th uanu 
h cnm ntor prouonncrd with oc·<·asional c· r.r~f:l llinl' scales of raphit!'. Th!'u. uext 
tho bnncls br<·n mo y<'t mor <listind , nnd th J,J a(']c <' artb ~· uands of <'lt rhon w c r 
l'hnng-ecl to briglit w eltH of rrp\l:ll lin gt·nJ1hite. Tht• pre ur plan ·s wt•ro t ill 
s trongl y tkvelopecl. FinnJJy within feet of t lw granite. t h o pt"<' s ur planes 
b c·o111 1 8 appnr ut , nucl tnn rso nystal of linH' t ono with seal of g raphite, 
chon<lro<lito ·, ;\u d o th e r mint'r:tls w re :tllunclnutly <I ,. lop cl. ' 

It will b ceu t ha t t her i · a shear zon along t h conta ·t 
·w wi h to add that th appar n t dip in t lii 

• Am. Gr<•logis t, Yol. S UI, p. \GO. 
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:1.011 is a lam in ntC'd ~trne ure an ' d by bnnd ii o f limesto n of varyinrr 
conr e11 . s of grain whi •h have a v •rticnlpo.- iti on or very . t ep .· onth­
cast dip , and e m to u. to r pr . ent the po ition of t lt . lt ~tr plan s 
ra ther t han lrat iflcation. 

vTo h<n e d esc ri bed t hi who! w Rt rn outact lin of t.h Ogtl 11 . 
bnro· b It of bln • lime to ne i n con iderable <l rtn il beca n th appar­
ent ly tra,ns it ional r lations of t he two lim par t .iu . t 
tl crib d l1av b n a t rong- nrg nm nt for thei r id n t ity . It will IJe 
een that along- n, part of t ill' on ta · a n arrow belt of cry ' tal lin ro k , 

(g n i. s aud grani te ) lie betwe •n tll t\\'O lim c.·tones nnd lta been 
greatly hea r d , and tlw t t h bln lim e tou • dip di ·onhntl ' ngai nst 
t b foli atio n of these rock t he q na rtzi t b ein g a b s 11 t . It R em.- to 11 
plain that i t i a fa ul t lin e a co mpa11i e<l b l1 a rin g·, a nd tha t h 
t ran it iou of th two Jim ·ton · at tlt north rn nd reprei5 am 

Fw. 0.-\t•J•t icu l I J11 Ur'l'~ fu co sl.iO\\ lu ,. Uum.l o f q u!lrlz lt.u 1u wlJJto ltOIUdtou .~ l''rault lin l'' uru u ·e, 0 \\ 
,Jarscy. 

arb m1te. . Th 
uetw en l h 

AREAS OF IlARDI l 'ONYILLE QUART ZITE I TilE W lii'l'E LDIE TOi-lE . 

T he . outb rum ost of the t hr e patches f quartz ite 1 iu g i ·olat tl in 
t he area of t he wbite lime to ne is in FrankJin, nort lt of the j)O IH]. In 
1, !)() a 11 ew quarry in tl1 whi te lim e to1;e wa. · in op ration, si t uaterl 
j us t north of t h road , an<l in ptem b r of t ha t y ar a ver t ical [;-tee 
of rl1 e ro ·k a.bout 35 feet high wn expo.-ecl facing we.' t , At tb e top of 
the quarry an<l ruuning a few fe t back from the face a . mall p atch 
of q uartzite (arko ·e) li es o n top of t l1 ·white limeston . It is 10 or 15 
feet t hick trike about ea t and we)l t, aud <lip 100 T lti wa 
expo eel in t he quarry face n early to t he bottom ~tnd bad t he shape 
.- hown in tbe ' ketch (fi.g . 80). IIi entered tb e white limestone, curviug 
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g radu ally downward and co ntractin g un t il i t wa about 3 feet thick at 
the bottom . T he top a,ncl bottom coutaet showed no ·ig n of faultin g. 
Jt bad v idelttly been form d in p lace. The rock i. a pyriti~ rous 
g ua,rtz ite, compo ed of clastic quartz, felcl par, li ght yellow mu co \·ite, 
and a eme11 t partly fine-gra itt d ili ca, pa r tly ca l 'areous. It lt a been 
q uarri d ou t in Ia r o-e block , expo iu g tbe ro kin idea l fre hu e s. Tbe 
important f ature een in tlte e block s is tb ;1t large pebbl es or bowlders 
of typi a l w!Jite l ime:::to ne are iu ·lo eel in t he quar tzite. The rock 
co mvo in g t !J c pebble IJ ;l ,calcs of o-raplti.te and yell ow mi ca, nn<l the 
broad cleavage Rurfaces of t lt calcite masse shO\Y the dull pot 
(In ter mottli11g) due to small p CI.!c ilitic grain of calcite with eli~ rent 
orieutatiou , wl.Jich i ' ·ha.ra cteri st i of t he \Thi te lim sto ne. P iece fro m 
the mai n !('d o-e of wh ite l ime tou have t he sam min eral a ud he a me 
tructure, o that th ir n atu re a pebb l s an d their RO Ut'Ce are beyond 

que tio n. Tb la.ro·est observed had be shape bowu i11 tl te cut (fig. 1) 
aud wa 10 inclte long and 3 wid ; 
o Iter are round d. The rock also 

r oUJt d ma · · of purple 

a, OCiate1l Wi th q Hartz n ud Fto. !.-Pebble of white lime< tone 10 inches 

cal<:i te, which a re probably concre-
tionary, but l1 av no r emblance to 

loug-and 3 in hes wide, occurriug in quartzite 
bnncl . 

t lt e p bble . Tb er a rc occa ional ly black ::; la ty Rtratifi cation bands 
in the rock which coufonu to the contact , so that the t ratifi ·ation 

tnYe \\·ith t il e baud of ro k. A few yards , ou th of t he snrfacc outcrop 
anotli r mall pat ll i expo eel by a hallow excavation, snffi'eien t to 
. l1 ow it ap par nt continui ty 'llith tbe li me tone. ~a on ay : 1 Thi 

x ·avati ng Rh w l b and ton oin o- uncl r tbe lime to n with a 
11 rthw s dip. 

rl'lt. foliation of t he whi t lim stone here tri k :r. 20° } . a nd dip 
70° E. so tb, t thi · quartz it e Jay r i' about tran vers in trike. It i' 
plain tl1a tlli qnar zit (arkos ) contain th dc'bri · of tlte wltite 
lim ston a nd wa laid dow11 on it roll ed ur fa e, which wa ncce -
' ari ly ·r vi <l and in o- ul ar, and th 1 ·u li ar form of tl1e cl posit w 
think ·an b xplai n d on ly as due to the \Ya. bing of the sand into a 
Iaro-e ·avity. It is difl-i cu lt to und r ta nd wh y the strntifi ·ation cun · ­
d wnward iu t ad of lyi ng h rizonta lly a ro s t he orio· in al av ity. 
v . imply not that uch is th fa ·t. 

Tl 1 • cond I :1tch of qnnrt:~.ite i.' on the west id of the bill with an 
el vation of 720 lc't betw n Franklin Furnace a nl lJ anliston \ ille. 
Thi is on ~a, on s ."'cti n XII, ancl i ·· cl s·rib din hi · text. It i · 
a littl diffi ·ul t to id n t ify tb a real eli. t ribu tion of t he rocks a· 
de: ·rib d; b nt t b ma in poiut that a b d of aul ·tou is t it re 
rlescribecl a clippi1w und r t h white lime to n , which with gra nite 
for ms t h ma i 11 pa,r t of thew C"t ' lope of t he It ill. \\-e found the q nn rtz­
it in plac ]t r in a s mall xpo ·ure in co ntact wi tl t t !J 'rhi te lime-
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!'tone. 'Ch lin e of junction wa a,bout v rti •al, th two r o ·k.· b iu g in 
firm conta t. Large pebble of t h whit lim ~ ton wer found in los d 
in the quart;dtc, as l.>efo re. On t.h top of t h hill aJJO her li t I patch 
of qu~trtzite li s lJ twe n out rop of "· hit lim stoue. \Ye r 'g'lml 
thcs• ns ~:;iJ JJi hw in occnrr n · to th at at l~ntnldin , just de rribecl 
and to t ho e in th e brook b ed at lTardist nvill t' wh er li ttl rel';itlual 
pat ·hes of tiJe qnartzit <lepo it d ou tl1 un \'Cn and ·r ,·iced : nrf'ac 
oft he whitn l imestone lHM·e· been pres J'\' c1 f1· m t l1 g n ' r<ll ero ·ion 
wltich removed the later ro k coverin o· tue whit lim sto n 

T DIARY A .,. D CO~ -cLU .LONK 

In the a r a under CO il · i<ll'rMion th white lime ton form . 
than a mil e wid e, wlli ·b l'nns in a north ·a~t-so utiJw ·t dir tion. 
, tr ik e and dip a mea nr cl by the fol i:1tion, are quite uniform, and th 
dip iR g- nt>ra lly te p to th a t. Th se . tructur , a r us n ally par -
all el to imilar stru ·tnre, iu t he o·nei s nnd t h piteh tru('tu re, of th 
o-u i .. , white lim e tone and a ·so ·iat d or d po it: lmv a g ncral 
parall li m both iu lirection and in angl . owb r . wa~ any tra e ol' 

tratif1 ·ation piau · ob~Sen·ed i11 t h whi t lim tone. 'l'h . uppo ··ed 
ca e ofiuterbedding of th white lim ton and h • ' 'ambrian quartz­
ite we lnwe fouu<l to be due to fan lt iu g or to p e uliar coudition of 
depo. ition . vVhiln it i difli ul t to prov that the whit> lime -ton and 
g·nci are actually int rbcdd d , 11arrow bands of true gneiss · do 
OCCJ tr within the wuite lim tone b lt and eem to be an integral part 
of the series. 

Th e iutru i\·e relation of the granite to t l1 whi te lime. ton and 
gnei><. es i vid n L ;ulll i L i ' equally lear that it in,i, tiou to k place 
preYious to the depo~ition of the 'amurian qn:lrtzit and bln lim -

ton e. Thi s i' pro,·ed by the nature of tli eo11tact: of tl1e quartzite 
and granit . lYe do not reo·arcl t he main ery tallin condition of the 
white li roe ·tone a ' due to the gran ite iutrud din it, but b li ev • t ha t 
tbi cry tull ization antedated the ranit ilitru ion , and was contempo­
rau ou with tbe cry tallization of the gnei. ~ to th ir pr ent form . 
At the ';WI time we do 110t deny lo al metamorph i m, soroetim s of 
consiu raul ext nt, along th contact of tlJ granite. 

'rhe ·wallkill or b lne lim e. ton of Oaml>rian ao-e oc ur in thr e . epa· 
rate u lts within t iJ e mapped ar a. Th a nd Hill belt is a hallow 
yn ·li ne ( ce ection A of P l. LX_ ·xni) the a tern arm of wbi brest. 

on t l1 e gnei s and tue western arm on t he " ·hite lim to n , and i t i , 
fa ulted near it . outbern apex. Th llamburg bel t is bou nded on the 
ea t ide by a normal basal conLa t, a lon o· w hich th ba al a rkos · con ­
tain 11ebbles of lime, tone, detrital mica, :tnd feldspar. The general 
structure of thi. belt is that of a lo w- di pping mono ·liue which i.· fau lt d 
on i t west ide agaiu ·t t he g n i ' es. At t he north rn en d t he mono­
clin e i complicated by t he development of a c ntral a nticlin whi ch i 
faul ted 011 its soutbea t ide. (See ectiou B of Pl. LXXXlii). , The 
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Ogd nsburg blue li mestone belt is faulted on it we . ide ag<"Lin t t he 
wlJ ite l ime tone and gneis e . In thi belt th clip are of mod -rate 
·teepnes . (See ection of Pl. LX XIII.) 

Along the normal contact. of the blue and white limestone the <]llartz. 
ite intervene:-; between tbe two. \\ e everywhere find the ueddin o· of 
tlte blue lime tone and underlying quartzite conformable, while the dip 
of the foliation of the wltite limestone and tlt e gnei es i dis ·or<lant 
with them. The 8trike may or may not be parallel. 

I olate<.l patelte of the quartzite are found within the white lime to ne 
area, whi h were orio·inally depo ·ited on t he emdecl and creviced ur­
face of the white limestone, filling in the iuequalitie and ometime · 
causin g tlte peculiar intermingling which ba been de cribed. The 
fortunat pre ervati n of one of the e crevices filled with quartzite 
cootainin o· undoubted pebble· of white limes ton e, a well a arkose 
mat rial l av no doubt as to their orio·in . Where tbi · lta been com­
plicated by local faulting ~,· e o·et ncb ob cure relatiou · as thos exposed 
in the brook at HardL tonville. A long be fault line, , wber the blue 
and white lim stones come in immecliat conta ·t, we find appar nt 
tra n:-itiou zone compo eel either of br ccia or of sbeare<l limeston s. 
The e pha e. we attribute to a me banical origin , accompanied by som 
recrystallization. 

We conclude tlJerefore, that the wltite lim e tone was deformed and 
metamorpbo eel to its pre eu t co ndi tion ~wd partly eroded b f'ore the 
ba ·al member of tbe Cam brian series wa · laid down ; that the deform a· 
tion which t he area. ha offered ince the d position of t lte 'ambri:tn, 
wbiclJ ba m<wife ted i t elfin foldino- and fan ltino·, ha s been but li ght 
ompa,r <.l wit,h he pr . am brian d •formation · and. that t he ' ambl'inn 

rock ov rli tit • wlut lim ton , a· w 1l a th O'J1 i ' e:::, unconformably. 
A a. re. ult of onr ob ervati 11 we a.r ompell ed to adop t t lt pre· 

'am brian ag- of It Fra1tk lin whit lime, to:1 . 
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A GEOLO l 1AL KIJT H 

By W . . T. S..'llt'l'H. 

~ TROD -cTIOX. 

Th northern part of t he alifornia coa.st i marked by it.' freedom 
from i · l and ~, th e Farallon s, a small group opposite the Golu 11 Gate, 
oeillg tbe only on of any importauce. ' ithin the last 300 mil e of 
th e ·oa t a "·e go onth, h owever, we fin (!. two well-defined groups, 
com mon ly kno,,.-n as the Channel I land , t he ind ividual member of 
which rauge in length from 1 s than a mile to nearly 25 miles. The 
island of the llOrt heru group form a nearly traight line, with only 
11arrow ·ban nel b tw en t hem an d app ar to be genetically one. The 
four islands of the outl1ern group, how ver are widely, eparaied, and 
mu be con idere i a di tin t unit. . 'file i la nds of both groups have 
a general trend parallel to t hat portion of the coast to which each is 
neare t . au Cl mente i the outh rnmo t 1 land of th outh rn 

only literatur known to the writer bearing on the 

Cn•:~ l~RAT~ D E 'RlPTI N . 

an :to t h car ity 
of COD· 

'0 ol. ." nrvoy of 'nlifortli n, (, oology, Vol. J, l 65, pp . l 2- 1 6. 
'Th post-Pliorcn dins t rophl ~m of th on• f of . outlwru nlifornia, hy , \ ndrcw ', l .nwson : Bull. 

Dept. G ol. nh· . nl. , Yol. J, No. 4. D c mbcr . l 93, pp. J3f>...130. 
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winter's rain \Yater collects. Her it i · ]; pt, in many in ·trw s through 
tlle c11tire mnm r, furni hing: drink for th bird a.nd wild goats, for 
the h ep, aucl ven fl!r man. 'L'he tanks, lik oth r feature of 'an 

lcmentc, remind on of the d ert. The islantl hns, in m. ny r pect, 
a ll crt-like haracter though . unonnded by wat r and doubtlcf>:; 
reeeidug as much rain in th wiut r month a any of' it i t r i · laud~. 

Tlle v gctation is limited almo t entir ly to low hrubb ry and It •rLJ ­
agc. Occa ional mall tre - (Lyonotlwmnu jlol'ilnmtlus ) ar founcl in th 
Jarge ·t canyon" and shrnu of ont · iz • gTow on alluvial fan at tiJ 
month of om of th m· but a ide from th s 110t <L tr e an b fi n 
in traveling· from one 11d of th i land to I he tller. That tr •s OltCC 
grew on other part of the i land i ·bown by p 'trifactions found in 
th au l ae a oppo ito Wil on UoY . .A "C w of these p trif'actions, 
in the form of tree trunk , ud brauchc up to a. diam t r of (i in ·lte ' , 
were. een projectino· aboY tit and, while at num ron otlt r point~ 
tlte. and <-ontain · root-like rna · e , donl.Jtle . th r mnants or ltrul.Js, 
tlle woody fil.Jer in all cas r plac u by calcit or by and •em •nt d 
by C<llcite. In otllcr in tances the form i pr · rv d. n. :1 lJOllow tul.Je 
of and cemeut d by calcite. 

C\-cral vari tie:; of cactns ar found, and thi ' plant app arR to f rm 
the chief growth of the i land. Th rei::; al o a larg amount. of wltat 
i locally called " alt-rrras ·'-two ' l)<'Cies pf l\Ic cmbt·yantlt ntntn­
particulnrly toward tbeJtorthwestern nd of the i la.nd. 'l'wo pecics of 
' foxtai l ' (TTortl um) grow thickly on the llPJl r, andier part·. Occ·a · 
ioually a ltardiet' wi ld flower and. the renmin of d ad plant. · point to 

a. con. iclerable :ltort-li \·ed growth in the. prino-. Ov r· a larg pndiou 
of the islnncl, how v r, a v ry thin soil aud a supenll>llutlauc.e of 
ro k pre ·Jude the growth ot almo. t verytbiug ex ·ept, cacttLS. lt i 
aid that tlle Yegetation of th island had an entirely difl'erent asp ct 

twenty ;year a"o and that the cbatw i due to the ravag :of t!Je 
heep, which are pa tur d her in thon and . 
Be. ide.· the. heep7 and the cattle pa ·tmed with th m, titer are ma,ny 

wild goat , originally introduc d from a,nt<L 'atalina. 0 · a::-<ional 
foxes are een, but the quin-el, o well known in oLber parts of the 

tate, i not found at allbere. Lizard· are num ron bnt . nalre auu 
frog are mtkuowu. Land. hells-llez.ix (A1·iontct) interci8a 711 . G. 
B inn ey, II. gabbi .r w ornb, and B. teanzsiana Tabb-abound in 
portion of the i ·Jand. an Clemente lta, no l' rmanent hnman inhab­
itant except one old man who Ita lived th re mo t of the time for th 
la ·t thirty year . 

'£0POORAPJIY. 

A ba ·already been ltown by Profe sor Law on 1 an 'lern u te i ' 
a imple, tilteu block, little modified by tbe force of ero·iou. Tlte 
topography in general is very monotonou,·, the only variation being· itt 
the greater or le s d Yelopmeut of it peculiar character ·, o tltat au 

1 Op. ciL.: ll11Ll. Dept. Geol uiv. Cal. , Yol.l, No.4 , D ccmlJor, 1893, pp. 135-139. 



"' ;; l__ ___ _ 

0 
z ... 
...J 
If) 

w 
f-­z 
w 
:E 
w 
...J 
u 
z 
< 
If) 

w 

15 
u 
If) 

z 
0 
If) 

=! 
~ 

f­
::;) 

0 

"' < 





SMITH.) TOPOGRAPHY. 4G7 

in pcdiou of oue part of tile island gi ,·e. a fair icl a of the whol . The 
trend of th i:-;lancl i nortlnve t a nd . outbca. t. It li es some 30 mile 
to tile south of San Pedro IIill, the 11eare t })OiJJt on t he mainla11d and 
about 25 mil s outh of anta, Catalina I laud. It b a <t lenotlt of 
nearl.) 21mil , with a maximum width of a, little over 4 miles narrow­
ing near the northwc tem end to about lmil<' . The grcate t alt itude 
i l,OG+ fe t, at a point a littl to the ea t of the c nter. F 1·om thi 
bio·ll st point the de cent to either extr 1ni ty of the island i: RO gradnal 
that a horse aud wagon could ea ily travel th gr ater part of tb ntir 
1 ngtL . A sc 11 on tl1e map t h main water,.;hed lie, very n ar tl1 
110rrhem coast, and i continuou. from on end or t l: e islnnd to t he 
oth<'r. From thi s wat rslted, for mo t of its length th de ·c n t on 
the llOrthern sid is Yery abrupt-in on case amounting to 1, 00 feet 
in half a mile. Along the hi gher part' of the northern co,t t th re nre 
only two or three plac where the hore may be reacl.ted from above; 
and altbon o·lt on may de, cend orne of the la rger canyon on thi Ride 
for ~:;cyeml iltllldr d feet, tl1e cl cent i. sooner or later checked by 
watel'fall. of ou iderable l1eight. On the outhern id of the i land 
the average descent i · gradual, broken only by the remarkabl terrat:e 
which n,r cbaraeteri tic of tbc i Janel, and of tbi ide particularly. 

01ring to it· terraced condition tbe npper portion of t.he i land pre-
cnt the app arauce in tran ' Ycrse cction of an uplifted table, marked 

by moderate relief in ·om part , in other carcely modified ay for a 
o·entle . lope toward ither ide. Tl.Ie relief i not very pronounced at 
mo. t anll i · due to terracing to uba rial erosion, and to faulti ng. 
\Yh erc the topograJ hy is aned from oft andstone and llale, we 
hould •xp ·t to find tll 1 a:t ·outrn t aud in uclt 11art· tl1 ~nrface 

is at a. f w points mu ·h lik a gentl ' rolliurr pra iri . In one or two 
placrs th . nrfa ·e app ar al1110 t l 1·cl a far a th eye can r a h. 
Th R gcnth•r Rlop s ar fonllll alon rr th main riclg for a · tretclt of 

Yenll mil · to the onth a t of \Yil.'on · 'ov , and al o for ROm di -
ta nee 11 ar th ontl1ea tern nd of the island. J:>l. L. ·x _ ·y . h w 
tlli!'l ('hara t r of the summit, aud Pl. LXX~~YI Low th cttmmit 
toward tb 110rthw :tcm tHl of th Uand. 

Th main r :1son. forb li ving- an I m nt to haYe been formed a 
a tilled ru t blo ·k ar it form minor fau lting parallel to th i ·h1nd' 
l 11g r a,xL, and Lh clip of the volcaui roeks. From the d cl'iption 
alrNtdy g i\7 u it lllH:f b . e 11 that the i la nd still pre nts t he aPI car­
an· f ~ueh <L block. wHh 0 11 sid marked by an abrupt liff, the other 
by a, gradual HlO]> . F nr th r, th eontra. t of th e E\ lop s i • continuerl 
below c' a I ,,·el. n hown by t h section nea r th llli<ldle of t he i ·lau d, 
a long· th lin A-R on tl1e map, PI. LXXX1 . The o· rea test con ­
tra , t i . . en a little to th ca t of Wil ·o ns Co1·e, " ·here on tl 1 nort h a 
deptl1 f 3 GOO feet i. r a,(' h d inl , ' than 2 mil es from th liorc, while 
at t h Ram distance on tll oppo ite ·id of the i ·land tLe d pth i · on ly 
300 f et. 
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v\ can not doubt t hat this north Pault-
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d irection a th major fault w!Ji ·h gav ri 
Fault oftlti · ort pre ent cliff · or ·arp · .· imilnr in appear­

au c to tho e of t he terrae au <lund r c rtain ircunvtan · ' 
it would be ' ry diffi cul t, if not imr .: ibl , to distin gui'l.J. a. 
fau l t from a terrace. ircum tanc . favorabl e to tll ir lli :;­
crimination ar found: when the line f sc~Lrp and platlorm i · 
not ~L horizontal on (In·ovided , of cour tlt lines of th tnt 
terra ·e · do not sl.tow a imilar cleformntion ) · wlt n tit fault 
cut ' aero :; Lh lcnaces C<Hts iu g a <l i ·phtc wont, f t l1 ' Ja,t-t, ' t" 

and oc·a ioually,wheutll faulto· nr · upo11 at rra in ·u·h 
a 'my that the. carp of t!J e fau lt faces th liff of th terra· , 
thu forming a trough . In th Ia t a e ir ·nm tan may b 
uch a to 1 ad to the formation of a. . malll ak or playa. Tit 

de iccated r main of uch~L mall la kew re u aton point. 
Beside the fault above de cribed, which a.r roughly par­

allel to tl1e main fau lt line, <L uumber of fau lt ecur tran verse 
to t be i ·lauds length . 

From a. . tudy of' the ubmarine contour and from the 
gradual decrease iu altitude from the summit of t!J Lland 
toward eith r eud, i t appears tltat the major faul t die out 
gradually in either direction and prob;tbly xtend 11 0 gr a t 
di tance beyond t lte e.· tremities of tit i laud. 

DRAINAGE. 

As a11 Clemente may be con iderecl a, ypieal fau lt blo k, 
and as it is i ola.ted fro m other laou ma ·s , t bus formi ng ~L 

unit in i tself, a tndy of its drainage ltonld g ive u the cba racter i, tic 
of t lt e 

1
clrainao·e of a fault <l block- ee11 to be tad vantage here, as t i.Ji .· 

fea.ture of tlte t opograph y i · t ill i u it · infa ncy. 



V. S. GEOLOGICAL SURVEY EIGHTEENTH ANNUAL REPORT PART II PL. LXXXVI 

SUMMIT, ABOVE WILSONS COVE SAN CLEMENTE ISLAND , LOOKING NORTH 





SMITH .) DRAINAGE. 469 

Mo t of the tream on th so uthern ide nave tuen· ources iu th 
upper, plateau·like stretch es of the i land. Here many of the minot· 
trea ms How ov l ' IJ e upper terrace in • hallow channel whi ·h form 

but sl igiJ t ·urfac indcntatiott . ome of th e minor t ream s eli a.p­
pear ntir ly aft L' tlowi ug over a. few t rraces, while other per ist 
nearly, i f not q uite1 to the ocean. Ma ny of tlt em are lo ton t he lowe t 
terrace, ju. t above th e s llor . Th miuor t ream l1ere r eferred to a,re 
tiJo e which run from the main ridge tow ard the ocean (on tlle outb) 
and compri e most of th e str am in th e western half of tb i land. 
The tream from Seal Harbor to muggler Cove, on thi . id e of the 
is la nd , h ave a,n entirely different cltaracter. Mo t of hem , beginning 
on t he upper terrace , a . in th e other cases, soon cut deep V- bnped 
canyon , wl.Jicb grow deeper a tlt ey a<lvauce,. in orne p laces with 
alm o t perpend icul ar wall s. The tream flowing in the bo tom of the 
canyon is ometime a mu has 300 feet below it npJ)er ed ge. These 
large canj n cut aero the terrace with tartling abrnptn e , a th y 
frequently ca n 11 0t be e u until 011 e bas almo t reached the edge. 
Profc or Law on lws no tetl tb i ffect , and t he term ' aw.cut applied 
to them by him, is mo t apt. The ,teepu ·s of tlteir wall,, together 
with t heir Teat dep th make a cro in g impo sible in mo · t place . 

Most of th e ca nyons have a imple V hape, but in at lea. t two 
insta nces towanl th e outll a tern end of the i · lan d t b V xpands 
smld nly at t he very bottom of t ll e caoymt, o t hat tlte treatn chaun l 
i almo t !Jut in overh ead by the canyon walls . om f the la rg r 
streams have cut their cban ncl down to a level at th mouth , while 

tl.t e can.) on end on one of th e lowe t terrace , where t he 
fu rtn d allnvia.l fan of c n id rabl ize, in whi ch a re 

l1 an 11 Is. TIJ b tcxampl of tho e tr am whi h have 
. a I v I i · in H. •d a11yon . Th canyon wall at the 

tr am b d b re i ' para ted 
~iakin o- due 

d ne t fan! tin g. 
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bottom. 'l'h . tream whi lt flow in tb lnrg t 
canyon. lclom pe erve fl. traigll t cou r for an con idern bl <li tau e 
in the lower portion · of t he cba.nn 1, bn wiod ~tb ut continually. 
Thi. is due to ro ion on th side· of th anyons. There ar few 
importaut bra,ncll ~of th main ·trca ms, and the bran ·It · iu g 11 ral 
are roughly parallel to th direction of tlro prin ipal drniuag lin -
that is, a direction npproximately at ri ght angle to the tr>nd. 

On tire northern ide of the ma.iu eli .ide of tb islantl th oTat1e f 
th 

<ut Fran ci co.1 

.. tL the lope toward th line of faulting i by far tlre t eper ero ion 
on that id i · mtH;h more rapid and con equ ntly tlr main wat r, hed 
of the unmodified crust-block migrates slowly/ away fr m that id 
toward the otlrer. Jn tho ca e of a ru t-block, tlr 11 1 the movem 11t of' 
the divide i from the lin e along which tile levation tak place-that 
i ·, from the line offaultin . This differ · from an uplift alono· an axi~:~, 

without faulting in a topo raphically impl region of bomoo-eueou. 
rocks, as iu the Jat,t rca. e the axi of uplift it el f form th ultimat 
divide, whi le in the former ca there nlting divid i ituated at som 
di tauce to one ide of the line of fault ing. Tim the efl-'ect on a. 
drainage 'Y teru already . tabli ·bed will b - di-fferent for the tw 
of ern tal movement , and the law for t he migration of divides a 
by Oampbe!P must )Je modified in order to make it applicabl 
uplift accompanied uy proooun<·ed faulting. 

1 Fifteenth Ann. R pt. . ool. ttn·cy , 18. 3, p. 472. 
•Jou r. Geol , Vol. IV. , ' o. 5, J ttly-.Attg., 1896. p. 5 0. 
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5:\!ITil.j DRAINAGE A:N"D FA ·vrrNG. 471 

Thi . may b illu. trated as follow , a umiug t.h itnl)Jest po Rible 
couditio ll s, a Campbel l has doo(l, in order to elimin ate eli ·turbin o· 
elements from th e problem . 

In figs. 83, 8-!, a nd 5, 0 r present th div ide bet\Yeen the ymmetrieal 
draiuao-e lope. of t he two Rtr am profil B A a nd DE. If fau lt­
in g· occnrs parallel to tlJi divide, with a downthrow toward the left, it 
may occur ou ither id of ' (leaving out of the qn t ion the po sible 
occurrence of a fault a 0 it elf ). S uppo , fn-. t t llat the fanl t i ·to 
the left of , at B (fig . 3), and that tb faulted portion have a umed 
th position indicated by B" 1 D 1 E and A B 1

, and };; representing 
the limit of movemen in eith r direction .1 'l'b part B 0 will have 
bad it aug·l of lope c1 creased by elevation , <md th reforc the rate 

l!'w. 3.- Dingrnmmntic s tion to illustrnle tho effect of uplift with fnulting parallel to a 
s trenm divi,l c, the cle,·ntcd portion including lh diddc. 

of ero ion on t hi lope will be dimin i bed . 'l'be angle of . the lope 
0 D I ~ however will have been increa eel, autl i t ra t of ero ion wi ll 
be corre. pondingly gre:uer. Tbe lop 1 D 1 E then will be nt away 
mor rapidly than t l1 e oppo ite slope 0 1 B " and t he cliYide 0 1 will 
mi grate to ward B", in a ·cordao with the nol'lnal operation of the law. 
'l'hi condition however, will la t but a co mparatively hort tim , for on 
acco unt of th high angle of B 1 B" erosion on thi · lope will b \ery 
v io'O l'OU , and t h poi nt B" will ue rapidly arried back toward I t ill 
th two nni V\- h n thi tarre i r ach cl the eclrre of t lJc faulted 
bl k will h r pr · nt d by th profil by B 1 0" E . F nrtller 

ro!:do n will t u<l to the r . t '"toward B, owinrr to tbe more 
rapid ·utting on tit st, p r lop B " The finaJ r nlt will be t bat 

o" 
c' ;----__ 
B~E 

-----=======~a~ 
Ftll. 1.--Dingrn mm. ti c sec tion to illustrnlo uplift with fnultingpnrnllellon Rlrenm tlidde, 

lb!l rl~'· nt<·d portion x cluding th origimll dil'i<l . 

tb poi nt " i carri tl to om poiu t, uch n. D1 h exact p ition of 
wlli ·It cl pcnds on t h relative ntLil' nd f th point s which ·one pond 
t tbc p ints B 1 and E wh •n er ' ion l1a reach d thi 

T h se 'OtHl ca ( fi"'. 4), wh 11 the fa ulti ng i betw u t ll cliYide ' 
antl th 1 oiut 1 ~, i imilnr to the la t in t he mov m u t of the ere t of 
t h fau lted blocL toward B or away from t h line f fau lt ing. 'Ihe 
in ii in I movemfl n t in t h former ·a · !low ver >ra ' toward t he faul t 
lin , whil o in t hi ·ase t hat 1 ntent is limin nted, a ' the fa,ult d 
portion D " 1~ . •luci e t he ri o·in al Lliv icl I n thi ' econcl ca e the 
llloventent i n.way from t lli ' rlivi<l also and t ll e una! re ult of the 

'Thcao scoLion s nro cliagrnmmnlic nntl do not tulcmpt to givo tltt" PX:1ct relath·o ]>O~i tion ::; of th~ two 
parts, ns thes positions <lop ud on tho i!-cums tnuc ·s ohtni ning nt tb tim e of fnulti ng. 
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uplift i ~:~ thee tabli hm nt of a divide at ome p iut b tween D ' and E, 
dep ndin o· on tho relative attitude of t h e tw point . 

)f th faulting has been um ien t, tltis r ·nltant eli id will form the 
main water h eel fo r th reg ion he orio-inal <livide 0 b in g 110w of 
in ignificant proportion . . 'rhe fanltin o- may, howev r, b !'>U h th a t 
the portion B D an not b left out of a co un t. lf a hown in 
fio-. -~ the final po ition of \. B ~ D i. · mor l vat rl t han i t original 
po it ion, the . lope D will ha\·e be n d r a d, wllil ' will 
has been slightly iner a d. sa co n equ nee tb r will b n mi g ra­
tion of 0' toward D'. If the faul t in g i snffi icnt in am nnt, the migrat­
in g- ere ·twill finally reaclJ D ' , and tber will b no divide other than 
thatofthefaulted blo kD' D " E. A tlt mo m ntof th cr t line 
in tbi ca e i toward E for the part. on both sid . of the faulL lin e, the 
re ultant ·rest mu t b e at some point b tw 11 0 ' and 8, whetll r the 
amount of faulting b o-r at or mall. 

If, 011 the other b a nd the movem n t of J i on of depr ion 
(fig. 5), t he r ul t i more complicated and t l.l final po ition of the 
crest 0 will depend on the relative attitud of th e faul d portion 
A B' ' D' anl D' D" •. In other word if the urn total of moY -
m nt in th two part produce. elevation, th mi gmtio n of th divide 

. o" 

A 8 

~-===========~8-~ c 0 
F m . 5.-Diagrammatic section to illus trate uplift w ith fa nltin ~t parnll I ton Rtrea m di<"ide, tho 

lo,·ated portion excluding th origi nal d ivide, tho portion A H ' U having su O ,. cl d pr ssiuu. 

will bo iu t ll direction of E; wbil if thor ultant of th mov 01 n i ~ 

a depre ion, t he divide will migrate toward 
If th faulted block JY D " E were levat d fwm submarine dep th 

to a po itiou imilar to that of an lement . tb final re ult of ero. ion 
would be a divide midway b tween the limiting \ra ter on tl.le t\YO s id . 

Tb e re ult h ere arrived at must b e true in all ca , whether the 
movem ent cau iug faulting are low or rapid, continuou or int •nnit­
tent in their a tion , a nd . mall or great in amount. Variation in tb e 
factor , however, ''rill can a variatiou iu the rate of tlte migration or 
in it extent. Other modifying factor nre the relative po itions of the 
divide and the liu e of faultin o-, aud tl1e <lip of tbe fault plane. 

To urn up: Where ·rn tal movements occur ausing faulting with 
resultant elevation, a mi o-ration of the tream dh ide will foll w-in the 
direction of the line of faulting whe n the faul t carp fa ·e tl.Je divid , 
away from tue line of faulting when it uoes not· or in other word , 
the migration is from tbe axis of fe:tultin o- when the faulteJ blo k 
includes the div id and toward the axis of fau l tiuo· when i t doe, HOt. 

T here a re rem nant. of what appear to be t he str •am va ll ey of au 
older topographic cycle on pa.rts of San Clemente, be. t e u 11enr t lJ 
outbea ·tern end, where a ,-alley is i nd icated by the outli11e of the 

coa. tand tenaces. Tb recent treams lt er are influenced to tl.le extent 
of flowing approximately at right a ugle to the coa t, ratlJer thau at 
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rigu t angl !'; to the i .·land's crest. Th ey thu tend . omewbat, about 
Smuggler Co \' e to converge toward the cove. Thi. broad Yall y li ke 
form is a l o <li ' t iu ctly. een in tile ubmarin contour at t l1i, e11d of t he 
ishu1d , a far on t a~ ~oundings ar g iven (for a eli ta.nc of several mile ) 
a nd there ·a n b no donut that it extend s much farther. Th ere is evi­
den ce of ousiderable. folding at the tim e of the island' formation or 
la t ' r , ::wd i t is pos ible t!Jat thi s valley is structu ral a nd not du to th 
force::> of erosion. 

SHORE FEATURE S . 

'l 'be . bore feature of San 0 1 mente may lie considered uuder the 
l.Jeads of beacbe , bays, ancl <Jiffs. 

Th ere ar e few .. a ndy bea h es. T h y are fo und on both id e of the 
isthmu Hear .t he nortl.Jwe tern nd o( the isla nd , also abon t Chin a 
Point and a t "m uggier Cove. Tl1 e aud nt the la,tter v lac i , llO tice­
ably fr e from b 11 fragme11ts an d contain abundant g•·n i11 of green 
pyrox ne. Bea hel'l of coar e bingle -nre found in many of the co ,~ e 

along t he . hore aud for sl•ort t r tches at the ba e of t he cli ffi , on the 
on t h rn ·oa t parti ·ula rly. At the x.treme JIOrtlll>estern poin t of 

t he isla nd there i · no cliff, bu t a low plat form, little above hi gh wat r 
and along th mar gin of t bi tl •e wa,>e ha,ve bu il t up a barrier of 
coar,e s hin gle 5 or 10 fe t hi gh . 

In luding a ll ort of oa tal indentation . under the g ueral term 
"bay we fhul thi f atur of t l.le hore lin bu t littl e develop ed on 

au Cl mente. Tl.l •·e ar man y minor irr o·ul a ri ties alouo- the sllor 
wbi b to the ye appear as mall bays, but wbiuh carcely iud nt t he 
outline of t he laro-e map. Even t he mo t promi11 en opening-s will 

·arc ly af'l'ord more t ha n a. 1t a nchorag to ve ' el a nd ther ;n· 110ue 
whi<" h "·ill furni sh prote ·tion in all kind ' of weather. 

Th clifl'l'l ar th mos p rom in ut of the hore 1 ntu re , and almo t 
com pi t ' ly , urrouncl t h i::;land. n t he nor thern si d th y n ar;urally 
r a h tb ie g reat · tl loprn nt, ~tnu fo r mo t of t he len gt,b of t.his 

a~t tb xt nd from t h wat r lin to t h upper plateau! ike portion 
of tb j,;Jand. Toward th e northw tern nd howev r , t il er i:,; a low 
t 'rrac for om eli ta.11 · on thi id and a corre pondingly l o ,~· cli ff. 
T!J ulifl' · on til f t he isla nd ar co mparati\1ely low, 
a \·et'ao-i ng· p erhaps ~5 ~' t in h icrbt. At only on or two place · do 
th y r nch any on"id rab l alti t ncle, he hi •Tbe t poi 11 t a lon o· tb bore 
on t hi s icl being nt al H a rbor, wb er t b ·li ft' n to ~t h'e io·h t of 
300 or -100 f et. 

TERRACES . 

Th t rnt es B I'Jn tbe mo t marl d fe£ttu•· of the toporrrap hy, oc ut'­
rino- on botiJ of t he block, t houg h on ly ouca ioual ltncl li o· J• t ly 
de,- lop d on tu north ' I'll id . On t.be on th rn. ide t hey <t t·e r ma rk­
able for t h ir s ize, continui ty and di •tiuctu .-\.l t honglt t en ·ace are 
found a long th gt' at ,, j)i'Lrt of t h O~tl iforni a coa t, th ey nre nowhe•·e 
. o well d velope<l a on au 0 1 >m n te rt fa t d ne in brge par to t he 
e: pccia lly l';worable ·oud it iou · for u ·h development found in tbe low 
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a.ngl of th lope of the ern t-blo ·k on t he id wltere tile waves are 
tron ge t. Prof'cs or Law ·on lta discn. s cl t he. t rrn c · in ·on:idee-

abledetail in hi s Po ·t-P li oc u Diastrophi m of th oa t of outlt ern 
Ualif'ornia,1 and th re it:; li ttl to b added to !tis c1 cri pt iott. 

01 a.r- nt a11d (li · tinct terrace may l.>e R en up to an altitnue of a.bout 
1,3~0 feet: above this to about I 500 ~ t t i.J e i · la nd ·till . lt o\YS pro­
noun ced terra in g but tb indiYidunl t rrace, ar not o di t inct a . 
tho. e below that level. Ti.J cliff:'· b tw n tlt s npp r t JTa c s <U' 

only a few feet in b io·itt a nd through tlto in flu 11 of ro~ion tlt e ang le 
at tb base :-wd top of t il e clitl's ar so roullll d and gTa d e so gett t ly 
in to the lope above and below tit at it i a! moe t irnpo ·ible to mak 
out the exact point at which !iff an l t rrac rue t and all t lw reading­
are doubtful. The lo"- ·!iff of tb c t rra e · ar du pa.rtly to tit ir 
po ition on a :urface of " ry gentle grad and partly to tit lo w rate 
of tbe i la11d levation nt t lt e t im e of their fo rmat ion . 'rhe t rrac 
a then formrtl though of con id rabl depth from fr n t t rear !t ad 11 
great vertica l interval betwe n them. Their dill' th refor !J a\' !tad 
alllpl time ince the i lands emergenc to b a-lmost wholly worn down 
by eeosi011. The breadth of t he e terra ·e tog ther with th ir low 
cli ff's, indicate tltat the ocean r maine l for a lo tt o· t im e at th 1 •v 1 
b tw en 1,320 and 1,·-oo feet . 

\.bove 1/00 £ et not rraciu o· exist , o far a • ould b det rmin •d. 
Th rei a fttint ltotchin g or one of tb ri(lg near h ummit of the 
i land which may be due to t rracin o-, but tlte vid nc i · xtr m ly 
doub tfuL H i of corir e p s ible t lJ ~tt tlt i land It a b n t rrac d to 
t!Je very top - but if so, eitber thee older terrae s must have been le s 
de,·eJoped than tbo e b I w 1 500 f t, o tllat t h have yi >ltl tl more 
readil to th action of ero ion, or 1 tho aboY 1 500 feet k1V l.>e n 
much lmtger xpo >d to ero ion than t lt o e immediatelyb Jow thi 1 vel. 

ilfo t if uot all of the t rrace below 1,3-0 feet ar of nffi. ·ient ize 
and (1evelopment at ome poiut 011 tbe i land to b a. il ' di tingui It tl 
on the large- cale contoured map with ontour int rval of 40 fe t. 
Tltese t rrace may frequently b tra ed for mile o-iv in o- u . th out­
line. of tb older bor , aucl o tb form of the i~land at different 

tagc of it ri ' e. Thee line are in a ll ca e roughly parallel to the 
pre, ent ·oa t. 1any of tlt bore lin e , however, remain only in frap;­
ment . A. the i · land emerg cl, tep by tep the n wly formed oa, t 
fr quently encroa bed upon its predece ·or. Tbe pre n t coa , r · 
doi ng th i now o that if it i g iven ufficieot time a ll trace of th 
preceding terrace wi11 have heen removed, and tho ocean will be 
attacking tlre cliff below the bigber terraces. In the same way s me 
of the earlier terrace::; have beco me mere rem nant , a nd others may 
ltave been lo:t entirely. The origim1l 11umber wa · without doubt 
greater than that which may be fountl to-day. 

\Vh en at any poi11t tlJe. ·lift' cutting has been o ex ten ive as t o remove 
oral or more of the prececliug t erraces, there tt lt iug cliff 'vi ll he cor·re-

'Bull. DerJt. Geol. uiv. Cal. , Vol.l, No.4. Decc lllh ·r, 1 89~. pp. 11!>-- 1~9. 
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spondingly hi gher. The best exampl e of this i. seen at about the 
middl e of tl1 e southern ~ id e of t he i land , wh ere at one poin t, at the 
back of t he 60-foot terrace, t he liff is orue 600 fe ti n heigll t. This 
cliff extend. for some eli tance at nearly the same alti tude, and form s the 
big he t terrace cliff found 011 th e island. It is in thi reo·ion-between 

eal Harbor and Chin a Poin t-that t h terraces reach t heir greatest 
developm 11 t . Th ir cli ffs rano·e from the height ju t mentioned down 
to a few feet, whi le t l1 e terr ace surface, from fro nt to rea.r, varie in width 
from afewfeet to more than half a mil . The average ver t ical in terval 
between t l1 e recognized t erraces i somewhat le than 100 feet. 

Th e following table .- bow the altitudes of t he principal terrace 

.·l ltitnrlrs o.f _p!·in CiJ!al le'ITa ces . 

L~-2. _ ,_ j 
Feet . Feet. Feet . - I 
1,500 

I 1, 375 

1--- . ----

1,250 

1, 040 I 
960 

930 1 

7X5 

1,365 

1,325 
1,265 

1, 200-1 , 220 

1, 135-1 , 150 

1 0 5-1, 100 
9•75 ~ 

900 

845 '60 

775-795 
710-725 

1,320 

1, 2 0 

1, 2-40 

1, 04-0-1, 0 0 

960 

760-800 

5- 6-10-680 

~ 0 -75 560 

550 I -10-530 __ __ -- -- -- -- --
4 7o __ .. ...... __ .. I 

455 
H -1:!0 

360-31-

:00-305 

255 ~ 

200-220 

155 

60 

12 

4 0 
440 

::!60--<100 

2 0-3:20 

240 

120-160 

40-80 

1. "Altit.ml s of terra e· , a d 't rmin cu b uncro id on tra.il from Wilsons C'o,·e 
to th Ltmmi t." (LNwson , Po. t-Pliocen Din tropbi m, p. 131. ) 

2. Alt itLHle of t errace , a. determin ed by an eroid by t he wri ter. 
3. Altitu 1l of terrace on Ill so nthwc tom lope of the islanu , n r ail from Coast 

and G odetic Sur vey manuscr ipt ma.p, to tb e neares t 40-foot cooto nr. 
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Th r nre probably otller minor terraces t 0 indi tinct to wanftnt 
de ermination. Two or tbr cloubtful a e may l)O ' :"ibly ll:tYe ·rept 
into tb tabl . Iti alsopo ibletb~Lt v ralofth t nac · o·i\''Jtin 
th e cond colnmu ·are d npli ated, owing to Yaria ion . in tho 1 arom t •r, 
as the reading were mad on difl'crent day. . Owino- to the f'a ·t that 
the ue ' t-<l eYcloJ)ed t rrace ar ut by tll largest and m ' t impa ' ;,;ab l 
canyon , th y ca.n b followed only for ll rt clistan ·e . I) tTitn, from 
tl1e cliff and in a few in tance larg a,llu ial fa.n cam; tlt 
to g rade into the cliff' b hind them, so that h exact h io·ht ofth old 
shore line is r 11dered -difl'i cul of clet rmination . 

TI1e figure in the la t olnmn ar appro imate at b st. 
in tan·c . it i by no mean ertain whi 11 on of two Ot' thr 
i near t t lJe correct altitud f th t nac . Tb r ading as ·iv u 
ap1 ear tor pr ent di tinct t rrac , thou gh tller may b a clnpli ·ation 
in tbe440-and4 O-footreadi11 . . Thechi fdi{fer nceb'tw n thi li ' t 
ancl th "corresponding on given by Prof , or La,"- on 1 lies in th , fact 
that in ev ral in ' tance where two f ld::; r ading appear to r efer t.o 
tbe arne terrae tb y have been combin d. 

That tbe e are of h natur of tru w<:tve-cut terra e th r cn,n be 
no doubt. Even if tber wer no mor po it iv evid nee their parallel­
i m to the pre ent bore lin would be. uggc tive at th l >a t. The 
carcity on tlti island f Lbe rolled mat rial u ually fonnd in connec­

tion with uch terrace:· ha b e11 noted,2 but tb failnr to find it 
appear · to be due ouly to its oncealment by later c1 tritn . bor con­
glomerate was fonnd by tho 'ni t r ~Lt a number of point in tb n,ngl 
between the terrace aud it cli.ff. or rar ly pread ov r tl1 e narrow ter­
mce it elf ancl covered in mo ·tin tauce by 5 fe tor more of d tritu 
from the cliff' a.bove. t one point numerou bivalv . (Lucina cali­
forwica onracl) and rolled p bble wer found 1' tinrr on the upturn c1 
and bevel d etlge of l\Iio eue depo it,, th who! ov r cl ton, I pth 
of abou 5 feet ,-vith wash from th hill . lope . lJ 11 borings w r not 
seen in conne tioH- with the terrace , ex ·ept at one point wll r tl1 y 
oc ur in the terraced snrfa e of tl1e -;\[ioc ne hale at an levation of a 
Jittle 0\7 er 300 feet. 

Fnrth r evideuce of tl1 e bara.ctcr of the terrace i. found in th ir 
se:tward lop and th lev lliue at. tl! rear rcpres nting tl1e old hor 
line. Pr~jectino· points of rock on the terraced urface, omewhat 
removed from tb liff a tile re:-u-, were een at a numb r of point on 
tb island, both on th higl1 rand ou the low r terraces, ·orr pondiug 
iu po itiou to tile tacks wbiclJ mark the pre, eut <'oa t . At th iJOrtlJ­
we tern xtremity of the island circum tanc eem tq favor be forJllH ­
tion of stacks. A eri e of them is shown on th map oft' th pre ent 
coast, a nd , likewise, tb yare especially num eron ·on tile low platform 
wlli ·b marks this end of the i land . An unusually large' ta k" is 
se n near the center of .Pl. LXXXYI. 

1 Post-Plioc·euo diastrophi m. p . 131. 
'Lawson, Joe. cit. , p . 130 ; also Cooper , Goo!. Sun·. of Cnl. , Vol. I , 1805, pp. i 2--1 6. 



IJ. 6. GEOLOGICAL SURVEY EIGHTEENTH ANNUAl REPORT PART II PL. XC 

TERRACES, SOU7HWESTERN COAST OF SAN CLEMENTE ISLAND, FROM ABOUT 2j MILES SOUTHEAST OF SEAL HARBOR , LOOKING NORTHWEST 





f':MIT!-1.] THE ROCKS. 477 

Cave· are occa ionally een in the liff ba.ck of the e tenaces, and 
t hey were t lwu o·IJt by Cooper 1 to have be 11 form ed by waye a ·tiou­
doubtle, s becau e of th eir gen ral imilarity to ca\·ern:; form ed by t h 
wave along th e 11r ent shore. Tb y do not apr eat·, however, to have 
been thu formed , for the cliffs bav , as a. rnl , offered con id rably 
front ero iou . iuc:e tileir elevation, 0 that if uch caves had once exi ted 
tl ey \YOuld now be partly or wholly obliterated by the weariu g away 
or the clifl'· furth er, the ca\·es oc ·ur 1req ueu tly in the la.rger t ream 
canyon , a.ud therefore out of reach of wa,·e action . On the otb r 
l.nnd , th ca\·es do not e m, in general, to be a part of th e original 
·tru ·ture of the rock /though a few mall one · were seen which doul> t­
les · are or tlti character. Til e majority of them, hO\\·ever, eem to be 
formed by a ort of nnclerminin o- proce, through the agency of ]!erco­
latiog waters. The ca.ves generally oc ur in the fra o· mental volcanic 
rock , aucl wh ere th e a re found in abuudanc , a toward th ou b­
ea teru eutl of the i ·laud, caves are num erou . H ere they o ·cur both 
ou tb fa e of th terrace li ffi and in the cliff> of the. tream canyon , 
anu in nuwy pla ·es t bey are o nurn rou that the cliff at a eli ·ta.n ce 
looks as if honeycombed by the mall cavern . The hap of th cave 
is usually very inegular . 

.A no direct iuformation could be obtained a to th part plny c1 in 
their forma tion by running water, it could only be inferred from t heir 
po itiou form, and tl.Je charact r of their surface . Po --ibly many or 
mo t of the caves originat1·d tltl'ouo·ll the slidin o- of water -soakell110r­
tious of tb rock formin g the •lift'· but to wbate,·er force of rosiou 
tb e beginning · are due, the proc · is undouhteclly continued ou tltc 
·id of t h av and O\' rlt ad by a. g- t·adu allo R ningancl f~1 llin g away 
of' tlt frao-mentR or whieh th P. ro ·last ic rock ar made up. Th e finer 
l'ra o· ru nt bl•tw n t h · a r r bl ·k fall firt, J a.du o· the e large 
an g nla.r p iece ' proj ting from the suri~1 ·e, many of th m a.ppca.riug a 
if Oil tit' p in t Of' fallin o·. furtb er proof of t bi orio·in for IDO t Of 
tbe a i t> bat an xactly imilar ·a \· of con iclerabl ize-lar o-e 
noug h to fnrnish h Iter£ r I rltnp .fifty per ou :.......wa found on tbe 
outh •rn id of th island in a coar e hore cotwlomeratc, and th e 

la ro-l' t' fragm nt. of tb couglom rate proje ted iu th e am way from 
the ·id · · a nd top of th cavern . 

'l' l U J RO 1\::5 OJ-<' 'A 

an 1 m nte i, built up almost ntirely of lava flo '' , with inter­
ca.latcd vol·an ic br ccian autl n ·11 cl po. it . .A mall proportion of 

dim ntary deposit , 1io ene and l:tL r, mak e UJ the r emainder. 
'Jbes dep it, are ·een about hin n, Point, mugo·lers Cov , a,ud 
toward the northw tern part of the i ·land, occurring only a a t llin 
covering of t he rock beu ath. 

1 Loo. cit. 
• Law sou, Joe. c it. , p. 133. 
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'Ill yoJ cauic lt av a g ueral dip at a low angle in to direction ot toe 
i ·laud' t il ing, t hou gh for mo t of the north we tem t oird of tu i lnud 
t oe tructure is in part anticlinal the dip being to eith •r sid from th 
main rido· , and on the north a 1· •ragi11g about 20° . 'rh vol ·ani· and 
the-Miocene sed im -ntarie are in part gently fo lded in th dir ction of 
the i land' length. 

The edimentari s and th fragm uta! volca nic ro •];: ar in plac . . 
impreg nated with ·odium chloride, v u at a om;iderabl altilud 
above the ocean. Thi i , true of these rock. · 11 0t only at or n ar the 
urfac but a! o iu the bottom of tb large t canyon ·, ev ral hundred 

feet above ea. le1· I. o gr at is th autount of contain d , nit that 
many of tlte ca1· · at he bottom of the large t cauyon ar coa,ted wi h 
au eftlore ceu e of alt in threal-like fiber . 

ERUPTIVES . 

'Ihe eruptive ro k of which San Cleut nt is o largely formed ocem 
maiuly a · flo 1Y . "\Yitlt but two or three ex ·eption ·· th y a,re 11orroal 
pyros:en -aud ite ranging in che.lllical compo ·ition from ba ic to acid. 
The exception to tbi~ p:roupioo· cou ·i t of tho you ng ·t ,-olc:wi · ro k 
of the i ·land, which have been cia' eel iu one ca. wi h the dacit and 
in another with the rh yolite , though ·lo. ly r Ia ted to tb < nde it ' 
in the character of th eir pbcnocry t . Th o si li ca content in tue ·e 
youuger 1·ock i · G7 aud iO per cent re!:ipe ·ti \ ely. 

"DE I'l'E . 

'J'bc mo t pron un · d t <1 ur pr nt d l.>y tl te and ite in th fi ld is 
thejointed ructurewui h manyoftlteflow bavea· umed on co liuo-. 
This ·tructur is not wholly characteristic of indiYidual flow but it 
may be a umed uy any of them, ancl the arne flow at oue time m<1Y be 
joi nted and at another may how no jointing at all dependino- on th 
rapidity of it cooling·. lu the ca e of one flo1v re ti ug on <1 brec ia, 
the rock i · distinctly jointed to within two or three inch.e of i ts low r 
conta t. Betw n tlli point and tl1e contact the rock c!Jan o· ' in col r 
from a dark gray to black, and in tru turc it i no longer jointed but 
very Ye ·icuhr. Tbe jointe.l structure eau e · tiJe rock to br •ak into 
]Jlntes or le11 e~ of varying tbickne , u ually betwe n oue a ud thr e 
ceu imeter ·. characteri tic vi w of t bi s jointing is bow n in Plate 
X I. Tbi jointing, o common to tue ro ks of thi i land, i not 
developed to any noticeable extent in the s< me erie of r ocks on Snuta 
Catalina. 

Many of the flow occur mas ive with nod finite plane · offractur , 
and usually more or le. s ve icular. 'Il1e ro ·k varie fro m vc. icn lar to 
scoriaceou . A local developm ent of a frothy and gla y an de ·ite 
occurs a t China Point, the cavitie of the volcan ic rock b iug com­
pletely fi lled wi t lt a yellowish-gray lime torJe. 

The flows range in tltickues · from a. few feet up to 50 feet or more. 
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ln texture they are fLUe-grained and compact, or coat'. er-grained , with 
a rough , unen'n fracture, t!Je gra,in depending on the rela,tive a,J.mn ­
dancc of the plJenocry t and the development of th , min ral of the 
grou ndm a . The r ock with the coar est gTain are natumlly t he 
jointed roek while the more ve icular rocks are :fine-grain ed . An 
occa ional alteration of the iron oxide in patches through tbe ro k 
can e i t to pre ent a mottling iu black and deep red . Tb rock ordi­
narily varie i n olor from a rather li o·lJ t g ray to black th e li ghter 
color s, n. a rul , accompanying t he coa,r er ·ry tallization . 0 ·ca-
ional]y th ro ·k i r ed. Tbe a,nde ite are usually frc~b, and in o·eueral, 

where any alteration ha begun the byp rstbene i t he ouly min r-al 
wbi h l1 a uil'ered . Th e ande ite are in all cases porphyriti ·, thouo·b 
in a, fe\\· in tances til more compact rock bow on ly a mall number 
of ' atter ed pheno ry ' ts. 

Th c sent ia1 min ral of the e rock , a 
are a. m din m ba i · plag io ·lase feld par, 
both and magnetite. A ll the e mineral 
usually in t he groundm a also. The groundmas ' range from n arly 
holocry ·talliu e to a.lmo t wholly glas y. ' Jdding ·itc 1 occur.' in one 
speeim n, obtained a t he ba~e of the cli ff about a mile and a, half 
soutl1ea of \'\ il on ove. ome of t b se a nd e ite are indistin o·ni b­
aLl mi -ro l:opica lly from t lLO e of auta Catalina .2 ·where there is a 
difference, it is chi fly due to the fact t hat the au Clemente nnd ites 
a re frequ •nt.ly much coars r -gr<1ined than tho::;e tudied fro m anta 
'atalin a, and th e h ypee then of mauy of the former rock pre ent 

somewhat eli fl' reo t properties. 
The f ld spnr rnno· from a 11d in to an acid labradorite (Ab 1 An 1) . 

'I hey pr :,; 11 t excel! 11 t cry ta l bonndari orne in ta11 c thou~·b 

tl1 majority of th e .'ection Zou in o· is not 
11 unlly pronoun d in the ro ·k but it i not i nfr qu u t and i bowo 
notonlybytllecliff' r ntlay r 'offeld ' pnr ub. tanc grO\Yi ngprogre. -
ively mor a ·id outward, but a l o by tbe in In ·ion . The £ ld par 
·ontaiu 1 a in ·ln ion -, r ar Jymao·u titeo·t·aiu mallaudronnued o-rain 

of pyrox n , mor or J ·s g la :s or in lo d crround ma , and n umet·ou ' 
clu t -lik partiC'I ln ·e,- ra l in ·tauc<> tb outer border of some of 
tb ' feld pa r · J1 av a mi cropu cilitic ~tructure, a nd con ta in abu ndant 
minut pyrox n gmin s, so111ew hat , maller tban t bo -e of t he gwund­
ma. , tllu 11 wirw a oTowtlt of th feld,l ar np to a point uot long 
pt· · ding th' n>;olid ation of t il gronndm a . T il e inclo ure of 
gla .· or portion of tl1 oTonndm a. are u:s ually very irregular in 
shnpe. asionnlly inclu ion of o-Ja are zonally an·ang d, ra.r ly 
iu tlle form of 11 r;ttiYe rystaL. Hare!.) gla ' fill the larg r p art of 
tbe ry ta l, and in on licl e area of g-las. are seen, citb r ueaely 
unbroken or a a ·oarse net,~ork , with a narrow border of ~ ILl par 

I Tl·o g-eology of nrmelo llny, uy And row c. r.nwst>n: Hull. Dept .. Gool. nh·. Cal., May, 1 93, Vol. I 
(I 9a- J89U), pp. ~ J -36. 

2 Tho g•·ology nf Snn tn Catnlinn l s), 11 rl , hy 11·. . '1'. mitu: Pl'oc. nliforub A end. 'ci. , ~ tl serie , 
G •ology, \' ol. I , No. 1, Feurunry, 1897. pp. 30 I. 
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ub tanc , and a. :fi w smaJl fra gments of feld par through the gla · , all 
th feld par havin g a unif(mn extin ·tion. Tlte du t like part icle.' 
iu ·lutl ed in the ~ ld pars oc: ur in patch c or zones, and u nally uch 
ar~a show lJy tlleir xtiuction a . li O'btly cliffer nt £ ld par sulJ tauc 
from tbe adjoining· cl ar. pace . Tlti dust i laro·ely ind ' termiu able, 
but , o1oe of it, a . n with high I ow rs, cou i t of liqui ll iu clm;io us. 
ln general, he feldspar i quite fre from alteration pr du ct or auy 
ort. 
The pyroxene ar usually nm h le abundant t ban tiJe .D ld spar 

pbeno ry ts, autl nsiderably mall r. Both ano·ite and Ly p t"thene 
arcpre ent in mo toftlte ·!ide ,butth r lat iveamou ntof ea· lt <Hie 
con .. iderably. The hypersthene fr quently pre cut ex<.: !lent crystal 
form s, the be t, as a rule, b in g in the ma.ller phenocr·y t . Both min­
eral l1 aY a pri mat ic hab it, thoug-h in cro cti n they frequently . how 
an elongation parall l to the u axis. The cleavage is ll. ually (thon g lJ 
uot alway ) pronoun ·cd. Liquid and mall gla in lu ion .' ar l'ou ud 
in both mineral occa ionally a negative cry tal . Twinnino· i ·om­
mon iu th augite, in some lide a ntl i rar ly 1 oly y ntlJet ic. 'IlJe 
two min eral , in a few instance are in tergr wn in pa.raJlel po ition, 
and in on ca e tbe int roTo,·vth i i)Uite in tr i a te. . uall , b ow ,. r, 
the hyper ' th ne app ar to have cry ta,lli zed a littl ' cadi r than th 
augite. Both mineral ' in a number of in ta nce , bow a p riod of 
growth following a periou of con iderable re orptioll, for wb n they 
occur a inclusion in the feld ·par the. e inclusion ar alway:-; ma ll , 
ronucl ed graiu , u ver a large a· the pbenocry ts and i n Oill y on 
in ta-nce bowing any iudica.tion of cry tal form . In on lide ev ral 
of the hyp r.·t!Jenes ar rouml U. w!Jer · iu contact with t h fcldRpat· iu 
which they ar partl5 inclnd u, while tb port ion in tb grou ndm a:s · 
pre eut co mplete cry tal form . In another in tance a twinned au ite 
i nrround cl l>y an uut\..·inued bord r bav i11 0' a n extin •tion betw eu 
the extinctious of tbe two halve of th e tw in. 1'bat a part of tbi 
marginal growth o currecl bortly before tbe on oliclation of t he 
groundma i eeh iu tw slide . In one a . ection of augite ha n ar 
it ' outer borcl r thre sruall included feld pars lo elyre embling tho e 
of tbe groundma ; in the other, eYeral e tion of augite have an 
outer border wbi<.:h can be di tiugui ·bed from t!Je grou ndm a on ly in 
11olari zed li o-ht having iu ordinary light tbe same deep y llow color as 
the glassy groundma. s. 

In color the augite i very pale green. Tbe color of th e byper tb ene 
ditl'ers in different lide . In orne it re emble the aug it very clo ' ely, 
and i but slightly pleocbroic, like that of tbe Catalina a ntle ite . In 
otb r pecimen tu e hypersthene ba a. deep r color and show a pro· 
nouuced pleoclJroism. In the e .c = uirty grayi h green, tr = reddish 
yellow, a= pale browni h red . The absorptio n formuht is .c > h > a . 
Iu general the more highl y ·olored hypersthene tends to alter very 
r·eadily, while that which i most like tbe augite is usually quite fresh. 
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The alteration is into .fibrou serpentiue, generally well charged with a 
yellow to deep· brown coloring of iron oxide in tb portio11s first altered, 
ancl takes place, a a rule, along the borders and crack . In one !ide 
alteratiou of the hypersthene ha, given rise to a yellowish aggregate 
characteristic of the alteration of this mineral in the rhyolite, and 
de cribed more fully under that head (p. 487). In a number of slides 
many of the hypersthenes are bordered on the side ' by augite occur­
ring usually as narrow rod , but iu several instances as a rie~ of mall 
grains. Tbe rods extend alo ng those portions of the hypersthene par­
allel to th c axi , and where the hypersthene present an unbroken line 
the augite frequently form a ingle rod along its border, in two or three 
in tances even projecting beyond the end of the hyperstheue into the 
groundma. ·. The width of the e rods averages 0.01 mm. They are 
doubtle cry tallizatious belonging to the groundma , their vertical 
axes oriented to accord with the orientation of the hyperstheue. 

~1aguetite u ually occurs a, mall grains and octahedra, and most of 
the slides are "·ell peppered with it. 

1o t of the iclding ite mentioned a occunin g in one of the !ides is 
of a bright-yellow color aucl i a ociated with a varying amount of 
erpeutine. It i ·quite irregular in form and occur. a mall, cattered 

phenocryst. . The other phenocry ts in tbi rock are prin •ipally labra­
dorite and angite. The rock yields on analysi. 55.38 per cent of ilica. 

The groundma i u ually medium-grained, hypo 'I'J'Stallill , le 
often hyalopilitic. Flow tructure is not common, though pronounced 
in orne ca c:. In th roc!;: ,· of coar e-grained groundma s the truc­
ture approache · holocry tal line. Feld par occurs as laths, alJ(l i usually 
oligocla. e. The p roxenc i largely augite, occurrino- in flake and 
irregular prismati ·form . Th maguetit of the gronudma i u ually 
found a a multitut1 of mi ro copi · dot in the gla sy ba e. Occa-
ionally th - arc o abundant a· to render tlJ gronu<lma n arly or 

quit opaqu. The gla in the groundma '' varie greatly in amount, 
in part forming onl ' a, small iut r titial re idue, but occa ioually con-
titutiug th bulk of the entir Iitle. In color it i usually ~L dirty 

gray-brown varying to nlmo t black from contained magn tite. Wh re 
t!J iron oc ·ur in another Htat of oxidation the groundma sis almo t 
brick-red in color. In one. sliue tlle groumlma' war:; a clear but very 
deep yellow. The ve icular cad tie eu in the groundma of many 
of the lid s show no ·ompre sion and are only oc ·asionally lined with 
a thin .film of pal -O'r eni h econdary product . 

The frothy rock from China Point i een nuder the micl'o cope to con­
sist almost wholly of a pale browni h-yellow gla , in which occur very 
D w s attered ·ectious of labradorite, prin ·ipally a mall laths. The 
cavities of the rock, a already stat d, ar laro·ely fi lled with calcite. 
Thi deposit, as shown by qualitative tests, contain ome magnesia, 
and in portion of th ro k the part soluble iu acid give an abundant 

1 GEOL, PT :2--31 
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precipitate of iron and alumina. Tl.li 1 roduct iu it g ncral appea ranee 
mu h resembles the ordinary Iioceue lim stone. 

A little over 3 miles to tb nortlnve ·t of Cll.iua Point a <like-lik 
rna of andesite about 2 feet wid is en exteHdino· from th ,' ltor 
for ~L hort di tauce out into tbe water. Tb r ·k i · join t <1 tmn -
v rsely to the direction of tbe dike, 'vllich tbu pres nt the app ar­
ance of a pile of wood. The ro ·k i dark-gray in color and ontain 
minut , , catter d ve icle . lt show few ph nocry t · under th micro­
scope and most of the e are labradorit . The grouudma i · quite 
coarse-a-rained on isting of fel<l. par lath and sea ter d grains of 
pyro.s:en , with a con iderabl amount of bla ki h gla . F low truc­
tnre is quite pronounced. 

There are a ociated with tile ande ' ite at lea t two 11arrow beds of 
ash coutainin o- mor or I coar e, fragmentary mat rial. One of 
tbe e beds occurs iu the upp r part of the au<lesite erie and p rhap. 
100 feet below the rhyolite. Thi a h i: dark-gray in color, omewhat 
redd ned at on point, at it contact with th overlyino· " icular lava. 
The other bed of ash, e u in Hed 'anyon, ha a tbickne ' of from 1 to 
3 £ et, L· of a light-gray color, aucl rather compact. It occut· fin Jy 
bedd d. nder the micro cope these rock are eu to be mad ' up 
largely of graiu of a pale browui ·It-yellow to de p-brown gla , with 
which are a sociated numerou mineral fragm nt almo t wholly feld­
spar, be ide more or le.· , ulackish or dark-colored glas y to partly 
crystalline volcanic fragment ·. 

'Ibe volcanic breccias 111 ntioned a o cnrriug with th audeRit 
con. ist of vet·y corm mat rial held together by a· moderately fin e­
grained cement. The fragment thu contained are sometime · many 
feet in diameter. These breccias con titute a con id raule proportion 
of the volcanic rock of the i land, and reach their a-reate t develop· 
ment toward the outhea tern end. Th y are y llowi h, reddi b, or 
nearly black in color, the red predominating. Tb cementino- material 
of the rock i usually firm and compact. 1icro copically it i mad 
up of volcanic fragments in a u ually gla sy matrix. Many of the e 
included fragrneut · are principally of gla s. The matrix ontain , 
be ide gla s, angular mineral fragment chiefly feld pathic. 

DACITE. 

The dacite, wherever it wa foLmd, was the upper flow or flow of 
the entire volcanic erie , with tlJe exc ptiou of the rhyolit . Tl.li Ia t 
is without doubt the youugest volcanic rock ou the i land, althougll it 
was not seeu with the dacite at any point, o that tlleir relation could 
be determined only indirectly. The main occurrence of th dacite i 

. near the center of the i land, extending in the direction of t.he is land's 
length from tue large sedimentary area to a point uot far from the 
highe t part of the i land. This area reaches a maximum width at 
Seal Harbor, where it come down to th water' edge, it northern 
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limit being beyond the crest on the northern side of the i land. 
Besides tbi · main area there is al o a mall occurrence of tb e rock at 
the extreme southeastern end of the island aud another on tbe ere t 
above Wil ons Cove. There are also very small patches along the 
summit to the outhea t of the center of the island. 

The color of this rock varies from a, rather light purple through 
gray to almost black, but whatever the color, it has usually a purpld1 
tinge, particularly if it is at all weathered. It weathers through purple 
and yellow to a dirty white, which yields on disintegration a very fine 
and very li o· bt-colored soil. The rock occurs in many places in a jointed 
condition. It i frequently very fin e grained and co mpact. In parts 
of the main area the rock shows vesicular structure, the vesicle , bow­
ever u ually completely flattened in the direction of flow. This facies 
tends somewhat to break into irregular plate along the flattened 
ve icular surfaces. 

In most of t he pecimen there are few phenocrysts, and these gen­
erally mall. They are largely plagioclase felclsr ar, together with more 
or less augite, hyper thene, aucl magnetite. The felaspar is ande ine, 
and its cl1aracter are in g neral the same a those given for the ande­
site ·. It occa ionally tends to more angular form , and the dusty areas 
are more commou, for tbe roo t part zonally arranged. The pyroxenes 
are usually maller than the feldspars, and in amoun t t he hyper. tbene, 
as a rule, greatly exceed tbe augite. The augite u ually occn.rs in 
very irregular form , and is alway · found fresh. 'Ihe byper tbene i of 
the variety which is readily altered, and in nearly all ca ·es tb e ect ions 
of this mineral are more or le s serpentinized. It is generally consid­
erably re ·orb d, though in a few iu tances it shows good boundaries, 
eith r omplete or partial. It i pl ocllroic, though occa ionally the 
pleochroi m i arc ly noti eable. The mineral i frequently or­
round ed by a border of varying width, heavily tained witll iron. 
Although the alteration of the hyper thooe i u ually into erpentine, 
gre ni h to pal y llow in color, ill a number of slides ection of 
hyper then oc •ur, wholly or partly aJtered into the yello'vi ·h aggre­
gate which i particul arly characteri tic of the rhyolite. 

Tlt grouudma of thi rock i. iu mo t case holocry talline, the few 
ex ·eptions ltowing more or le interstitial gla s. It i , generally very 
fine graiuccl and i compo d almost \Ybolly of felcl pacr and magnetite, 
the feld par lath u ually showing very pronounced flow . Iu a few 
instance pyroxene occurs a au e ential mineral of the grouudmass 
in th form of flake and pri m but in general it i entirely absent. 
Quartz oc tu· in the grouudmass in connection with some of the 
structure to be de cribed. 

The magnetite, ometime altered in part to hematite, occurs as 
du t -like particle , minute grains, needles or arborescent growth , and 
frequently llows a more or le s parallel arrangement. It is well cat­
t ared througl1 t b groundmas , and frequently appears to form a 
complete network. 
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The feldspar oc ur both <t lath and rectangl s, principally of 
oligocla e, and as allo triomorphic microgrannle. . Tbc prop rtiou of 
laths to tbe granule i variabl . Be ide it o · urr •nee in thi form, 
the feld par al o appea,rs in prouounced patche of varying iz . The e 
pat ·he , when uffici ntly large, hav g nerally ~L pronounced micropm. 
cilitic stru ture, which is characteri tic of most of tl1e lides of this 1'0 k 
and which forms the mo t marke l feature or the rock as a whol , di •. 
tinguishing it from all other rock of tlle islctnd. Both the mailer <tnd 
the larger patches have, in general extr m ly rao-gecl bord r . Where 
two patches come in conta t they are allotriomorphic, sometim with 
their borders intergrow:n. In a few in tan es there i an intricat inter· 
growth of the e areas in the groundma , with development of mi ro· 
graphic structure. 

The patche occur a cattered ar a , ometimes few in numb r, but 
occasionally filling the larger part of the groumlma . Though at t im 
developed a mall fiakes, the e area a re generally comparable in ize 
to the feldspar pheno t'Y t . These a reas and their tru ·tor are 11 0t 
distin guishable in ordin ary light, excep t c ·a ionally by th ir compara­
tive freedom from tll e network of magnetite micro li tes. nder ro ed 
nicol , however, the uniform extin ction t hroughou t th e e pat ·he at 
once calls attention to them, be ide· th fact that their polariz~ttio11 i , 
u ually much harper and brighter than that of tb rest of the ground· 
mass. Tlle microgranular feld ' par of the latter, in parti ·ular, g 11erally 
show a :D eble polarization . Tll appearance of thes p<ttch i ' fr · 
quently that of a network of feld par la tll ( bown iII Pl. - r 'II, A). 
Tb bief differen ce between them aud u ·h an as cmblao-e of imple 
lath is the uniform extinction of the entire area. In many a bow· 
ever, the parallel arrangement of tlle feldspar lath of the grouudma ' . 
gives the e lath a nearly uniform extinction over a cou 'iderabl area, 
and in some in tauces clo ly imulate the phenom non b for m n· 
tioned. The very smallest patcl1 s do not form uch a lath-lik n t· 
work, but mor nearly resemble a veey ineO'u]arly boun1led imple 
grain of £ ldspar. :Nor do these malle t aeeas llav the pronouuc d 
micropreci litic character een in roo t of tlle larger ection the rea on 
probably being that their mall ize prevents their ontain ing an appre· 
ciable amount of the other mineral of the grouudma , except, per hap , 
magnetite. 

On extinction the larger areas show their microprecilitic character, 
not only by their containing considerable magnetite, but by inclusions 
of teld par laths and granules without uuiform extinctiou. This 
structure i brought out only ou close in pection, on account of the 
minute size of many of the feldspars of the groundma and their 
feeble extinetion in many instances. 

The area appear to be largely of orthoclase, with a moderate amount 
of associated quartz. In one slide, in which the structure de cribed 
is best developed (see Pl. ~ OII, B), the areas form in p~rt an allotrio· 
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A. CHARACTER OF MICROP CIUTIC PATCHES IN THAT FACIES OF T HE DACITE IN WHIC H THEY 
ARE COMPARATIVELY FEW. 39. 

B. FACIES OF THE DACITE IN WHI CH THE GROUNDMASS IS MADE UP ALMOST WHOLLY OF MIC RO-
p CILITIC PATCHES. , 39. 

The rlark phon ,,cry"t n~ar tho cor, tor of 8 is hypersthene; the light one, feldspilr 
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morpbic a,ggregate in the groundmass, everal of the ections howing 
simple twiouiog. In two of the slides there are one or two vein -like · 
line of allotriomorpl.lic grain of botl.l cle:tr quartz and feldspar together 
with several grains showing the micropoociliti rncture. A. biaxial 
figure was obtaiued from a number of the e patches. Although having 
in 111any of the slides such a large areal distribu tion in tl1e groundma s, 
the actual amount of these micropoocilitic portions i. probably mall, 
forming imply are idual cry tallizatiou about the other elements of the 
grouudma . 

In the majority of the occurrences of micropoocil itic tructure thus 
far described, the bo t ha been quartz and the included mineral feld-
par, and iu two ca es, 1 at least, the e structures bad center of clear 

quartz. The occurrence of micropoocilitic quartz in the e two in tances 
ha been attributed to the orienting influence of the previously cry tal­
li zed quartz center . In the rock · from San Clemente the matrix con-
ists of both quartz and orthocla e, the inclu ion being principally of 

the previously crystallized feldspars of the groundmas . Th cause of 
the uniform orientation of the parts of the matrix here can not be any 
previou cry tallization, but it rather appears probable that the flow of 
the rock had orne influence, at lea t, in bringing about a common 
orientation of the molecule of the fiua1 cry tallization over considera­
ble area . 

RHYOLITE. 

There are two main occurrences of the rllyolite, one to th e southeast 
of Wil on Cove, and the other near the north we tern extremity of the 
i. land. The fir t ar a be in at Wilson Cove and extend to the 

abou ~ mil av raging half a mil in width. The other 
area i a littl narrower and form a band a ro tl.le i laud. Be ide 
tb main ar a th r ar at I a t two minor occurreuce one of which 
form a mall pat ·IJ not far from the north rn coast and about midway 
between the two ruain area . 

t v ral point wb r tbi ro k occur as loo e bowlder or in tbe 
form of tack on the t rrace they haYe a sum d, by weatLeriug in 
flak 01· . al 'from tb urface, a rounded, bo -like form. A. imilar 
weath ri ug- wa e u iu a very few in t:tuce in connection with tbe 
other vol <lnic rocks, and it i probably due to alt rnation ' of bca.t and 
cold. 'Ih dail ran()' of temp ratnr ou the i land during the umme.r 
month i ' ometim con id rable, and would be ufficient to account 
for u h efl:' ct ' .2 mor chara teri tic form of weat.bering iu the 
rhyolit i seeu along the water' edg a little to tl.l outhea t of Wil-
on ov . All aloug the uorthern b rder of tbi area of th e rock there 

i a on ' id rable north asterly dip at an aogle averaging about 20° . 
Th rock l.lere are coarsely jointed, and in weathering large blo ks 

' The \'Oicanlco of tho Miobigammo district of Mlcbigan, by J. Morgan Cl menta : J our. Geol., 
Vol. Ill, o. 7, ct.-Nov., 1895, pp. 811-817. Tb geology of anta Catalina I sland, by W. . T. mitb : 
Proc. Californht A.ond. Sci., Sd aeries, Goo log,\', ol. l, No. 1, February, 1 97,p. 2-1 . 

2 Cf. G. P. hlorrlU, l'rlnolples of rock wca~heriug: Jour. Geol., Vol. IV, o. 6, ept.-Oot ., 1 96, I'· 713. 
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break oft' and fall to t lle ba of the liff' . For a consideeabl di tance 
those block which are within reach of the wav s action hav b en 
eaten into on the side , n shown in Pl. X III. Tho peculiar aud 
irregular chi elino· which hav been developed her o ur on ly on tho 
ide of the block-lik rna e and in t h dir ctiou of flow. ThiR mode 

of weathering at this point i doubtl ss due to trn tural variaLi 11 in 
the rock. 

The color of the band pecimens of thi rock vari from a yellowish 
or grayi h white to almo t black. en rally the rock i quite li glt t in 
color, with more or le of a r eddi h tinge. 'l'he fra tnre i. u nally 
rough and uneven. M~ cro co pi ally t.lt e ro k i ompo d of a vari fl ble 
amount of pbeno ry ts principally of 1 ar gla y £ 1d par embe<ld cl 
in a compa.ct matrix, dark r d li h-brown to bla ki h in color. Oc ·a-
ional banding i seen . In mauy of th pecimen yell wi, lt tl ·ompo­
itiou product of om of the pll no ry t ar catt red iu pot OYer 

t.h surface, an d at one point nt l a, t, the ro k i y llowi. lJ in col r 
from eli eminated grain. of tbi am product. on iderabl pyrite in 
the form of minut o-rain wa een in a number of th p ·imen . At 
several point th rock is very light in olor an l app 'ar to b tilled 
with a hon eycomb of black compact material. ltaYinn· much tb app ar­
ance of narrow vein . Tnder th micro c p there i no sharp lin of 
demarcation bct,Yecn the light and the dark portion , and tb fact that; 
the light part; coutain minute yellow ec nclary gTain., from whi ·lt the 
other i free, would poin t; to weathering a a cans of t he tru ture. 

~licroscopically the rhyolite i een to ontain nunt ron feldspar 
pbenocry t , with fewer and cat;tered ph nocry t f hyper th n and 
magnetite and occasionally auo·it and pyrite. Th groundma R i 
generallj· microgranularin part and in part gla y showing pronoun · d 
flow in nearly all a es. 

The feld par pbenocry t eldom how complete cry tal bomtdari , 
and they occur, a a rule, either in angular broken form. or rounded and 
con iderably re orbed. Zoning i very common but tb zone tlo not 
wholly agre in outline with the boundary of the e ·tion in tb a1t g-u lar 
form . Tb at many of the ections have be n under strain i plainly 
shown by secondary twinning lam ell , . The feld par. ~Ll·e quite fre, b. 
Their principal inclu. ions are du ·t -like area like tho e of th ande. ite 
aud, oc a ional grain of magnetite. A number of feld par fragment 
were removed from the ern bed rock, and their pecific gravi ty was 
determined in Kl in' olntion by the vVe tphal balan ·e. The range 
in graviliy was from about 2.40 to 2.66, but the majority of the graiu 
were in su pen ion between 2.65 and 2.66, which corrc ponds to ande -
ine. Thi agrees with the determ ination of the feldspars by mean. of 
symmetrical extinction angles to eiliher , ide of the albite twinning 
lamellre. Quartz is occasionally seen in the !ides, much cracked and 
presenting only corroded form . The scattered magnetite grain have 
al ·o suffered considerable corro ion . P yroxene i never very abundant, 
and one of th e litle is entirely without ferroruagne ian minerals of 
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auy sort. The pyroxene i · principally hypersthene; auo·ite occnr a au 
acces ory, and i · not found at all in many of tlte slides. 'I he hyper­
sthene occurs with the habit already de cribecl, La a prou0unced 
pleochroism, and is very readily alt red, being wltolly replaced by 
second:uy products in a majority of the lide . The alteration of the 
hypersthene is into a very finely granular aggregate, frequently stained 
with iron. These aggregate arc cltiefly of two element -pleochroic 
epidote, usually deep lemon-yellow in color, and erpentine, with no 
pronounced color, bnt a faint yellowish tinge. 'l'he erpentine appear 
to be the chief constituent and to form a sort of matrix in which the 
epidote, in the form of micro-grains, is embedded. The e grain 
readily to undergo solution and redepo ition, for the ection how 
that the amount of this material in the erpentine is variable, and it 
is common to find it scattered through the groundrua s of orne of the 
slide , occa ionally as fine vein or lines extending from the pheno­
cry. ts out into the groundma s. In two or three of the I ide a number 
of the ections are ntirely free from the yellow grain , and nothinO' 
ha been left but a lear erpentine. The groundma s L u. ually dis­
tinctly banded in narrow line and lenses, the appearance beiu o· due 
to structural va.riations, but mphasized by variations in color. It 
con i t e entially of quartz and orthocla e, with occa. ional lath of 
plagio lase and more or le gla. . 

'l'he quartz and orthocla e occur usually as allotriomorphic aggre­
gates of varyino· orain, in line and len e , eparated by narrow bands 
of gla s, which have formed "eye " about the mall r fragmental 
pbenocry t . The gla s in general i deep reddish-brown in color, 
varyinrr to n arly black. The r t of the O'rotmdma s though olor­
le. , contain.' a r>at deal of mi ro copic dn t pr tty ev nly di trib­
uted. Th g la sy portion of the ro ·k are filled with tbi ' micro co pic 
du t whi ·h from the color in rna appear to be magn tite. 

Th crysta11in portions of the groundma . vary con ' id rably in 
rain fr m ryptocr ·stallino in orne of he band to a more coaT. ely 

granular ondition in whi h tb illllivirlunl gra in attain a. maximum 
len O'th of about 0.15 mm. The coa,rser portion~ t hongh principally 
granular are fr flU ntly compo d in pa1't of lath of plagioclas f< ld-
par. In tb ear a ' the quartz aud feld par ar seen in all stages of 

cry ta,llizati n and ma ny of them exhibit only a fe blo polarization of' 
light. There i a con taut tendency to theformatiou of partial minute 
SI h rulito particularly alono- the bonl r of band , the central portion 
of tb band t ndin · to cry tallize as defi.11ite rains. The pherulitic 
ray a.rc o a ionally branched. Tbe extinc:t.ion , which i ' very fi blo, 
i eith r radial or the entire pherulite extinguishe imultaneou ly. 
'Ihe group are om tim po itive toward the quartz wedg and ome­
time negative. Th granular portion of tlle coar er area are either 
di tinct grain , frequently intergrown along the border., or they exhibit 
a microp gmatitic . tructure. 

Olosely conne ted with thi. ·ompact rhyolite are one or more ·be ts 
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of pumice, of a very lig-bt yellowish to a pinki h or reddi lJ color. Th 
pumice underlie th la rge rlJyolite a rea near \¥il son. Cove. One 
occurrence, to the southeast of Wil ·on Cove, i>< of V<triabl thickness, 
reaching a maximum of about ""0 feet, and wodgin<r out co mpl tely ome 
200 yM·ds to the northwe t of its 0Teate. t thi •lwe. s. In the cut ba ·k 
of Wilson Cove pumice i also seen, sli ghtly different in color ~Lnd 
micro. copic character, and pos ibly forming a different b cl. Tl1e first ­
named occurrence is in part free from foreign material, but at one point 
it contains a great deal of fragmental andesite, the, ize of the fra.gm 11 t 
ranging up to a diameter of a.bout 2 feet. It al o contain small 
included fragment of a light-colored pumice, much lik that forming­
the second occurrence. 

The e rocks under the micro cope are seen to be compo d very largely 
of glass, in which are scattered fragmental and corroded ~ ld par , 
hypersthene or i ts alteratil)n produ t , occa. ional magn tite, <Lnd rar·ely 
augite. In mo t of the rocks the gla s i dirty redrli h-brown in olor, 
and i tilled with micro copic mao·netit du t. In one ,pecimen, how­
ever, t he glaH is perfectly clear, and of a p~tl e-green color. Tbi color 
is not original, but is induced by the heating nee s ary in mal•in g the 
slide which process chang·e the color of the ro k from lig llt y llow to a 
deep green, almo, t black . 
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1. Rhyolite; ~ ortbwest Harbor. \V .. Ta n<' ier mitb , nualy t. 
2. Dacite; Sull.lmit east of 'ea l Harbor. W . 0 .. mitb, analyst. 
3. Partial analy ia of ande ite; Middle Ranch Canyon, altitude 620 ~ et . 'vV. 0 . 

Smith, analyst. 
4. Partial analysis of nnrlesite containing iddingsi to; bore, 2 miles southeast of 

Wilsons Cove. W. S. Tangier Smith, analyst. 
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GlllUR . 

Be:side · t he volcanic rocks already de cribed a occurring 11 ::;,m 
Clemen te, there were fouud a,t Wilson ove a 1mmber of J)ebble of 
gabbro, ranging in diameter up to 2 or 3 inche . The e pebbles are 
found on the pre ent bea 11 and in t he terrace conglomerate een in 
the neighborin g stream-gulch at an alti tude of about 50 feet. Th ey 
ar e not abundant at eitller point; on the contrary, tl1ey are quite r are, 
and i t is only b y careful earch that they can be fouucl. Their ource 
i not kuown for gabbros were not found in I lace by th e writer, 
although they may exi tat some point not reached l)y him a at the 
base of the cliffs near t he middle of the uortbern coast. 

SEDIMENTARY DEPOSITS. 

Tb e edimentary depo its of a 11 Clemente consist of saud to11e , 
bale , and lime tone .with a mall amoun t of terr ace congl omerate. 

The lim e tone and h ale are of Miocene -age, a is al;:;o a part of t he 
sandstone. Tile rocks a ide from these are in part of uncertain age, 
but, it i probable that they are all po t-Pliocene. 

1\UOC'ENE . 

Be ides t h e main Miocene area ext nding nearly acros the i land 
toward t b nortlrwestern end, tbere is a narrow uorder of rocks of ti.Ji 
age along tb s hore of vVilsons ove. A good se tion of a con idern.ble 
part of the eri e.' is obtain d in the pass above this cove. Tber i at 
least on e mall isolatE)d patch 2 or 3 mile to the outh ea t of Wil-
on . ov P., on th Jt ortb rn i le of tb i land. Toward the . outb­
a tern nd I i c n dep it are fou 11 d on eith er id e of China P oint 

a w 11 a about mug o·I r ov . vVberever fo uJtd, t he e ro ks are 
tbin -b dd tl and . b w vid •n · f di turban , u ually by gentl fold­
ing bn t al o in pla . by numerou . mall fault . Th area about 

hi ua Point a.11d HJUg <Yler o e h a. a gen ral dip towa.rd the oc a n, 
ranging fr m abou 100 to about ~oo . The rrreate t ob rved thi kne 
of th Mi n d po it;:; i about GO fe t. .A n e till)ate ba. ed on t hose 
ecti 11 whi •lt repre ent diffi ren t ta<Ye of clepo ition would g ive a 

total thi kn for t !J depo it of about 100 feet. 
The and~ton .. of the l\1iocen occur in t lt ' 1 wer portion of the 

erie and ar founll principally in th pas back of Wil on - Cove and 
in th a.r a ju t abov t he roolian sands on the opposit .· ide of the 
i. l and. 'Ihey a re 111 dium -grain ed and li gh t in color, oniaining more 
or l a lcium ·ar bonate, and grade in to th e h ale above them. The 
andy g rain are in part iruple min eral from the andesilie particu ­

larly tb ~ ld::-~par ll.nd in pa rt 111innte volcani fr ao·ment . T he car ­
bonat of lim e wi t h wltieb tlles :111ds are c mented u nally forms a 

011 idera ul , and ometim th la.rge t, proportion of the rock. These 
!:laud toue yielded uo fo , ils. 
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The shal<' vary in color from yellowi 1t or grayi ·h to white. The 
specific gravity al o varies considerably, aud tit compact tlle 
shale the mor ven ly and thinly are tb y bedded. 

The more earthy bale take up and hold water quite r adily, and in 
a number of place along t h bore they are atumted with alt water 
and are corre pondingly oft and clay-like. The bale pr ent tlt 
characteri tics shown by t he Miocene hal in g ll ral along the oast.t 
The de cription by Dr. Hinde 2 of the Iio ene rock of anta atalina 
would apply with little modification to both t he lime tones and the 
more earthy. hale of an Clement . Radiolaria are more abundant 
in general in the Clemente rock , a.nd foramini£ ra ar mor ple11tiful in 
local area . Ev n in the hal with the lowe t p cHic gravity the 
minute, angular volcauic fragment appear to be more num r u than 
in tho rocks de cribed by r. Hinde. The bulk of the light r hal 
con i t of diatom , either entire or in fragment . Minut a ities 
occur iu ·ome of the sltale aud in m t f the lime tones. Th e 
cavities, wber they pro nt definite form , are een to be molds of 
foraminifera and eYen where the form are partly filled with cal ·ite, 
the majority are undoubt dly of the All th l ioc ne 
rocks except the flaky, thin-bedded hale with tlle low t sp oiftc 
gravi ty, how more or le s efferve cen with di ln t hyllrocblori a id. 

The lime tone occur a. len e in the hal , with a diam tcr varying 
from half a foot to four£ t or more; al o in b d iut r ·alat d with til 
shales. Along tho bore at Wil on 'ov th 
dant impre ion of Peot n peolchami abb. 
shale, but fi ·h cales are common. 

Tlw lim stouo is magu ~:~ ian, a fact which would p iut; to a primary 
origin in part at least. It i probable tllat it i in part condary, the 
calcium arbonate being d ri\·ed from the foraminiD ra. The I ercentag 
of magne ium arbonate in the rock i far in exce of tbat of forami­
niferal oozes,3 and it i thi which lla led the writer to th conclu ion 
that th carbonates are in part original. 

The hal at time oc ur opalized though ncb occurren e are not 
common. On , uch ·pecim n dark grayi h-brown in olor, ha a hard­
nes of about 4.-, is compa t aud banded , with a pronounc d opaline 
luster. Foraminifera are rather abundant, occurring as minot , tran -
lucent . pot of a light-gray color. The rock effer ve ce ' very ·li ghtly 

1 me of the recenL descriptions of the :Miocene shale are fomod in th following: 
T he geology of Carmnlo Bay, by Andrew C. Lawsou: BulL D pL G oL Unh· . CaL, ~lay, 1803, Vol. 

I (1893-1 06) , pp. 22-29. Tho geology of Point aJ, by llarol<l W. Frurbnnks: BotH. Dept. GeoL niv. 
Cal., :May, 1 96, VoL II, pp. 9-15. Tho geology of nota Catalina Island, by ,V, . 1'. miLh: Proc. 
Califorui:. Acad. Sci., 3d aeri e , Geology, VoL I , Xo. 1, February, 1897, pp. 43-51. 

2W. . T. Smith, Joe. cit. , pp. 45-48. 
•In that portion of th limestono from Santa Cntnliu:. which was soluble in hydrochloric nci tl there 

was 27.3 per cent of magnesium carbonate. The limestones of San Cl men to nil show qua litati vely a 
considerable p rceutage of magnc ia, too great for a. simple foraminifera l· ooze. In the Report on the 

·i ntific Results of the \oyage of JI. M. S. Ohallenger during the yea rs 1 73-1 76, Deep Sea D pos· 
it , p. 219, tho tabl e of analyses of globigerin:. ooze shows" range ln nl g CO,, in that part wbich wRs 
solublo in hydrochlori c ncitl of from 0.19 to 2.5R per cent, while the range of Cn C08 was from 37.51 to 
93.14 per cent. Cn C03 in the Santa Catalina rock was 49.9 per cen t. 
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wit.b dilute acid. nder the micro cope it ho"·s a distinct banding. 
The bulk of the rock is of opaline ilica, though occa ionally a mall 
amount of chalcedony is een, and at one point i a mall aggregate of 
minute quartz grain . cattered through the rock are numerous 
rhombohedra of calcite and occasional angttlar mineral fragments . 
Foraminifera are abundant, and are frequently 'Yell defined, with the 
walls well preserved. The interior of the test i u ually fi lled with 
chalcedouic silica. The chamber wall may occa ionally be eli tin­
gui heel under crossed nicols by a different grade of crystallization 
from that found in the interior. I n all ca es the original carbonate of 
lime i r placed by , ilica. 

The he&>vier varietie of hale contain abundant diatomic remains, 
and the bul k of the rock i i otropic. 

From its specific gravity, however, it i highly probable that the per­
centage of volcanic matter in the form of gla sy a h i in exce of the 
organic d bri , and that the rock is to be called an a h rath r than a 
diatomaceou earth. Coar e tuffs like those a ociated with the bale. 
of a uta Catalina were not found on an Clemente, but a single bed of 
moderately coar e tuff, one foot thick, was found intercalated with the 
heavier hales at Wil on Cove. This bed i light in color and contain 
cattered angular fragments of ande ite. 
The :Miocene rock were nowhere een interbedded with the volcanic 

flows a they are on anta Catal ina, but they appear i11 all case to r t 
on the Yolcanics. At Wil ou Cove they re ton volcani breccia, in a 
eli turb d condition . The contact i imperfectly hown in P l. XCI\ . 
The rhyolite, apparently the late t flow, is overlain by the bale which 
i th r for later tbau the vol aui :flow . The a o iation witl1 and · 
ite a in th a e of anta atalina, nnd th imilarity of some of the 
and ' it II r to tho of 'atalina, make it probable that on au 

!em nt , a on the o her island, the and ite and the edimentary 
depo it ar clo ly n o iated in tim and that both ar of :Mio ·eM 
age th volcanic flows pr eding th~ d po ition of the hale and sand­
ton by only a omparativ ly hort interval. As far a could be 

c1 t rmined from th ~ w c011tact een the urfa e u1 on which tlle 
Iiocene depo it w re laid clown had been omewhat, though not 

greatly, rocled befor their depo ition a conclusion borne out by the 
pre ence f volcanic an 1 in th ba al 1 ortion of the erie of f iocene 
rock . 

L.A.'I.'ER DEPO ~I'l' . 

Th a,ge of the d po it$ later thau the .Mioc ne ba already been 
refi rred to. If a;n 01 mente rxi ted a au i land durino- the Pliocene, 
it could have been only a small on , cou i ting of the highest part of 
th pre ent i land, a i hown by the npper terraces. The higllest 
point where the lat r clep it are now fonnd mn t have been at the 
very lea t 200 ~ t below t b ~ea 1 vel a it then was, a,nd at a co n id­
erable eli tance from the shore li n of the i land then existing. If they 
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_belong to that t im e th r fore, t h depo its 11nd r di:cn ion should 
give evi leu ·e of havi ng been la id tlown iu mod mt ly deep w;Lter. 
They are not of ncb a chara ter, bow ,·er, bu t are in Ia rg part, moder­
ately coar sa ndstone., witb o asional p boles, or el ' they ar layey 
orcalcareou depo its u uallycoutainingnum rou. htrgepeubl ofthe 
volc<"Lnic rock . In uo a e do t h y show a,ny bedding. Furth r, ·om 
of t ll fossi l found in t he e rl epo it a re nndouu ted littoral form . lt 
i probable, t herefore t hat t hey ar all po ·t-Plioc n lepo it , an d t hat 
t hey w reformed alono· or near the hor line of the i land a i t was 
su ce · ively el e,·atecl. 

A · bas alread)r b en mentioned in another 
erate ha been foun d at a number of points near tb angl of t errace 
a nd <·liff or upon a terraced urface. The rc t of tll lat r tlepo ·it are 
found principally in the neio-bborbood of 1\:Iio' n rock , largely because 
the~e ar ofter than t he volcanic rocks a ncl th erefore mor rea lily 
furn U 1 detri tu . In other ca e t h r a on forth iJ· a ·ociation i that 
r mnant of the Miocene dcpo it · are found in the embayment . It i 
in u h place that the great st d position u ually take' place along a 
coa t, aml thus it i · natural t hat we bould find iu them orn e of the 
post-Pliocene deposit . 

Be· ide · t he occurren e near the Miocen rock , there i,.; a mall area 
near Sen.l Harbor, anoth r smaller one of a nd tone, not show n on the 
:map, in the upp r part of tbe i ·land i.oward it ou th a t rn nd , <tnd 
a third, al:;o of a nd tone, near the nor th we tent end on the ne •k of 
land b tween 1.. orthwe t Harbor a nd "'i• e t; Co\'e, known a ' the T t h­
mus. The form :;,tiou at thi point are la ro- ly ·on a led but it i prob­
able t l1 at mof; t of the sul'facc r·o ·k s oC the I th11tu · ~LI' of ·a ud too , 
botb ou account of th~ character of th topography aud b ecan ·ear a 
of dri fted n.nd a re een on each ide. The sandst ne of th e mall 
patch indicated on t h map near ~ ortln1e t Harbor i light-gray and 
friabl e, while th u ual color of th ancl · tone i- a dirty-browni h. 
Tbe .-arH1stou near al Ilarbor i · ·carcely 1110r t han a remnant, ~tnd 

re!<em ble t he ·Miocene and tou in geneml appearanc , but it eem 
likely that it i ' of po t -Pl iocene age. It con tain a co n iderable pro­
portion of frao-mental volcanic material. 

At no point do the e d po it form more t han a thin mantle over the 
voleanic or l\Iiocene edim ntarie , their maximum tbickne being 
perbap. JO feet. In place t hey thin out till t he mere t film of a11d or 
wbi tened oil rn a ks t he r ocks beneath. Their boundaries are, there­
fore, uot alway · defiuite. In everal i11 tau es the e deposits r est on 
tbe beveled edge of the upt urned Miocene. trata. In th upper part 
of th main sedimentary area they can not alway be definitely. epa­
rated from t he 1iocene, owin o· to the g nt ly rolling charaeter of the 
region, t he co111paratively thick oi l and abundant growth of gras , and 
the fe,,· defi nit channel . · 

Fos fls were found iu the e later clepo it a,t only three point ·. One 
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of these bas already been mentioned, where shells of.Lucina cali/'ornica 
Conrad occur wi th roll ed pebble on the tenacetl 1\lio ene d~po it , 
nearly 2 mile ·oul!J east of Wil ous Cove. A short distance , outh­
east of this occurrence there i found near th shore a deposit having 
the appearance of a traver tine, and containing, be ide numerou 
a.ndesitic pebbles, a large number of land shell . Only two species 
were found among the e bells- Helix (Arionta) rujicincta Newcomu, 
and H. ( Eupa.1·ypha) t-ryoni ( Y) Newcom b. 

The third fo , siliferou depo it occur nearly 4 mile ou hea t of 
Wilsons Cove, at an altitude of nearly 800 feet. Here there is a small 
patch of compact limestone, largely composed of the remains of calca­
reou algre, with a few fragments of marine hells. There are al-o 
associated witll the organi remain mall fragments and grain s of 
volcanic rock, b sides mineral grain s, principally feld par. 

Concerning the occurrence of the calcareous alg~, Dr. J. C. Merri am, 
who first r ecognized their generic character, bas ki..udly flll'ni, bed the 
follo"-ing note : 

Tho ro k i romposecl l argely of tom fragments of cal ca.reou alg;c, wh ich were 
examined by Prof. \V. A. i"ctchell aucl pronoun ·eel by h im to be closely a llio<l to 
Lithothnmnium. Th i genu s ba. not heretofore been known fo sil from alifomia, 
bnt is not rar in the po t-Palcozo ic rocks of Europe. Mingled wi th the Litbotltam­
niuru stems are a fe w fragm nts of ga tropod ancll amellibranch sh t~lls, which reseurule 
spe ·ie known from tb e Quatern a ry deposit of southern Californi a . 

There are considerable areas of < oli au sand ' at botll tl1e north we ' t­
ern a nd outheasteru end of the i land . The largest and most iHter­
esting area, in the form of dunes, is on the oppo ite ide of t!Je i land 
from Wil 0 11 Co" . Tbi nrea doe not r a ·h the p1·e ' nt llor li ne 
at auy poiut tlli · part of t b coa t b ing bord r d by cliff of th e vol· 
canic rocks. The and can not bav come, t b n from the pre n t s!Jore 
by driftin o- but r r bably b lougs to an older hor lin . The ource 
of this saud is probably in sma ll part the volcani rock , but doubtles 
th , larger part fit om from the uei ghborin (l' und erlying andstone . 
Thi i · the ar a wbi b contain the root and t ree trunks replac tl uy 
sand and calcite ( e pao· 466), but the most in tere t ing feature i the 
conntle' · 11umber of hmd shell which fill the and ov r the greater 
part of the a1·ea. Th yare for the mo t part the ame a the pl'in ipal 
specie of tb pre nt day on the i land-Helix (Arionta) interci a W. 
G. Binu y. T!J eir o ·curren e here in such multitude , asso iated. with 
the root. and trunk already mentioned points to a time when the e 
andy lope were covered witll a low, den e growth of shrubbery, 

about the roots of which :flourished the animal who e shell we now 
find. There aL o o cur a (l'rcat many marine shell , similar to tho e 
now found along the bore, but t lleir number is in ignificant in com­
pari on with that of the land shell . It is probable that a large part 
of the marine shell w re brought here by the Indians, the remaius of 
who e camp are ·till s ~u h I' and there. 
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IIIS'IORY. 

The probable age of tho volcanic ro ks forming th body of San 
Clemente Island has already b en g iven a J\lioeeno, little nnl datincr 
the deposition of the Miocene sedimeutarie . It lla been ·l1 own 1 t llat 
the andesites of Santa Catalina were poured forth during a period of 
slow submergeuce in Miocene time . Sine these ro k rest on tl1 
shales of Catalina, and ince tlle volcanic upon which tl1e hal .· of 
San Clemente re t were apparently eroded befor the del)() i tion C th 
shales, th ese volcanic must not only have form cl a ou tin uou rie 
tllrougb a con. iderable pa.rt of he fiocen but tl1 y must have On· 

tiuued to pour out upon tl1 e surface of atnlina l ng after tl 1 y had 
cea. ed to reach the area now occupi d by Clement . an Clemente 
did not th n exist as a ditl'erentiate!l land rna s, but formed a part of 
a larger area of low relief, over "-hicb the vol anic flow. wer SJH'Oad. 
The Cleme11te area appear· to ha\ e been <Jlo ·e to th con tal margin. 

A part at least, of the volcanic of an 0 1 m 11to must bav been 
laid dow11 in water, since the narrow beet of a b found in H.ed anyou, 
well down in tbe eries of ' olcauic ro k , is eli tiuctly bet1ded. The ash 
found in the upper part of tb serie howe,·er, i 11ot bedd d. This 
fact, together with the erosion of the volcanic , would indi ate one of 
two thing : either the subm rg nee bad not yet tin IYhen the rock 
were laid down, or, if it bad, it was slower than the upbuilding action 
of the volcanic flow -all this, of cour ·e, on tlle uppositiou that the 
bed of a h first mentioned wa deposited in marine ·water , a wa 
probably the case. In either of the above conditions of nbmergeuce 
the facts would eem to point to a bore line not far from the place now 
occupied by lcmonoo. 

The Miocene saud tone. containing and from tho and sitic rock 
al o indicate a period of ero ion before the depo itiou of the bal ; and 
further, the transition from sandston e to . hale would how ad pre · 
siou at this time. So here, as at Santa Catalina it i probabl that 
the coast was sinking, at least during the latter part of the time in 
which the extravasation of the volcanic occurred. During the time of 
Miocene submergence the shales were depo ited. The l1eavier bale , 
with the intercalated bed of tuff, would indicate that the effect of vol­
canic activity had not at this time cea ed to reach thi point. 

The Miocene depres ion was followed by a post- Iiocene elevation. 
A fmther faulting of the Catalina crust-block at this time may have 
led to the differentiation of San Clemente, by producing train in the 
crust to the outh, relieved by faulting, which formed the Clemente 
crust-block. Whatever the cause, San Clemente appears to have been 
formed by faulting, with slight folding from end to end, at the close of 
the .1\'Iiocene or in the post-Miocene interval of erosion. In thi interval 
the coast was more elevated than now, with the ocean strand Rome­
what to the westward of its pre ent position. The period of ero ion 

1 The geology of Santa Catalina Island, by 'IV. . T. Smith: Proc. California Acad. Sci., 31 series, 
Geology, Vol. I No.1, 'February, 1897. 
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SECTIONS OF SAN CLEMENTE ISLAND. 

A, Northeas terly.southwest erly sect ion, a li ttle over one·half mile northwest of W ilsons Cove . 
B. Easterly.westerly sect ion, about three- fourths of a mi le southeast of Wilsons Cove. 

C. North eas terly-southwesterly sect1on, about I mile southeast , f Middle Ra nch Canyon. 
D. Northeasterly-southwesterly section, about .J: mdes northwest of Red Canyon. 
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wa long, allowing for the exca\·ation of broad, deep channel along 
the California coa t; afterwards fi lled in with Pliocene delta depo its. I 

If the broad valley-like form near the southeastern end of San Cle­
mente (seen also in the ubmarine contours) is due to ero ion, th crust­
block at this time mu t have bad no great elevation, and only a part of 
its faulting could have taken place. Its main surface, a now slop d 
to the soutllwe t, but it mu have been at a much smaller ·angle. Dur­
ing the po t- Iiocene ero ion according to this view, broad and hallow 
channels were ut in the gently loping surface, and the e extend d 
orne eli tance to the we t and south beyond the pr sent shore line, n 

i seen in tbe xample at Smuggler Cove. If lemente had had more 
tllan a moderate elevation at tllis time, while subject to the force of 
ero ion, its topographic form hould be older and more lik t11o e 
of anta Catalina than we find tllem. It would follow tlten, that 
the greater part of the faulting whkh produced this block mu t have 
occurred e::trly in the succeeding Pliocen d pre ion of the nlifornia 
coast. If however, thi valley at mugglers Cove is tructural in it 
character, we have no definite information a to the attitude of San 
Clemente or it relation to the coa t line at this time. 

During the Plioc ue depre sion San lernente became an i land for 
perhap the fir t time in it ' history. It may be that this island was 
wholly beneath the water in Pliocene time . If so, it mu t have been 
for a comparatively hort time, for during the greater 1 art of the Plio­
cene the sea tood in the neighborhood of 1,500 feet above the present 
sea le\ el, as hown by the broad terrace with low cliffi near that 
elevation. After the Pliocene depr ion tiJe i land lowly emero-ed 
from h wa, r;;, r ting at int rval while the great terrace on the 
south rn lop wer b in o- nt. 

Th pr nt hor lin d e n t ne e arily mark the limit of thi 
elevation for i an n t be po itiv ly tat d that t he roo r c nt move­

not been on of d .pre . . ' ion . There i · d 'Vel oped 011 the 
outl1 I'll ide of th i lau d a broad ubmarin be11ch, well •howu in 

oundiug-- on tour and the e tion on the map (Pl. LXXXI , p. -±6-:1:) . 
lop of th b 11ch, a i evid nt iu thi e tion, can in no way form 

a part of the origiual slope of thi , . ide of the cru t-block. It is rather 
of t;henature of a terra e,in part, at lea t, wave-cut. ha been howu 
for th corre p nding uLmarine terrace about anta atalina . o here 
the mo t n arly l , l portion of the t na ·e i l>etweeu, approximately, 
the 200- and 4.00-foot ubmarin contour, tb grade of the lopes 
increa ing abov and below those point . 'rhe more rapid de cent 
b low !00 ~ et i hown on the map. Above ""00 feet the iucrea e of 
grade, tbouo-h a fairly con tant feature on tb ma.p i not o evident at 
the point '"her th i tiou was taken. The ex:isten e of thi sub­
marine terrace, with other minor evidence, ugge t that tbe po t-Piio­
c ue elevatio11 may have continued to the 400-foot contour or oven 
farther. It mu t t hen have been followed by a submergence which 

'PoRt Plio,·ouu diasln>pbi m, p.158. 
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bas continued to the present tim . Thi hypotb is, howev r, could 
be establi bed or di proved only by a tully of tlt o her lla nn el 
Isl ands and tbe coast, in conn ection witll San lemente. 

The greater part of the fau ltin g· of the ' lem nte rust-blo k tttu ·t 
ha ve occurred at ome time between t ll los f t he Mio ene and early 
P liocene time . Even tltougl t this i i t may be that th e faultin g­
once begun, ·bas continued at intervals ev r ·ince. It i un 
whether a n;, movement OCCUlT d durin g post-! Jioc n t int al 
main axi ' of fault ing, though ·ome movem nt certainly ha ' tak 
in other part of the block, as i eviu need by the minor fault 
island, somewha t oblique to the direction of the major fault. 

If there bas b en any pronounc d differential upward movemen of 
the cru t-block during the post-Pliocene oa tal elevation it ·oultl be 
a certaiu ed by accurate !fiCa urement of t he altitude of t rrac • 
d veloped on both side · of tb i laud. ne of the principal ob ta •I 
to uch a det rmiuati n, however, i t hat it i impo ·ible to obtain t it 
alti tude of any terrace '"ith ab olute accura y owing to the a ·umula­
tion of detritu whi h conceal th actual line b tw en cliff aud terrace. 
Furth r, it is nece ary to be certain that it is 'h am terra e who e 
altitude ar compare<l on th e two fac ', of tit blo k-a di fficu lt ta:k 0 11 

Sa n Clemente, where t he few terr ace on the north rn coa t are frag. 
meutary an d li t tl developed at be t. If u h cliff r nc · exi · betw 11 

the two id , t hey can not b great. Fur any g iveu di fferential mo\ ,. 
meut, difference· in t he altitud of the t rra es on th two ides of the 
ishtnd would b greater near tb lwre tha,n near the cr 
of t he greater width of the i la ud n ar ea le,·el. 
movewe11 t llau bccu con Li11uou · Ll11:ouglt po t-I>lio · nc li 11.1 • • a th · t ·t·· 

race ''" re being formed, it i,' probable that owing to thi · cliff r n · in 
width, the accumulated difference iu al titude of terrace in t lJ upp r 
part of the L·lanrl would not greatly exceed the differ nc · f tho 
lower l evel~, which bad ·u:ffered le of the different ial mov ment. 

What the differ nee of altitud mi ght be for any given cli ff r tttial 
mo,·ement in t he '~ lemente ra ·t -block may be roughly cal ·ulat d. 
Taking tltc altitude of Sau Clemente a 2,000 feet, with 5 -oo f< et as the 
total levation of t he block above the floor which urround it ; a ·um­
ing further an angle of - o for the gentler ·lope of the block auu only 
22° for the teeper lope, we should have a minimum di tance of 12 
miles from t he apex of the i land to the limit of movem nt on the ide of 
the gentler slope. These figures would give a width of about 5 mi le at 
the shore line, which is somewhat more than the maximum width f ·~w 

Clemente. If under these conditions(whiclt are very n al'ly those of the 
Clemente block to-clay, along a ·ection through the bjgbe t part of the 
islan<l) there were to be a differential movement cau ing an el vation 
of the s_ummit amounting to 100 feP-t, the difference in the amount of 
elevation at the shore line on the two ides would be about 45 feet, 
whil(:) at an altitude of 1,600 feet the differ nee ou the two sides would 
be le · · than 10 feet. 
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GEOLOGY DF THE CAPE OD DI TRICT. 

By .r . s. H.A.LEH .. 

. INTRODUCTORY :NOTE. 

I t 'i\ a at ftr t iu tended t hat t bi parer , bould include th geology of 
tb p nin ula of Cape Cod only, but tbe progress of the \\'Ork ha 
mad it neces ary to extend the con ideration o a~ to take orne account 
of tb .. tructur an d tlle ucce ·ion of depo it exhibited in portion . of 
the mainl and, a well a on be islan d to the outhward. Tbeprogre 
of tbe inquiry has made it uece, ary to limit the cope of the work to 
a omewhat extended di cu ion of the evid nee tl1at goe to show t b 
seri f geoloo·i al events 1vhich have oc urred iu t iJi eli trict ince 
the beginning of the Cr taceou period. nell of tho facts a· pertain 
to t hi s di . us ion are o· iven in tbi paper; fur ther detail,· will be et 
forth in th geolog·iC'al foli o of the ar a, which it is expected will ·bortly 
be ready for t he pre .1 

Inquiri in thi :field have b en very limi ted in tiJeir number and 
rano- . Tho e in tituted by the ni ted tate Geolorrical Survey have 
re ultedin a Report on the Geology of Marthas Vineyard in the even t it 

nnual Report of the Director (for 1 5-86) ; a report on Th eoloo·y 
of 1.: autu ·k t b iug Bull tin :No. 53 (18 9) of thl urv y seri (both by 
th writ r of thi. pap r) · a r p rt on The , Ia ial Bri 'k lays of Rho le 
I land anJ ·outb a , t m 1\Ia achu t , by baler J. B. Wood-

. F. Uarbut in Part I of th vente nth \.nnual Report 
urv y (for 1 9-- !Ju) · a,ncl the nopubli ·h cl folio ~tbov referrecl to. 

'l'h r ad r of the abov -named publi ·heel r por t au d of th is pap r 
will perceiv t l1a t h ape O(l eli trict ha nne ·pectedly r vealed a 
onsi lerable range of ph uom na tb eli u sion of which i c r tain to 

throw mu h li (J'b t on t b g olo rri 'al bi ·tory of t he Atlantic coa t liu e. 
uti rtunately t h vi len couceroiuo· th u ion of th se pbenom-

na i of a Y ry ob nr nature and it i t herefore not nrpri ing tba,t 
in t b r port abo r £ rred to some of it wa mi appr beoded a nd 
muchwa uot di ' ern d . or mu t itb uppo ed tbatiothe followiuo· 
pag anything lik a fi.nal tatement f tb fa t · or of the con lusions 
to b dr~ wn from t h m i to b fouud. Such a statement can not be 
'xpecterl un til inve, t igation ha gone mu b furtb r . 

I take 1 1 a ure in ac l uowledgiug indebtedness to fr. J. B. W oo(l­
wor th for ad vi · in some part of tbe work, and to Me sr . fark . ·r.N . 
J eff r. on and John Gardner for l1 elp in obtaining t be photograph from 
which th illu 

• Folios of th Geologic .Atlo of tha nit d States. 
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ORIGI :r OF APE COD PEl'o.TJ:N LA. 

The origin and tructure of the 1 nin ul a of b n a 
matter of pa ing int re t to all who have co n gc logy of 
tu e south a tem portion of New Bngland. The peculiar pit-Iii e form 
of thi promontory ' as a fir t. and 11 at um11 y, upp d to b ac ·ouuted 
for by t uc action of the marine cnrre.nt to which are du e tl1 e ·on tr u -
tion of o many of t 1J e le r cape along t l1i · portion o_f t1Je tlauti 
bore. Vi hen i t became eviden t tha t a large port ion of t ll mat rial 

compo ino· ibe hi o·her parts of the cap had been brought into po ' ition 
by the a tion of ice during tl1e la t Gla ial period, t h pit tll or wa 
abandoned, and i t wa at ou e a nm d that th g r at r part of t hi 
area owed it exi teuce a dry land to the mora inal an 1 ' trntiOed drift 
depo it which ar o evid ut on t ue surface, tbe nor tbe, tern xtr mity 
being a later addition , mad by t!J action of mario w, Y · and curr nt . 

The J a~t- noted bypotbe i a to t ue orig in of ape 'od, by gla ·ia1 
action, long appeared to hav much support from tb vi<'w o· n >rally 
euterta.ined that the outer morainal depo it. formed during t h advaoce 
of the i e were likely to bema iv and of great. xtent; o tha it thu 
se med reasonable to snppo e tl1at th portion of tlti C}tp that wa 
evidently not dne to marine ag nci . wa · a ·cumul ated a a fro utal 
moraine. An inspection of tlli fi.ell alon , without the u e f orr c­
tions which may be obtain d from other part f h ·ountry, almo. t 
nece sarily 1eacL the ob erver to ad pt tb view la t mention d. It 
was not un til I bad een much of the morainal i po it. of t h r giou 
between tbe ordill ra aud be tlauti · bor and had wad as udy 
of the relation . of th o e accumulation to t be Tertiary and retaceou 
rock of iartha .,.ineyard, Nantuck t , and otb r par t , of tbe Atlantic 
coa t lin "be ween southern "ew .Jer ey and Bo ton Bay, that I aiued 
wl1at eemed to me to be a truer in igbt into the nature of the , ingular 
peuin ula of Oape Ood. On thi account it appears de irabl to pr f­
a t he study of thi · di tr i t by an accouot of t he fact. rev al d in 
neighboring fields which seem to throw light on i ts probl m . 

GE~'ERAL R E J"..JATION OF THE DI 'l'RI T . 

A o-lanc at a map of the ea tern bor of North .America will how 
that t he penin ula of Cape Cod is in ome resp ts the roo t peculi ar 
feature of tlli. coast line; o· ographieally con idered, it i in a hi gh 
mea. ore exceptional. It ere ccntic form, a before r mark d, i. by 
no mean unique, except a' to t1Je great size of t~e book, many of the 
and spit imitating in a small way the general coastal outline of t u i 

penin ul a; but in the bold manner in which tbi. alient project · from 
tl1e ' bore, in its stron g topograpb ical relief, and in the character of it 
coast line, it finds no paral1e1 ofar as I bave been able to a. rtaiu, in 
~ny countl'y. This ex{\eptioual geographical character naturally leads 
an observer who is aware of the indicative value of u •b feature to 
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se k the origin of this cape in condition of au unu ual ort such a will 
become apparent in a di cus. ion of the general relation of the district. 

It has long been known that the Cretaceou. and Tertiary deposits o 
extensively developed in tile southern portion of the Atlantic State· 
of this country are continu ed in an interrupted belt lying to the ea t of 
tbe more ancient rock a far north as southea tem Maseachu ett , the 
Oretaceou e ·tending up to the depo its on Martbas ineyard and tile 
Mio ene Tertiary reaching to far hfield, a point orne di tance north of 
the north ru border of ape Cod. · ociated with t hese fe ozoic and 
Cenozoic deposit are xten,·ive eri s of stratified and and gravel 
wbich have hitherto been commonly cia sifted with the glacial drift. 
South of ew York the e bed how little signs of di turbance by 
orog nic action· such di tortious a h ave be n noticed in the bed can 
apparently in roo t ca e be explainecl by accideu ts of deposition. 

ortb of New York on Long L land and in the i. le to t he eas ward, 
the. b d hav be n ubject cl to di locatioJJ , which in Martha \i11e­
yard become profound, so far a is indicated by the at itnde of the 
b ds, es.c eding on the a erage the di tortiou of the Appalachian 
1ountaintl i trictoroftben io·bboringfleld ofth :Narragan ettBasin. 

Certain ob crvcr have ought to account for the dislocation · of 
the n wer rock on th ew England hor district by uppo ing 
them to b due to t he action of t he glacier of th la ·t ic epo h. A 
I have el ' ewh ·e no ted, thi vi w eem quite ioadmi ibl , for the 
rea ou that the upliftiug and folding of the bed took place long before 
tlH~ advent of th la t ice epoch. A tiJi poi nt i ' of much importance 
in the eli cu sion of the probl m a to the ori o·in of ' ape Cod, it will 
b w ll t pr n t th fact in m ' d tail e pecially a · certain - a­
Yation r' ntly mad. on lar tlia Yin yard bav om what extended 
our knowl tl<T c n ming tb hi !Or of tbe <Tlacial work in tbat field. 

u l\lartha. in yard t he r ta eon and 'f rtiary t rata, exbibitiug 
a total . e ·tion of probably 1 0 0 feet or more, ar a t into fold of cou-
id rabl ampli tud , m of th m nppar ntly xceeding 1 500 feet iu 

tran v r ' :dent. Th fold . ar com pre ed overturned, and faulted· 
in, word, th y hibi t all the marks f mountain·buildiilg actio11 work­
ing on ~ tmtifi d d po ' it of w ak r istane to ompre ion and not 
d ' Pl buri d. o g n rnl and effective ba thi di location· b en that 
it h a involved all tb rock which ar expo >d to vie' , tb averarre 
dip of th trata. p rbap x e dino· 40 degree . 

In th e xc edino·ly eli turb d trata river vall y were excavated 
whi •lt h ad t heir po ition d termin d in tb u ual manner, tbe "Teater 
streams followi no- in g neral the trike of the b d , the les r-tbo -e 
o ·npied by th t mporary tream -running at right angle th reto. 
Th Jar · r f t.h va.lleys, that of Ti bury River, i about one-third 
of a 111il wid and mor than 100 fe t deep. Upon thi normal and 
well -tlcvel ped topography, which indicate a continuance of tream 
erosio n that wu t bave oc upied a period to b measur d by ten of 
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thousand of years, caJUo the glacier of the ln .. t i · epo ·h. 1 I• ave 
elsewhere' noted t he fact t lw t thi ice he t had l ittle ro ional m ' t 
upon the topograplly of t lli i Janel , an<l the imprc~s ion nwdo b my fir ::;t 
tudi e:-- l1a. been confirmed by recent inqniri in th e amo fi ld. 'rll 

fact· may b bri etly ·tated a fo llow : 
The icc Rheet fai l l to obliterat nuwy detail · of t h topogra.ph,v 

wllicb "·er cln to di ff rential ero ion b for t lJ adv n t of th p:la ier. 
At many point t he rid o·e of h ard r rock, t h ugh a,t mo · t no f1rn1 cr 
than compa cted and or soft clay, tancl videutl y a tltey \\' r origi· 
nally fo rm ed . o imperfectly did th i ·o abrad tho urfa that th 
white a nd r d color · of t he clay i raJ.' ly trac a.b l to a Leig ht of a. 
foot above th coutact of t he till with the underly in g bed, . lthougb 
along t he ere ts of t he greater ridg · there are mora inal accumul: tion 
whi ch have in1>lace a, thickne s of from 20 to 50 -c t th s a.rc limit d 
to tho north rn id of th islan d· til outhern 1 a rt ha only ,·li<•ht 
moraine . o,·er nearly one-halr' the a rea in which t h r taceou alHl 
Tert iary trata r i above t he leYel of th . en. th till coating do not 
:werag 3 feet in t hi ·knes and maoy ikhl of a bun lred acr 
in extent are ntial ly driftle ·. Ou t lt onthern shor th 
at pre eut affonled by tho rapidly r tr ating cliff is to th 
a deepl inci d topogra1 by formed in the "n h aC) uitRa clays wa uot 
efface.d, t be harp valleys being- merely fill din with tl• drif' depo. it~. 
In a word the cond ition , of tl1i · a r a indicat t hat t he o·Ja.ci r of th 
Ia t ice epoch wa of nch _, li ght <l y nnmic valn t ha t it p roclnc I little 
ero ·on and that all tb importa nt di . lo at ry work wa d n long 
before i cam upon t b eli t rict. 

It is to b ail that there i ome vidence of i action shown by the 
chara t r of t h late t-form e<.l c1epo it of th di . turbecl trata, &c u in 
the pre ~ ence iu on of tho onglomerate xbibi ted at ay H ead of peb· 
ble a nd bo,dders apparently deri' d. from t lt re"' ion of .r arrag<111 · tt 
Bay, includiug oue fragment of th e very ch aracteri stic ilm nit f rom 
Iron Hill, in th town of Cumb rland, Rhode I ·land. B ut thi i period 
of the Pliocene or P leisto ene time ''a ·. if it ex i t d ·o f~tr as we can 
eli cern an ven les · effective inva ion than that of t he la. t Ola ial 
epoch, and, a it cam before the di lo ation f til beds, can not po ·. 
ibly be made to accoun t for th eir eli tnrba nce. 'I here i t hu ' no 

rea on to doubt tba t tbe xten ·ive stre phenom na of tbi fi eld mu t 
be expla ined by .· upr osing t ha t t h yare iu ome way th re ul t of oro­
genic action. We are, indeed, ju tifie l in a ' ·nming that alono· tbe 
ection of the bore line xtending, it may b , from we tern Lon g 

l ·land to the i land of .1' antucket, mountain.building movem nts in­
volving stre e of con iderab le in ten ity have b en developed. 

A. to the operation of the. e mount~Lin-build i n o· action in the dis ­
trict of Cape Cod, the evidence, though not 1 erfectly clear, lead to the 

1 Report on the geology of Marth as V in yard; e'' enth A nn. Hept. li. S. eo I. un· ey, 1 5- 6 (1 ), 
p.310. 
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conclu ion that they worked on the ill-di closetl founda,tiou of that 
peniu ala iu ma ·h t he arne ma1mer that they have don e in h well­
exhibited bed of Martbas Vineyard. As will be noted in the sequel, 
the str::~ta whi ch are known on Cape Cod include nothing below the 
le,·el of t l1 e aslJ aquit a series as de ·cribed in tb e report on l\f:utha 

iueyard ; but the pre euce of t h ' T rtiary greensand. at Mar hfield 
cause th pre umption tllat bed of earlier age lie witlJin the peninsula. 

The limited extent of tlle expo ures of the foundation material of 
Cape ' od make it desirable to take into a count the structure and 
hi tory of t he adja ·en tar as both on the .. ou tb anu on the north. It i , 
indeed, ne es ary to do t hi in order to arri \· e at an understandin o· a 
to the hi to ry of th particular area. Thi c0 11 ideratiou shonld include 
the origin of t he sediment ·, the nature of the t ran porting ao-ent 
which brouo·ht them to t heir ite., the oroge11i accident , the de\·elop­
ment of th ' drainage and the o cill ation of the . ca level which ha,-e 
taken placc_on t hi portion of th bore. 

The d iment of t he r -ta eon · and Tertiary ro k in th di str i ·t 
between vYa hin gton a nd Bo ton exhibit certain I ecu liaritie wlli ·h 
are not fo und I wh re in th e ea ·tern United tate . TlJ e ection i in 
pa rt made up of colored clay aud and ·, wh ich ex pt for the admix­
t ure of peaty matter in the li o·nite bed , are evidentl y deriv d from the 
rapid depo ition of land wa te wa hed fro m an area which bad been lou g 
subj ctcd to interstitial d cay, wh ich was followed by rapid erosion . 
In th low r port ion of t h be 1 th condi t ion are not o abnormal, 
tbe clay · a nd sand:< in o·eneralre emblin o· bose of t he outbern tat . 
Tlley appear to ba,·e been d po ited from th e di charge into tbe ea 
of rdinar ri ,- rs. Th tm tur of th li o-ni te wl licb, , o far a · 
ob rv t1 con ta in mu ·II clay, iudicat · t llat th ey were formed in ;w 
e ·tuarin tli tri · ubj •ut •d to frequ£' nt fl.oouiogs of muddy \Yater and 
to , ligl1 sub iden · ~ whi h p nnitte l tbe p aty accumulation to be 
buri db n at lL il t. 

In pa s in g to l1 C\ b ig ll r marin trata, w fi nd at on e that we are 
ln v ry dift r n la ·t i condi t ion . T h b d · in th e Jiar t has Yio eyard 
di trict con i.· t or alt ruatin g lay and an ds wh ich ll a \' viclently 
ben d po itedinarapidmnnn · r. The lays how ca rcelya t ra ·cof 
lamin at ion a nd t he and are xc eclin gly oar , often beino· made np 
of l>it of d caycd granite th ct·y ta ls runuin o· tog ther in one ma~s. 

1\Jn h of th d po ·it i ~ compo ed of dcta h 1, 110t round d, cry tal of 
feld pit.r, wl1wb nr' so fa r oft ned by d cay t l.lat tbey can be ·ru h d 
in th e fin ger . It i · , in a wore! , a true al'ko e, lacking only the u. nal 

011 olid a tion of that mn,t rial , allll o de titut f admi xture of . ncb 
ub tanc · a are in vitably brought into detrit;ll bed · where the trans­

pol' tatiou which b r t lJ wa te to it r•stiu o· place wa by riv r· or 
Lore curr 'llts, that f L car ful tudy of section · many quare yards in 

area ha failed to .· how a trac of any other material tban the brokt•u­
up cry talline rock from which it was derived. 
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After pas'ing up tllrough a e tiou having a total tbickne f •. v­
eral bundrecl feet in which t lle a.bov -noted a.lteructtion are xh ibi tecl, 
we come suddenly to ale el wh ere b d of ouglom ra , c rnpo eel of 
ordinary om.pouud hypog ue r ck , occur iu p bbl of mod rat size 
not differing much in clt aracter from tho formed clurino· t iJ e la t 
Glacial period, except that th y are more decay d and som >wllat more 
,vaterworn. Yet l.ti gll er iu the e tion w attain to th a h, qtlit a 
series, which are aLo so!llewlJat clislocat cl. Th ear b d of ·and · 
and clays, in general haraeter like tho fo nu ecl durino· tbc la t lacial 
period, though on account of th ei r greater a()'e th y hav l> u much 
more cllanged in texture than tho c of that po b. Tll int rpr tatiou 
of thi ction is difficult. The mo t probal>l expl ~wation i, that whi h 
will now be et forth . 

Iu tb fir t place w may note th fa t tbat th 
cry ta.lline di t ri ct of the Appalachian appe~M· 

near tlJi · eat of deposition. The arko in the T rtiary .• bow tl.ti 
to have l>een the ca e in that peri d. It wa · . o ao·ain at th time of 
tlJe lJigher couglom rate, and tbe haract r of h la y and ark 
betl bows that they were 11 0t offshore depo it . The structur of the 
bed· sugg ·t that they wer > laid clown in <1 wiftly a· umulat d d lta. 
at the mouth of a river, which mi<Tht well have b en a, ontinuation of 
tlle Conn cticut. 

'Ihe lower r tac ou deposit , being in nature u ·h a · would b eli ·. 
charged from tream draining a land ubj ct d to ordinary nditiou . 
of erosion, demand no. p cial explanati n. A befor Jtoted it i · quite 

vid nt bat b rocks b neath the land from which th y ·am l1 ad b n 
deeply cl cayed in alorw period of table condition u h a ha pre-
vailed in the outh rn Appalachian . u ldeuly thi · zone of cl cay wa 
to a great extent wept a ' ay into tb neighboring ea., the pro c 
tinning until a the conglom rate which ·ap th Tertiary ection 
tlle firm - et undecayed ro k were, in ertain places at lea t, xpo 
the eroding agent . 

The uppo ition tha tb re wa iu th Mesozoic period a de p zone of 
d cayed rock in Ne,,· England which might ha1·e afforded, if ubj ct d 
to rapid erosion, d tri n uch a is contained in the ·lay. and arko e 
of the Tertiary rocks of southea t rn Ma sachu ' etts finds orne up · 
port in the occtu·rence at many points in that area, particularly in the 
southern half thereof, of rocks decay din place und r condition whi h 
clearly show that tue disint gration ha not been brought about ince 
the la t Glacial period. Rocks itt this tate, exhibiting d cay to the 
depth of some cor of feet, occur at variou p int in and about the 
Bo ton Basin, and iu a num ber of place in the Berk hir ill and 
elsewhere. .A. notal>le in tance of th i decay of the strata in place was 
found in the excavation of the Roo ·ac Tunnel, where, for a length of 
several hundred feet, near the we tern portal, tlJe mica- chi twa found 
completely softened at a depth of 400 feet below the urface. Owing 
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to tbe deep covering of glacial drift which bide so much of tb urface 
of ew England, as well a to the fact that the ice of the las t ice period 
removed all projecting rocks of tb i nature, it i only ·hance excava­
tion , nell as are rarely mad that give one an opportunity to ee 
tbe e r muaot of a d cay which \Ta once wide pread. From a ·are­
ful examination of th evidence, I am of the or iniou that at least one­
thir t ieth part of the cry talline rocks of f a sachusetts, Connecticut, 
and Rbode I land would, i f bared, exhibit decay of the type o well 
known in t he pla t an distri t of the southern Appalachian . 

Th au e of the n ld n removal of tbi. material from it old to its 
new bed place i not ea ily determined; tbe followin o· ugge ·tious eem, 
bow ver, worth consideration. Tt is doubtfal that tl.l e re ult wa 
brought about by th e invasion of the ea during a period of sub idence ; 
the sinrrularly unmixed character of the deposit , the entire ab n e of 
mariu eoro·anic wa ·te, which i ·likely to be found in bed of this 11 ature, 
an d the perfect a sortment into thick layer of like ediment areal o 
again. t th i view. 1\f.oreover, th nutting rate of coastal ero ion agents 
i normally low, wbil tb e bed incli ·ate very rapid work of thi kind. 
So, too t l1 e hypotb e is of exaggerat d lan d ero ion due either to a 
great iu r a in rai11fa1l or to· a t epening of vall y brougb t about 
by a ·hang in the attitu<.le of the laud, seem, iuadmi ible for t he r a­
·on t ha t t he detri u from a.uy ord in aril y conditioned area wouldltaYe 
been tained by the oro·anic wast that all snell tream normally bear 
to t h , ea . It is dif'l1 ult to onceive a, Ja,rge river carrying and lepo it­
ing in u ·ce ion red and white clay a,ud arkose wi bout a tt·ace of 
vegetabl detritu . 

The difTi ·o lt.r whi h i n ouutcr din he effort to explain t b ro ion 
of th d ldlu ' f th Gay H ad u d by marin a tion i well illu -
trat cl by what i now takin o· plac n t h rapid ly wn ting cl iff of that 
part f :\far ha iu yard. Th mat ri al of t he ection are to a cer-
ta in xt nt r arrang d along IJ , hallow-water belt of the bor , but 
the var ious form of tlctri!Ju, ar intermin o-led, a,ud are mixed wi h 
orn·ani matt r to u It an extent a· to mak the in t r ventiou of the 
ea unmi · takably man i6 t. 
It mn y b ngo·est d that th b d in qu 

h . u bl a ·It d or olor d ine tb y ' r 'l epo itecl. Thi view can 
en, be maintain d in th case of the ·lay, for the 

lignit bed of t !J ' retaceou which ar min gl cl with hem arry the 
carbo na · ous tain with no t ra of olea bin o-. I ha\ e beeu unable 
to one iv an y b mi cal a tion oc urrin n· in either the clay or the 
arko whi h micrh t po· ibly a count for t he eli a.ppearance oforiginal 
organic ·wa, te . 

In tbi tat of tb problem I have been forced to bring in the 
hyp the i that the e.ro ion work which removed the mater'ial of these 
strata from t heir parent rock wa effe ted by glaciation, the ice not 
attaining to the plac of d po itiou, but delivering the d tritus to 
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streams ou or mor of wh i h d d nea.r t hi pn.rt of t!Je oast 
into t he ea., or perh aps at t ime into n.l ak . Glacial a ·tiou acco un t 
for all t h facts whi 1t we ba ,·e no ted ou r nino- the haract r of t h e 
depo it iu a way t hat 11 0 otiJer OJ ' ration could well do· in fact, with­
ou t n ing t hi . hypoth is we are 1 ft quite without a1 1 xplanation of a, 

very i ntere ting seri of phenomena. 
In fa ,·or of t h ll ypothe i ' that o·Jacial P- ro ion d l i v r <.1 t h dotri u 

of til e retaceon ectiou to th cnrrents which bo r i t o it present 
r e ti ug pla e we may note th fact t hat occa i na il , t hough rarely, in 
tlte clay of t iJ e Gay Head cliffs we find Jarg , ubn.ngula r ma . of 
a yellowi h-r d anu toue emb lded in tbo trata. One of t lJ V I ' l · 

bJe for ome years lla r c>ntly fallon and broken to frao-m uts. It 
wu origiually not l . t han _o cubi f, >t in volum . In t h our of 
the t hirty- ix year tl• at t hi lo\ ly r treating clitJ ha ' been und r my 
observa t ion five or ix of t h . e intere tin g frao- ment have b en not d 
which w re ·ertainly not to b cla s d with the ordinary o·la ial bowl-
der. t hat often work d wu tl1 e IOJ) o as to appear a if t h y wer 
e•nbcddetl. in the tra.ta . l t will b ob erv cl tLat t h appar utly 
ice-rafted rocks a,ro of andston , a ma terial which om t im r i ts 
t he proce - of d ay where all ordinary hypog 11 rock yield to it. It 
i ju t ucL a petrographi('a l p cie a. we boultl. xp t to :find afford­
in g t he rare bowlder wLich would be form d 'vber -r]a iati n took 
e ffect on an area indicatetl. by much decay tl. crystallin rock . 'Ib u 
in the onnecticut alley, whence the e float d maR · po ·ibly am , 
borne by ice raft , th and tone l1 ave ufl' r cl but litt1 inter tit ial 
decay, whil e t b old er rock of t be n ighborin g Berl hir Bills l1ave, 
a - noted, been in place much di . int-egrated. 

The oroo·enic hi tory of the Or tac ons an d T rtiary trata of the 
ew England i land i ' veu more puzzling than are the co ndi tion of 

their formatio11 . So far, 110 vid nc ba been atl.duc d to bow tbe 
action of mountain -buildin g force i u any of t he bed, of tLis a o-e in 
t be region ·outh of ew York. To find on thi por ion of the coa t 
mu ·h evidence of dislocation of a lJigb order i ·urpri iug; itjn tifi e , 
indeed, th effort of t hose "' ologist who have endeavored to account 
for these movement by the t hrustin o· of the i ·e 11 t. W l1 av ·een 
thnt this explanation is fo r everal r a ons in acl mis ible, and tll que · 
tion ari a to the orig in f th e compres ·ive train which have 
a·ted in tbi area. 'l'o determine thi , far a ·· iti at pre n de ter­
minable, we hould begin by notin o· t he followin g fact : 

TIJe amount of tLe shortening of the beds a hown on Martha \ ine­
yard, where a eros section Lavin g a l ngth of about 5 miles i: expo ed, 
i ~:; probably nearly 2 mil s. TLi i ' shown by the fact that tb nverao·e 
dip of the beds, as determined by ma ny ob. ervati o n ~, i about 45 
degrees. There is good rea on to beli ev that t he a rea involv d in 
these eli t urbances i much greater than t Le expo ure.- on tb i.' lancl 
. eern to indicate. In my opiniou tlJ e bed may rea onably be upposecl 
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to hav n,t lea t twice tl1e xtension acros. t he str ike that i known. to 
exi t and it is not improbtLble t ha t the n,rea involved may lJa\·e a width 
of 30 miles. The Jislo a,tions on Nantucket, though uo t well known. 
and those lloted by ~'Ir. vVoollworth on Block I ·land, a nd al o thos~ 
on Cape Cod, hereafter to be described, seem in a way to val idate this 
conjecture. 

We have u ext to note thn,t while the trike of t he fold . on J\Iarthas 
Vineyard ar omewhat hT gular, their com moue t direction i from 
uortb -11orthwest t o outh-southeast or nearly at right ano·le to tbose 
of the Appa,Jacl1ian fo ld of tbe lleigh boring mainland. Tbi . feature at 
first rai ed a donut a to the orogenic nature of these foldin o·s, for tbe 
rea on tbat it seemed unlikely that u ch a departure from t l1 e llormal 
strike of t l1e eli trict would take place if the movements \Vere in char­
acter like those ordinarily involved in mountain l..>uilcling. But a com­
parison of the facts with tho ·e observ d in other area. makes it clear 
that t his di crepancy is not of great . ignif:icance. In the Cordilleras 
and elsewh ere it is not uncommon to :find that the later movement in 
a11y monntain system show the effect of stre~ se a ting at l1i gh angle , 
or evrn normal, to tho. e wbich were originally effec:ti\·e. It eems 
indeed ; that tbo ·ompres ive train of any district tend in the course 
of time to ati fy th emselves through fold running in more than one 
direction; that wh n tbe trains in a certain n,;,i:;; ar r eli ev d there i 
often a tend n y to form otb r in contra tell directions rather than to 
deYelop those wl1i ·l1 were first made. Therefore, t he peculiar po iti u 
of tbe axe of Tertiary di ruption in this area an not be nrged a a 
wei ghty argument a,gainst theil' trn orogenic character. 

lt. i ·to l>e ob CIT d t lla t ll di locatiou of the )lartba Yin yard 
and 'ape 'ocl section · cliff r in'" nota,ble way from tho e which o cur 
in th o](l r ro ks of t h ppalacl1 iau eli · trict. The folds are mall 
non ofth m so far a 1 •arly ob ·enr d x0€ediug a few ]Jundred feet in 
bori w nta l amplitud · th yare much compres ed, and frequently over­
turn d ; th y ar nt l>y num ron fiwlt, non of which appear to ha\·e 
a throw f m r th<Lil 100 f et. In som pla the accidents of tress­
inga r onumer n. and lmvc oint rmingl c.ltbeir ffect thatthere, ult 
i a onfu ecljuml>l of€1ntauglellb d wbichoannotw llbennrav led . 
.A.tfirt ighttb • p uliariti ofmov ,ment. ofth Martha Vineyard 
ecti u sug "' ~t to a nyo ne fam iliar with ordinary mountain -building 

worl that t he train. which lJave eff cted them wer of a ·ditl'erent order 
from tho,; whi h upLifted t he .A.lleglteni c a nd otber Jlormally foldf'Ai 
mountains. It i , how ver to be noted that t he stre ·ses which acted 
ou th e uflw r rock t ok effect under very different condition from 
tho under which tbe old trata of the Appalachian were eli located. 
Tbere the bed were r io·id and deeply buried; lJere they 'vere oft and 
lJacllittl ov rburden to oppo t heir movements when the tress wa · 
appl i d to t lt m. 

A yet we hav little i nforrna,tion con ernin o· tho natme of the work 
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done by orogenic action in t he sup rfi inl portion of a se tion on which 
it ha taken fleet, but all t he con ' ideration deri v d fr m laboratory 
exr erim ut , a· w ll a from t h principles of dynamic action 1 ad 11 to 
b lieve that near the surfa e of a tre ed a.r a h fold a.re mor likely 
to be mall and of varied form than in Lho de 1 er-lying part· of it, and 
that in soft trata"·ithout b ds of. uch rigidity a to control th move­
ments slight local a cicl nt ar likely to cl termin t h formation of 
many mall fo ld rather than , fi w of large iz . 

It i worth while here to note that th ese · in ard di . lo ·a.tion , in 
ca e they ar ace pted as of truly orog ni wtture, may well b tak u 
as ·ample of what i lik ly to be t he type of mountain folcli11g as 
x.bibi tecl in ·weak berl ,..,-hich, a.t the t ime of eli ' turban e, li within 

a few hundr d fe t of th urfac . o fa,r a ' I am a war t her i no 
better place known in which to tudy thi int r ting 1 ha e of m untain 
building. 

suming, tlteu, that t he rock of th e ·ti us xhibit d Oil ~Iartba 

Vin yard owe th ir Yery gr at di location to fore which had t l1 ir 
origin iu th under arth, I ball con id r ertain po ibiliti •s a t th 
exact ource of th e train . It ma.y be ·two· t d that a . lippin ()' 
roo ement ha occurred in tb b d' clu to th £ rmation fa gr a.t 
iuclinell fau lt xtenclino· parall I to the hor nnd clippiuo· toward the 
ca a.t a bio·h augle, the r ulting movement being in fT' ct a land ·lido. 

This vi w i · inadm i sible for the r a ' on . that t h r i ' no trace of uch 
a lip fau lt; that the ' ction ru v cl i of a rank in ize of whi b we 
have no knowledg el \Vher · that tb tntn ver bortening of tho 
b d,· i. oo great to b a count d for in thi mauner and tha,t tb direc­
tion of the a_ of th fold i at about right angl . to uch a would 
b formed in o h a movement. 

It may be worth whil to t forth another hypothesi · which I h::tYe 
been led to apply to the e m vern ut in order to arriY at an xrlana­
tiOJI of them without recours to true mountain-b uilding a ·tion. Thi. is 
as follow : A large part of the material in the::\lartha in yard ·ection 
is feldspar, which bad apparently b eu imper:D ctly kaoliuiz d b :D r it 
wa brought to it present sit . I it not po ·ible that the on id rabl 
increase of bulk attenuant on thi · ·onver ion of feldspatbic matter into 
kaolin may have led to internal pre ·ure . It app ar however that 
of the rna . not over 15 per ceu can be reckoned a feldspathic, while 
eveu if the whole of it were of that nature and all the chan()'e bad 
com about ince the beds were laid clown the amount of enlarg ment 
would be too ·mall to account for the ob erv l eli ruption of the bed . 

It eem evident t l.Jat we must account for the fo ldin g and ther 
movements of the Tertiary and Cretaceou · rock of the e ew Eng­
laud i land by the ordinary proce of mountain building. Que tion 
then arise concerning the 11ature of t he di location by which tiJe 
compre sive train were applied to the, e ·uperHcial bed . The gen· 
eral slope of the hypogene aocl Carboniferous rock on the ueighboring 
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mainland makes it eminently probable that these old deposits underlie 
tbe newer b cls at a depth of not more than 1,000 or 2 000 feet below 
the nrface of the ea. How, tben, wer·e the e lower beds affe ·ted in 
order that they might transmit the train to the l\'Ie ozoic and Cenowic 
deposit ' and what if any, were the eli location ' on the mainland tha,t 
were produced at the same time It seem to me that neither of the e 
questions i , in the pre ent tate of tbe inquiry <tn \verabl with any 
mea ure of affirmation, but orne sn"'gestion ' may b made which are 
perhap. not without value . 

.A to th movemeHts of tbe rock , pre umably crystalline that con-
titut tile founclatiqn of the lfartha Vineyard ._ection, tb e couclitions 

are , ub tantially the sa,me a those which !t ave existed beneath the 
Oarbouiferou cl po it of the arra"'an ett Basin . Wben they carne 
to b folded with a mea ure of compre siou quite lik that which ha 
aff cted the bed with which we are now con erued as we may ee 
when til folded Carboniferou bed h:t e been . tripi eel away from the 
hypo ·ene ro ·k ·, he yielding of the crystallines appear to have been 
made mainly by tbe inter titial movement of tho ro k , l}nd not to 
any gr at extent by faulting. All the vidence we il av goes to bow 
that whil e ordinarily ma i\7 e cry talline rock may be folded, a i 
som time indicated by tlt dike they contain, a frequent method of 
accommodating them ·elv s to pre ure is by squeezin g. Thi action 
i:, indeed, common enough in all rock. wlJich have been subjected to 
com pre flion "trains as is bown in the eli tortiou of fo ils. The 
ab nee of any eli inct indication or recent faulting on the mainland 
near Martha Yineyard afford orne upport to tbe ., upposition tbat 
th gi\ ing way of th s ba ment r (jk wa~ ratb r more by int r titictl 
m ,. nt nt than by cli ' lo ation. 

I t .·ltould al·o b ·ai.d that the p culiar po itiou of the ma of 
r ck which, a above noted o nr in the three 

mor outh m of N w Ji; n"'land, lou ag l d. m to the up­
p ition that, Alter thi ' decay had b en effected, a certain amount of 
faulting o curr d, whi lt lowered w d o·e of tb di integrated rock down 
to l Y 1 t which tue urfa e actions bad Hot 1 enetrated. Moreover, 
f!ort whi •h I hav mad to a count for the detail of tb topography 

at v ral point in outb L'n w En"'laocl have led m , quite inde­
p nden f th probl m of h Tertiary eli locations, to be idea that 
at, £L time not long befor the la t lacial epoch there wa .a cert~tin 
amouut of li ruption by faulting in that part of the mainland. Thi 
probl m of r cent faulting on the mainland need more tudy than I 
haYe b n able to give to it· the matter i only ugge ted h re to show 
that th re may be mor exteu i e evidence of orogeni action on thi 
part of the c n in nt than ha hitherto been suppo eel. 

part of the difficul ty onn ct d with the que tion a to th nature 
of the mo ement involved in the eli location of the Martha Vineyard 

ction ari es from th fact that th.e development of these folds and 
1 GEOL, P1' ~--33 
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faults ha apparently taken place in a ba in without a bord r of li arder 
rock on either side through which t l1 e om pre sion strains might have 
been carried. It s em likely t hat t he contraction of t l1 e ba em nt 
bed , however great, would hav fa iled etl"ecti ely to compr s a t hick 
mantle of soft material unle it had be 11 in :1. ba in. The natural 
re nlt, if the beds lay on a lopiug floor without a rim, wouhl appea.r 
to be a mer , lipping of the b d rock · upon t he ofter material , with­
out any ·uch foldino- as we find. There are obviou ly no mark of a 
basin tructure made up of the older rock, in the eli trict wher th se 
di ' turbed b d lie. It is possible, however though there i no vid nc 
whatever to upport the nggestion, t hat ther may be a rim of ucb 
older rock lying- b low the I vel of the ea. 

There i , aa is generally a.dmitted, o·ood r a on to b li eve that tbi 
portion of t he continent tood, in the period extending from t !J e lose 
of the 'Irias to the beginning of the r ta eous, at a much hi gher 
level than it doe at present. During that time a broad river ba in 
may have been excavated in which the farthas Vineyard r taceou 
and Tertiary were laid down . I have el ewbere call d attention to the 
fact that the Oarboniferou beds of the arragaHsett district and th r 
local ac umulatio11s along the Atlantic coa t appear to have been 
formed in drowned river valleys, and that the b cl hav iuce been 
ubjected to mountain-building action , the trends of tbe re ultino­

folds having often departed widely from th tr end of the neighboring 
axi of t he Appalachian system. I am eli po eel to thiuk that the 
Tertiary and Cretaceous beds of 1artha ineyard have hau tb l:lame 
general history, but the fact mu t be recognized that t he evi i nc to 
support the concln ·ion i defective. II that can be aid iu it favor 
is that it i consi tent with the ba in-like origin and tructure and the 
nature of the foluing which characterize the localized mountain-built 
areas of the AtlantiC coa t. 

We now come to the ubject of the ero ion phe110mena of thi di -
trict, and here we find our elve in an inter ting but dif:licult field . 
Beginning with the i lan d of Marthas Vineya1·d-Oapawok, a the 
Indian name has it-a district which gives ns the mo t information 
concerning the struct.ure and history of the field, we find there good 
ev idence that the 'fertiary and Cret aceou rock have been ubj cted 
to a great amount of erosion since they were di located. On the 
we tern half of that island these beds rise to a height of about 300 
feet above the present level of the sea. A there L an area of a bout 
30 square miles where the crests of the divides have about the arne 
elevation, there is good reason to believe tbat the existing topography 
was carved from a surface which, by base-leveling, or more lik ly by 
marine erosion, had been br·ough t to an approximate level before the 
last Glacial period. If I am correct in upposing t hat there had be n 
a tolerably complete base-leveling or benching with r eference to a sea 
level above the tops of the present divides, th en the development of the 
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present topography beg-an long after the close of the mountam-building-, 
work. 

The pre-Glacial topography of Marth as Vineyard bas been but littl~ 
disturbed either by g-lacial ero ion or hy the re ulting drift coating. 
We ca.n see that the course of the principal brooks-river , as they 
are locally termed-ha beeu determined iu general by the trikes of 
the bed coinciding therewitb, while tbe smaller water course cut 
aero s the folds in a normal way. The beds being all of . light hard­
ness, the topogr·apby is smooth, but here we find sharp and continuous 
ridges which owe their relief altogether to differential ero ion. These 
serve to how u bow slight bas been the wearino· effected by the gla­
ciers of the last ice epoch. The absence of such ridge on the remnants 
of the ancient upland plain also indicate that thi, plain was due to 
orn e action which wore it to a tolerably perfect level. 

o well ba · the pre-Glacial topography of tbi island been preserved 
through the ac •ident of glacial inva ion, that we can not only trace 
two or three ca es of ancient tream robbery, but a clo e in pection 
make it evident tbat all of the brooks of con iderable size follow at 
the J)re ent time the channel they bad before the ice came. Iu only 
two ca e have I found tha.t the morainal or other accumulation · bave 
cbauged in an important way the course of the water . I note these 
point ' in order to show that the evidence from these streams a· to the 
gen ral drainage of tbe district is of value. 

Taking tbe eli tribution of the brooks of Marthas Vineyard, we note 
that they are divisible into two groups-those which, t urning outb, 
fall into the broad ocean and tho e ·which, de r.en ding from the north­
ern sid of the i land, nt r VIneyard ound. The fir t-named group 
of brook giv u littl information except tbat they enter t he ea 
tbrouo-h what appear to be drowned vall y and ar therefor evidence 
tuat tb level of thi hwd ba b en materially lowered since the exist­
ing topography wa formed. The tream of the northern bore 
exhibit ven more distinctly th arne feature of dro" nino- at the 

hough tbi ' i marked not by their entrance into lagoon , but 
by th fi llin g- of tb ir channel uear th ·ea leyel by moving sand . 

n thi north rn shore also w find i n the di tribution of the brooks 
tb . ugge tion that when the land was at the l yel at which tl!e river 
topograr hy of the di trict was developed they entered a large tream 
occupying the ceutral part of t b broad vall ey now covered by "'i· ine­
yard ound. 

Th general tructure of Vineyard Sound is easily misconc ived. It 
ba be n sugg steel by Mr. Olarence King that the long- range of the 
Elizab th I land , which form the northwestern boundary of this 
water body, is es entially morainal. There i undoubtedly a covering 
of morain~ I drift on the top of the e i lauds, but on examination they 
prove to be composed mainly of bed imilar to if not contemporaneous 
with the a haquit a ection. They probably contain al o orne part 
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of tb Gay Head Tertia.ry bed . There ar no good :-.rpo ure , but 
enough is bown to make it clea.r t ltat the Tertiary portion of tb::tt ·e . 
tion is above the level of th ea along tbi line of Uands. Thi coodi· 
tion of a beet of morain capping a divid i ·een al o 0 11 ) lartlt a 
Vin yard, where the broad r valley· are in their lower parts almost 

FIG. 86.- Sketch map showing the probable position of the streams of the Cape Cod district during the 
period of elevation preceding tbe last Glacial epoch. 

driftle s, while tbe crest· of the ridges are u ually crowned by a layer 
of morainal materials having a depth of from a few feet up to about a 
hundred feet. This feature goes to how that deposits of this nature 
tended to accumulate on the high ground. We shall have occasion to 
examine this matter mor closely when we are considering the di ·tribu· 
tion of the moraines in the Oape Ood peninsula. 
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The fact that the Elizabeth Islands are not e sentially morainal 
greatly .lucrea ·e th e probability that the valley of Viueyard Sound 
was excav<tted by river a l' tion. Tbe stream which occupied it duriug 
the p riod of elevation, wlJen the erosive work was done, appear to have 
lJad it source on the outhern ide of Cape Cod. On th e \Test of th 
Elizabeth divide, in t l1e va.lley of Buzzards Bay, there wa , if this con­
ception of the history of t he di trict be corr ct, another ri> r wbieb 
headed iu tlJe region about Wareham, taking about l1aJf its draiuage 
from ih di trict underlain by the ancient rocks of the mainland. In 
both the e valleys we :fiud th general feature of drowned valley 
exllibited quite as t hey are shown iu the more southern bay of t!Je 
Atlantic coa t. The basins slope to the seaward, but not in a per­
fectly regular manner, for the r asou th<tt they are much encumbered 
by drift accumulation and by the wast t hat h as beeu rearranged by 
,the trong tidal current which weep through the bay and sound of 
tbi di tri t . They both widen to the eaward, as we ·hould expect 
them to do if they had been excavated by t he actiou of land wa,ter . 

Tbe po · ition of a thi rd ·tream i. perhaps traceable on the Uuskeg t 
Channel, which ~parates 1\'fartbas Vineyard from Nantucket. Thi 
head d again t ':tpe Cod a nd against the upper tributarie of the 

ineyard River, as we may call the t ream which occupied tLe sound 
of t hat name. It i. like ly that to the ino culation of th ese heau waters 
we owe the formation f t he cha nuel which now separates the island 
la t mentioned from the penin ula of ap 'od. In th ·ketcl1, fig. 
, G, the conception of the drainage of this di stl'ict a · it wa before tl1 
la t g reat upward movem ut of the a is indica,ted. In uch a figure 
it i · inc,·itabl tl1at many feat ure. w!Ji h ar lligb ly conjectural , bould 
b bown along "i II tho e "Thi II :11' \Yell ·npported by vidence. In 
thi a the d ubt whi ·hi th mo t s riou ' <Lttache to all that relate 
to th haun I 1..> tw rn 11d of .Martha, Yineyard :111d th e 

of a ntn k t and b tll'een th la · t-nam d i Jan land the 
mainhtntl. th t idal n1T nt which flow throLwb this water way 
are trong-, om part of t h ero, ion may ha e occuned both uefore 
and after tiJ la. t laci::d p riod at tho tag li of levation and ·ub­
sid 11 w ll ll t h .· a wa · fr e to pa. , t lll'Ongh th ;;;e cha nnels. 'l' he.re 
i al:-:o a qu s i u a to tiJ na.tnre of tiJ ubmariu e ridg ' which o 
a bon nd in t h ' water . 

A regard t.he boal of in yard and i\antn ·ket . ouud it may l>e 
aid that ·om of th m l)art.icularly t ho ·e i 11 the ea.steru portion of the 

la t -11am d . ouud, ar of ru ving and aud ther for , may li <We no 
relation to tho continenta.l topoO'mpby. om of thes . ubmerged 
ridg a,re mor r a ·ona,bly to be coo id ered a pre xi ting, though 
th ir . hap may l1ave b en modified by tidal urre nt . Tbu the lon g 
boal, known a t he ' iid il Ground" which extend a lou o· he oort;h 

shore of Marthas ineyard from near th we t chop of liolmes Hole 
halfway or more toward Gay H ad is, a we may judge from the ouod-
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iugs, a bit of ubm rged land topography. lthough it i now tbe.line 
of a trong division f tidal cmrent , and i on cquently the at of a. 
"rip," thi perturbation in tbe mov m nt of he wat r appear mo t 
likely to be the con quence and not tbe au e of the l ,-ation. So, 
too, in the a ofth ho~tl to the nortb\Yar<l and ea tward a far a ncar 
Monomoy, tbere is nothing in tbe t idal movement whi hare competent 
to produce t.hem though the resi tan e wbich they ofl'er to t h mov -
mcnt of tho curr nt ha cloubtle . erv cl to efT t hang- , in their 
form . If the statement of those fi , h rm n • nd pilot wbo know the e 
waters well may be tru ted, these ubmerg d riclg often contain on 
their urfa e con iderable bO\Tld r , wbi h, if tru , indi ·ate tha they 
are not in mo t ca s tb product of urren a tion, bu w reformed 
mainly by ubaerial ao- nt of erosion. 

It i to be noted that th charm l outh of ape 
:Mouomoy Point ba e in g neral a defiuite topoo-rapby chan1 t riz d 
by steep lopes from tl1e neighboring· shor . Thi form of bottom 
seem to me incon i,tent with the uppo ition tbnt any gr at amount 
of sand i in tl1e po · e ion of the nrr nt along tbe cl pre ions. I 
i also noticeable that th rei little trace of hifting and alon o- tb 
shore on itber ide of Yin yard ound. Fnrthermore, it i. to be 
remarked that the ·c vaUey , a ii>. shown by tb protraction seaward of 
their Yery clefinit land lope. , have not b en ut back on th rtY rag 
mor thanfrom500toJ 000~ etsinceth shore ametooccuryit pre ut 
level. All the e con ideratiou lead me to believe that tb floor of tbe e 
ba ins i. not occupied to any great extent by drifti11g an] , . For the 
rea ons given above the shoals to the ea.· t of Io11omoy hav been in 
geueral regal'ued as e ideuc or minor divid form din tu gr at ub­
mero-ed valley, . 

The o cillation of sea leYel in tbi reo-ion haYe be n more han once 
referred to in the prec ding pag·e of thi report. We hav now to 
review tb evidence, with a vi w to formulating it in a definit manner. 
It hould be not d that there i in tbi di trict little if anything in' the 
way of ancient beache to afford data a to the alti ucle of the Janel in 
th~ period· which arc under con ideration. 

On the mainland to the 11orthwest of thi r gion ther ar evidence 
of a ba e-level of river ero ion or of marine planation, which Profe or 
Davis and otl1er regard a. of Cretaceous ag . The portion of tbi level 
at about 400 feet above the pre:ent bore line po ibly corre ponds 
with the pre ent umrnit of the retaceon clepo it of this i laud nearly 
enough to warrant the supposition that tbe sea stood at a height of 
ome400 to GOO feet above its pre eut po itiou when t he lower Cretaceous 

of :Martha \ineyard was laid clown . It hould, however, be noted 
that tho e bed , owing to their dislocation by mountain-building action, 
may have beeu moved either aboYe or below the general plane on which 
they were depo ited. 

It i evident that the lignitic I ortion of the Cretaceou bed' was 
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laid do1>n rather above than below the sea level, while t he depo it 
containing marine fossils were form ed below the plane of the sea. Tit re 
is thu. evidence of bore swayin g in thi portion of the e tion. A yet 
it ba ' not be n clearly determined whi ch of th e two element of the 
Cretaceous lies the hi gher. Th e fa t · show, however that in this part 
of tLe formation t he shor wa near it pre ent level , and that it wa 
instabl . 

Betw en the l w r ' retac ou and t he middle Tertiary there i a 
great blank, which include· t he uppermo t Cretaceou and the Eocene. 
A yet, the mu0b -di t nrbed condition of all t he beds bowing the con­
tact of tho e horizon makes i t impo ible to say wl1 at mea ure f 
unconformity xi ted between them wh en they were laid down . It 

ems probable, however, t ha t no mountain-buildi ng action had tak n 
place in the eli tri ct durin g t hi in terval. 

It i not y t perfectly certai n that the middle Terti~Lry trata of tbi 
eli tri ·t were clepo ' ited in . al t water. The marine fo il contained in 
tb b ds are found und J' condition that admit of the opposition that 
they were 110t living when the stra,ta were formed, but were wept iu 
from previou ly exi t iug d po it . I am forced to rerrard the determi­
nation of t be age of thi section as in som mea ur uncer tain, but it i 
cl ar that i is 11ewer than t ll Eocene and older than the Pleistocen . 
Tlle general nature of t he beds is mo t con isten t wi th t he supposition 
tllat t hey were form din an e tuary. Assumin g that t hey ,,-ere made at 
or abont ea level, we should have to conclude hat th ere bad been no 
great bange in t he po ition of the bore line between the lower Creta· 
ceo u and the 'fioceue period , or, what i more likely, that tb er had 
b n a r tum of til a h r to abon it ame altitude iu relation to tl1e 
land aft r what er scillation it bad uu l rgone in tbi lonCT inter val. 

•l1 Wll by tb fo il contaiu d in t he mall 
at th top of th ay Head cliff it i evident 
a hallow ea lay over the , urface of the Ter­

wbi It wer t ill iu tb ir horizontal po ition for the e Plio-
cene b <1 " r vid ntly involved in tbe mouota.in-building movement . 
It can not b inferred bat t l1 altitude of t he e fos il-bearin rr Pliocen 
b u above tl1 a (abont 100 fe t ) i viden e of a O'eneral upward 
moveiJI nt of tl1e hor for t b rea on t llat the cbau g·e of level may have 
b n lue to tll fold in rr of t ll trat..'t. 

The d po it of t he a haqu it a eries ar I arently indicate t he exi t­
ence of the hor lin at lea t 100 feet b lo~> it pr en t al titt;tde. Tl1 se 
bed may b r gardecl a lo ing t he Pliocene r ecord , aucl a form ed, in 
part at 1 a t, b fore t h orogenic movemeut took place. 

After tlle , ri of con tru tive proce e above note1l had been 
accompli bed the bed of thi tli trict appear to have been e. tablished 
at a level . om 200 r 300 £ t lower in r elation to t he ea level tllan 
their pr ut po ition. During the time in whi ·h they occupied tbi 
inferior level the upper base-level or bench of :Martha Vineyard prob-
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ably W<l form d. It may, in I a ing, b remarked tbnt tl! e general 
t opography of t b bottom of the E'a from th ,outh eru end of Nan . 
tuc-k t hoal to 'Nova otia, i in favor of th uppo. ition that w 
hctve iu thi , di trict a urface that pres'rv neral wu,y the 
contour impressed upon it by ubaerial ero ion. 

Tbe down -sinkino· of thi region ·orne t im during th lacial period 
probably brought aiJout tb drowning of the o-reat valleys. It evi. 
dently resultrd in a lowering of tb land at lea t 100 fe t IJ low it 
present altitude, a i ·howu by the fa t that th e moraimtl apron · or 
and plain whi ·h ar . o con picuou a-t atme in Marthas Vin yard, 

.r antucket, and ape Cod attain about tlutt altitud . Tbe e aprons 
are as elsewher noterl, compo rd of and and gravel, with 'a, ional 
bowlders of con iderable . iz which evidently attained their pr ,f'i nt 
site by ice rafting. They l!av , how ver, a chara teri ' tic ubruarin 
topoo-rapby, such as conld not well have be u mad by any form of ub· 
aerial action . Til s our way " not d in tb r port on Martha · Yin . 
yard 1 as existing on these apron are of th mselve nflici nt to 
est::tblish the pre enc of the sea ov r the plain . 

A .. yet there i ' 110 evideu ·e concerning th npp r limit of tbi~; ubmer­
gence wbich occurred in and po ibly before Glacial tim . After a 
careful arcb tllroughout southeastern :New En o·lan 1, th shore liue of 
the ·ea in the time when the morainal apron w reform d has not b n 
found. B re and there at the heio·ht of about 200 fe t, tb rear wl1at 
may he faint trace of a coa , tal l1 lf, but they ar too iudefi11it to 
afford auy cl ar eYid en ce of sn h a line. Th di tribution of th • drift 
in tb outlH:!rn part of Martha Vineyard in th town f ~Tort It Ti . 
bury nnd ' hilmnl'k i ~:~ such 111:1 lo u "go L LlwL Ll1e glac ier Jill nol a\·e 
in certain m~ll tongue-like projection, xt nd outh of Ti. bury HiYer, 
and that tbe drif t ·outlJ of that tream wa all rafted to it pre, ent 
site. If this view ue confirmed by clo ' er tu<ly of the depo its, it will 
affirm tb hypothe i ' that the wh le of th i land wa under wat r, f r 
tbe material wbieh appear to ha,·e been thu tran . por ted ar found 
on the very hi o·be::;t la,ml, at au el vatiou of ;~OO ti t above tu e e~•. 

[ have el ·e1rber 2 ndeavored to how that on th , outh ' rn fac of 
t!Je hill of l\lonnt Desert, Iaiue, w lta,·e good evideuc of a depres;. 
iou at the clo e of the Glacia.l poelJ amounting to at I a t 1 100 fe t, 

aud po ·ibly extenJing up to the highest . nmmit , or 1,527 fe t. It 
eems likely that a depression of even the lower of tho level · on the 

coa t of l\Iaine would have involved a ubmergence in the r criou of 
Cape Cod ufficient to have covered tb highe t land ill thnt YiCillity. 
lt thus :Lppear probable that the Glacial nbmergence of this di trict 
carried the whole of its area b low the lev 1 of the a. 

Tlte <'mergence of the Uap od district from tbe Glacial rl pr :;ion 
must llave been very rapid, for the surface appears suu t~Lntially a it 



SHALER.) POST-GLAUIAL SUB IDENCE. 521 

wa · left by the ice. The delicately molded topography of the drift 
bas uot been effaced by wave action, nor, a before remarked, are th re 
auy t race of a ucieut b aches. A t fir t. ight th is absence of any effect 
of th wave ' on the urface seemed to me cl ar vidence that. the area 
could not h ave been uutl er water since the di appearance of t he glacier. 
Iu order to determine thi ~ po int, I vi ited the region below the elevated 
beaches in central New York , and fouud there t he sawe unaffected 
condi t ion · of surface whici.J exi tin outhea teru Mas achusett . TI.Je 
condi t ion of submergence and emergence mu t hav been approxi­
mately the arn e in both areas. It appears , th refore, that '~e have to 
accept tb conclu ion that the upri ing of tb Jan<l after the Glacial 
period wa so sudden that t be waves a n<l shore currents did no t have 
time to do effective work. It is pos~ibl e, however, that the waters 
were at t hi s t im e so far ob tructed by floating ice that no great amount 
of wave actiou took ph•ce dtuiug a cousi lerable length of time in which 
th elevati n wa going on . The la t change of level of the ape Cod 
di ·tri ·t evidently brought the land omewhat above the plan e at wh ich 
itatpre en t tand . Thi is hown bytheoccurrenceatvariou points 
of ,ubmergC'd fore t , as in antucket, 1 an d iu ti.Je mar hes bordering 
the harbor of Holmes Role, Marthas ·nneynrd. Til amount of this 
recent downward motion is not knowu bu it may have been ufficient 
to obl iterate t ho laud co nue tion which united tb i ~lands of Martha 
Vin yard and ~-antucket with the main laud . TJJ rea on for ·nppo iu g 
a connection between the i ·land aud the mainland is found in t he 
ub tantial identity of th ir fauna and flora · with tl10 e \\-bich exi t 

on th neio·bboring ou tinent. 'on ideriuo· the width and urrent-
w pt uatur of th ouucl wh i h parat tho e i land from th 

m, inhwd it '"1 pear umea ono.bl to U[lpo tllat all the ·e p ·ie of 
animal and p lnnt ould lnn~e found their way to the outlying tatiou 
in th h rt tim whi ·h ha. htp eel in e the Gln. ·ial period. Th con ­
<liti 11 • of pa sng ar alnt ' t as difficul t a t h yare at he ~tra.i ts 

b tw n h i laud of Bali aut! Lombok, which . epa rate the biological 
JH'o,·in es of ALl'tealia an I .·outhem ·ia . A there !Ja been a ub-
id 11 ·e .- iuc th e for t· r gained vo · ssion of t he"e i land it is 

rea ·onal>l t Ruppo e th::~t t he lH vio u: el ' Vation wa gr at nouo·b to 
bri ng about a 'O nn ction with th mainl and . 

lt i. to b noted that t he chauo-es in t b r lative elevation of ea and 
l::wd ha all 1.> en pok u of n if tlt ey were du e to clt ang -s in t i.J e alli ­
tnd f t h lewd. lt hould b ob erved t ll at t hi · a umption i incor­
rect. TIJ rear at 1 a t. two main and effi ·ient ~w ·e of a lteration iu t he 
po itionoftbet.: ai nrelat ionto t h land, a well a mrw yoth r ofminor 
illli10J'tauc whi ·b probal>ly h rwe som value. One of the ·e, local iu its 
llatur i the wayin g of th la nd aga.in ' t wh ich t he ea lie·; tb e otuer 
i l' hange in tbe form f the ea bottom affectino· t he h ig ll t of the 
open W<Lt rs alono· all t be hor . It i rarely pos ibl e to differentiate 
tl1 In the ca.- of the lroquoi beaclle in central ew 

• See Bull . U . ~- G ol. ttney No. 53, p. 2 . 
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York, the fact that tlt ey rise to tlle north supplie a criterion, t he like 
of which may be foun d in otb r place , which incli­
cate that th po t-Glacia l elevation wa lue to a 
lan d movement. gain , ail I hav lsew ll er 
ndeaYored. to how,' t he very gen ral drowning 

of tbe lower all ey of t he river of a ll the con ti­
nent afford eviden c t hat t here bas be n, in very 
modem times, a gen ral ri e of t b s a lev l to t he 
amoun t of 100 feet or more. It i to thi ·· g n ral 

~ inundation t hat we may perhap attribute t b de­
~ truction of t he la nd bridge wbich for ~L lon g t ime 

·~ after the lo e of t ll e Glacial period united t he w 
E Englan d island with the n1ainl ancl . ..:; 
o Tb re is orne evidence as to th dura t ion of t hi 

~, : ~ land bridge to be derived from t he po ibl rn te of 
~~ : g marching of the oak and other heavy- ·eed d tr 

1----.,-, -*'~'--"~:~--1 i northward from t heir :outb rn refng durin g th 
o ~ : _ last ice tim e. The e tr e , in the proces of repo -
~~ · .~ 
~ ~ : "" -e. ing an abaudon d fi eld, do n t, according to 
~~ : ro::: 

1---.:.._~,----i 8 myob er vation advanc at an aY rag rateofmor 
r:" .o t !J an 5 feet a year. To a um e a rate of 10 fe 't a 
~ ~ 8 year ''onJd be to allow the utmo t that could b 

1---c.r-~~:~ ... --i ~ up]lO d. Thi would r quire ab nt 500 year ,· for 
~ · ~~ : "0 a mile of journ ey or about 2,000 y ar for tl1 pas-

""': ~ age across a land bridge from the mainland to he 
"~ : ~ i~'<land of fartha Vineyard. I have el ·ewlt re 

~ : & urged t bis slo w rate of northward march of the 
~ :. E - _o b a y- ded tre as an a re-um n t a <Lin ;;t the 
(: ~ 

f---.,~,---,-·---f"-~--1 ~ hypothe i that t ll e ·lo e of the glacial aclYan e, 
~~~i t wh en the ice lay at t be ootberumo t poiJ1t it l1 ad 
~i~ ; ~ attained, wa. not more t han from 10 000 to 20 000 

1---"-----11+--,--l u year. ago. If the argum ent be valid , the return 
~ of tb e oaks to outb rn Se'v Englaud, after their 
~ e~l.)u] sion to region fart her south, mn t have 

1---..,....,.. --~+-~---< e required omewhere near 200,000 y ar . 
~ i f• His pos ible th a t some of the topo"'raphic fea tures 
... . A of the ub merged chanuel of tb i area are due to 

I 
g;; the erosion wbieh took place durin g the elevation 
o tl1at foll ow d t be Glacial period. The cutting 
~ awa,y of the d ivide between what -we have suppo d 

to be the drainage ba ins of th e Vineyard and the 
Muskeget rivers may have been in part effected 
by th e energy of the t idal curren ts, which , inca e t he 
pa sage were dimiui heel in ·ectional area, would 
act with oroething of th e trength they now have 
in pa sing from Vineyard Sound to Buzzards Bay 
through the shallow pa age k nown as W oocls Hole. 

'Seo Bull. Geol. Soc. Am. , 1895, p. 153 et seq. 
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We l1ave next to consider the erosion p rformed in thi di trict by 
the ice of tb Glacial epoch. It is now well kuo1rn tba.t t he ori ginal 
conception a to t he amount of this wear in g on the general urface of 
tb country we're very much exaggerated. Th re are few students of 
the phenomena in the tield who '-rould be dispo ed to believe that t he 
average of t bis erosion in ew En g land amounted to a much a 100 
feet. I doubt whether i t wa. a much a. 50 feet. It ba ommonly 
b en, upposed, ho wever, that in incoherent materials th e action wa 
more effective t llan in firm-set, higb ly changed rock . o far as we 
can judge from the conditio11s een 011 :i\Iar thas V in yard, where t h 
contact of th drift with th underlying and ' and clay i well rev aled 
by t h cli ft' ection and the clay pits, the glacier .did li t tle more t han 
mooth o1·er the oft materials without effacing their origin al out line . 

In 110 ca e i any con iderable amoun t of t he chara teri ticall y colored 
clay aud saud min gled 1rith t l1 e till overin o·. It i usually impo . 
siulc to find a tra ·e of th m at a height of 2 feet above bed rock. 
When w con, id r that tbi occur at point where the ice bas jour- ,-
neyed for 'a mile or more over th oft bed t he absence of all mark of 
ero ion i. een to be very remarkable. 

I have already noted the fact tha t the glaciPr fai led to de troy even 
the minor feature of the topography of tbis field . .It i difficult to 
exaggerate the extent to which the pre-Glacial topo()'raphy urvives in 
the \- ineyard area.. The facts must indeed be een, and thi car fu lly, 
to be appr ciated. Th re i one >ray bowe,-er, in whi ch the glacial 
conditions effected a con id t>rable amoun t of l cal ero ion in t his eli -
trict. Thi wa by th action of the nbglacial tream wbi h flow d 
upon h urfa of th b cl ro k . ll alona the northern face of 
I artha in ard w JMLY tra e t h ' ubg lacial river way , .which 
xtend from b 'hor in winding, ometime beautifully curved chan­

n l ut down into t h , oft rock to wh ere they di charged be ond the 
of t h om tim t he e cha1m I. arc ·oi ncid nt with arlier-

gain hey ar arv d wher i t i evident that open­
air ream l1 av n v r tlow d. Th lat·ge t and in om way. th 
b st, exarn pl of tb iu tere ting and ls where uunoted features i 

n a t happaquon et or Ta hmu Poud and iu the valley which con­
tinu th e der r ' ion to th out bward. . els wh re not l, the e 
gr v , xtenclin g from the hore of V in . ard ound upward term i­
nat on the on th iu the morai nal apron , or , ra.ther, are cont inued over 
that apr n in other hallower and wider trough cut in th and whi h 
xtencl downward to the oce~w hore. In som ca es the bottom 

of t b g roov which were und er th e ice have been worn down to the 
d pth of GO feet or more in to the soft heel ro k . . 

It i . likely t hat the low plac in the E lizabeth Island divide, a at 
Woods Hole, Quick IIol , a nd Robinsons Hole, as well a certain 
otb rs whi h do uot go below the level of the . ea, are due to a like 
action of ub o·lacial trearu wh en they cro sed the rid ()'e lying between 

t 
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the ound and t he bay. imil ar valleys will be noted in t he deta j]ecl 
account of the structure and topograpl1y of Cup od. 

We have J a~t t o cons ider th e extent of the po t-<Jlacial mnrin oro-
ion which bas o cuned in tlli di strict . Thi ha b n a nd i ~ till 

great; at presen t it iS SOme bumlr edfoJcl OTea.ter h an that don i.Jy 
land ,,.n,ters, l>ut t he distribution ha b en in certain reo·m·cl · p e ' uli ar. 
A before noted, the marine bencl1ing of th i <li trict which occurred 
after the depot>ition of the P liocene stra.t<L was apparen ly pusl1 ed to 
the point where th e whole a rea of t he Cretaccou ::; and Tertiary ro •ks 
was brough t to a level. This may po ibly h ave been du to ba e-lev­
eling by t.ream action, but whoever will ob erve th practi al ab nee 
of such work on tl.Je stroug topograpl.J y of J\hrtha Yineyard, wh re 
the brooks are n ver colored by the oil wa to and wh re there i not a 
single stream car, will hesi tate to hypothe ize t hi low 1 ro of 
lowering to a common level such rock · a8 her e occur. Ther arc on 
J\Iarthas V ineyard pretty clear evidence · of t h exis te11ce of a second 
level of marine bench in g at th e height of about 150 fe t abov th ea. 
Thi bench is r ecognizable around nearly t ll whole of th w tern 
elevated ·ection of the island, and a there is no t ru ·tural ba ' i for it 
i t mu t be r garcled a of mar ine origin. H original width can not uow 
be determined with accuracy, for it is much climini heel by mar in J'O-
ion, but on the average it can not welll1ave been le · than one·tLird of 

a mile, and may have been more thau twice as oT at a t hat amount. 
'l'hu~ the pre·Glacial ero ion du to the sea apparently include two 
·lnrge operations, tl.J e formatio n of tlie original level urfacc of t h i ·]a nd 
and the cutti ug of t he lower bench, which wn a mnclt le s exton ive 
work. .A.s t o t h e b nebin rr which may hav b een uou' in L1Je KC ·Liou · 
below ,the water level: the evidence though in a way i n terestin g, i.:; too 
perplexiJjg to warrant eli cus ion. 

The po t- lacial marine ero ion of tlti tli:;;trict ha be n exten ive 
and i 11ow iu I roce of very rapid development; no other portion of 
thecoa tof~orth America i · und ergoing u·lt a ·omplicated a ud rapid 
rea<lju tm nt. Wl1eu the problem which are there pre en ted concern­
in g tl.J e n.ctiou of the ea ou tlle hore ttnd the arrangement of t l.J e 
detritu ' derived from the proer s of ero ion a re worked ou t, thi · area 
will become the cln. ic ground for tudents of coa · a l action. F or our 
purpo ·e it will be well to divide the que tion into two head ' the nr t 
relating to the amou nt of erosion a lready clone the cond concerning 
th manner in which the work i efl'ected . 

In thi ·, a in mo. t other Lore lands, the on ly pos ·ible way of deter-
1J1iniu ·the extent t o which th e sea h as gained on the Janel i. to take 
the lope which exten d downward to the sea and a. certain where, if 
protracted, they would cut t he water lev l. Thi method i particu­
la rly appl icab le ou shore t>uch as tbose of south eastern New E ng­
land, where there i n. geutle slope toward t he sea. On t hi s ba i , 
usiug for data observation made at some scores of point , I have come 
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to t l1 e conclus ion that if the laud had been tabl ince the last ice time 
the av rao·e retr eat of the shores mi ght afely bo estimated at rather 
morethau aboutone-halfami l . Unfor tunately forthe ufficiencyoftbis 
method i t i certain tltat there has been a sub idence, wh ich may be, 
and roo t likely is, 11 0w going on, o that the resulting work of th e ea 
is not the format ion of a l1orizontal sh lf but of a sloping scarf, much 
of which i ubm ergecl . Thus we can only ay that, the rate of the 
clown - ·inking being unknown, we are depri\ed of any mean of accu­
rately fixing th e extent of t.he in uttin g iuce Glacial time, and are 
driven to the ruder method of noting the amount of reces ion of par­
t icul ar cliffi . 

Turniug to th e evidence aft'orded by th cliff·, th e be t obtained is 
that due to the ' urvey · of tiJ e late I rof. H . L. Whiting, long the enior 
assi taut of the United Sta.te Coa t and G odeti ·Survey ·who fixed tlte 
r ate of ro iou of tl1e Na haqui t a d iffs by very careful ob erYation 
fo1; a period of fifty years a t 3 feet per annum.' The eviden e i clear 
that this i. the r ate for nearly if not qui te the whole southern shore of 
l\Iar tba Vin yard . At Gay Head there are only approximate data, 
which erve to show t hat most li kely the retreat does not amou nt to a 
mu ·h a. a foot per ann um. Alon g the north horfl of Mar tbas Vine­
yard the proce of erosion i very slow, savo at a, few ali ent poi nt 
we t of the team boat la nding. At We. t Cbop the rate does not ~wer­

age a foot iu five years but at the east aud we t chops of Holme 
Hole the cl iffs have for some year been retreating at au average rate 
of at least 2 feet per annum. Thi wearing i probably in ome way 
connected with slight al teration of th hoals which direct the tida,l 
curreut agaiu t th bore. On tbe 'ottao·e City or ea tern face of t he 
i land th rate of wa ting- i al o great. Th rece ' iou of the bore 
ha amount d to at least 30 f; et iu .fifteeu year , a ud tbi de pite ome 
slight ffort mad t resi t t h action of the wave . The r gion n ar 
' dgartown i amply prot ·t don it ea t ide by the ext n h-e sy tem 

of l1ook abou t ap Pogu . \. a, whol tlte ·hore' of Iartba \ iue­
yar<.l in pro· of ero ion, xcluding the i land of Ubappaquiddi ·k 
and th n,pe Pogu b ok , are probably ntering the land at an aver­
an- rat of about a foot a year. The mean height of tlJe sea- ·liff face 
may afely be tat n at 30 feet, and th total face ubjected to ero ion at 
35 mil . Thi would make the quantity of mat rial remov d amount 
to a total of about 1,000,000 cubi feet l)er annum . 

On the i land < f antu ket, owing to the extent of t he and-barrier 
b ache , the proportion of tbe total shore line which i exposed to 
a ·tive erosion is 1 tban that of Martha Vineyard, but the wearing 
action of the sea is much mor effective, f'or t he reason t hat clays rarely 
app ar in t he escarpment·, which are mo tly of tr ati.fied lrift, uch as i 
found in the morainal aprons. The outhern bore of the i Janel and a 
portion of its northea tern fnce are apparently retreating at the rat e of 

'Geology of Ma.rt.hns Vineyard : eventh Ann. Ropt. U. . Gool. Sun·ey, 1 , p. 361. 
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more than 4 feet per annum. Yet, for t he rea on above g iven, it eems 
likely that the average encroachment of the sea is much le s rapid than 
it i in tb~ i ·laud of l\Iartbas Vin yar L 

'rhe Elizabeth Islands are wa ting for the great r part of their 
length, but the process is now being arre ·ted by a. imple ~tction which 
ha brought protection to muuh of the bore laud of soutbea tern 
Mas achuset.ts. Th rna of these i lauds i a befor not d, of inco­
herent and, but the urface i g nerally occupied by a layer of coar e 
till or moraine, haYing a depth of a few fe t. A this pebbly an l 
bowldery matter falls to the bore it form a tony b acl1. 'Ihi plat­
ing o ·er the soft underlying bed i ' uflici nt to pr v ut the hore 
currents from wearing them away. The re ult i that a platform i 
made on which the wave break before attaining the . hore, and often 
a barrier beach is formed which to a great extent k ep ev n the ·wa h 
from attaining the cliff . When the adju tment ha gone tho far the 
hores erode only o fa t a i n ce ary to npply the I lace of the 

pebble which are worn out or the laro·er wa te brought ttbout by 
tbe action of the shore ice in rafting away the stone a it doe in a. 
very effective way. n excellent example of the valu of the e condi­
tion in biudering marine erosion i howu at a,y IIead, wb re, d pite 
the ease with which the strata lip downward into the ea, tbe vigor of 
the a ault of the waves, and the complete and ra1 id removal of the 
sand , the r etreat of thee carpment is lower tha11 that of many other 
le s expo ed shores on thi pa.rt of the Atlantic coa t lin . The bowl­
dery drift, though not large in amount, is enough to have formed a helf 
extending irregularly out from the face of tbe li ffi to the di tanc of 
u arly a. mile. On tlli · tbe b avier sea brea,k, o that wlt n running 
from their prevailing direction only tbe econdary wave attain the 
hore, with o little effect that the retreat of the face i at the present 

time le s than a foot per annum and appear to be rapidly dimini bing 
in it rate. On the other baud, the ~ ashaquitsa cliff which iu tbeir 
retreat contribute but little bowldery material to the sea, are, as above 
noted, retreating at the rate of 3 feet a year, the ~a having no difficulty 
in deepening the bottom as it works in, o that it wa.ves are able to 
a anlt the base of the cliffs. 

On the peninsula of Cape Cod we find evidence of marine erosion 
e eutial1y like that on the i land which lie to the southward. The 
d tails of this action will be noted in tbe section of this report which 
is devoted to tbe topoo-raphy of that area, but the general feature 
may well be considered here. The most intere ting point is that pro­
bably all of the invasion of the sea occurs on the southern and ea tern 
(or outer) part of the penin ula, there being little trace of it on the 
northern (or inner) bore. This is in part for the rea on t!Jat the eas 
strike in times of heavy storm with greater effect in this portion of the 
coast, but in larger measure it i owing to the fact that strong tidal a11d 
shore currents weep by this part of the coast, which carry away the 
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debris delivered to the sea by many of the cliffi , so that it does not 
encumb rand protect the shores. 

On the northern shore of Cape Cod the urface bas, as will hereafter 
be noted, a long riding slope of the glacier, ·ompo eel usually of clay, 
wbi h de cend gra,clually to the sea level. This slope extends from the 
w t rn border of the town of Barnstable to Yarmouth and is partly 
indicated as far a the town of Brewster. Where this gentle declivity 
pa es beneath the ea, or where it attains the fit depth of water, a beach 
is formed which inclo e the great mal'i.JI marshe that are o promiuent 
a feature of thi ·part of the coast. This b ach is .. lowly working inland, 
but tbe amount of sand which accumulat in the ba.y H face is o 
great that the excavation of the bottom necessary to the inward march 
of the beach hinder. · the movement. 

On the north shore of Cape ocl the eli tribution of tlJe product of 
coa tal ero ion indicate the weak action of marine ctlrrents. On the 
outh ide, in the waters betwe n Hedge Fence Shoal and the open sea 

to the ea tward, the eli tribution of the hoals and pits shows a con id­
er·able amount of movable debris in the po ses ion of the ea and it 
conveyance by troug current . In tbe field :otbout .Monomoy the strug­
gle between th accumulating sands and the current is so active that 
tber i evid nt dan ger of the passage to the eaward between .r an­
tucket a.ud the cape beinO' clo ·ed b tore many decade have ehtpsed. 
If in any time of gr at torm this chano I hould become so hallowed 
that the wav would break a ro s it, the re ult would be the imme­
diate construction of a barrier beach. If this construction failed to 
attain to or n ar the surface, it would doubtles b wept away by the 
tidal urrent . If, bowev r it mad an effe t ive barrier to their flow 
th i land of antu·k t would be ao-ain joined to the mainland. An 
accideut of thi nature is po ible; it i lik ly indeed to be the next 
gr at ban •e in the ondition of thi part of th e tlaotic coa t. 

b for remark d, the un table ~anus of the bay on the a t rn 
id of ap od app ar to be mainly limit d to th ea tern portion of 

the e wa r . In in yard onnd the. evidence from the bore and 
oundiug indicate that the amouut of and at the di position of tbe 

cmT nt and wave i not larg . The shore are o· nerally pebbly and 
th ouuding are not to any exteut variable. The harbor , ~uch a 
Tarpaulin ov , Woods ole, Holme Hol , an l Edgartown, though o 
pla ed that th y would naturally b ob tructed by moving sand were 
large quantities of - ucll mat rials in unstable po ition , how lit!Jl 
ten den y to fill in. The and beacbe , such a those at l\'Ienem ba light 
and between engek ntacket Pond and the sea., are evidently not gaiu­
ing in width. The e condition a.re in very di tinct contrast to those 
which are found in and about antucket Sound and Mu keget Channel, 
where there is a cea le · o cillatiou of the shoals and where the h ~tr­
bors which exi tar in con taut pro es of closure, again t which, as at 
Nantucket, the precautions of the engine r e m to be of little avail. 
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The rea on for thi diff>reu e is not perfectly clE-ar; it i probabl that 
it is in part due to the r lativ ly large amount f wa ·te contributed 
to th e ·ea by th degradation of tbe shor 'S of rtntu k t and ape 
Cod, bnt in a measut·c also to the fact that tli average run of t h tides 
eem to bear tl.tc sands to the ea · twa.rd to a point where tlte nergy of 

the \.tlantic uro-e , rolling iu from the eastward tenus to beat tltem 
ba ·k into Xantucket Sound. 

It e m ,likely that omething lik this peculiar condi ion which we 
now find in the shoal of th fonomoy group xi ted a hort tim ago 
in the region of antuck t hoal , although a y t we do not know 
enouO'h of t hese shallows ac urat ly to det rmine th ir hi tory. It i 
probable that it repre ent the r main of a y t m of low island , 
honls, ao tl tidal chann el, whi h were depre d b neatlt th a at 

t he last ub idence. If we hould conceive tb fiO feet 
bigber tha n it i at pre ent, the struggle of the tid . and other cur­
rettt which How· ex ist about Ionomoy would b tran f rred t t lHl 
regiou of "an tucket !Joals. 

ln.""DER::lrl'R TURE OF PE OD. 

On fir tin pection the body of Cape Cod, i. e. that part of it which 
lie- between Monument River on the we t and the and pitwltich et 
iu ju t ea t of Highland light, appears to be made of glacial cl bri ·. 
It i true tbat nearly the whole urfa ·e i · covered either by tlte exten­
s iY moraines which are to be de cribed in th 11ext ction of tlt.i 
report or by the depo it of a.ud and gravel which arc prea l on the 
outh and ea tof th morainal a cumula-tion . . 'l'he. , up rfi ial a cu­

mulation are ·o exten ive tltat they very effectiv ly ma k the true 
cltaract r of the underlying cl po it . one of the tream form ections 
which reveal the underlying bed and tbe only cliff hore wbich do 
thi are near Highland liO'bt, wber tbe evidence a will her after be 
11oted i not very indicative. I therefore deem it nece ary to give in 
ome d tail the evidenca which go to prove that t1 tere ar large ar a 

of relatively old strata lying beneath tbe glacial bed of thi eli trict 
and above the level of the ea. 

Beginning with the southwestermo t portion of the cape eli trict, 
that which is in the town of Falmouth, we observe in the field about 
Quamqui et Harbor a quality of surface wbich clearly indicate th e 
existence of deposit otber tban tltose of glacial origin. Tbe topog­
raphy i evidently older than the last ice time, tbe vall y being ome­
what encumb red with deposits of drift. Sections through the ridge. 
show beueath the thin detrital coating a eries of somewltat indurated 
ands, gravels, and clays, u ually thin-bedded, though orne of the 

clay layers are 2 feet or more in thickne · . The sands aud gravel· 
are rather ferruginous, and sometimes the irou oxide i · sufficient in 
amount to produce a distinct cementation. The ·lay b ds range in color 
from whitish, through brown, to eli tinct reds. 'fhe materials and their 
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a ociation are e eutially like tho e belonging to the Nashaquitsa 
serie , as shown on Marthas Vineyard. The pebbly matter i rarely of 
crystalline rocks; it consists almo. t altogeth r of quartz an d quartzite. 
In the places where shown in rather mall openings it seemed likely 
that the few pebbles of a granitic 11ature l1ad been brought to the 
ground by t he glacier and ern bed into the mas by ice action. 

The mo t notable feature in the" Quisset' Harbor . ection is the con­
iderable dislocation to which the beds have been ' ubjected. The 

layer are thrown into hort~ abrupt fold. , the resulting dip being at 
everal point a much a 30 degrees of declivity. The . trike are 

irregular, but, as on much of Marthas Vineyard, incline to a general 
northwest-southeast direction. The condition of the folded beds, e pe· 
cially the fact that a, topography somewhat obstructed by glacial 
depo its but otberwi e undisturbed was carved on them in pre· 
Glacial time, clearly indicates that here, as on the L land la t named, 
the disturbances can not be accounted for by the movement of the ice. 
The important exposure. which have yielded thi. evidence were made 
in 1 96 by a land company in grading the roads of it prop rty. They 
are, unfortunately, of a nature to be oon effaced. 

The topography and the di tributiou of the' pring level (or !)lace 
w!Jere the water contain ed in the drift i · turned to the urface by the 
clays) f the r egion about Woods Hole indicate that thi _.. a haquit a 
seri -for such we shall term it-ri e to the prevailing bei<Yht of about 
GO fe t above the sea, being capped by the ridge of the moraine which 
rtm parallel with the shore of Buzzard Bay. Northward ::~ long the 
bore of that baJ the conditions of urface, as explain d by tb above· 

no e 1 fact , in licat that · eutial ly the ame materials continue to 
Buzzard. Bay th an i ut ri h in cr interrupted only by th indeu­
tati ns wbi ·h are formed b s vera] drown d valley and by :Monu­
m nt Riv r. Tn a railway entti_ng ju t we t of Buzzard Bay tati011 
tb rewa expo d in 1 96 a e tion nbout 4 fe t d p which howed 
stratifi d ~ rrng-inou and that were slightly fold d. Tb e b d 
app ared to uelong- to th r.btnC rie a tho:> at" Qui s: t' Harbor. 

Ju t a t of Falmouth th tream b d nea.r tll sbore at eveml 
poiuts r v al by a littl excavating the pre enc of inclurat ll ferrug-i­
nou anus aud gravels o( the arne type a tho e found not'th of\'\ ood 
Bole. Moreover, the tream that dl'ain from the ea tern face of tl•e 
Falmouth moraine bow that the p r olating drainag whi ch i. normal 
to a S<tnd-plain country i iuterrupted by some resi ti11g layers which 
bold the water near the urfa,ce. If there were not water. turning b d · 
und r tbe e saud plain they would like tho e of tb imilar plain of 
fartha \ ineyard and .r antuck t, drain by vercolatiou to the ea. 

The fact above noted warmnt the hypotbe is that th we tern ec­
tion of Cape Cod, say for a strip ome 8 miles in widtl• ha a fotmda­
tion of ancient sand , grav I , and clays which rises to a ·onsiderable 
height abov t he water lev 1, an d is, in part at 1 ast much di lo at d. 

1 EOL, P'l' 2--34 
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It is barely po sible that the unseen water-holding layer on tl• astern 
side of thi area are of till or other clay l>ed of Gla ial a.g , but tile 
impropability of this view will be made apparent by tlte account of 
similar deposits in other parts of the cap . 

On the northern shore of the penin ula, from near '[ouument River 
eastward to Yarmouth, and less di ti u ·tly till farther ea twarcl to 
Orlean , tllere is an often indi tinct bnt !early traceabl . lop leading 
upward from the ea level to a heig·bt of 60 f t or more. This lop 
i. often more or les rna ked by local accumulation of till , or even by 
small ridge of a morainal natur ; but wberev r its structru·e i r veal cl 
it is found to be made. up of a d po it of dark-blue a,nd gray tratifled 
clay . It presence i generally atte ted l>y the fa.ct that it i · not 
penetrable by water, and the fi ld which lie upon it are quite dif­
erent in character from tho e found l ewhere in th cape di tri t. 
The agriculture of the 11orthern porti 11 of Barnstable ounty ha 
iucl etl been to a eon ·iderablc extent found d on the qua,lity of thi 
un lerlying material, which affords a much more endurino· soil than i 
found elsewh re h1 the area. 

Occasional wells on thi northern lope of tb cap , aud particularly 
the brick pits in Barn tabl , how thi clay to ha' e the thickne of at 
least 20 feet. At no point, o far a I hav been able to find ha it 
been pas eel through . 

The clay which ·o generally form th northward lope of the ape, 
between Orlean and Monum nt I ivee, apparently underlie all tbe 
characteristic depo ·it of the I a t Gla ial epo ·h . pou it re t a nun.1-
ber of small area of an evidently moraina.l nature~ a well as a general 
though raLher Lhiu eu vel"iug of till, ' hich appear ~~L Sollie poiuLs, par­
ticularly at the bri k pits above r fen·ed to, to be omewhat burned 
up with the lower clay. N everthele the distinction between tl1 two 
depo it is sufficiently clear to sbow that they are only accidentally 
as ociated. Althoug-h this clay is to a great exteu t masked by the 
usually thin coating of drift, it appears to be continued a a tolerably 
connected depo it from the western extremity of the cape to Orlean , 
and per hap till farther eastward. The field of tbi ection owe their 
relative fertility in part to tlte fact that the clay keeps the water table 
nearer the urface of the grouud and in part to the comminglino- of 
this clay with the glacial waste, which in thi eli trict i distinctly more 
clayey than it is in other part of the cape. 

The northern clay of Cape Cod does not appear to have been dislo­
cated by compre ' sion strains, at least none suclt have been een in tlle 
scanty section which are exposed to view. As to the origin of the 
deposit, the evidence is not yet clear. So far a a certained, the mate­
rial contains no fos ils. In its general a. pect it i like the well-known 
brick clays of southea tern Ma sachusett , which were, in some ca es 
at least, clearly formed at the time of and in fron t of, the glacial sheets 
during the last ice ·advances. Yet, as no pebbles have been found in 
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the deposit, and a it ' re emblance to orne of tlte beds of the .l. aslta­
quitsa serie of Martha Vineyard, which cleal'ly antedate. the la t ice 
epoch, is evident, it will not be a£ to class it as of Glacial age. It i , 
p rhap , th equivalent of the Ti bury clays of l artba \Tin yard. 

South of the glacial clay , and generally beneath the moraine whi h 
extends from Monument River to Orlean , the evidence, though imper­
fect, goe to sbow the exi tence of another eries of clay· which exhibit 
a g neral Ukeness to tho e noted a occurring in Falmouth near uam­
quis t Haruor. In my opinion this ridge of older clays forms be 
greater part of the considerabl elevation, which at fir ·t ight a1 pear. 
to be enti rely of a morainal nature. The evidence in support of thi 
proposition is a follows: 

AJong tl.te line of the moraine, wl.tich attains at ·everal point an 
altitude of nearly 200 feet, we find that tl.te d pre ion of the snrfa · , 
up to 150 f, et often ontain water for a large part of the year. Even 
where they are not temporary pools, the e kettles commonly xbibit 
up to or above the la t-named lt eight a degree of wetne which indi­
cates tha,t they rest upon mor imperviou material than tl.te very 
porou mora in ~Lffi rds. n index of tlJe same nature i to b found in 
the height of the considerabl lake , of wbi h a core or more are 
shown on the topographical map of thi part of the cape. Thu , 
Peter Pond, in andwicb, i about g- feet above the ea, and anum­
ber of th other lakes xceed 50 fe tin altitude. In general, it may be 
aid that the lakes in the cen ral portion of the cape, particularly tho e 

within the limits of th di stinctly moraine topogra,phy tand at heights 
above the ea which clearly indicate that the barri r which· retain the 
wat r ar mu h l . perviou than the andy, pebbly, and bowldery 
matt r of t h moraio it If which in thi rega.rd i ' but lightly more 
eil' ·tiv tl.tau tb wash d drift. Th am ·on idera.tiou l ad u to 

clay ar a mu h to th outhward of tlJ Olltbern face of lte 
moraine. Th lak on the and plain for om eli tance out from the 
fa of th moraine Ji at h ight which exclud tb uppo ition that 
tb ir water are r taiued b t it int r titial friction or re:i tance top r­
colntion which i normal to wa heel drift. On tbe and plain of Martha 
Yineyard th valu of thi fd tion, n, i hown by tL d pth at which 
wat r ha b n truck in tb ·entral portion of the i land, L not more 
than 2 to 3 fi et to the mile. Ou ape Cod many of th e lake of the 
plain are at h ight abov the ea wbi h would afford grade of from 
12 to 1 feet to th mil from t h ir low-water mark to .mean tide. On 
tbi account, a well a from the general tatemeut wlti h i had fl'Om 
all tho who ar familiar with tb hi tory of the wells of the di trict, 
t l.tat they u ually tril e clay befor attaining the level of tlJe ea, I 
judge that the entral clays of tbe i land probably extend ome di -
tance on th of th moraine. 

As to the chara ter and altitude of the central or submorainal lay 
of the northern part of Cape Cod, the evidence yet g·athered, though 
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not extensive, i , taken with what bas ueen found near Wood llole, 
suflicient to show omething of the conditiow. In the tion 
betwe n Great Pond and We t Barnsta bl the r ad how om ·mall 
section of grayish·white bedded sands unlike any glacial b u known 
to me. The bed dip to the outheast at angl s of fi.·om 8 to 10 d gre '~. 
Trace of reddi h-browu lay a.re revealerl in t he arne di trict. 

In the town of Denni , at the ide of the State roa.d, the cutting· at 
the t ime they were made revealed dark cla.ys and gray and , tl1inly 
bedded, re embling the Nashaquit a ri , . The bed ar fold >d on 
a north· outh axis, the amplitude of the arch o far a could be 
ascertained, not exceeding 50 feet. Although the e foldino· were not 
very plain, they were recognized by my companion, who had no , pe· 
cial knowledge of geology, as arches having the form bown in the 
diagTam, fig. 8. 

In the town of Brew ter, about one·half mil ea t of the tation of 
that nam th re i 
a con id rab l area 
(100 acre or mor ) 
in which th e drift 
overing i · thin 

FIG. 88.-Dingrnrumatio section showin" position of foldecl. clays, that the u n cl e r 
road, Dennis . A, glacial dt'ift; B, folds in (1'rnro1) clnys. 1 inch = 100 clar are r \'Cal (]. 
feet. J 

The e appear to 
be om what confused next the urface by the rubbinO' and cour­
ing action of the glacier. lt i thu · impo ibl , in the light 
expo ures, to clet rmiue the exact attitude of the bed , ' hich ar of 
gmyi h and l>luo sandy chty ~Luu red ·la.y!:l, tiJ la t of LIJ geu ral 
a pect of those at Gay Head. ear riffith Pond-now a ·ra11u rry 
bog-a con iderable expo nre of the red clay on tb north ide of th e 
road to the station bows not very clearly a r ather teep dip to the 
nortbwe t. Although t he canty bowing of these clays in the small 
pits by the road ide doe not afford di tinct evidence of teep clip , the 
eli tributiou of the outcrop indicates uch attitucl with apr vailing 
strike ... . 45° E. The e clays ri e to about 100 feet above the level of 
tbe . ea. 

From choolhouse Pond to Ea t Brew ter tatiou the clay , appar­
ently of the arne general nature as tho e la t de cr·ihecl lie everywhere 
near the urface on he outh ide of tb main road. Th d po ·it ri ·e 
to the height of from 100 to 110 feet above the level of tide. Its upper 
surface form a tolerably gentle slope to the northward: on which re t 
the moraillal heaps a nd into which tbe kettles eem to be cut, with tl 1e 
re ul t tbat they are u ually very wet at their bottom . The r d or red· 
dish !:laody clay appear al o, though ob curely, in orne of tl1e roads 
of Ea t Harwich which lie to the south of the section last de cribed . 

In Orlean the older serie seems to be present thoughout the greater 
portions of tbe area of the town. It is scantily revealed in the road 
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euttings, and is hown in an effective way only on the southwest side 
of Town Cove, ju t east of Touset. Alon g this shore the deposits are 
not enough expo ed to give a clea r idea of their attitude. They are all 
dark colored and are related to the gl acial beds in the mauner indi­
cated in the accompanying diagra-m, fig. 89. 

The above-de •ribed clay appear to continue for ome di tance 
uorthward into Ea tham. The preci e line where they cea e to ri e 
above the level of the ea ha not been determined; it can not be 
asc rtainecl withou t pits or boring . It seem likely that thi limit is 
not far from ortlL E a tham statiou. 

On th south ide of the moraine there exists a . eri e:; of clays which 
are revealed in tlle ordinary domestic wells that are driven in this 
section. I have been unable to find any of tbese well in proce of 
excavation, a.ntl am therefore limi ted a to i nforwation concerning the 
e tiou to wbat I have been able to gather from various per ous wbo e 

F 10. 89.- D iagrammatio s ction of pos Glacial clays, west sido of T own CoYe, one-half mile south 
of It head . A , gladnl M nds ; D, s tratiflod clnys ; , t ill ; D, folded clays and sands. 1 inch = 10 
f<•et. 

ta t m nt s em worthy of tru t. TIJ e e per on agree that for a con­
aid rabl eli tan ·e on h of th morai11 in Harwi ·b , to within a mile 
or o of tho ea , t hes ' ell , trike a dark·color d clay ordinarily at a 
d pth of 10 to _o feet below th ueface. Tbi d po it usunlly l1a ' to be 
pa, d through in order to obtai11 wat r , wbich i found in thin layers 
of O' ra.v 1 above a low r-lying clay. 'rhe tbickne of th upper clay 
i aid to be 10 :fi tor more· the lower clay depo it do not appear to 
hav be n pa sed t.hrongb. 

The ta.tement concerning the eAi tence of a serie of clay layers 
b n ath th and plain 011 the outh ru ide ofth Cape Cod morai11 e are 
in a cordanc wi th the evidence afforded by the level of th e lake in 
thi R area. A b fore remarked, the e lakes, e pecially tho ·e whi h are 
itnat d within 2 or 3 miles of the morainal area., have a height above 

the 1 v 1 of the ea which is ineon i ·t nt with the nppo itiou that 
they at' ~ nc d in by no more effective barrier than would be formed 
of the open·textnred a nd a nd grav l of the plain in which th ey lie. 
Th s lal<e are, in part at lea t, to be regarded a occupying· old val-
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leys, which slope do,·vn to the northward and hav been barred aero s 
by morainal accumulations of a clayey nature, which lt ave in good part 
effaced them. 

As to the attitude of these clay bed which lie beneath the whole or 
a large part of the southern morainal plain of the cape a far out a 
Orlean , there is no basi for accurate determination. Tile report 
fi·om tho e who have unk well in til area lead , however, to th up­
position that the deposits are not eli located after the manner of the 
central erie , but lie in approximately horizontal attitudes, dipping 
gently to the outhward. It i thu tolerably clear that the funda­
mental structlll'e of the body of t.he cape-at 1 a t tl1at pa.rt of it lying 
between Monument I iver and Ea tham-consist of a central axi ' of 
more ancient clay and and , having in part at lea t th g ttet·al 
aspect of the :Na haquitsa ser ie of Martha · Vineyard, and being like­

FIG. 90.- Diagrnmmatic section near Wellfioot 
bridge, in 'l'ruro. A, glacial drift; B, D, F, strati· 
fiedsancls; C, E, pebbly sandy clays; G, fu1e clay. 
1 inch= 5 feet. 

wi e mu h di turbe l by orogenic 
action . On the flank of thi oltler 
axi of elevation lie the clay , 
wl1ich, as b fore noted, appear to 
form the nortll and outh slopes 
of the area., and on w llich re t the 
relatively thin layer of glacial 
wa te--the moraine and dl.lld 
plain which give the nrfac as­
pect to th recrion. 

The outer portion of the cape-
i. e., that b tween Orlean ·, or p r­
bap the northern portion of Ea t­
ham, and the extremity of the 
peuin ula--ha a structure which 
indicat<' a history somewhat dif­
ferent from that ju t noted. In 

this outer part the older dislocated beds with the red clay layers do not 
appear above the water level, or if tltey ri e above tha.t plane they are 
completely cov red by the later-formed deposit of clay and and . 
In this area we have a succession of beds, indicated in the accom­
panying fig. 90, w.hich shows a series of event omewhat different 
from that exhibited in the district to the westward. In this section, 
from central Eastham to the end of the highland at Moon Pond and 
Salt Meadow Pond, the beds con ist of certain clay which appear, so 
far as can be determined by their general nature and relations, to 
be essentially similar to those beds which were noted as occurring 
on either side of the Nashaquit a series of the we tern eli trict of 
the peninsula. Upon these clays occur beds of much-decayed sands 
and gravel , which in character are somewhat like those found in the 
subglacial portion of the section on the west side of Town Cove in 
Orleans. Owing to the large showing made by the glacial deposits of 
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thi part of the cape, this serie of sands and clay ba been a umed to 
be the prod~1ct of the ice age. Although the que tiona to the age of the 
everal divi ions of rock· of this field i in t he main to be dealt with in 

a later part of this report, it D1HY here be aiel that there is good reason 
to doubt whether the beds ltown in Wellfleet and Truro hould be 
reckon cl as of glacial origin, at lea tin the sense that th e and plains 
in the more ea tern section are to be o reckoned. They have exhibited 
no glaciated pebbles; they lack the surface slope o characteristi of 
morainal apron , and they fail to exhibit the occa ionallarge ice-rafted 
bowlders o common in such clepo its. 

From the northern end of the highland of the cape to the extremity 
of the penin ula the land i , o far a its surface is concerned, made 
up altogether of sands, which have been brought into their position 
by the recent action of marine currents or of the wind. A bas been 
sl.Jown by Profe or Davi , the form of the lope w4ich terminate tbe 
elevated ground toward alt feaclow Pond indicate marine ero ion 
before the outermost part of the cape had been built. As will be here­
after noted in more detail, thi agglome1~atiou of sand hook and spit 
mo t likely rests upon a portion of the land which had been cut away 
by a set of currents different from those now prevailing on this , bore. 

TH£ MORAINE 
N THE GREAT

1
MAft'SHES (BAGK 80NE,OF CAPE) THt GREAT PLAIN 

SANOY NECK(DUHtS) 1 TILTED CLAY iANO SANDS (MORAIN ED APrtON) 
CiAPECOD BAY i ; H0"1%0NTAL CLAY_, _' HOft'll.O~T'AL CLAYS 

Sf.A. LLVEL j : : : • .• • • • 

s 
NANTUCH:ET SOUND 

. ! 

FIG. 91.-Diagrnmmatio section across Capo Cod from West .Barnstable tntion to Ost rville, showing 
the geuernl structure of tbe nrea 'vest of Orlean . 

The con truction work involved in th formation of dunes i admir­
ably hown in thi. portion of tb ap . By the e. er i e of a c r tain 
amount f car in planting, the local and tate authoritie~ have suc­
c eded in axre tin the movement over a larg part of the area, but t.he 

aworcl p rtion of it i Lill in con taut motion. The peecl of this 
movement m~ty be judo- d by th fa t that in pril, 1 97 a ma , of 
now 20 £ t in 1 no-th and 2 feet iu tbi koe wa r v alecl "h re it 

had been overed with and during the precedino- winter to the depth 
of L fe t, tb mas having beeu nbs qu ntly cut through by a change 
in the com·ing- DJoveruent of the wind. ( e Pl. X VII, B. ) 

The irreo-ular d p ition of the dnne ha. led to the formation of a 
number of malllak , whi ·h, though f no g ologica.l sio-oifi.cance, are 
very picture que. They are g- nerally bord red by a fine growth of 
crubby tree , nourislted by the moi tnr they afford, while beyond thi 

fertile margin ri e tb desolate slope of and. ( ee Pl. ... OVIT, .A. ) 

HI TOR OF 'l.'HE P • OD ERIE . 

As already indicated, the beds exhibited in tbi area may, so far as 
they ha"¢-e been interr reted, b I rovisionally divided into five groups, of 
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very unequal value as regards their extent or the time occu1 ied in 
their formation. These group are, in order of age, a follo.w : 

Fir ·t and lowe ' t, tho series of grav 1 and and <tndy clay whicl1, 
on the ba, i of general aspect, are h re reckoned a th equivalent of 
tbe .J: ashaquitsa eries of Martbas Vineyard, and wltich, a on tbat 
island, have been ubjected to a considerabl amount of , tr iug. 

Second, the <lark-colored lay which are revealed at the brick pits 
in We t Barnstable, at the ba e of tb se tion on the we t bore of 
Town Cove, at the ba e of the section at IIigbland light, and ~Lt vari· 
ou other point · the e are known as tbe Barnstable eries. The e pit 
are occa ionally much tilled. Their 1 o itiou in relation to th other 
group· remain omewhat doubtful. 

Third, the sand ' MHl clays characteristic of the Wellfieet and Truro 
district, found aloug the bore northward to Plymouth Harbor, and 
probably northward to Egypt or Coleman Heights, in ituat . It i 
not unlikely that remuaut of the e bed occur in other portion of 
outhea tern e'v England. 

Fourth, the glacial depo its, including th morainal a cumulation , 
the esk rs and the and plains which lie. outb of Lhc moraine . 

Fifth, the beds formed ince the Glacial period, COil , i ting of dune 
pits and hooks, ubmarine oa t shelve and hallow , and the orgaui 

depo it of wamps and mar be . 
The e five groups of deposits will now be coo idered from tlt point 

of view of their geologica.! history. 

NASHAQUITSA SERIES. 

'!'he identification of thi eries, a exhibited in Cape Cod, with that 
founll at the typical locality Oil Marthas Vineyard, re ts alroo-ether 
upou the general, though clo e, re emblance of the pby ical ·baracter­
i tic of the depo its. Iu both we bave the same gray mea, ure - and 
in termingled with andy clay , which have a red or reddi b hue; in 
both the pebbly element is ·canty. In the Cape Cocl expo ures the red 
beds are more prominent than on Iartha · Vineyard, but in both a es 
the hue i:s le s pronounced and tbe clayey element les 011siderable 
than in tbe more ancient depo it of the ay Head Miocene series. It 

ePms likely that the e reddish clay have in each ca::;e beeu der·i ved 
fro111 the wa. hiug over of the older Tertiary depol:!it . 'I bat uch i, tlle 
case on Martha· Vineyard admit of scare ly any doubt, for the rea on 
that there the later bed. <:ontain fos il<::S whicl1 evidently came from the 
erosion of the earlier erie . 

It i hardly to be uppo ed tbat these red clay of Cape Cod could 
have been derived from a field so remote as that of Gay - ead. A may 
be cen at the last-named point the eroded clay i not carried any dis­
tance by the tidal cnrrent . We are, therefore, compell ed to ·uppo ·e 
that the beds in Cape Cod were derived from om areas of the Gay 
Head series wkch have been completely eroded away, or at least fowered 
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beneath the ea level by the wearing to which they have been subject-ed. 
Tbe remnant of the 'lioc ne rock which ex.i ts iu .Marshfteld, on the 
Jllaiuland to the north of Cape Cod, lie in a depre sion of t he ry tal­
line rock , where it has been in a measure protected fro111 ero ion. It 
i eminently probable that the~e bed. once occupied thedi trict between 
Mar hfield and the base of the cape. They may, indeed, have had a 
mnch greater areal extent. 

Tbe probability that the depo its of the serie found at Gay Head 
and elsewher ou Martha Vineyard once extended over a wide field 
in the cape district i made the clearer by the fact that remnants of 
t!Je gre usand , al:! i well known, occur at Marshfield, Mas achu tts, 
north of Plymouth, and apparently also below the level of the , ea in 
one or more points in the .Monomoy group of shoal . The evidence a 
to the e ·islence of the beds at the last-named point is iltcomplete, but 
it de. erves a brief tatement. · 

Among the shallow in the Mouomoy area i one ometime known 
a ' tone Hor e Shoal. 'l'bi eminently curious name points to orne 
peculiar feature in the hi tory or tructure of the place. 1 am told by 

a1 t. John L. Veeder, of Wood Hole, that some years ago he was 
eng·aged in breaking np the wreck of a ship which had been for orne 
tim lying on that shoal and bad become partly embedded in the and . 
Vll.ten the hulk rolled over it brought up a quantity of "dark and" 
wldch contained many fragments of bones. In a.nswer to my inquiry 
Captain eedet· ·tated that the material was like the green and of 
Gay Head . It i well known that sailor are apt to class any bones as 
tb se of Lor e ·. 

A to the nature of the rosion which provided the material for the 
Na haquit a rit> , th re i little eli tiuct e \'iden ce, and that i · of a 
negativ •IJ<tracl r. The bed on Martha ineyard have ail'orded 
fragm nt of magn tic irou ore, apparently from umberland Rhode 
I Jan 1 and other material which may be from the arne field· but it i 
to be bs n · d that th pebbl may uot have been d rived dir ·tly 
from that locality, but may ltave c m , as is tbe ca e with much of 

'otlt r mat rials, in tenn diat ly from deposit of Tertiary or retaceous 
age. the, bt>ds w re apparently d po ited 110t loug before the 
ad nt of th last la ial p riod the qu stiou ari e wbetb r they 
i11dicat any form of ice action . To tlti inquiry a negative an wer 
must in gen ral b o·iven. :rone of the pebble are crat bed or 
faceted; ther appear to be no ice-rafted block ; the frao·ment are 
all :;;mall the gr at r part of th m of quartzitic or felsitic nature, the 
ortlillary cr . tal li ne rock , u h a are o plentifully exhibited by the 
gla ·ial deposit of tho la t i e p riod, being of callt o ·curren e. In 
general tb pebble are much wat rworn and a:ffected by sup rficia.l 
decHy, whi h b0w that tltey have be 11 long- epara.ted from their 
original b dding place . 

'l'be tran port<ltiou of tbc watorials of t!Je N ashaq nit a series appears 
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to have been effected, in part at least, by trong and variable currents, 
a is shown by the sto11y cro bedding of the and . ..At other time , 
and with udden alternation , the conditions were uch a a.llowecl the 
cl po ition of fine-grained clays in these layer . It i a noteworthy fea­
ture of the formation that it contains, so far as a certained, n indigenous 
fo ils of a recognizable nature. This, taken in connection with the 
fact that on the we tend of Marthas Vineyard (wher alone the serie 
is well exhibited) there are a great many organic remain of animals 
derived from the Tertiary rock , goe to indicate that, though the con­
ditions of depo ition and of ub equent time favored the pre ervation 
of fo ils, none were contributed to the formatiou by cr atures living 
in the waters. This inorganic a pect of the beds may be due to any 
oll8 of several conditions existing in thi district at the time of their 
formation. It may have been due to the pre ence of a g·lacial8beet; but 
this hypothe is is less warranted than is tbe ·uppo ition that the d po­
sition took place rapidly in a fre h-water ba in much in the manner in 
which depo its are now accumulating in the ba in of certain great 
lakes, a , for instance, in Lake ntario near the mouth of the G ne ee 
River. The evidence afforded by tbe bed is, inde d, roo t on i tent 
with the view that they were thu formed in a fre h-water ore tuarine 
body into which large and ediment-laden tream were di ·barged. 

At first ight the uppo ition that this portion of the continent wa 
the seat of considerabl lakes during or abont the Pliocen epoch may 
seem to require an exces ive differen 'e from the existing g ographical 
conditions. It is, however, evident that tbe tlantic horeland from 
the Carolinas to ova Scotia bas from the beo·inning of the Mesozoic 
to the pre ent geological time t ndcd to develop exteul:li lacu triu 
area·. In Trias ic time these area of fre h water were numerou 
and large, tbe ba ins having a character and an extent comparable 
with tho e of the ea tern flank of the Rocky Mountains during the 

retaceou period. A part at least of the Gay Head erie , including 
the plant beds of the Cretaceou and a portion of the fiocene, appear 
to have been deposit din area of fresh water. It i not n e ·ary to 
suppo e that these areas of fresh water were completely separatrd from 
the ea; they may have been e tuarine in their nature, much a are the 
sound of North Carolina aod other portion of the outbern coast of 
the nited States. 

The question arise a to the original extension of the deposits of the 
Nashaquitsa series. s yet they have been definitely ob erved only 
on Martha Vineyard, in the islands of the E lizabeth rchipelago, and 
in the area we are now con idering. I t is likely, how.ever, that bed 
of equivalent age exist in Block, Fisher , and Long islands. Depo its 
of perhap the same age may exi t farther to the outh, though u util 
fos ils are found in t he Massachusetts area th re will be no suffi­
cient means of fixing the age. The fact that thes beds are found 
scattered over a considerable area in the manner before noted indicates 
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that they were at one time extensive. The height they now occupy, 
notwithstanding the con iderable ero ion to which they have been ub­
jected, show that they must have been formed when the level of the 
sea was much higher than at present. Thus on 'fartha Vine ard tb y 
lie at not less than 200 feet above the tide, and their upper urface ba 
shared in the ero ion which has served to develop an old and deeply 
incised topography on the area. It is, indeed, necessary to a sume 
tl1at the upper surface of the deposit originally lay at a far higher . 
level, perhap 100 feet or more above its present plane. 

As to the di location of the bed , this seems to have o curred before 
the erosion which formed the valleys in which lie the bays and ound 
that separate the k.nowu location of the depo its. The time of the 
di location can not be more definitely stated than that it was after a 
part, at least, of the P lio eue had been deposited and before the depo­
sition of the Barnstable clays or the Tisbury beds, which apparently 
lie above them. The interval between the e stages wa evidently of 
con iclerable duration, even in t he geological sen e of the \vord, for it 
included not only the time occupied in th folding but al o the period 
required for a con iderable erosion of the beds. 

Concerning the extent of tbe dislocation which have affected the 
Na haquit a series, i t may be aid that it wa much le · inten e and 
gen ral than that which i recorded in the Gay Head section. In th 
area occupied by the la t-named group of trata, about 30 quar mile 
in e -teut, the average clip of the beds is about 450, and no part of tbe 
layer , o far a een, remain in a horizontal attitude. In theca e of 
the a haquit a erie · tbe greater portion of the l\Iartha Vineyard 
area i but li ttle eli lo atecl, and 011 ap ocl th averao·e cl 1 arture 
frOJH th original horizontal attitude i apparently only a litt l greater 
than it i on tb in yard probably not av rao·iug more than 10° of 
d clivity. 

Tb foregoing con ideration justify th uppo ition that the a b­
aquit a erie originally o cupied an ar a along thi p rtion of the 
bore of the con tin •ut; bey warrant al o t-he belief that tbi area wa 

aft r a light thongb di tinct di location, arved iD to au xtencled topo­
graplli al reli f and that the surface of its mor alieut points was con-
id rably lowered in th pro e . v have to uppo e that thi carv­

iu w <l in the main at least, due tori ver action, though tb valley may 
hav been aft'ected by marine ageu ies after they w re lowered beneath 
tb plaue of t he . ea. 

THE BARNSTABLE SERIES. 

fter the formation of the topography cut in the a baquitsa erie 
had been effected th di trict wa again depr sed ben ath tb a. 
Tbe downward movement certain ly brought the coa t line at least 100 
feet above it present level, for the Bam tabl lay attain the ele\ a­
tion of 60 £ et above t ide, and th 'l'i bury clays, their probable equiva-
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len t, ri e to about 90 feet. s t l1 ese clays, particularly t bo e of the 
Barnstable area, have the character wlii ·h b lou o·s to d .po it formed 
at ·orne eli tance from tbe bore liue, it is likely that tbe down -sinking 
was to a much greater depth t !J an i ]J ere indicated. 

Clays of th e same geu ral natur a ' tho e of t !Je Barustable eri · 
occur a.long the hore to the ea ward as far as ' hatbam, though til 
best expo ure ·· known to me ar tho e on the pre en t mari n escarr­
men t and in the clay pits at Barnstable; t here t hey seem everywher 
to underlie tlle glacial deposits, being usually eparated from them by 
a variable tbickne ·s of appa;r ntly pure glacial sand and clay . 

It i not unlikely that some of t h brick clays lying farther JIOrth­
wa.rcl and westward on the mainland, a well a other <.lepo it ' in Har­
wich, are of the ame age a t lwse of t lJe Barnstabl erie ·, but tlleir 
discrimination i · difficult and has uot yet been cfrected for the rea on 
that tbey do not apparently cliff' r in any eli ·tinct way from tho e of 
later date and of undoubted glacial origin. 

The graveL in t lJ clays of the Ba.rnstable serie ' are knowu to me 
only by the report of tbo e who have penetrated the bed in inking 
wen . '[bey are de cribed as compo ed of mall pebble , mingled or 
coated with iron oxide. 

The Barnstable beds, as has already beeu uggestl·d, may be the 
equivalent of the Ti bury bed of Ma.rthas Vineyard. The evidence 
of tl1e identity of age L, it must be confe. eel, not very strong. It 
rest altogether on the fact tbat iu botlJ ca es clay beds uot greatly 
di tnrbed by tbe mountain·building forces rest upon the eli turbed ay 
Head serie., and that they bave both beeu el vated to a con id rable 
height aud earved. by erosiv a.geut . '.ro UI po e that the two eries 
are of diverse age would require the a nmption that tli re had beeu 
one more cycle of ero ion, sub idence, and elevatiou in the Plei ·tocene 
period, which is already overcrowded with action of this uature t l1at 
I have been compelled to po tulate in order to explain the geological 
structure of the di trict. 

A again ' t the supposition of the identity of age of the two set of 
bed. , it may be said that the Tisbury erie forms a distinct, though 
much eroded, beuch on the north side of the island f Martllas iue­
yard. There is no evidence that they ever bad a very wide lateral 
extent. The beds are mottled yellow and blui lJ clays and ·aud , with 
occasional bowlders of small size, which may po sibly have been ice­
rafted to their pre ent position . The materials of the strata l1 ave 
apparently been derived from the ero ion of the Cretaceou and Ter­
tiary beds of the dislocated area against w!Jich they lie . It seems quite 
po sible that with the ad vance of our kuow ledge of this district it will 
be fount! that the Barnstable beds, which appear to have be n formed 
in deep water in an offshore po. ition, arc not to be regarued as iu age 
the equivalents of the Ti sbury beds, which were evidently formed 
nearer tlJe Bbore and in a shallower depth. 
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Tt is to be understood that evidence of a diver ity in age of the gla­
cial clays a ud of the bed l1 ere referred to as related to the Barn table 
series is not perfectly clea.r. I se no rea on to doubt that t!Je forma­
tion of the deposits whi ch li e beneath the cape and t he region to t be 
northward as far a.s Plymouth Harbor clearly antedate the la t i e 
epoch, but some of the clay beds of the cape di strict may have been 
deposited during the t ime wh~n the ice work wa in progre . It 
should also be noted that even if the glacial origin of the Barn table 
series hould be proved, the evidence is till to the eifect that the ice 
action was not that of tbe last advance, but an epoch eparate l from 
it by event which indicate the lapse of a great in terval of time. Thi 
will b more evident in the eqnel. 

TRURO SERIES. 

The characteristic Truro serie is e en more generally concealed 
than are the l>eds which lie b ueatl1 along the eastern bore from Well ­
fleet to Highland li ght. Th yare, it i. true, revenled in the wa ting 
cliffs, but the amount bot!J of slipping and of loo d bri i o great 
that it is not po sibl to determin e further the character of the ection 
thnn that it is compo eel of a hundred feet or more of .fiu , nTay mi a­
ceou and an d andy clays in frequently alt rnating b d . The e 
bed apparently contain no fragmen of compound rocks; the OJlly 
pebbles they carry-and th e are mall and of infrequent occurrenc -
are ·om l d whiteqnartz. Tbe beds aiJP ar to be so~ w~at di -
turbed, but th irregular liding of the cliff a· it i under ·ut"liy h --:;; 
makes this apparent e idence of orogenic tre untru _ tworthy. 

t only tw pla ba it a yet pro\· l 1 ossibl learly to a c l"tain 
th tru attitud of the b d in th Truro eri . On of the e i a pit 
wh n clay for hard ning road ' ba been taken . It i on the north 
ide of Pam t Hiver immedintely outh of th road, and a few hundred 

f, t from th bridg over that tidal tream. Th se tion i a shown iu 
PJ.X III,A andinfio·.90,p. 534. 'Illematerin ls con i tofalternating 
clays and , and u h a are howu on tb cliff a llighland light, ven 
b del d and quite without p bbly matter excep bits of rounded quartz. 
They lie at au ang-1 of about 1 o, djpping nort!Jwestward. 'I here i.-.; a 
thin lay r of p bbly drift on the top of tbe ection. ( ~e Pl. .) 

nother e ' llibition of the bed i in a clay pit 200 or 300 feet north 
of outh Wellfl et station. Here the bed are a.t higher angle than in 
the ection nE>ar Pamet River bridge· in part the lope:,; are of 30° or 
more. The bedding, indeed, eems to be crushed a it i at certain 
point ou Martha ineyard. Here, a in the la t-named ection, there 
i a thi n ov rlay of pel>bly wa he<l drift, with mall rounded bowlder ts. 

It hould be noted that t il ections above de cl'ibed 'rere obtaiu 'd 
at the only points wber the attitudes of tb Truro serie ould be 
clearly di cerued. Tak u in connection with what ba l>een observed 
on the cliff bore aud in a con idernble number of ol> 'tue artificial 
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expo ure tllere is evid nt reason for believing that tb .strata of this 
series are geuera.lly di located much a are th bed of Tert.iary age n 
Martlta il1eyard. 

It appears to mE.\ unrea ' onabl to uppo e that the ste p lips of th 
beds of the Truro , ri , ar du cith r to cro bedding· or to glacial 
thru ting. 'I'he sections xamined are suffi iently exten ive tor v al 
th true tructnr . They show nothiug to arou e th n pi ion that 
these lope ar due to d po itiou on tb con tru tiou point of the 
tratum. As for the tbra Un o·, ther i , a i 1 wh re uoted no o-ood 

r a ontobelievethattheglaei r vererod d.thi urface. Tfitdid , 
it action was not Yig·orou nougb to have erod d tb deli at ly 
molded pre.Glacial topograph.y. 

The feature which mo t distinctly separate th , nrfa e asp t of th 
'l'ruro ands from that of the morainal aprons i th ir lop . Tbi i 
not, as in the and plain of Barn tabl and 1 ewher toward tll 
open ea on the ea t but eli tin t ly toward th bay on the w t . The 
surfa e i it i true, to a, c rtain extent ncumb r d by the wa te left 
upou it in the la t advance f the ice; but making allowan for thi 
oating it i quite evid nt th at th lop , in tead of beino- ut..-.;·arcl from 

the ice front, wa inward toward the fa e of the glaci r. If, in<l eel , th 
deposit i to be regarded a a and plain, it will have t b a umed 
that the ice lay outside of the cape, eli .charging it w, te we. twarcl 
toward the bay, a view which i manife tly incon i t ut with all we 
know of the distribution of th glacial envelope on thi I art of th 
shor . 

Taking no account of th d formation of the urface in 'l"'rnro and 
Vi cliO t, whieh hav bo ' U brought about by tl.t small a.mouut of 
glacial waste which the area b ar th we terly lop i cl arl;r indi­
cated either to the eye of tb ob erver in the field or by th in pection 
of th topographic map wh re the contour · ar e n to low r as we 
pas from the out r or ea tern t tb inuer or we tern jcle of the area. 

we pa from the minently charact ri tic urfac of the sand 
depo its of Truro and Wellfleet toward the south em and we tern· parts 
of the cape, the gla ial depo it thickeu a.ncl becom · mote irr gular, 
until in Orleans the Truro and ar to a great extent concealed by 
tlli drift. Neverthele : b ds of the same g neral nature are uotice­
able ·at roo t · points where a natural or artificia.l e t ion i carried to 
any con iderable depth in all the area as far we, t a Yarmouth. 
Th y are particularly well bown in Dennis and arwich and are also 
revealed in the sonthet~n parts of Brewster and b northern po_r:tion of 

I 
arwich . It is here, a in the typical localities of the erie , quite 

evi<lent that the . urface was deeply iuci eel by the action of tream 
before the Ia ·t invasion of the ice, which erved to encumber and at 
times efface the preexi ting valleys, though the erosive action which 
conveyed thi · waste was not nfficiently ~nten e to cut n.wa,y this rather 
delicately molded topography. T lrroughout · the area in which the e 
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ancient sand ar traceable they genera.lly rise on the ere t of th 
ridges which they occupy to the height of about 100 feet al1ove th 
level of the a. It seem likely that while glacial erosion mainly 
if not altog ther clue to stream from ben ath the ice, may have ut 
down tl1e crests to a certain amount, the extent of this wearing 
ha. probably been not more than a few feet. 

The original extent of these Truro sands i , on account of the ro-
iou t whi ·h they have been subjected, not clearly determinable. It 

seem , however, to ha,·e been great, aR will be een from the following 
not concerning the distribution of bed appar ntly of that age which 
occur in a fragmentary m:wu r in and about Cape Cod. In the we t­
ern part of the cape there i r asou to u pect that depo its of thi 
age underlie the ridge of the Falmouth moraine. Expo, ure ·of yellow 
sands are bown at a numb r of point on th westem face of th 
morain in po itions which indicate that they are portion of a large 
area which extend beneath thi rna and ri e to a con id rable 
beio·ht beneath it. On the i laud of aushon, tbe nortbernmo t of the 
i lands of the Elizabeth rchipelago, orange-colored sand with cbar­
acwri tic ab euce of eoar e wa te underlie nearly, if n t quite, all of 
the a.rea and rise to the u ua.l h ight of about 100 feet. Southward 
throughout tbi group of islands to Penike e bed of thi cbaract r 
and pr sumably of the arne age ar een h r and there evidently 
lying in the a haquit a eries. On Martha ineyard the serie i 
le well shown yet it is tolerably well indicated on the northern ide 
of the i land at Oopoggan ead (misnamed on the map Cap HiO'­
gon), a well a at other point betw en Menemsha Creek aud We t 
Obop. They are also een in the retreating e carpments of Ea t "bop 
aml t hop and the a fac at otta O'e ity. 

B n ath the 0'1' at plain of Martha Yiueyard the upper portion of 
wlJich i clearly of the barn t r peop r to morainal apron ther i s 
r v al d by occa. iona,l w ll. ext nding to the depth of 70 to 90 feet 
a <1 po it of llow and with no lar"'e p bble which appear. to 
b long to thi grour. ll re we l1ave to uppo e that the bed had b en 
worn down by marine or oth r action to a level om what below that 
which th y oc ·upy el ewber and tlJeu lJ eted ov r with the d po it 
formed during tll la tad vane of the i e. In the valley of Ti bnry 
ancl Tia qnan rivers, in the entral part of 1\Iartha iueyard, and at 
Gay H ad ther are trace of the ame and , whi ·h ar C<wtily 
r veal eel and only di criminabl from th depo its of the i'l a haqui t a 

rie by the baracteri ti yellow hue. 
We t of the ba of the cap , a.lon"' the outh rn shor of fa achu­

• ett , clepo it which may be compared with tho e of tbe Truro s ri es 
ar not clearly eli ·lo eel and may not exi t, though the arch for them 
lJa not b en carri cl o far as to make their a b enc certain. In Rhode 
I land, a has been sugg ted to me by my coil ague. l\1.r. J. B. ood­
worth, beds of this age may underlie the harle ton moraine, where, 



544 GJ!:OLOGY OF THE APE COD DI ' TRI '1'. 

a rema.rk rl by the late J.D. Daun, tratifi ed !:laud appenr to und rlie 
the momiual tlepo. i t~. T!Je scanty outcrop of th ese beds in th ir 
appearance warrant the uppo itiou that t he forma.ti n ha t !J ame 
general character that it exhibits in the localitie before de ' ·rib d . 

orth of Cape Cod, aloug tlle bore of fa aclm tts Bay, the 
Trmo a nels, overlain by distinct gla ial depo it , are ~tbundan t ly ex bib­
ited. On the shore of southern Plymouth, from poiu t to point, they 
forw the marine e carpment. (See P l. CIV.) In th e higb rid ge or 
Manomet Hill they probably attain the h ight of 250 fe t or more 
above the level of the sea. The erratics, which are so abuudan t on th e 
ridg and which give it the character of a moraine, form only a r la­
tively thin coating on the ummit of a pre-Glacially-formed rid o-e 
resul t ing from extended subaerial ero ion of t he inferior ands. ( ee 
fig. 92, p . 555.) 

North of P lymouth the curiou, table- land known a Egypt Height ', 
in the southem part of Scituate, appear to be compo ed of b tl in 
chara ter quite like tho eat Truro. The geu m l form of thi curious 
depo it of aud can best be xplained by the nppo ition that it i the 
remnant of a large area, and not a local depo it ac ·umulated during 
the la t Glacial epoch. Tbi v iew is uppor ted by tbe gen ral chara -
ter of the material, which is much tile sam a t hat of th Truro sec· 
tion , though it i more deeply covered with r cen t gla ial wa te. 

cattered patches of tlte a rne decay d an d ontinuc to the north · 
ward a far a Bo ton Harbor. In that ba in, mo tly below th level 
of the ea, a thick d po it of ands clearly antedating the la t ic' 
epoch ha, been revealed by arti fi ial ectiou , as in tb tunn 1 forth 
Moon r land sewet', a nd parti ·ularly in a w ll boriug mad n l er 
Island. At the last-named lo ·ality a thickn , of 300 feflt was pa '.-ed 
through, the beds being in general character like tho e before de cribed , 
except that the oxidation wa le complete than at the oth r part ' . 
'rhe evidence goe' to how that here, as el ewhere, thi ection of 
deeayed sands with few pebble i immediately, though di cordan tly, 
overlain by the bowldery drift. North of thi po i11 t on .the bore I am 
not aware of any sand which may be referred even conj cturally to 
the Truro eries. 

In the di ·trict of soutbeal:ltern :Ma, a hu ett , remot from tbe shorl:', 
I am aware of but one locality where cl epo it of much-oxidized and 
having the general character of t l• o e before de cribed are clearly 
revealed. 'fhis i at Pro pect Hill, in t he . outheru part of the town 
of Raynham and the western part of Taunton. At thi plac we find 
an irregular ridge, compo ed mainly of sand with a few pebbly bed ·, 
capped in part by a layer of bowldery nature, which give t he rna 
something of the aspect of a moraine. orne years ago I eame to t lt e 
conclu ion that the greater part of thi ridge represen ted a much­
eroded deposit, which wa: form d before the las t ice ad vance aud 
which had been cautily affected by •• morainal accumulation made 
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in that stage of th e lacia l period. It no1Y ·eems roo t r asonabl to 
regard thi a a rem nant of tb d po it of the Truro serie . 1 · 

It i probable tha t many otli er depo its of well-oxidized and wbi h 
e:s:i t i u outbern New England will eventually be found to repre eut 
t iJ e ·a me epoch of P lei tocen t ime a · those above catalogu d. At 
pre eut they ar naturally, and it may be inextricably confo d with 
tiJ e accumulations of wa bed drift which were o plentifully formecl in 
fro nt of the i 'e dlU'ing the later advance of the glacier. As will be 
furtiJ er noted in the study of the glacial deposits of ' ape Ood, the 
Truro erie may po sibly be but the outer remnant of a broad heet 
of bore saud ' formed during th ea,rlier epoch of the Glacial period, 
wh n the margin of the ice lay at om di tance norLh of the pre ent 
hor , and tl1at thi. moraine accurnulatiou pa eel into other type of 

glacial wn te a it approached th e ice front. 
Tbe fact· before noted make it probable that at some time before 

the advent of th ice of the la t Glacial period in b region about 
Oap Ood the ·urface of the land 'nt at a much lower level t l1an it is 
110w-at lea t 100 feet lower-and t hnt at that t ime an e:s:ten iv beet 
of water-borne sau d was depo ited on the ea bottom. It eems 
11eces ary to uppo e that tbi beet wa laid down a a tolerably 
contiuuous outward- loping formation, such as is now found in the con­
tin ntal belf along the Atlantic coa t. It er tainly could not have 
accumulated in the patches and ridges in wb icll it now appears. We 
can n t, for in tanc , UI po e that th e ere t whicll forms the founda­
t ion of t h E lizabeth I slands, an d which ri e abou t 150 feet abo e the 
1 res nt le1·el of t he sea floor, or that of tbe Truro P lateau, which 
attain a lil or greater hei ht abo1·e tlte bottom of 'ape Cod Bay, 
wu form cl a w now find it. \Ve are fore cl to a sum that the e 
evicleut r rnu ant of ero iv w rk " . r ori<Yinally part of a wide preacl 
clepo it, by far th <Yf at r part of wbi h ba b en wept away. 

Tho time of th e er ion of t he Truro ands, wbich r duced tbe ar a 
of th f rmation to tbe f w r mnant we now fi nd, clearly antedated 
th la t advancfls of the on inental gla ier. This is indicated by the 
fa t. tbat the po ition of the remnant i t hat which theJ would occupy 
if t lt y were left by water erosion, but not ncb a would exi t if t he 
weal'ing bad b n eft" ct d by ice, and tltat tbe preexisting rather deli­
cate topogmpby, uch a wo 1ld ha e been ·arvecl by tream action, 
wa not d troyed by the glacial rosion. In illu tration of the fir t 
of t h ·e p int it may be aiel t hat t he ricl<Ye of the E lizabeth I -laod i 
preci ely ucha wou ldb brou·ghtaboutifithaclbeen adividebetweeu 
the uppo eel rivers of Buzzard Bay and Vineyard Sound, but in no 
way co uld it well be explained by glacial or marine ero iou. A · for 
tb econcl, tb many pr -Glacial channel on tb Truro-Wellfl eet 
plain ' ll w bow ev n d licately sculptured vall ys were not completely 

1 in th;a r eport wos wl'iLLcn beds nppn •· ntly th oqn iYn lcnts of th o Truro series bav be u found 
by' th writer at a number of points i n south astern N w England. 

1 GEOL 7 PT 2--35 
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def~ced by the wearing influence of t l1 e gh1cier wl1iclt came upon them 
iu its marginal and a,ttenuated form, if indeed they were ever actua,lly 
beneath t ll e ice. 

As for the time when t he erosion of t he Trni·o an ls was fleeted, ' e 
may conftdently ])lace it in the later pa1·t of the long interval wl1icll i.· 
partly, a l ea t, r corded in the well-developed ubaerial top graphy 
wlli lt was made on [artbas ' ineyard aft r the ce ation of t l1 e di. lo­
cation of the underlying bed· and before the ad vent of the ice of the Jn, ··t 
Glacial epoch. .A beforeremarJ~ et1, tlli: interval wa ' long for t he work 
done during it was va t. It i clear t hat the Truro beds were formed 
after th i topography wa pretty well ompleted, for bed r ferabl fl to 
the ag li e 11artly in the valley due to the ero ion iu qu stion . Hi · 
t.hus evident that the gr ater part of tlle erosion of the e later ands 
came after the hape of the \ ineyar i topograplly bad be ' n in hrge 
part determined, but probably before t he valleys thereof l1 ad ~Lttai. u ed 

anyt ing like the pr . -nt development. (See Pl . II, CIU. ) 
The reduction to a plain of t)1e Truro saud wa J)robab1y in part 

effected by the a tion of t l1e ea. A may be noted along th . l10re 
where the ·e beds are subje ted to the action of tbe \Yave and marine 
current -, the beds wear away with exc ediug rapidity. It may, bow­
ev r, have been in COlkiderable part accomplished by ordinary . tream 
action, as is sbow-n by the persistence of many ancient va,lleys in tllose 
pnrts of:' the cape eli trict u11derlain by the e depo it . It i , h O\Y ver, 
difficult to heli ve that this stream ero ion took pla e under the pr sent 
conditi on of climate and geograpby, for the rea on that the beds of 
t hese a11cient water ways arc no longer occupied by streams, e ·ccpt, 
p0rlwps, on tiJe rare occa ion::; when, ou a frozen earth, melted now or 
rain i. deprived of its u ual exit by percolating into the porou under­
lying ~and . Tbe ab en ·e of water in these channel ' is probably to be 
attributed in part to tl1e fa t that tb y ltitvfl been greatly hortened by 
the utting away of their headwaters o that the water ]l()w flowing­
seaward in their drainage i le in amount tb an of oll, being no 
lon ger more than ca.n pa s throuo-h the interstice of the sands, through 
wlticb it more readily find a pas age because tbc way to tlle sea is not 
o long a of olcl. It i. probable, however, t hat the amount of tbe rain ­

fall -bas in geologically modern time dimini hed in th i ' region, a· else­
where on thi and otber continent::;, o that tbe capillary channel n.re 
able to afford storage and pas age to all the precipit~ttion. It may be 
obf>erved t bat in times of any great ra,infall sandy phtin oc ·asionally 
for a short time develop superficial streams, the water I)Uickly c asing 
to flow when the precipitation stops. 

The rate of the ero iou of the Truro beds wherever they are as ailed 
by -ei her marine 'or tlnvhttile agent i made the greater by the fa ·t 
that the beds are destitute of coarse debri:, which, in the ca-se of the 
till, bring about the formation of a more or le s etl'ecti ve revetment 
on tbe erosion face that hinders the action of waves or currents. 
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1oreover, t h Yery l an nature of t he so il aus tlJ e growtlJ of v ge­
tation to b e ·li glJ t in amount, o t lJa t tl1 prote 'tion of t lti s sort which 
i usually o 'importautis cant,Y. TIJu tLewearingrateon t hi 'oToup 
of d po its i likely to be \'ery much great er t han it i · on . nclt bed a:s 
form the Tertiary , trata of 1\[artba Yineyard, frail a.' the latter appear 
to b . (S e rJ. XCVIII.) 

The mo t important iudication I oint in g: to th or ig i11 of t lJe e Truro 
·and i t he apparently entire absence of fo sil in tbe . ·tion. In t he 
xt ' n ive out rop whi ch I uave inspected llO trace of organic matter 

ba appeared . It eem clear tuat tl1 e b ed were laid do\Yll under on­
ditions whi ·lt wer peculiarly unfavorable fo r the inclu i n of orgauic 
r emain , or t lHtt such remains 'llere Sllbjectecl to some proce , wbich 
utterl y remo,·cd t hem . .A.ltbough, a befor noted, t he e bed. are on-
id erably oxidized it can not well be h lieYed tha t fo sil one pre . 

ent Lave been utterly de troye i. Tl1e Terti ary· and of Virginia and 
el ewl1ere are equally affected by d cay, yet the mull u cau r en1ains 
are fairly w 11 pr erved. .A. umiug, tl1eu, that tile e b d - were orin· j. 
nally form d without organi rem ain the probabi li ty is fail'ly estab­
li li ed th at their material were brought into t ll e ea by glacial action . 
In no other way doe. jt eem po ible to account for t he formation and 
delWc ition of such a wa in a marin e or lacu trine area. It i to he aid 
that tlli~ vi w La.· its tlifficnltie -, among- wbi 11 we may reckon t he 
appaxent rtb ence, as u for noted, of all ice-rafted block in t b beds 
a nd the lack of clay in t he nTeater part f t he e tion. 

Taken in conuection witl.t th e mingly nonfo · ili~ rous clayR of 
th B~un tabl eries he Truro beds may perhap be r eo·arded a a 
tag in on f t he s v ral cyrl . of a g-la ·i al periol. It i ' a. well-

r ognized fa ·t Jwt t h glaci al flour or fined <bri , , which in th ord i­
Jiary eo u1 -. of g-la ciation CO IL t itu t s th lar ,.er part of the Ll tritus 
tha i for lll cd i. llOrnMlly ca,ni tlmu It fartiJ r away from t h front of 
th hee tlta n th sanc1 , and that t lti · in ti 111 0 go ' s fartl1 r th<lll t he 
1 l>bly m;ltt r·. \\,. may th u: reckon t hat th Barnstable elny - are 
tb ou t r r r 'lrttiv ly ro111 t accumulation of an ordinary gin _ier, 
ami tl 1at th 'r r uro and t:' w 1' laid down wb n the ice fro nt wa nearer 
t he pr .. nt -h r lin . If this Yiew b ac ·cpted we JltU ' t tuen np­
p o , that in the ic poch whi lt brough t abou tho formation of tlJis 
erie - probably not t h Ja · t ' la·ial po h-th glacial , beet did not 

qu it atta in to thi fleld and tlmt th land Jay at a lowr r leY 1 t han it 
docs a t pr s nt. i ' clearly indicated bytlJ xt n siv ro ion whi ·It 
follow (] tlliS j) ri od of d po itiOJI- l'O ion in wbi lt t he glad l' <11 pears 
to have had no par th t im intene1ting u tw n t lt forma,tiou of 
t h 'Iruro b 'd and t h adva,nc of t he ic sheet whicl1 t1 po itetl the 
ti ll , mo mi n s, kam s, tc. of t h di. tri t n1u ·t lmv be n great. It ~...-a 
a · ur dly many time a gren t a that whieb ha lap ·eel in e the la t 
of h ice he t left th 1J el1. 

1 ] thou gh t h matt l' ha ' been uefore ' b:tted iJL a fragm utary IUUUIIer, 

s. 
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it may b well again to call attention to t h accumul ation of ev idence 
which exi t in thi field o·oing to. l1 ow th very gr n.t length of the 
ti me which ha eln,p ·ed inco t h close of tho Plio en . In t hi inter­
val there wece evidently three di t iuct period of ero ion , ach of long 
duration, and an equal or greater number of wid ly va,ryin g ·hang 
in tbo position of tbe land in relation to the ea. , mea ured again t 
t be geoloo· ical work wbich wa done in he e I riod , that brougl.l t about 
ince the clo e of t he la t ice advan e i relativ ly of little a cou nt, 

being limi ted to .,light cbang ofl vel ancl to a mall amount of marin 
cutting, t l1 e ubaerin.l wearing being quit in ignificant, p rhap not 
t he onc-hnndr d h part of wbat wa clone in the earlier tao·es of th 
o-called po t-Terti ary. It thn e ms that, ba ing th mea ur n a 

vagnely a umed rat in the altern tion of organic £ rm , w~ h:w mo t 
likely much underestimated the duration of thi divi ion of t h all'th' 
hi tory. 

CO~DITIO~ OF THE DI TRI T ·r TIIE BE 
TilE LA T GL.A. I.A.L EP II. 

OF 

The conditions of height and hape of tb land in this area immedi­
at ly befor t he advent f th ice of the la t lacial poch appear to 
be approximately d terminable. It i tolerably evid nt tbat t h land 
lay a,t a higher level iu rela tion to the plane of the ocean than it does 
at pre en t. 'l'his i indicated by th e xistence of the flooded drainao-e 
basins which have be u al ready in part de cribed. T!Je e drow ned 
valley include not only the groat r ba ins of ap Cod Bay, an. 
tuul, et, au<l lneyard ouud and Bnzzal'd Bay, but ma11y of the 
division or branc!J of tbe e wide valleys whel'e the tream tributary 
to be effaced river now enter th e ea. Tim on the i land of th 
south a· well a on t he maillland all the valley which arA now or have 
beeu in former time th ·eat of tream are flooded at their mou th . 

On t he 110rth bore of Cape Cod we find a number of pre- la ial 
cbtmuel which slope t oward the bay of that name, and which evi­
dently were at tbe time of thei r e -cavation the beds of streams d is­
cbargino- into a river that flowed northwardly to the ;bore l ine, whi ch 
wa fa.rth rout seaward than at pre ent . 'Ih e old valley· may be 
traced from Du..-x btuy to th~ north ern part of Truro. They point toward. 
tb e central portion of the submerged trough in a normal and most ng­
ge tive manner. On the body of th e cape the e chann el: are generally 
much occluded by the depo i t of glacial drift. They are to a consider­
able extent deformed by tl1e scouring action of t he tream wbich flowed 
beneath the ice beet while it lay over tbe countl'y. 

The fir t of the. e channels of Cape Cod to be uoted is that of Monu­
ment River, which now is a t idal t ream discharging in to Buzzards 
Bay. As it i clogged at its northern end by drift, it app ar as a 
tributary of the ancient tream which occupied tbe valley of Buzzards 
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Bay. The form of the t rough which eli tiuctly widens to the north­
ward, sugge ts that it originally flowed into Cape Cod Bay and that 
the ridge which originally parted it from the water of he outh was 
cut through by a torrent whi ·h flowed through thi depre sion in the 
time when the ba in to the north wa occupied by tb glacier. East­
ward along the north shore of armouth the tream appear to have 
been hort and to bav drained north and outh from the highland now 
covered by the moraine, and which i locally known a the" Backbone 
of the ape." The valley of the e tream draining northward are 
now but faintly traceable in the confu ion of the montinal drift. On 
the outh side of the ridge the valley are to a great extent lower d 
beueath t he frontal apron of tratified material , yet they may be 
indi ·tinctly and in a general way trac d by the depr s iou in which lie 
tb lakes aud the tream which drain.. them. 

At Ba River we bave another in tance in whi h ~t pre-Glacial Yalley 
(or valley ) has been enlarged and deepened by a current from the 
gla ier. t thi point. th r em originally to have been two stream , 
one flowing north war 1, the other southward. The ubglacial tream 
cut through the ridge between til m converting the trough into a broad 
way, whi h practically divides the cape, so that a t rifling expenditure 
would uffice to make a water way from '"he north to the outb id of 
the penin. ula. 

]jja t of Ba Riv r as far a Orleans the central rider of the cal e 
continues; the vall y become less and less blocked with till and 
morainal waste. Thi. i e pecially the ca e ou the north ide, where 
t l1 valley in D nui and Br wster ltauo 1 with ra.tber ob cur digi­
tation pointinrr toward Uape od ay may b w 11 trac d . Beyond 
Orl an h anci n t c ntral wat r bed tli , appear , the ea havin cr a ten 
into it from th a t, and tho larg r valleys u ually run aero th width 
of th 1 nin nht. Thi: feature i b t shown at Pamet Hiver ( e Pl. 

111) wlJ r on of tb depre ion appear -after th manner of tbe 
vall of Ba l'tiv r and Monument Hiv r-to have been depre d 
anu wid ned by a gla ial strea.m uutil it complet ly divide · tbe penin­
nln, o th·1t there i, only a and beach at t b outer side to unite the 

farth r pnl't of t h ap with tho b dy of the area. Th re ar how-
V'r,maoy l t' ally, wbichsloretotlteuorthwarda.odwhich em 

e., ntially river way though they are uo long r occu1)ied by tre,tm . 
Tbes trough appear to be b beaded at their upp r or out r eu l , 
tb ir ouditiou ugge t ing that th ir headwat r lay in the lost terri­
tory which ha ~u app a.r d by r ceut marin ero ion ( e Pl. CII). In 
the a' onn t of tb Truro ·be<l it ba be n sug o·e ted that the former 
pre nee of tr am on tb e now dry valley may b accounted for by 
the above-sugge ted diminution of their drainage area, or p rhap 
in part by the dimin i heel rainfall whi h a.ppears g neral ly to have 
attend d tb e di appearance of t h glacial slt et and wbich may have 
beeu the cau e of i t sltriu king. 
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I t i evident that the hape and izc of Cape Col shortly before the 
tim ,·vben the glacier came upon it differed gre<Ltly from what we now 
find. In place of the narrow ]J nin ula, in f~n·m lik tb fl ex d f\.l' lll of 
a man, was a broad alient which extended as a ·onnected land to 
ome di tance beyond the outer mar o· i11 S of Nau tuck t and 1\ [artlla ·· 

Vineyard. At this sta.ge t he sea le,·el probably tootl about ..,00 feet 
lower than it does at 1n·e eut. Durin o· the time wl1 en th ic by over 
tbe district it wa depre s ll to a level ~Lt leas 100 feet b low wlJ re it 
now . tand. . Thi permitt ll t he formation of tl1e g reat Rand pla iu. of 
1\iartba ineyard, ~antuck t and the cap . v\rheu tiJ icc depar ted 
th e la nd in part re ·um d i ts old h ight, ris in g· a li ttl above it 
present eleva.tiou , and then ank, as is si.Jow n by the submerg d for ts 
which occnr from point to point ul ng t lte llor . 

GLACLU ... mSTOl~Y OF 'rUE DI 'TIU T. 

I has already t een not d that tbe clepo ·it contain tl in the trata 
from the Miocene to the 1ruro ~ries, inclu ive ugge t th exi tence 
of glac ial" a tiou in t hi part of the worill at Yariou. ime , in c the 
middle Tertiary; but unle s the lower Pliocene bed of Gay Hen.d 
attc t t he actua.l presence of ice ther i 11 0 rea on to l> li eve tbat it 
ever rested upon this field until tiJ e last pocb. E>en in that tim th 
sojourn of the gla.cier wa evidently brief and the work wllich it did of 
relatively light :tructural or geograph ical importance. It ba already 
been noted that th e ge11eral character of the, urfa e had been deter· 
mined by pr -Glacial condition '£It v::1.1l y: a.ml l'id g;cs xi ·t d iu 
general about where 11·e now fi. nd t llem, only now th y a r to a great 
extent iiDed with g'l::Lcial wa te . 

It ·eems pret ty clear that immediately l>efore t he advent of the 
glacier the surface of t he cape ,,.a, carv d in to a topography ~nell as 
i · likely to be formed on clay. and ancl l>y the headwater of tream' . 
Tll e valleys were rather deep aud teep- ·ided. 'vVbere t he cla.ys come 
to the urface the e valleys appear to have bad oruetlling of t he 

of the "bad-land ' topO"Taphy of th e we Lern co un try. 
bowu by the iuclen tetl character of the old s urface of tlle N a h­

aquit:;a beds 011 .Marthas Vineyard, where it is revealed in tbe coast 
, ectious. It i indicated on Oape Cod by the harp ridges of ·lay, t he 
so-called "pounds," wllich occa iooally a ppear at th e ·urface projecting 
tllroug-1-l the thin envelope of clr·ift. The genera.lly slight valu e of gla­
cial erosion in tlli::; district is best bown ou tbe i la.nd of 1\Iartba 
Vineyard , where, a noted in previous report , tbe weariu o· bas been so 
light. a ::; to Jea.ve tbe pre-Glacial topogra.pby e sentia.lly undisturb c1 

except by the filling of the valley witb detritus. 
On Cape Cod the actual rosion work is little if at all greater than 

on th e i lands of the outlt except in the ca e of tbe valleys wlneh 
w~.re ·ut t hrough by tb e streams flowing from beneath the glader or 
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und r th roof of icc. Of tlwse the mo t chara ·teri tic exa,mple ar 
Monument :tnd Ba s rivers. The channel of Pamct Hiver i perhaps 
another example of the same nature. 

Th ere seem no evident reason why the subglacial . t ream \Yl1ich 
'''ere ou t beir way to th e open water of the ocean should have ·limbed 
the ridge of t he ape on tbe south in place of t urnin O' directly to tbe 
ea t around it:s extr mi ty, which wa then orne di stan so uth of the 
.' ite of Prov in cetow11. In v iew of tbi departure from t b mo t direct 
\rny of escape, it may 1> ug·ge t d that a · tb ice fe ll ba k to tbe 
north ward it may for a time ba ve i nclo eel a lake between H · retren.ting 
face and the concave north shore of t he cape. In hi ca e breaches 
would naturally lla,·e been formed to permit the eli charge of thi;:; 
water from the melting ice tl.Jrougb to tl.J, sound on tb outb. Jt i , 
however, not certain that any part of the cape wa above t h lev 1 of 
th e sea at th e t ime wh en tb retreat. of th ice took place. The nly 
t roug poiut iu fa vor of tlte view t ha t the e channels were glacial 

stream bed is tbe fact that they are cut do\\'n to tlJe ea level prac­
ti ally throughout their whole I ngth, and that their forms indi ate the 
pa .. age of a cu rr nt from the northward, aud in theca e of i\Io.nument 
Hiver tb rei a, con iderabl area of stra ified and s 11 ea r it mouth, 
ou Buzzard Bay, which may well be taken a the delta formed where 
tb e current I oureu into that basin. 

DIRECTION OF THE ICE MOVEMENT. 

A th e rocks of Cape Cod aurl th neigllboriug parts of soutb e:1stcrn 
'Ia, sa husetts a r 110t f a nature to receive glacial s ratcbe · or 

groov ing tb nly indication, of the direction of th ic flow arc thos 
afl:'orcl cl by the po ition of frontal moraine and t he direction in 
which rratic have be n tran port d. It hould be . aid ha,t tiJ 
m raine in t hi e ·ti n pre qt ._ n It di crepant evidence tha t onclu-
ions tlrawn fr m t ll eir po ition are uo t tmstworthy . Tbe tran ported 

blo k, , therefore, furni hour only informatiou and thi i in the mai n 
un ati fa ·tory. 

I11 t h we t m ction of the cape, from Monument R iver to Orlean , 
tl1c ornmo n petrographic elemeut of tiJ moraine ancl t ill are gran­
it it and th dike tone a ociated therewith, su h a ar found on 
th ma inland. A tb '>e ro ks o ·ur· along the horo from the parallel 
of Plymou th to ap nn, and may e:s: t nd an indefinite eli tan e east­
ward alon 0' tbe a bottom , no preci e videnc a to the cour e of t he ice 
i · to l.Je b tai~1 d f'rom th fragment . Eastwa,rd from tb bas of the 
ca,p ther appear to be a co 11 tant increa e in the amount of rock of 
more vid ntly vol auic Ol'i o· i11 , su ·h a are found par ely about 
' ha . t and along th 11ortl1 hore of i\1as a.cbus tts Bay. 'I he clepo -

it of thi na,tur on the mainland ar ratber too 1 imi tell to hav afforde l 
tbe larg· q~1:1ntity of wa ' t tl1a t a.ppear in t lJ · ca1 e. It cem.' likely 
that they hav been derived from beds which lie beucatlt the sea. 
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So far a this evidence goe , it eem to how that the direction of tbe 
glacial movement on Cape Ood probably did not depart from the o·en­
eral trend indica ted by tho cratcl..l ob erv d at tl..le nearest point on 
the maiuland, or bet\-veen north and north oo we t. 

ENERGY OF THE ICE MOVEMENT . 

A bas been already noted the energ-y f the gla ial ro ion in tlti 
eli trict appears to ha.ve been but light. Tt uid not ·uffi to wear 
away a rather deli cate ant cedent topography. On thew t rn part 
of the cap the trau por in g- powee of tbe i e wa uflicient to caery 
a great number of erratic many of which ar of la.rcre ize, thou auds 
of blocks each containing feom 100 to 300 cubic fe t beiu o· xpo eel on 
the surface of the peincipal mora in . In t.be period of it gr at , t 
extension the ice apparently pas ed over the ridge of the ca1 e as far 
east as Orl an cro cd tl1e valley of Nantucket ound, and deposited 
on the J:··land of Nantucket the light morainal ma e which there 
exist, and which perhaps mark the extreme advance of th i eon tbi 
part of the coa t. 

orth of Orleans and thence to the end of the cape there i no di -
tinct morainal accumulation, but occa ional wide heap of drift and 
the clogging of the pre-Glacial valley how that the , urfa wa 
traver eel by the tream. pouring forth from the gla ·i r. Tile g neral 
lack of erratic other than those which may have b en ice rafted, or 
of any accumulation which can be cla eel a a moraine: or even a 
distinct t ill, how that at this point the glacier, if it actua.lly lay on 
the snrfac , wa. probrthly I'O wenk nnd thin that it lJad uo longer a uy 
con. iderable abrading or tran porting capa ity. The condition here 
resemble tho e found on the outhern part of the highland of l\Iarthas 

in yard, where laege portiou of th urface are n arly driftle . 
Althoug-h he cauying power of the i e a mark d by the a cumula­

tion of erratics wa not o-reat, that of the tream which :flowed from 
beneath the glacial sheet was excelled, o far a I have found in ew 
England only by tho e whi h depo, ited the great sand plain of far­
tit a Yineyard . to the extent of the depo it that of th cape is 
unexampled el ewl..t r in outhern "ew England. Tbe area i prob­
ably not le: than 120 quare mile , but the t hickne s a1 pear to be 
much les than that of the like ma in the i land to the outlt. 

GLACIAL DEPOSITS. 

The depo its du to the direct action of the glacial h et are the till , 
tbe moraine , and the washed drift accumulated in tlte e ker and the 
·and plain . 

The till clepo its of thi di trict are neither extensive nor character­
i tic. Along the north shore e. pecially tl.t area. are immediately 
nnderJa.in by the Bam table clay'. The coatiug i evideut, but very 



SUAI.ER.) MORAINAL BELTS. 553 

irregular; i11 r lace it i so thick a tore embl e a morainal accumula­
tion; at otbers con iderable tracts appear to b6 quite without th de­
po it . Toward the ea. tern extremity of the ca pe the coatin o- becomes 
thinner a odle recoo-niza bl . Angular erratic are rare in the ection 
b yond Yarmouth, and beyond Orleans few erratic greater in ize t ba.n 
t lJO:e termecll>y Chamberlin " bowlder t are found, ~Uld the e appear 
to baYe been co1wey d by floating i e. 

B tween Orlean anrl the north ern portiou of Truro tbe t ill become 
a mer coufu eel mas of t h materials of the local bed over which the 
ice l1a pas eel in it mov ment, with occa ional err:tti of moderate 
siz which were brough t from a eli tance. It i difficult to r ecogni ze it 
a a eli tinct element in tbe sections, for it i entially wantin g over 
large area of t b urface. 

'l' h morainal depo it of th ape ' ocl eli. t ri ct, tbouglt le s exten-
sive than t hose fou nd in t he central part of the continent are by far 
the most characteri ti in N w England, ])r e en tin g phenon1ena wbi h 
are in many way peculi ar. They cle~ erve, therefore, the detail ed on-
icleration that will :Uere be given t.hem. 
The moraine of onthea tern Massachusetts are iugularly dis­

trion ted . In sou thern New England they li e u. ually in line wlt ich are 
evid ntly a1mo. tat r ight angle to t he direction of t h ice motion and 
var iation from this po ition ca n usuall y be explained by tbe topography 
of t he bed rock ov r which t he ic moved· bu t in th cape eli t rict, 
in ·luding t he neio·hboring i la nd and the mainland, t he rid o-e ar et 
at curiou angle to one another. There the following dire tiou may 
b noted: 

On th mainl and the P lymouth moraine, wbi cll ex tend ~ in a o· nerRl 
outherly lie tion fro m 11 a r th ll arbor of t.hat name, appear at fir ·t 

sight to b th lm·()' t aucl i perbap~ tb mo t continuou , deposi t of 
tb kind in .r w England. In it north rn p rtion, n.t lea t in Uano­
ro t Gill i t i underla in by t b 'l"'rnro bed wbi h arrangement !las 
giv n a fal e impre ion a to the d pth of the <Ylacia.l wa te. v\ ith 
om int J't'uption it i continued sonthwarcl to l\fonument River, at 

tb ba of t he cap ., in an appro ·imately meridion al axi a far a 
\Yood n I and th n · , de fl. t.i ug w ,·t"' aru abou t 30° it i on tin ued 
clown h E li zab th I land n arly to Lb ir soutberu extremity. 

On Mar ha Vineyard ther ar two elident morainal belt p:u.~ll el 

to that of Ji a lmoutb-ou on th uortl1 id of the i land whiclt i · ·h m·­
acted ti ·ally d velopecl; the otber in tlte entral section, whi ch i 
faintl y bown, but can be tra ·eel by ca,tterecl patchc of bo,vltlel' . 
On antu k t tb re i a mall area of morain e on what i kn O\Tll as 

an i llill , but th axi of t he accumulation i not well intlicated; i t 
ap pe:1r to be in a o-en rnl ea t -west directi011 . 

1 

On Cap Ood, occup ing, n, before JJ Ot d, t he high land form cl 
by t h a J1 ci 11 t di~id of the tilted ri s of bed~, t h r i a morainal 
ma extending in an east-we t d ir ction from Iouurnent H.iver to tlle 
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ea tern part of tbe town of Brew ter; it ma.y be regarded a cout.inueu 
in a. ligil tform into the we tem part of Orl ans. It i to be ob en· d 
that this ridge lies at n arly a right angle to tbe cour e of tl1 e Fal­
mouth morai11 with which it in ffect, oal ·ce at its "' tern end. 

ltbough tile gcu ral direction of thi mor;~in i ea t and w 
it. shape is somewhat cone ntric th urve bein o· toward t h south, 
tbe mo ·t southerly part ther of being H ar Ba IUv r. It i t lms ev i­
deut t hat there are two di tinct alignment of ic -moraiual ritlge in 
tbi district; ths on that which i ' cleare t in it· dir ·tion beino· 
meriuional in the Plymoutll ritlge, but d fl cted to a. nor II a ·t -soutb­
'"est cour~c in it more outberu elem u ts; th other kwing 
an cast-we t cour e. 

o far tlJe liver e po ition of th mora ine in tll 'ape Cod di · 
trict have been exp lai ned by the th ory of lol.Jation in t l1 frout of til 
glacier, portion· of the ice she t pusbino· out in broad to ngue , each of 
whicll made it · fro ntal wal l. Tbe e wnll · form d nee s iYely, inter-
ecting one another in mncb the ame maun r a tlmt of Falmouth 

inter ect that of tile cnpe. v\ bile iu nowi doubtino· tile ad qua ·y 
of this expla11atiou a · applied to tl1e interior eli trict of this ouutry 
by 'hamberlain a.n l other·, I am compel! d to que ' tio n it applicauili y 
to the field now under con id ration , for the fo llowiug r a. on : 

'l'he Cape Cod eli trict compri e no troug topograpltical f a.ture 
whi ch could have can ed t lt e ice sl1 eet to flow in the direction which 
wonld have to be po tulated if til e everal moraines wf're formed at 
r ight angles to the axi of mov ment. I t i · unrea. onal.Jl to , uppo, e 
that, wl1ile the g'neral cour e of the ice in the neighborin g interior 
dL trict wa from northw st to outbea t, it hould have be n directly 
outbward in 1\Ia sacl1t1sett and Cape 'od bay and directly to the 

ea ·tin tile reg-jon about Plymouth . Ou tbe contrary the natural con­
clition , o far a they can be a ·ertainecl would have led th ice in 
tb -e bays to flow a tward toward the open . ca. aud not outh warcl 
toward the high ridge of the cape. I have therefore lJeen ·ompelled 
to eek another explanation of the axial order of t be e moraiue , ancl 
l1ave framed what ·eems a plan ibl e Lypotbe is to account for this 
order without havin r·· recour e to the theory of lobation of t he ice front, 
ll'bich bas it difficultie , a ju,t noted. Tl1is hypotlte i i , in eJi'ect, 
that the moraines of the Cape od di ' trict are not of the ordinary type, 
l.Jnt belong to a hitherto unrecogn ized gToup of hilltop drift ac umuht­
tion , which, though e entiall y morainal in thei r nature, were form ed 
under peculiar condition , remleriug them of light value a indice of 
t iJ e direction of the ice movement. 

It l1 a. already been in ciuentally noted th at certain part of the ev­
era l moraines described in thi · report r st upon ant cedcntly formed 
rid ges, whicb, in etfect, wer·e the a ncient drai nage divid es of the cou n­
try. Let u ' now examine the . everal depo its to determine bow far 
this peculia r character i po es ·ed by the mora ines in general. Begin-
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nin g- witlt tb o nortbcrnmo"t of t he e ridge , 1\Ianomet Hil l, in P ly­
moutb i t ''ill be found tb n,t tl1 e elenttion is composed mainly of trati­
fi.ecl nnu~, npparently of t he Truro erie , as ha been recently shown 
by t he excavation mad inlO\Y rill o· the grade of th e State road, which 
traver: " the northern end of t il ridge. In other words, t b rn a s of 
t lJe riu ge i ' of pre-Glac ial age, and \Ia probabl a uivide between t he 
headwater of t l1 e B uzz::trds Bay ri,·er and that w!J i ·h drainet1 tl1e 
ba in of Cape 'od Bay. So far as cn n be a certained, the arne under­
lay of a nd exteucls ben ath t il rather intlistin <.:t moraina l ri llge t hat 
continues the J fa nolllet Hill d epo · it out.bward to t ile ba e of the ape. 
T!Je c sand. are uot clearly ·cen, in ction , to pa s b ueath the 
mora iu a l belt, l.Jnt ar expo Cll nea,r by in position · wl 1i ·It make i t 
tol erably certain t hat t hey mu t underlie it in tbe manner of a p de tal, 
a in til e ca e farth r north . ( ce i:ig. !J2.) 

T I1 e Falmouth continuation of the P lymout h ridge i · by far t he lon g ­
est a nd mo t uni t d ma - of morainal nmterial yet noted in New 
]~ n g l n.nd . It extends from n.L ouumel·tt R iv r to \ oocl Hole without 
a ny breach in it eli tinct wall, wlli ch r i e to a beight of from 100 to 
:!0 feet above t he ea level tllrougbout it l ugth of about 1 miles. 

EEL RIVER 

I 
.FlO. 92. - Diag-rarnmnti c sec lion of lianom<lt llill , Plymouth. A , g lncinl depos its: B, olJscn-e<l Truro 

d epos its, JOO ~ et; C. suppo• cl 'l'rnro deposits, 150 feet ; D . snnd• nn<l clays of uuk nowu ag , 100 
ft'et ; ]) •, Rupposc•l coutinuntion of 0 lJeucntlt tho bill. 

A tbi l.J ·It i" b nt li ttle tra.v r ed by road: which have lJ en rtt all 
grall ·cl, a nd a it ·nrfa e i ·ov red b aLl n ' t.ano·l of s ·rub by 
Y g tat ion, it i , not a y to obtain · ction wbich re\ eal t h natu re of 
the untl 'rlay. H Woods If ole nnLl tb nee nor th ward fo r abou t 4 mile ' 
thcr i, abn nd ant viclence t hat th morniu rest ur on a ridge of older 
dcp ··it . On t he we t t'n face, n arly a far nor th as Gunoin o· Point, 
the nncl rlying ·l ay of h old r . erie can be traced, ri ' in o· f'rom til 

l1 or to th heio- h t of from GO o 0 feet . II re an d t li re a lon o· the 
mai n lli o-bw nyw hi b kirt th ltOr to {onnm nt River t he co ndi tion 
or t il so il a,nd I v I of t h e am aLo indi cate t hat tbe a me 
ridge of older rock · pee i t · be n ath the morainal ·ap, a ttninin n· per­
haps at om poin t betw en t h valleys of t he brooks a h ig l! t of 
more t han 100 ~ et abov t h level of t h t ill . On t li e east ide of the 
ricl~>·e th st ream· a nd l,tkes bow by th ir level" that t he r idg-e con­
tinu e n t hat s iLl of t iL morain e. rrh fac t j u, t ify the conclu ·ion 
that t b , g re<Lter p art of t llis morain al ridg-e r e t · 011 th e s ummi t of a 
pr -G in ial divid which , er arated t he \Vaters of t h olcl B uzzard . Bay· 
river from t hat whi ch form d th V<Lll y that i uow Yin eya rd Sound . 

Wi th n h;wg of tlire tion from north- outlt to 11 0r t hen L-sontltwe t 
th e I• almoutlt lli Orain co nt inued outhwanl in the E li za.beth 
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I land In the. e j ~ l ' the erratic mater ial i in all ca ·e. but ~L thi n 
overlay re'itiog- upon tl.tc ere t of an a11cient ridg-e cut iu the Nau bon 
sand·, which are con itlered the equivalent of the Truro seri . t 
no point, o far a I have observed, does the morai ne appear to be 
more t han 25 feet thi 1;:. In all tb obs rved loealiti it eviden tly 
re ·t on the top of a divide formed before the advent of tbe ice, and 
it is lacking over laro·e areas, where t l.t e stratifi d and ar pear with­
Oilly occa ion n,l bowld rs re ing upon the surface. Of the ma s of 
material composing t he E li zab tlt I land abov tl.te plane of the . ·a, 
certainly 11ot a teutb, and perltaps uot at"· n ieth, pa.rt i of morainal 
nature. The re t may be of glacial or igi n, bLlt if o, it wa pepo ·itcd 
far in advao e of the i and loug before the advent of the o·Jaci r in 
thi part of tb fi ld. 

On Mn-rthas V iu yard the main or nor h rn moraine app ar at fi r t 
sight-and even after some iu pection-to b made up of bowldery 
material, but on careful inve tig-ation I ha,, o found· tha-t it is a, pre-G h­
cia,l r idge, t he pedestal being formed of a tream divide cut in the 

retaceou and Tertiary trata, Ou account of t h mi leadinCT appear­
ance of the ground , I wa le<l, iu my r port on this i lao 1,1 mu ·h to 
overestimate t be depth of tlli gla ial wa.ll. It ha 110t half the mass 
stated in that report. It is doubtful if the avera.ge d pth of the <lepo ·it 
exceed · 40 feet. The ridge oecupied by t be moraine i::; not completely 
covered with the depo it. For considera-ble di ta.n e the top f the 
elevation i, ess ntially without material whi ·h from t heir ·lta,racter 
or eli tribu tion, may be clas ed as truly morainal. t otber poi11ts, 
especially in the middle I ortion of the b It, on tl1 . tat known as 
"S ven Gates," t.he clepo~ it constitutes a very characteristic Jnoraiual 
belt, with mrmerous large kettle hole and "ith bowlder in uch 
abundance that the ma es appear like r uin ed cyclopean masonry. 
'Ihe outhernmo t moraine of tl:).e island al..o occupies the ummit of a 
divide, but the erratic element is small in amount and Oltly here and 
there a sumes a moraioa 1 character. 

In the territory between th two moraines of lVlarthas Vineyard there 
are, a before noted, many :field· which are so far free from glacial 
\Taste that they may fairly be termed driftless . It i not ea y to find 
any material ou them that may be clas ed eveu as till. Bar ~ ly is t here 
a foot, in depth, of tbi. depo it. Thi driftle s character of mface i 
o complete that the plow bare will turn up Tertiary or Cretaceous 

bed containing no trace of erratic . Field of thi driftle soil some 
acre i n extent lie within 2,000 feet of the wall .frout moraine . On 
tbe north side of the principal moraine th sam phenomenon of nearly 
driftless fields is ob ervabl , but iu ale s distinct manuer. The m·eas 
,without crrati ·s are small , and t ho e which are quite without t ill a,re at 
no poiut, o far a l have ob erved, more than an acre or two iu extent. 
Tbey occur at t he· foot of the lope ou which tile moraine lie , u ually 
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quit ncar the ea. level. Tbi feature of , mall driftle area over 
which the morai11al matt r mu t have pa sed on it ' way to the glacial 
front indicate that the conditi us which determin d the deposition of 
th detritus w re peculiar. 

There i another 1) culiarity of the Iartbas Vineyard moraine which 
appear~'~ to throw some light on the conditiou of their formation. bile 

.commonly the ridge of detrital material is pla ed on the very cr t of a 
divide, adding di tinctly to its bei ·bt, it not infrequently i deposited 
a. a h et on the outherly or outer face (outer in r lation to tho gla­
cial movement) of the rid ge on which it wa. formed. Tb effect i a 
if the mat rial hal been pu bed up th lJOrtbern lope and bad fallen 
into the attitude in which h yare found. 

In the ca e of the Cape Cod moraine the evidence i uffi ient to 
show t.bat the rna occupie the con iderably elevated surface of a 
rid ·e which wa formed before the advent of the ice. Thi ridge con­
tinues with 110 complete interrup ion from the base of the capo to 
Orlean except for the rather deep and wide break at Ba River. o 

·far as I haYe been able to determine, the moraine i gathered mainly 
on t he outbern ide of this ancient divide, t hough it <renerally ri s 
omewhat above the ere t line. The feature noted on l\1arthas ~ine­

yard, of on iderabl area of tl.te more ancient depo it without glacial 
wa te, i noticeable to the north of t his morain , but i le sex ten ively 
dev lop d than on tha i l:wd. 

On Nantucket the moraine appears to crown the ummit of an eleva- \ 7 
tion compo eel of the ankaty bed , which probably belong to a time 
i mrned iat ly preceding the depo -i t ion of the N asllaquit a series. The 
condition ar n t !early iudi ated, but tit r i · little rea on to doubt 
that tbi . relatively unimportant accumulation i pla ed a are tbe 
oth r abov n ted. 

Th fact <lbov de ribNl warrant th . tatement that all the charac­
t ri · tic m rainal a cumulation of tl.ti eli · tri tare pla · diu ingulnrly 
clo e r lation , to th cr t · of rid<re whi b exi ted befor th i e sh et 
invaded thi eli trict. The f w apparent exc ption prov on xam ina­
tion really to b 11 t , uch. Of th e t he mo t tril ing is the ca of 
tl1 north rn morain of Jarth a. nneya.rd, where t lle bowldery depo i.t 
c1 nd into a valley about the h ad water of Witch Brook. In thi 
r lati\·ely low p ia which till is about 70 feet abov the ea. the 
morain b com omewhat ·attered. lt i , in effect, a rather flat, ery 
tony fi ld, in t Ia e of the w ll·d fiuecl accumul ation xhibitecl on the 

higher grou nd on itb r id . o, too, the ame morainal deta h d 
hill which Ji her and there on t he north slope of Cape Cod and 

in yard app ar on insr ection to be small elevation of the 
erie~'~, which bear orne coar e drift or el e ma ·e dropped 

fTom a trancl d i berg. 
The relations of be moraine in t hi eli. triot can not b explained on 

the uppo ition that the depo its ar revea.led only ou the l.tigblands, 



558 GEOLOGY OF TfTE CAPE COD DISTRT T. 

being elsewher coverecl by later ac umulation of wa u •d and . Tbi 
ugge ·tion would 110t be entertain cl for n. moment by an y tudent of 

th eli ·tri ct wbo ap[ roached tll problem without a u cided pre ·ou­
ception; althougb, a I know from exp ri •n ·e in ntakin g- tit xami­
uation it require ratber car >ful ob ervation to avoid tllo mi take of 
uppo ing tha.t t he whole ma f the e veral rid o·e i of a morainal 

nature. 
o far a I am aware, none of tb morain of the central all(l w '· t ­

ern portion of th ·country are placed. on tit ere t of di ide · in tlle 
mann r ·hown to b the rule in tbi ·bore-la.nd dis ri t · n ram 1 a war 
that a1 ty of the accumulation in the in t rior pMt·· of w Enghtnd 
occupy th cr t of rido·cs, exc pt 'vhen their ba ' e' ma.y accidentally 
oin ide with those eleva.tio n . It ther · fore may be fairly a um d 

tbat ther ha been ome pecnlia.rit in th condition of th gla ier in 
th i part of the country whiclt lt as erve(l to brino· about lie cur ious 
result. I have not beeu able to determine the pr i au vf this 
occupation of th preexistwg divide by g laci r , but the po. ible 
explanation a.J1pear to be but two, and he e will be briefly tat d. 

The first hypothesis i that the ridge ' may kw served in forming a 
moraine by arre ting the flow of the ic alread.) languid in it move­
ment, for th e rea ·on that it had bee m attenuat d at it. margin. 
Hrwging on the e ·r st ·it front nu1y Lave b u r ta ined in one posi­
t iott for a con iderable time, which p ermitt d the a ·curnulatio11 of the 
morainal der o it. 'I he d ifficulty with thi dew i · th at i t doe not s:­
pla.in t he a.bsen ·o of drift in the field near the well-lev loped morainal 
line·. Tbe seco11d hypotltesi i that, tbe r eg-ion being cl epr ssed b -
neath the ea to a con iderable but unknown depth, th e ice, while 
ren aining a a uni ted h et may lJ <lve floated over th e vall y grounu­
ing only upon tbe ridge and tu t' depo i tin · it cout nts of t'O k 
material. The portion of tile i e which wa hoved over the r 'st was 
probably broken into fra.gm nt ''bich float d away. Tlli ltypothe:is 
will :-.:plain t!Je ab ence of till on mu clt of tbe lowland where, l1nd the 
ice rc ted on tbe urface while it melted it honld r main to 111ark the 
d cay of the sheet. 

Tlte hypo the is of the partial floati 11 <r of he attenuated ice s lt eet 
find. a c rtain a.monnt of upport in the evidence wh ich o·oe · t o how 
a con iclerable ub idence during the period f formation of the ·and 
plain in front of tb morain .·. A I have el ·ewlter . hown the e 
plain were certai uly form d under water while the land lay at 1 a t 
100 feet lower than it pre ent level, and the a ·tual depth of the ·ub· 
m rgence may have been mu ·b gr ater tbau tlte minimum required fl)r 
the construction of the plains. Tll bypotbe ·i will perh aps Nve to 
explain also tbe departure of the Cape Cod moraine from the normal 
direction. A before remarked, it i ·very difficult to !';CO bow a glacier 
mov in g under ordinary conditions would have a path parall I to t he 
shore; but if the heet be conceived as floating in the ·ea, though it 
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cour. e might be generally eastward its margin mi gl1t be pre ed con­
t i nuou ly or from time to ti me again t the ubmerged ridge on !Je ou th, 
on which would be dropperl, as t he ice sheet !tattered or broke up into 
b r ·s, a portion of t he contain ed debri -. T!J e main ob.iection to t his 
hypotbe is i that evidence a to the actual floating of the ice o cr th 
nll ley i ' la·kin o·· yet it demand only coudition which mu, t exi ' t 
wherever a glacial II et ntcr the sea, pu hing out in to water o d ep 
that the rna ·· leaves the lower-lying parts of the bottom. Some"·hat 
in it · favo r i the fact tha.t over t!Je Heady driftle s field near t he 
l\Iartha Vineyard moraine occasion al large, olitary erratic are found, 
a nd so metim e, he~~p of c ar ·e d ' bri in po ition which sngge t that 
the material · have fallen from the ba e of a floating- glaci r or frolll an 
iceiJcro·. · 

It mu t be confes ed t hat both hypot he es l)re ent eriou difficul­
tic ; but in view of all t!J e fact , t be on last statecl is mor ati fac­
tory tban that of margi na l lobe prodn ing interlocking moraines-a 
bypothc i which doe uot ecm ap1 licable to thi field. 

RELATIVE AGE OF 'l'HE ::U:ORAINES. 

The relative age of the moraines iu. t hi di. trict afford .. an intere t­
ing field for i uquiry. Th only criterion which appears to be ace s, ible 
i~ t.hat which may be derived from the comparative amount of d cay 
of rocks of apparently the a me mea ure of re. i tance to ueh change. 
Jndged by this te t, the moraine of ape Corl i ' to b reo·ard d a. 
rather newer than tktt on l\[artbas Yineyard; tb bowlder of lik 
p trogTa11hical pecies ar I ' broken up ::t11d inter titial decay l1as 
1 netrated to a mu h l l 1 tl 1. The e determina,tion ar bas (] on 
m r in p ·tion but h impr ' ion tbus obtain d by many uccc ive 
vi ·it toea l1 field at short iut rTal i clear . 

. \Tnch viden e a to th p troO'rnphical nature of the l1idd n ro k of 
·onth a t 'rtl 1\Lts achus tt and the 11eig1Jborino· a bottom can doub -
les.' b btain d from a 'ar fu l stutly or the materia,ls iu the moraine' . 
Tlli task ha not b en formally unlertaken in the pr paration of t !Jis 
report bn in icl ntally c rtain point · lnt\'e IJe ·n not d of \rhi h ouly 
Oil' 11 c d be mentiou <l here viz: On i\Iarthas Vin y~trd h drift 
ab und . in a r markablc mallll et' iu mas es of hal etl ny, ·ome of 
whi h ar ~t foo or more in diameter. Tbe pebbl ' S arc o num rou 
that many ton could IJc g-atb r d on a n1il of be<w h on t ile nortiJ 
sltor or tbe i land . 1'h i ~ material is not found u the lll ai n laud nor i 
it known ou th moraine of 'ape 'od . It i ther fore I robable that i t 
wa ri v u fro m the area now covered by tb ea. 

LAY BOWLDERS lN TILL. 

Tho till of Ca pe 'od, osp ciall y where it occur in th moraine or 
ha a morainnl aspect, o ·ca ionallycontain ln.rO'e lllas of clay ll'hi ch 
evicl ' utly were hr:onght to tb ir restin o· place in th mann er of other 
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erratic . 'rbcsc rna ses can be ~ nnd ca.ntily at ev ral places on the 
cape. Th y were mo t clearly shown in an artificial c ·a.rpmen t which 
for ome year exi ted n <tr tho . teamboat wharf at \ oods Tiole, tl.Je 
ite of which is now occupied by th obska Uou ·e. In the cxcaYation 

of a low dmmloicl bill which exi ted at tb place just mentioned a 
dozen or more of the clay bowlder , varyino· in cliam ter from a few 
inches to 6 feet, were noted by me in tbe our e of three or four i it 
to tll locality. Tra cs of tho same bowlder h<tV been seen n the 
northern lope of the capo and iu the district about ' uis ct ' Harbor. 
As u h bowld r ba,·e not been found on 1\lartllas in yard in tb 
numeron sections of similar drift material , it i' d · ·irable to .. eek an 
explanation of the peculiar limitation of heir occmT nco. The e con­
ditions em to ba,ve beeu as follow : 

The clay of which t hese bowlder wa form cl was of a tenaciou , 
uniform qua lity. Although mu ·ll oxidized it wa n to b of the 
ame gm.1eral character a ' that found in the brick- ·lay pit of the region 

about :Xorth Barnstable. That the clay was rather oft when it was 
moved i iudicated by the fact that the urfac s of the masse were 
crowded with pebble , iu tile manner in which lump · of clay, made by 
the wave on the ea:hore from the waste of clay cl iffs, are coated with 
a layer of pelJble which have 'b en pressed iuto the ma . As the 
gla ·ier evidently lipped over the stuface of uch clay wherever that 
surface wa of a continuously sloping form a. it now is on the northern 
ver aut of the cape, it eem likely that the e bowlder w re riven 
from area where the ground wa cut into deep raviue ' aft r the man­
ner of t.he. o-called bad-land topography-conditions which \YOull favor 
tll fonuabiou uf en·ati · . Tl.lat ucil irreg-ularitie exi ·ted in the cape 
area i ufficiently shown by the irregular 'no e ' or projeetiou of 
clay-the o-callecl clay "pound 'which have been durr into here and 
tbere to obtaill materials for bettering the and roads of tbe eli 'trict. 
So far as I am aware, clay bowlders a ' large a tho ·e at oocl ·· Hole 
have not been found in other regions. 'Il1eir rare occurrence h; p r­
hap attributable iu part to the fact that a deeply indent d topo­
graphy, formed in soft clay , has rarely been so eroded by an ice beet. 
( ee Pl. XCIX.) 

LE TICULAR lliLL ', 

The class of drift deposits known as lenticular hill or drumlins is 
practically wantino· in the . outhea tern portion of Massa ·husett . 
Th re are no instances in which elongated arches of till are sufficien t ly 
well developed to merit a place iu this group. Here and there, how­
ever, are morainal hill s which how distinct traces of tbe action which 
gives rise to these regular form . The ridge north of Wood Hole, 
between ·that village and Quamquisset Harbor , clo ely approach in 

ba.pe what would be termed drum lin of the lowe t order if tlley lay 
in the central part of Mas achusetts. So, too, on the north side of the 
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ape om of the drift bills in the town of Bourne show tra e of a like 
reg ularity of outline. Ou .Martha Vineyard veral of tlie mora iual 
rid ge in ·west '.ri bury and hi lmark, esr ecially that known a Pro .. 
peet llill , aru di tinctly of a drumloid form. 

'.rbe ar ·h cl hill of the cape eli trict ar , o far as I lt ave observed, 
limi ted to the bi crber g roun d: and they approa ·h more clo Iy a ,ym­
metrical form as tli a ltitude abo ,-e , <L level in crea e. . Thi is not 
tbe ca,e in tl , more nortberu p <'Lrts of the ·oa t of 1\Iassaclms tt , 
for about Boston llarbor .aud in Ip. wi ch Yery p rfect p cim n , of the 
type are form d rising fro m t he sea JeyeJ. In any di. cu ion as to t li e 
ori g in of t he ·orion topographical form t!Ji · peculia rity of t!J ir 
eli tri butio11 mn t be co n~;;id ered. 

It i ' noteworth y that in thi .. di tri ·t tll e dri ft bill s are mor hal ely 
ou the ide again t which t he ic moved t han on t li at which wa ·· t urned 
a way from the tr en,m and al o t hat t li e rid rres of the p re-Ulacial topog­
raphy cu t in t lt e r;auds, gravel ·, a nd clay f t h Cretac on:, }Iio ·ene, 
aud P lei toceue fo rm ations have been in many case rounded into 
drumloid form . This i ' pa r ticularly the ca. e ou t be we ter n ide 
of Marthas Vi neyard , tlJOngh in stance of' the arne 11 atu re xi:st on 
th central a,ml wes tern part of Cape Cod. ome of tbe hill · 11 ear tlt e 
Chatham Harbor mar crin of tli Truro bed · ll ave a di tiuctly drum loid 
outlinl:' . (See P l. XOIX.) The facts !early poin t to t l1 onclu ion 
t ltat whate er may ba ,· b en tb ·au .. e whi ·h led to he local cl posi­
t ion of t he de p ·e ·tio11 · of t ill co111po iug characteri ·tic drumlin the 
fi ua l , ba ping of t he form. · wa due to t lie action of til e ice a .. it 
pa. ed over t bem. 

WA RED DR IF'l'. 

lH tbi 1- wb r in i'l w E u ·Janel, t he wa b d drift may 
b <li vic! u i 11 to lt r .to! rau ly cl isti ngui bable oTonp : esker (nearly 
abc· n t her ), ]litt d plain or kame (rare), aucl and pla ins or morainal 
apr ns. It i to be uotetl tllat the nta teria,ls com[ o incr th ·e d po its 
1ifi' r le · from tbo of' the ordinary ti1l t han is u ual iu t lte mor 
north rn part of l\ia a ·husett . H ere the t ill itself i alway very 
. antly its pebb l · are mu ·It round ed, autl the clay lemeut, a com­
pared with tb mor northern lo ·a li tie. , i ' r elatively mall in qua11 tity. 
Tbi:; fcatur i · ~robab ly clue to the dimiui h d uttiug power f the 
glaci ron i ts otlter mar o·in a nd to the xtent to which it · detritu wa 
work d over by th water which liow d bene:Lth the i on its way to 
tlt e frout of tbe ·beet. 'Ib result of these actions wa to dimiui h the 
total ~ttnonntof t he till <UJd to mak tbere111aiuing portion much audier 
h r tha n el wher . A.s a con ·eqneuce of t bi , it i often difficult to 
di ' tingui lJ between the drift wh ich bas l.»eu d eopo ited in water an d 
that wltich ha b eo left upon the nrface by t b meltiug· of t lie ice in 
w b i ·h i t wa con tained. 

One of the em in ut p culia,ri t ies of this district i · th general ab euce 
1 GEOL, P'l' 2--36 



562 EOLOGY OF THE CAPE COD DI "l'HI C'l'. 

of e. ker . o far I ha \7e n t been ~lbl e to :find a ny h nra tcri t i 
examr l of th t ructur on ape od. In th r ·ion fr rn Ba , 
River to Orlean ' there are ·ertaiu rido-e - xt ndin g in :t 11 rLlhon tll 
dire ·tion which may po ibly belong to thi gronp f c1 po its bu t l 
su pent tuat they ar the l'emaiu of t l1 . n i n t t pograpl1 y ·nt in 
and of the Truro er ie . I am th more in lin d to thi vi''' fo1· th 

reasou that th n r idge on 'la.rLh:l Vin y~r<l which l id •nti fi d in 
my r port 011 that island a ' <ln ker ha i 11 e l> en prov a br n . 
tioutobeauold prc-Gla•ial featnr, Jio·ll tlym lifi >d byacoating;or 
wa. h d drift or very andy t ill. 

Th probabl ab e11ce in t hi s fi lcl of e kers of th mold f t h lW· 

ern in which flowed the ub.,;lacial ti·eam g c t : upporL th l1ypoth -
si ·that the ice in this ctiou did no o-enerally r -t upon the snrfae 
but came in ontact with it only on th hio·h r parts f th gronnd. 
Thus floatin g-, there would ben ·han · for t he dcyelopm u of th i · · 
roofed channel , t b uape of whi h became el wb r molded in the 
d bris with which t h y were in time fi lled . . .·the . k 'r <le ' c ud t 
the level of th ea in the district about Bo ton and are found in th 
region north -of a line tretchin g from Bo t u to arragnu tt J ay it 
may, 1 erhap. be inferred that th condition which ar iodi at din tl.te 
Cape Cod district were of a ra her local natur . 

Pitte l plain of tue type so common iu tb di s ri ·t. wber , k t'. 

exi t are uot often found on ape ' od or in t h i land to th onth. 
'fh only good exampl are on the fronta l apron nth f tb !!lOrain , 
wbereicer mnaut. ,iceberg . orground i · l ftbyth r trcn ino-o-laci t' 

appear to ba\ been partly buri d in rnpi<lly a<·cnmnh1ting Rll nll . , 
leaving wl.J re they melted depre. ion t indi at th p ition they 
occupied. A trace of tb arne action i found in the c otral par of 
the great plains of Martha vin yard where tb 'CU lT 11 . of a lllHll 

lake witli steep side can be accounted for only on the. tlppositi on that 
it . itc marl;: the 1 lace where a ·trauded icebero- "' a buri ed in the 
accnmula:tiouof and which con titutetbema softh morniualapron. 

An onli nary type of kame depo it- con i ·ting of <L numl>er of hill ­
ock:> of arched form l.tuddled together quit without detinite arrange­
ment a type very ommon in the town of Plymouth, appear ' to be lack­
ing in the cape an d i land . 'fhis peculiar local topog-raphy of the 
wa bed drift can roo treadi ly be explained by up·po i1!g tl!at wh u t he 
ice came to tue point where jt cea ed to rest iu t he bed r ck and began 
to float, it under urface would for a t im e retain the form im1re 'd 
upon it by the con tours of the surface ovenvhich it bad flowed. 'Ibere 
·would t hu come to be a Rpace between the ba e of the rotting ic and 
the sea bottom iuto which the debri . coming from the land would nat­
urally be crowded. If tbe ice had much movemen t t he resultino- hale 
of the drift would of course be destroyed, but at a late stao-e in the 
retreat of the glacier it stagnation might be o far complete a· to leave 
the molded sands and gravels as we find them. The occurrence of thi .... 
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remarkable kame topography on t lJe mainland and its absen ·e on tl 1e 
neighboring pe11in , ula and i land is what we bou1d expect on the 
l.J n)otb i tl.Jat the ic was iu I art a,float in thi portion of the :field it 
occupi d. 

Tll cbaracteri tic form of wa hed drift occurring on ··ape Cod and 
tll n ighbori1w L land i: tbe depo i t of and and gnn·ellaid down in 
front f then orai ne . 'Ilws d po it are more exteu iv in this d i . 
tri ·t tlJan iu any other h10wn tom except, perhap , on Lon o- I land, 
Kew York. It i to be 110ted that the oTeat moraiual aprons differ in 
c rtah1 way · from tLe and plains of tho maiulaud. n that nell tlJe 
plain are iu roo t ca e ·· at tb nd of di tinct e ker. aml clearly mark 
the pia' wh re a ubglacial tream pa . ed into the open air or p n 
water. They a,re rar ly, if ev r, di tinctly related to t he a,xi of deflned 
morainal ridge , thou o-h we often fiud bowlclery tract at about the point 
where the e k r pa e iuto the plain . In the e morainal apron · of the 
cape di · tri t, on th e contrary th ere a,re no c ket" leading to them, but 
tb l>road fi eld of . a nd x.t nels up to or 11car the wall of coars debri . 
K x.t thi wall tb re i commonly a hallow, wid e <'I epre sion, from 
which tb aprou ri e to a poiut omewherc about a, mil away whence 
it decline to tb ea. nell i · the form of the gr at plaiu of Martha 
'I in yard and Nantuck t. In Cape od the clepre ' ·ion r ditch i 1 s 
di stin t; i will, llowe,·er be r mnrked by au ob erver who ha uotcd 
tl1 ~ ature E'l ' >wher . 

in om 

k r -mold 
that front t lJ e 
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of aud which exi ·t beneath tile phtin on tile above-nam <l i ' lands w 
bav a relatively thin layer of detritu impo ed upon a pr xi!:!ting 
topography which i cut in rather imp rvi u b d . The num e u 
-wamp and lak a ' befoe - remarke<l o high abo\ th a that th ir 

waters could not be r etain d by sand barrier ' , are peobabl 
1 art accounted for by the uppo ition that they li iu vall 
origiually drain <l northward, a appear to have be u the a -with 
nearlyorquite allofthepre- lacial tream f heap . Til e tram 
wer dam tOed by the moraine. In 1 erbap larg r mea ur , however, 
the e ba in are to be reo·ard d a. t h mold f ice r mnant abou 
which the wa bed and were gatiJered. Tha u h was tlJ 
llown by the fa t that tlt ide of he d 
teep, th detritus baviu o· lope which it 

the time of it lepo ition unl n om barri r 
the walls of ice would htwe uppli d, to ke 1 it fr m b ing 
into the cavity. 

Tbecoutour ofthegreatplain of ape od, lil· tho ou th i lanch:;, 
clear,ly indicate that the material wa ' deposited und r water. In a rial 
overwash plain form ed a detrital con , we 1iud n e aril a contin ­
uous down- loping urfa · . In til e plaiu in front of th ·Ia ·i r or 
outbea tem :Jia achu ett the tufa e ha tb g utly rolling cilara ·ter 

cLaracteri tic of anll that have been arrang l on th bott m of a f'a 
which was the eat of tol rably . trong curr~ut . Th lop of tb 
C d morainal apron i e ntially the ame a that of tb imilar truc­
ture in thi di trict, the rate of th l cline to the eaward b ing fro10 
12 to 15 feet to the mile. 

The tll'fa e of t he plain of ape od i pr vailingly compo d of 
rather fiu , iliceou nud. Thi material form a bed having a rather 
remarkably eYen thicknes of from a foot to 1 in he . Tbi n ually 
pa se downward by a rather harp tran ition into a pebbly layer i11 
which the pebbles are from the mall t iz up to that of a rick t 
ball, though rarely o laro· . At greater depth the admi~ture of an<l 
and pebbles i rather uuiform, the ma having ob cur tratiticatiou. 
Now and then a bowlder is found. The e bowlder are almo t alway , 
rouude<l and rarely exceed~£ et in <liameter; they are often found in 
groups as ociated with gravel, and th y occa ·ionally occur on tlle ur­
face. Such stratification as i exhibited i uot eli tinctly cro bedded. 
In the e, a in most other feature , except the pre ence of uumeron · 
lakes, the cape plain in no way clift'ers from the like structnr iu th 
other parts of the district. 

In considering the origin of the e morainal apron of outhea teru 
ew England, the fact ' hould be noted that deposit of like nature do 

not, so far a I am aware, exi!:!t in front of the moraine.· in tile interior 
of the country. There are there, it i true, traces of overwash plaiu , 
but they are alway much le · continuous; they have, in a word, more 
of the nature of detrital coue . Those I have seen in Ohio, Michigau, 
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and vVi.· OJL' in al o lack the depre ion next the moraine the pit o en­
pied hy lak .. u 11 a. occur on ape Ood, and th e scattered bowlders 
in th rna: . and on the urfac of t he depo it. The difl'eren e between 
tl1e tructure in tbe two district · probably ari e. from the fa ·t that 
tl.Jo e in . outll astern l\las achu ett. were formed under water, while 
tho. in the west. were depo ited mainly in the air. If we suppo e that 
tl1 ea extended up to 1he ice front, and that the finer material were, 
at tb tim of m lting, given into the control of tidal current , we can 
well con ·eive that tb part of t!Je debri whi h could he tim tran . 
portPcl would re ·eive a wide eli tl'ibution over tbe neighboring bottom· 
tl1e floating ice would· com· y many bowlder. from the front of the 
moraine droppin o· them haphazard a. tbey melted; the tidal ·nrreut 
would cal'\ cbann 1 on the bottom a. they cut them on any saud oYer 
which theymaytlow. In a word, thea ·emblageofconditionse:x.IIibitecl 
in the morainal apron i more con i tent with t he uppo ition that t!Jey 
\Y r formed on the ea floor tban in any otber manner. 

It will be noted that a number of the peculi ar featmes of the e 
moraine to rretb r tend to bow that thi eli trict wa rather deeply 
nbmerg d at th time of tbeir formation . I have, a yet, been able to 

find no eYid nc going to l10w wl1 ther tl1e . ubmergence wa.· o le p 
a:- to ov r the tops of the morainal wall ·. It may be noted, howe\7 er 
tl1at on Iartba. Vineyard t l1 c portion of th moraine which fa e on 
Ti bury River l1a 110 apro11 on its front but rather a teep oven-vash 
plain or lon g- detrital cone which terminates in a Ynlley tha may bave 
arri d the wa b from th glacier d wn to tl1 neigllb ring- great npron. 

I t tim e m proba bl that tbi portio11 of the morainal front lay above 
I at whil-11 th :-: a wa ' pia · d at th time i wa fomwd. 

OUTER LIMITS OF THE CAPE COD ICE SHEETS . 

t l1e gla ial drift though canty in amount i . till uffi cient to a,tte t 
tb pre. em: of th ic in that part of th tleld. l t. tbu apr ea r t!Jat 
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the o·lacier probably extend ed it action over all the di ..; tri ct of ~pe 
Cod, though on th e. treme outh and ea t th e effect wl tic·h it eserci e.d 
may have been clue to porti ns of the i which hau b een brok n from 
the nnited ma and which were floa,ting in tl1e op n , a. It is hardly 
to besnppo e l that a beet o thin~ the gl~ c i cr wa in hi part of it·s 
com e could have lt eld together for any con, ideral>le eli tan from the 

hallows, cape , and i land where w la ' t trace it. 
In closing t hi portion of the report att ntiou may b C<tll d to th 

value of the information concernin g t h frouta.l cou uition of the g'la ·i r 

which outhea tern )'fa aclm. tts affor<ls. In no otl1 r ,ection of t h 
country nre tll data for inquiry o ample-an(l it must be cone .. ·ed, 
o d ifl:icnlt to in t rpret. 

PO T- LA IAL DEP l'I' . 

'l'hi · group of depo it. include the . pit , hook. ::wd b nch ><, th 
dun es, the marine mar··he , the fr h-watcr swamp , tb ·oil nnd 
.finally, tbe ea hoal . 

One of the fir t-namcd 0 TOup of on tructinn " bav in 
which con t itute · tiJe ,.-hole of th area of th towu of lt·ovin t wn, 
one of tbetlne t :xistin o· example of su 11 form . 'lh rei c rtain1y 
none otb r of it kind in t hi s •otmtry wlti 1t o \rell d crv !:1 atteu­
tion . The hi tory of th i f ature app ar to have b 
fol low·: 

Wben, after the di turbance of 1 vel which attended th In t dacial 
epo ·h , the land of ape Cod came to it present appar ntly table 
attitud the levate<l conntry of rrrnro ext 11(1 d som ,vbu.t fr.ut l1 L' to 
the north and ea t than it doe at present. \. hi la t portion of 
the cape iu the ea. t wa worn down by '~>ave' and in th 
mann er in wltich the work i now going on, the iCbri wa in part at 
lea t, carried to the en l of the land, ther beginning th growth t th 
northward of tbe pit. A noted by Prof. '\V. l\L Davi th sea b ach 
a t the north en d of the Truro higiJiaud mark tiJe point where the 
encroachment of the ea was arre ted by tb b ginning of the accu­
mula.tion of and which bas extended to the village of Provin etowu. 
(See P l. CII.) 

It ·e ro ' likely that there was hoal water wlJer thi spit wa 
formed; befo1·e it began ro form, in de d, th ero ion of the northern 
face of Truro, which has j u t been noted, may bave be 11 part of a 
con iderab le wearin o· t l1 at had gone on before the lit had be"'nn to 
form . There is a bit of evidence on this point dmwn from there ·ul ts 
of the " driven ' welL sunk in the and at Provincetown which, though 
not certain, has ome value on tb is point. T be e well s, which were 

unk to a depth of a few feet below the level of the sea, in place of 
yielding t-he very pLlre water which elsewhere has been obtained fro m 
uch spits, bave afforded a qual ity wlJicb , ou account of the large 

amount of iron it contain , i _. hardly fit for use. Watei· of t he arne 
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na tnre i cbaract ri tic of the old ands of pre-Glacial ag-e wherever 
they l1ave beC JJ t a pp din this part of lVIassacltu tt · t he defect beino· 

' 0 due to t he complete oxid a tion of the con iderable amounts of iron 
which they contain and perbap to other clt mi al change , such a lo 
not o ·cur iu t he clear iliceon · .:an d of which t he pit and bea ·he. of 
tbi reo· ion ar made. It thel'efo re s ems prob::tl le that the water of 
the Provincetown well i drawn , not from the beach and , but fro m 
tb lower-lyirw pre-G lacia l deposit~ . 

The prcce of growth of the Provincetown hook appear to have 
be 11 main 1.) by u cc sh·e beacbe , each formed in front of the nest 
pr cedi ncr, and ach proj ctin g northward omewhat beyond it pred­
ec or. The upply of a nd eem to l1ave come, in part at lea t, 
from the wearino· of the coa t l ine of the Truro-vVcll tleet di trict, a,nd 
in pa,rt from the ea bottom to the eastward. Ther ha evideutly been 
a bulan of action 'vhi h f late ha served to urge tl1e and to tl1e 
northward toward the pre eut end of the cape. It i evident that fer 
a time 110 disti nct hook exi ·ted iu the eocl of tlds pit · its form wa 
om wlwt like that of Mouomoy, but probably for the rca on tl 1at tbe 

water d pened bcyo1td the hallow on which it at nr. t grew t h end 
near it pre ent tao·e of growth turned w -tward to form the hook 
w ith which it now t rmioatcs. 

t fir t t ho Pro incetown pit wa evidently narrower than it i at 
pr ent, l.m t with tbe carriao-e of and northward along tL.e bore 
th 'rat r on t11e ide of the op n sea wa hallowed by t b fot·ma­
tio u of ~L broad helf which enabled a u ce ion of beacbe to form, 
ea h om \\'hat fm'thcr out than it predece · or aud in this manner 
th . pit l1ns b n n iclerab ly widen 'd . Tlli pro es of grow lt 
app ;u· · 11ot to b <· nt,innoHs. Fr m tim to time, with tb Y:Lrying 
dir ction and 11 rgy or th wrw aud of tb •urrent. which tu y 
indue th beacl1 w rk iu agai n to b built out with th e r umpti n 
of til carriag or wa t from th bor outlnYard . 

Alono- with t h an·iao- of san l by th a th r ha gou a onsid· 
mb l mo\· m nt of mnt ria iR by the wind. Thi. ha tak u plac 

mainl · in a w ·t rly dire tion from t h bea he . \ rben tlle 
t id il'l out a nd t il air dr 7 v n a m d rate wind will move the finer 
part or th mat ria l almost a ·· ea. ily a. tb ng:h it wer no ~v, and in 
gr at tonn. quartz p bbl np to tb iz of pea may be ob ned to 
fly aloJlCr at h h io-ll t of ·om feet above til earth. t be wind lo ' e' 
a part of it i:l p d in I a in a- ov r the urfnco of the Tound t he pa,r­
ticl s of a nd aud gr av l whi ·It it b ar oon fall into th eddie of 
th •nrr n , tbcr formin g th b ginnin o· of dune . oon a ' the 
dun e form they beo·in to march b fore t ho wi11d · tbe b it lip up t b 

xpo d icl and pa ver the cr t into the sheltered 'ca, wber t he 
r main at r t until t h ,,· bole ma ha been shifted forward in t. 1e 
same maun r. I n t hi way, by the pro e~ of con tautly moving the 
wi nd warcllaj'13r to tbe I ~eward side, the dun e ~lowly mar bes inland. 
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arion infln nee tend temporarily to arre t tbe mar h of 
incetowu dun s as they lo all nch ma or 'vind-blow11 
tb bit journ y tb y cleC::t.) o tbat they na t urally me11t tog· ther. 
1\Ior over certain peci of l)lant , u h a. tl1e b n ·h e , l1 ave 
developel th ·apacitJ to o-row in tl1e arid soil of th s ridges. Thi, 
tl• er do o effectively that tb ir ro t · a.nd lea' e' mak a mat which 
depriYes th wind of accc to t lJ h ap . 

ln the pre nt tat f the l"rovin ctown pit book th 
appears, as a whole, to b iu a, tol rably balanc d . tate ~L ondition 
into which uch tructur are apt to cone at a rtain tan· f tl1 eiJ' 
growth . The cape do not app <IL' to b exteudiug nortl1wanl, 
unle s it be very lowly, h t idal current from tb bay int rf" rinn­
with this growth. Th book d es.tr mity \rhi •h i mad' up of detritn 
that ,.,-a bed nrouurl the eud of the ap , doe not ap1) n,r to ha,· 
gained in extent in a material way during thi;; entury. Th only 
chan ge whi ·b menaces th tabli b d order of t id un tabl n w lc n l 
i the pre en inward movement of tb beach on tl1 east ru id , n ar 
loon Pond. There we bav a, w 11 re on-niz d dang·er that tl1e R a 

may break t!Jrough, with the result that he ntluable harbor f Prov­
inc~town would be endann-er d. It erta inly w uld b ome hallow r 
an d it might b so f<tr haun·ed a to lo it pre ent g-re<L imp rtauce 
a a port of refnge. 

The ero ion of t il e . ea on the ea. tern fa ape from til north-
em end of Truro to the entralpart f Ea tha.m ha provid d nnt only 
the sand " ·hich has gon to cou truct the Provine town area, but al o 
that whicll, moving to the out!Jward , ha. built the l:1rg ~nfl h<'rtn ifni 
line of barrier and beache ' that extend from oppo ite hath am n t r 
to the end of Ionomoy I land . Althou g h thi i l i: a.t pre ent :-;epa­
ra ted from tbe mainland of tho ape by a hallow watoilr ~~-ay, it i in 
it tructure a pit of t he arne gen raJ character as that at Pro,-ine -
town: only less far develop d. lre:Ldy at it outll rn n<l it haR 
begun to form the hook . whi ·hi the appropriate tini ·h of nch pit . 

The amount of debri which bave gone both way. fron1 the ro­
ion di stri ct of th e ea -tern fa e of \we od appear to b nearly 

equaL The reason why tb Provine town pit i - o mueh lon ger thau 
that of ::\[onomoy i ·, that the greater part of the and which roo d 
on tbward ha been u ed in co n ·tmcti ng the ex ten i ,. barrier b acb 

that lie on til e ea :;ide of Orl an and hatham · for the ·e long and 
broad wall · of . anrl probably contain ra.til er more materi al tl1an i h ld 
in the mu ·b more con •picuou · pit l1ook at P1·ovincetown . At pre-..ent 
tb l\ronomoy pit appear to be growing more rapitlly tban it. llOrtb ­
ern equivalent so that in time the e two ·geographical growth ma.y 
beeom e''en more alike tban tiley a.re at pre eut. 

On t he Hortberu shore of Cape Cod, although there nre no part of 
the l1ote which are undergoing ero ion , there i an intere ting . yst m 
of barrier beacbe. , whi b ba. been constructed since tl1e land a umed 
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it present level in relation to t he sea. The material for t l.J e e beacl.1es 
bas evidently been derived from th e ktllow bottom of the adj:u:ent 
bny, it b eing dragged in to the shore by the action of the wave . It 
will b ob rv d tbat wLil c on the astern and ou thern id of the 
cape the e beacbe are ,tl wa.y dra~-n 11 ar tlle bore, . o that the Jao·oo n 
they Lut in i · quite narrow, tho eon t he we tern and north ern s!Jore 
depart widely from t he coa ·t, o that t hey i.nclose broad field ' of water, 
ucb a W ellfleet Bay now pre nt or ncb as were found at Bnrn­

stable b fore the harbor was 11 arrowed by t l1 e exten ive g rowth of 
marine mar h . The rea on for tbi more r mote po ition of th bar­
r ier beaches in relation to tlJe shores i , that the water on tb nortb 
side of the cape appe:ir to have b en, in the beginning of the pre ent 
condition. , a it i at pre ent, haJlower and witl1 a more gently declin­
in g bottom tl1an i t had on the . on th . In fa ·t, the old riv r ba:>in, 
wid h is no w ape Cod Ba-y, had evidently a muclJ mor gradual slope 
than had then igbboring ba in on the ·outb. Thu the ancient form 
of the ba in bas ervecl to quali fy tiJe shapes of the ex istin g hor : . 

On tlJ outhern ide of the cape tlJe evidence of oa tal ero ion is 
sum what the am a, it i on tbe eastern part of t il nrea . In erta in 
places along t bi bore there are evidences of con iderable hut \aria­
ole localized coa tal ero ion the wa te from which is eli · ribut d along 
tl1e bore and accumnlr~ted in li ght barri er beaclJe and book . Of 
tb t: e the mo t in teresti n o· i that known a, Poiut Gammon, at the 
mOLlth of Lew i ilay. t certai11 plnce , as for .i n tance at Chatham 
light , ob, ervations , how th:1t for a number of yea r t he r cession of 
the hor went on in a in gnlarly rapid mann er, at the rate, jt is aid 
of 10 ft> p r annum . J t i Yitlent, how ' r, tha t thi wa · a loeal 
aclju tm n t of t lJ bor cau . d, i is now as erted, by tb d ,. lop­
Jil nt of th b a h wlli ·h xt nd to ] oint Gammon :md th c 11 e­

in th Lli tribntion of tl1 wa , actim1 . Tb amount f 
ro ion ou tbi outhem IJore lJa probabiJ be n bnt a fra tion of that 

wlli ·!1 ha' · n from tb a ·tern fa.c of' t.he ape, wher in Truro :mel 
"\Y llfl t an xt n j,· a.lient probabl · amonntino· in area. to not le 
tkm 0 . quar mil ba l> en ·ut a\l·ay to afl'on1 th dt'bri ~ " ·hi ·h lta. 
b en di tribut d on th bea h -, pit and hook on th north and 
onlh. 'rhat th r i n ou the a ~ tern fa e of t h 

a w b wu by til nnembarra 
t r am which en t r th .ound alono· tbi 

any CO IL' id mbl nmount of cro ion here, the and 
have b en gather d in a.diJ r nt anrl banier b <tCbe a nd Rpit , . ucl1 a· 

xi . tal nO' tlri c a , t wh •r ver th a hn be .n uppliecl with material 
from whi ch t mak tiJ , on trnct ion . 

11 that portion of th w st rn fa· of ape od wbi b i bord red 
by Buzzal'(l Bay w .fi nd bu t little eddcn of marine ero ion. Th ere 
are a few very mall spi bu t no barr i r l>eache'; i 11 fact, th r ar few 
portion of t h coa t ouill of Boston whi ·b ar exposed to wa,~e of 
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moderate everi y wh r the alllount of work done by tb 8 ai ·o mall 
a it i here. 

Tlti s glance at t he , hore condition of a p od how n that onl y 
a mall part of its perip her incli0ate an co n ·irlerabl a moun t of 
wa t in g ine t he land nm e to it · p re ent alt itncle. The maximu m 
reoe ion can not well amount to mor than 3 to ·.1: mil . 'l' hi o onn 'cl 
011 t he ea tern ide of t he Truro-v ell fleet coa, t.. Tb o xt mo~t ron-
id eral.J le lo i o th s ction nea r Ilya.nnii\ . 'rh b t v id nc a to 

th . limited amotlll t of tho lo of area, i afl'onled by tlte fcwt that the 
extent of the (j li ff ltor 8 of the ar n i limi ted · ,. n t he frailma,t ria l:'\ 
of the morainal apron have not b n mueh nt a'rny, a i · ·hown by 
the fac t t lla t their ·lope ar , with rnro xception , prolong d dow n to 
t l1 e lev l of t lt e t ide. H ad they been mn ·It rod d th y wonlcl lac, th 
shore in teep el i fl'l' . 

Owi11g to a c011 iderablo local erosion wl li ·h ha: tak n plac OIIJ)art ' 
of Ht h r of ape od, there has com to b' a o·pneral opinion that 
tb e peninsula i in proces of rapid <le · tru tion. 'l 'h is Yi w ap] ar~ to 
be h ld by many well-inform d re itl •nt of th e p 11in:-:n la . 
thi view fro m being tru that tho on e1· e lll<LY b taken a 
the fact, . It i altogether lik ly that the total a rea of tlli Ape con n­
try, includin g all the marshe. ban·i r s, bea · lt e>~, pits and hook. that 
arc atta.cbed thereto, i no 'Teater t han i t wa at th t im wh n by 
a fina l tep Of SUb idence, it e tabli hed it ' prese nt 1' latiOII S Of l rtn<l 
an d ea. Th eaggr gate of th i eros ion i vidently muoll l :s tiJrtll 
that wh ich bas tak n p lace on t he i ·la nds to the , outlt . 

The ub10 ar in e co n, tructio11 whi ch ltav b 'n made by the tidn,l 
·ut'l'\' JJl in t il e ' ater about the cape a1 e probably in mass mn ·h 
grea ter than ar t ho e wlti h appear abo \ e tb plan of low wat r. 

n in pection of the 'oa t urvey map di ·clo in t h onnding· · <L 
curiou ta ngl of h al , mo tly ridg lik in form . A before r markrd . 

me of the -e nbmarine levation are probably t he divide. of th 
mall r tream which in ter ·ected the floor ' of the valle · at t h 

tim they were above the ea. Tlti i 1 arly the ca e wi th ton 
Horse hoal, and it i mo t l ikely o with the micld l ground of Vine­
yard ound. Other , e pccially t he grou I a bon t th e ea tem en tra n · 
to Nantucket ound a nd that at the north end of Mu -keo·et 'ha.n tl I 
are evidentl .Y du to the action of the tron and cont1·nclin g tidal ur­
rent which weep through the e areas of sea.. It may be noted h re 
that the ab ence of any · ign ::> of marin e cnrrent action 011 th e surfa ·e 
of tbe land of Cape Co i or tbe neio-hboring i, laud and mainland above 
tl1e level of the sand pl a in is tolerably good evidence to ltow eitlt er 
bat the Glacial ubmergence did no t extend a bove tha t level or that, 

if more deeply nbmerged, th e ice remained on the u.rface unt il the 
land '"a reeleva,ted to about its present height. 
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MARSH AND SWAMP DEPOSITS. 

Tb 'mn,rine ma rshe ·of t lJi di trict are of con idcrable exten within 
tbe li mit ' of tbe ape; their area i abotlt 11,000 acre ' th gTeater 
portion lyin g on the JlOrth ide f tl1 isthmm:, in t b Barn table and 
v ellfl et reentrant. . On the outh and we t coa t. they are d i trib­
ut din munerous mall area::; alon g t he bauk - of tLe ·mall 'r uro,Yned 
Yalley: n.1Hl in t ho lfl goon lyin o- betwe n th e barrier flnd r eef> n.n<l tlt 

bore. A com pared wi t h t he . imilar mar he nor th of Bo::;to n liarbor, 
th e e of flP Ootl exbibi t a mn clt lc :energy of oTowtb. Ba in s wbi ch 
tl1er woul<l ha ve been occu pied by completely d ' eloped d posi t are 
u r but imperfectly cov red by t hem. The rea on for t hi dcfici en y 
i 110t to be fo und in :w y chaug of p cies, for tb e arc the mne 
in both eli tri ·t., but probabl y in the fac t that tb amount of mud 
s w p in by th e t ide 'i here v ry small as COJU}Jare<l IYith wha t i t i 
l ·ewb r ; t he r e ul t i ' that t ll p lant are ill fed a n<l do not attain 

a nythin g lik tlle vigor of grow th which they exhibit when th e ,,-at r 
a each floodin g hriu g mu ·h nutrition materi al to he plant root~ . 

loreo1·er in t he andy l!ay. the Jgra s, which is t he lllO t ff t-
iv agent in preparing· t he. hallow water to b e occupied by t he mar lt­
makillg g rowth, doe no t do ow ll on tli e bottom of driftin g sm1d f'IS 

it J oes o n t ho e of fi rm er and more supporting 11 ature, such a, .1r 
fonml to th north . 

T l1 e fr h-wa.ter wamp of Oape Ood "·ere originally very numeron . 
ThouO'h by far tl 1e g reater n umber of tb em have be 11 Llra inetl for u e 
a <- rnnb rr plantat ion - r CO il\ rt d in to r ervoir ·· to :flood th viue 
in th ar a · . till r main in their natural tate. 
[tl 
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11 0 tra of t b ·limbiug actiOII of t ll ].)Og ponge whi ·It i . 0 COllliTIOTI 
in 1\[aiu and i till Jrotabl e abont Bo ·tou. Tbi g n ral dr·yne 
somewhat arre ts the oTo"-th of the p at tl 1 o it , but it favor· that 
of many pe<;ies of bu be au l some r es uch as t he w-amp mapl 
mrd the tupelo. There ult i that a. large part of tho p aty ma.tter of 
the !Jo O' in this eli trict i due t o th leave aull te rn s of ph rl.'noga· 
mou plant. . On this account t h l> g ·o il s are evid n tly more fertile 
than arc tho e form ed by the lecny of mo s alone. It is in part to 
tlri cans that we mu t attribute tlre xcelleuce of tll raubeny 
plantation . 

It is a no teworthy fact tbat n, very large proportion of th lak in 
th ape eli trict ]rave e ·aped the a ·t ion or lr wamp.making ag ut . 
l\Iany of t hese bn in not ex e clin g half a mile in diam ter , how 11 0 

trace of pen.ty oTowth about their borders. Tlri -£ atur i ' probably du e 
in part to the \ Cry, andy character of the hore whi ·h mak . it diffi ­
cult for t!Je mo se to becom implanted tb r -a difficulty w!Ji ch i the 
greater for th e re::~sou that t he range in tlr 1 v I of th \Yat r is very 
gr at. In part the hiudran e ari from t lr con icl rabl depth or 
many of th e pond and t be te pn of their b ach , which ma kes 
it harrl for the water lilie and ruslr · to tak root, o that t b protec­
tion which their terns afford tir e shore from tlre a ault of t ll \Ya c 
is Jackiug. The r ult i tba t the frail beO'inning of a uro s plantation 
are likely to be broken np lon g b fore tu growth ha attain d tll 
strength wl.rich would enable it to resi t the action of the waves. 

SOILS. 

The oil of t.he cape differ littl e from that of the neighborin g eli . -
trict. of the mainla nd and the i laud On th nort h hor , from th 
ba e of tbe pen in -ula to Orle::~ns, t h cren ral pr en of t ll e Barn-
table clay or the ·layey till made t herefrom can e tlle field 

moi ture in a way they do no t in tlr more ·outbern an d e, tern , ec­
tions. On thi account, rntlr r than for any p cial nutriti,- vain in 
th underlying· mat ri al, th soil here i ' con iderably better nite i to 
farming than elsewhere. TIJ e YeO' table matt ron wbi cb tlJc fertili ty 
of the earth o Jar ·ely depends does Hot pa s ut by de ay a. p edily 
H i t doe. in the exce iv ly porou dcbri which g n rally und rli e 
tlle nrface in tires field . 

Owing to tb e exceedingly . andy nature of the till, except, a. before 
remarke1l, where it r r t. upon the clays of th e bore th re is littl e di f­
t r nee l>etween the oils formed on it and tho e form d on th , anrl 
plain · lying south of the moraine; in each condition t lr portion of the 
earth wlJicb is mingled with decayed o1:ganic matter, i.e. the tru soil, 
is rarely more than 6 inclle in thicknes . A the mineral matter in 
the drift bed ' of thi region i exceedingly well adapted to afford the 
mineral element required by vegetation, the fai lure of a . oil to form 
is rather curious. The reason for the condition eems to be tllat the 
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exce din gly ]10rous nat nre of the a r th affect plant injuriou ·ly; in 
the :fi r t p lace by can ing their root to become very dry hor tly aft r 
a rain, and in til s cond place by p rmittiu o· t he speedy a nd ·omplete 
d com1 o ition of t he decaying organi matter, o that the earth is 
without the n ece ·ary amount of humus. The valid ity of t hi , hypothe-

i · is shown by th fact hat wherever we find a place iu which the 
water table i ~ r eta,ined u tliciently near th e surface to 11ermit b ti lle<l 
zou to b e moi tenecl by capill ary attraction from below, tber we find 
excell nt g round for ti ll age; moreover, wherever the I la n of p lowiun· 
in gree 11 cr op. · i fo llowed tbe re ul ts sh ow tbat tb ·oil li e -d · only 
uitable t reatment to give excellent return _ .A. ·on ·iderable pet"'onal 

ex peri en e i u tilling su -h oil a the ·and ier kind of Cape 'od ena­
ble me to ay t hat where tb y can be irrigatecl a 11cl wbere t hey ar 
provided wit l1 nitrogenous matter by the in xpeo ·ive pla n of plowi1w 
in cr p of J ea , clover, or oth r legumiuou plant , tb y ·an be mad 
to yi lcl profitable crop . 

It i 11articula.rly desirable ~o have the treatment of the oils of 
utbeast m 1\Ia' acbu ett · made the subject of a vecial a 11 tl well­

dir cted inquiry. In tbi district we have an agoTeo·ate area which 
may be , afely reckou d at not le t han 150,00Q acre wb reon all 
etfortR at tillag have ea eu . The region wa once f~1irly "·ell woou -d 
bnt t he · for ts bav lon er , ince been cut away and tll ir r crrowth 
i · prcve11 ted by tb nnmerou fire which w ep over tb m and 
wl1 ich till furth r reduc the amow1t of Yegetable matter in the oil. 
'l'he field . wben uuwood d, are , old, in b e ra.r tran fer ' " ·hich are 
effect d, at from 50' cents to auout 3 au acr ; in tl1eir pre ent Jleg--
1 cted udi tion hey nr r ally uot \rorth any pri · . Iu \iew of their 

' to rail and wnt r tran portation th y · bould. invite t h atten­
ti u f p r .' 11 who nre wilJino· to tak the pain n ·e a ry to lt:'arn 
he mo t on mi ·al m thod of brin o-ing th m in to ti ll ag . ixty 

y ar - ag- th wamp of hi di rict w r ev n more nnpromi in o· 
li ld ·for agri •ulture thnu t b and plain - and hill ·, yet at the pre -
n t ti me in th ir oudition a cranb rry b o- , tb y are worth ou tbe 

a,- ra o· mor than 100 au acr o~ r and abov t be xpen of briuo·. 
in o· tl1 em und r ·ul tivati n. 

Of t il totn l ar'<"L of ape od only about onc-eio-hth i o occupied 
by morainal matt r a to be u ntill <tbl ; about a nother eighth i con­
tain diu th a.ncl pit ' and beacbe ; o th<lt three-four h of th wltol 
ar a i , far as th geological condi tion ' o·o, ftt to b made in to oi l 
and will lou btl il1 tim be brough t uncl r cult ivation. The morainal 
li ll - a fl'otd x 11 n t o-rouud for the culture of for t ; s r al pecie 

f tr s do well on tbi bo wldery earth, among which may b mentioned 
th w hi te pin a nd th cotcb lar b both of which g row rapidly a nd 
ar fr from eli ease ' . In the o ca ioual . wamp , ·o placed t hat they 
can not ben eel for cranberry cultur , the wamp cedar, whi •b alforls 
with a rapid g rowth valuable timber, may be adva ntageou ·Jy grow n. 
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Perbap t he o·nly land quite unfit for prl)fitable u ·· that of the 
wa~l1 d aml l.>lown sand of t lle beach e and pit . In earl ier co n-
dition of our agricul ture, lewd · . ncb a t bo e of ap ocl were not 
wortlt <Lttentio n. At the pre eut t im e, with th in Tea in o·u e offertil · 
izer ' and irrigation , t hese field ' are likely ~oou to b maue productive. 

'l'ltc f<tcility with \Yhich water can be torecl in the eLevatecl lak of 
·a1 ~ ocl i11\rites the u se of irrigation on mnclt of i t area. From a 

rouo·b eye cstima.te (tlter are no maps go u enouglt to warrant a los r 
tndy) I jnd o·e that not far from 10,000 acr of the p uin uJa, could 

IJe c:ffecti,·ely wat red. 

Il.A.RDORS AND W 'l'ER "'IY A YS. 

[n the conditions of navio·ation clown to within ixty year of the 
pre ent time the hariJors of the cape \Y re well uitecl to . hipping. 
Owiug, hO\Yever, to tb fa0t tlJat the e haven , with t1te exception of 
that at Provincetown owe their ba iu~ either to flood >d vall ys, nch 
a· Oyster Bay, or to irregulariti in tlJ ~ moraina,l field ·, u ·h a v oocl 
Hole, they are all rather lJallow and u ua.lly are but off from the 
ea by bar · aud shoals. Th ey ar , therefore fit only f r the use of 

tlJc waller craft. _se ,·enll of tbe port whkb ouce nt fortl1 many 
commercial ·lJip , as, for in , tance Chatham aud Barn: table do so uo 
louger. T lte 011ly I ort of value on the p uin ula i that of 1 rovince­
town, which owes its e ·i tcnce to tlJe formation of t!Je CLuiou bea •h 
lJOok whiclt inclo e. it ba in. Tbe haven · fit for u e ofplen nre boat ' 
ar > num rou ~ ; they n.re, in<leed, numbered by the :core. o part of 
tlJ e coast outlt of l\'faiue so abound ~ in th m a doe tll ~on h I ' n 

fac of t be cape. In geueral, the e ba ·iu are u c I tible of much 
improvement by the u ·e of jettie. which may confi11e tu con itl rable 
tidal wat r whic;h pas es through their e-x e ively wirl entrances. 

:\fore important iu a general sen ·e than th harbor · of ap od 
are the water way which uearly traverse its width. 1:hese may b 
made pa age by which ves els can avoid the d~wgerou voyag tbat 
now ba to be made by all craft pa · iug this part of the c a t. A 
ailin g ves el bound norLh or south of the cape bas to reckon on an 

averao·e of a.bout tnTo days' lo s of time, a wen a a con iderabl 
expen e in the way of insurau e, in making the voyage, at Jea t duriug 
the winter half of the year. Except Cap Hattera,, there i uo more 
d<~ngerou portion of the tlautic Ct)al:\t. The sltipping which annually 
pa · e through Vineyard Sound on this voyage i · said to be greater 
than that which traverse any like width of wat r iu the world. 
F rom an early day there bave been projects for cutting through the 
cape, makiug u e of Rome one of tlte severa.l cbannel -rivers o 
called-which nearly inter ect the peninsula. Of these there are four 
wbich, with rela.tively slight expenditure a compared with other 
modern hip canals, could be opened to shipping. They are :M:onument 
.l{iver, Bass River, Town Uove in Orleaus, an d Pamet R iver in Truro. 
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The t'' o la t-n am d way , tlwu gll from an engineering point of Yiew 
most practicable, are s ituated ·o far out on the cape that t he wor t 
dan o·er of t he voyage nort hwa,rd woulu be pas ed before th ir entrance 
were r acll 'd; th yare, th er fo re, H ot ~ orth consideration. 

The Monumen t H.iver pas ago is, from the point of view of en o·ineer­
ino-, at lea t a far a opening the \ray i. cone rned, a very ea y work t o 
construct. ltl.tas, ltowe,' er, th e peculiardi advanta.getha titopen in to 

1 
B uzzard Bay, . o t hat ve. els mu ' t determine on pn. ing t hat \ray 
from tb tim t h y tart on tlJeir cour· e around the cape. As in good 
wea,tll r t ll e cour e can be run l>y a, sa ilin g ve sel iu twelve hour. from 
tlle anchorage ground Hear Nobska. ligh t , in "'\inc) arcl Sound, what 
mar i11 er::; ne cl is a way to p a f rom the water of t lt at oullcl dir ·tly 
into ,a,pe 'ocl Bay. The on ly pas age which will afford tl 1i i · t l1a 
by Lb way of Ba s l~i vcr. 'l'hi cha nn el i , on t he averao·e, decp 'r 
and wider t ha,n Monument IUver , and i t li es iu a po iti n wh er , at 
r ca ·onable o t, ve 1 o-o in g JlOrtlmarcl could. b pro,·icl ed \l·ith a 
. afe b arbor of refu o·e, wl1euc , if t he weather fa,vored, t hey could turn 
the cape or ·oulcl trtke the horter a,rtifi cial way. It i probabl i!Jat 
the ·o t of the c ways would not differ in any important measure. 
T l1 eli · tance from t iJ " ·e. tern port to Bo ton v ia Ba River would 
be lono·er by about [)0 mil s than by way of Ionument River; to a,nd 
fro m j)Oint nort h of B o ton the addition al el i tan ce would not be worth 
r eckolling. 

eousiderabl di advantage of t he Monument Ri' r wa y i · that 
1he upper va.rt of B uzzards Bay, owing to i t ' land-lo ked and current­
less ·tate, often become t!Ji kly pack tl wi th ice, e \·en in " ·inter f 

rdina,ry .' v rity. On t h oth r l1and th wat r of Yin e:yard ound 
b au .·e tll y ar t h .- at of trono· t!Jrou g h-rn nnin rr urr ' n t ar 
rarely tim mban'a ' d. lt ma.r be r mark d t hat there i another 
imvr ,. men t in the watel' ways of t h cap whiclJ de 1'\' <'S cousi l ra­
tion ouly J s than a wnt 'r way acr S' t h peuin snl a · t hi · i ' the 
pas. ag thron 11 th morainal lin e 1o \Yooll$ IIol . .At t hi s point a 
natum l br •, h of the moraine-one of tb ma ny 'rhi cl1 exist in the 
II lOra in . of t b i , d i ' ri ot--afford s t"L erooked n ncl da ngerou pa --age 
wlli ' h l1a b n much iu u. by ye ·s•J- inc t he .ctt lement of the 

untry. mea ure of b ueflt ba bc(ln don to thi · way by dn·dgin o·, 
hut it remain . an ina<leqna,te 1 a ·ag b t 'r n two or t h Jaro·e t bay 
oo our shor . If fouum nt I iver is to b tak en a th s ite of the 
·an a,l- allCl by a, n arly omm n con nt it np1 ear to l.J a ,·e be u thu 
adopt •d-it will b mor· than ev r nee S-<lry to provid a fit hip 
·hannAl at vVood Hole, ·o tbat v el may st ill have om choi ·c as 
to th p n rout around tb cape aJte.r tb .r l1av uterecl Buzza,rd · 
Bay. 

\Yhatever i don in t h 
importnn t that an ntl quat 
~:>outlt sbor , wb er v sel 

wny of canalizing the ca pe, it is cl arly 
l1arb r of refuo· ·ltould be provicl d on tb 
iu times uf sev re torm may frucl a, safe 
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an ·l10n1ge. At pre ' en t t it re i ' no snell shelter fit fo r the u e of t he 
Jarg r vessels which ply a.lon o· tl.Je Atlantic coa. t between New B clfot•d 
and Provincetown. Th ancbomge in Vineyard Sound, with the x ·op­
t ion of tlle mall havens at\ ood Hole a nd 8dg:artown and t il break· 
water at Hyanni ar a.ll open and exposed to 0 Tn v danger ft· m th 
uortbea , tern gale ' . The mo t availab le of the ·c IJelt r -tlwt at 
vineyard Haven-i · of en v >ry much crowd d .-o 
most llip :sltonld dra o· b ir anchor a gr at 'ata troph would b 
l ik ·ly to occur, in whi ll cor f ve ' els mi o·h t b lo t. con ·idcr­
able Humber of the hipwreck:s \\·hi ll occur wh rc craft are on tit •ir 
,ray aeound ' ape od are due to the fact that titer i ·no p rf ctly <Lfe 
place in be wa.ter of Vineyard oe ~antuck t ouml ' wb r they cau 
~Lwait conditiow of weatb r whicll make it flt to ny til e pa ·ag· . 

HOAD-J3 GH .... DIX IATERIAL . 

Tbe condition of the bigllway in Cap o l i and a,lway 
bad . 'l'he andy Hatur of the un<l erla and the pr ,·ailing la k of veg · 
tab! matter in the oil mak thi onditi011 in vitnbl nole · orne 
method of bard niug tb wb el way i adoptetl. Of th met!Jod 
th r are four 'rbi h are more or le available at variou · points: 
The roads may be covered with oy. ter !1 11 or the . bell of the 
p cten known local ly <l the sea,llop · t hey m;Ly b co,· red from t im 
to time with a coatiu cr of clay· th ,y may be gn\veled; an l they may b 
macadami zed. 

The use of shell i , in many way to b commenclccl \\'h r tiJ traf. 
fie i light; but 'i\'hen expo tl to mu ·h trav 1 th ·ov ring is wiftly 
de ·troyed . Moreover, any general u of thi mat rial i impracti· 
cable on accou~1t of th limit cl ource of upply. Tb u of clay a 
a to an of ltardenin g- the and ' ba been essayed in thi district, bnt 
with p or result . Tl.te appl ieatiou O!l road of ordinary u c lta to be 
made about once in two y·ear , and it i ::; o co tly that iu th end it i 
more expen ·ive thryn i t would b to construct a w 11 -harclened way. Of 
grav l fit for road building· none i known to me xcept in tu extreme 
we tern portion of the cape, and this i 110t of good quality. Thu 
the only atisfactory re ·ource in this field i found in the u e of broken 
tone, a in the well.kuown macadamiz l l'O<td . 
A there are no bed rock attainable in the cape district which can 

. upply material for macadamizing, i t is nece ary eith r to import the 
broken stone from the farther parts of Plymouth or J ri tol conn tie or 
to make u e of the erratic which may be had from t lt e moraine or from 
the old wall compo ed of t he mailer bowlders which U.a.ve b en gatlt-
red from the fields of till. As far out on the peninsula a· the central 

part of Orleans, and within thi ection onth ward to the border of t he 
morain e, the amount of th is erratic material i great. It i , indeed, uffi. 
cient for the needs of road bt1i lding in tbi ·county for a ll the foreseeable 
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future. The supply of "field stone," or tho e which may be bad from 
the surface of the ground, of size to be used in t he crusher without 
breaking with the ledge, is limi ted. It is not likely to ser ve for more 
than the needs of original con truction of the roads which will have to 
be built within the next score of years. After t hat t oe resort will have 
to be the pits opened in the moraine, where u ually more than half the 
rna s excavated will be large bowlders needing to be bla ted in order to 
be made serviceable. 

The petrographical character of the morainal erratic is good. They 
are mo tly of a granite nat ure, with some adm ixture of trappean rocks. 
The e dike materials sen ibly increase in amount as we go eastward 
along the moraine. In this direction we find a considerable amount of 
volcan ic d 'bri , mo tly fragments of what seem to be iudurated ash 
beds and breccins. As before remarked, the rock mas es of th i 
morarnal accumulation are not much affected by decay. The experi. 
ment made by the Ma sachusett Highway Comrui sion in the use of 
th e field ston e on t he cape- of which about 12 miles of way bas already 
been built, a portion of it having been iu use for two year or more-
bows that t hi s material i excellently well adapted to building roa.ds. 

It is so 1 igh tly decayed t hat the amount of small fragm n t' produced 
is not much greater than is needed in "smfacing' the roads. ·W hen 
tbi element i exces ive an adjustment can be made by orting the 
stone before ern hiu·g, tbe product of tbe softer kind beiug used iu the 
lower layer of the ·oustruction. 

Road made of the bowlder found on the cape can not be e:~.-pect d to 
have tb ndnran ce to traffic that i exhibited by tho e which bave be 
cov 'ri n<Y hty r 0101 o eel of tbe harder tmp , uch a are found in the 
r gi n ab u t Bo ~ tou or iu th on necticut Yall y, yet for tbe u es th ey 
baY to erv in this di tnct they will prove very g od. 

Tb portion of tb cape whielt are ill upplied -witL road-building 
ston ar tho in the ontl.tern parts, uetw en the we tern p<trt of 
ia hp and t lJ ea tern part of Chatham a ud tl.t t wn of Ea ·tham, 

W 11ft t, Truro and 1 roviu etown. In tbe first of t be e el i ·trict 
ben ath the morainal apron there ar ta are hown by var ion ditche , 
ext n iv depo. it of p bble and bowlderets whi h may afford local 
onrce of upply of to ne to b u eel in tlJ e ·m her. Tb e bould be 

a ' ay d in order to avoid the gr at cost of hauling material from the 
source of supply in the n10raine which is li tan t and acce ible only 
by v r , andy road ' . Tl.le e pebbl d po it eer.n to lie benea.th the 
bed of tb e chauuels which extend from the moraiu e to tbe bore. 
'l.' h y ar u U<tlly covered by a tbin layer of gravelly and. The up· 
ply for th portiou of t.lt cape beyond Orleau!:l will have to be bronght 
by railway from the morainal eli trict, and fortunately t lJe rail way 
ext ending to Prov incetown brings all parts of tllis section within an 
averao- di~=;tance of about J mile from transportation. 

18 GE OL, P1' 2----37 
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OJUGL~ J_, E STWARD EX'r •N::siO :r OF CAPE D . 

The presence ot an extensive . y tem of drowned valley. on t he ape 
Cod di strict, including ther in the i lands on tb . outb lend to th 
quest ion as to the exten t to whi ch the e partly ubm erg d land . w re 
originally continued to the ea tward. This qu stiou can not be fnl ly 
answ red, but ome Ji c-bt may be thrown upon it by the facts and con­
siderations wh ich are noted below. 

It i at a glance C\ ident tlJa,t th ea t rn sid of the r iver valley into 
whi h ch·ained the stream on th north sid of the ape ha been iu 
part cu t away. There is nothing to mark it former place except it be 
in part the hoal in whi b the Provin etowu h ok ha been f rm d. 
This ho<'ll i indi ti nctly continued northwa.rd, a is hown by the 
sounding , and t he general fo rm of the bottom of ape od Bay up­
port t he hypothe is that the valley wa ontinued down to th e depth 
of 100 feet or mor below the pre entlevel of th e ea. 

On the floor of Iassacbusetts Bay and farther to the . awar l in 
Georo·A hoal, ashes I)edge and other le important el vat.ion w 
have the element of wbnt appear · to be an an ·i 11t land topooTaplJy. 
It i po ibl e to explain tb sc feature · by the UPI o Hion that t ll yare 
due to the warpiu o· of t be earth or by the hypo the ·i that they w r 
morainal in tbeir natur , but n ither of these Yiew :find any d fin it 
upport. Warpin o-s of the type requir d to acrount for the fact would 

have to be of a type unkuow11 in thi part of t he con tin nt, at lea, tin 
r ecen t geologi period. . 1oraine ar contraindi at d by th light 
ero i,·e pow r the ice evidently po s d aud th thin haracter of 
the morainal accumulation on tl1e neighboring coa t. 

It might eem probable that the mountain-builcling action whi h 
led to tl1e exten ~ ive dislocation of the Tertiary strata in thi eli tric 
were competent to bring about the form ation of n h ridg a we fin(] 
on the ea floor in tlli vicinity, bnt the va t ro ion and depo ition 
whi h bas tak en place ince the e di turban e. occurred would natu­
rally have led to the destruction of any uch r liefs had they b en 
form ed . <foreover, there ar no indication that the tre ing of the e 
beds led to the building of . barp ridge uch a we find in the e ledge· 
and boals. Ou th e coutntry, it is eminently probabl that the r gion 
t hu affected lacked at the end of the proce any eli tinct t opography 
except such a wa given it b y ubaerial ero ion. 

It eem cert::tin that the topography of the sea bottom in and to the 
ea t of Ma achn etts Bay can not be very ancient. It vidently lie 
within the limits of the continental shelf-i. e., within th realm of ex­
ecs ive sedimentation, uext the shore. Reliefi of ucll a barp character 
would inevitably have been covered by detritus if they bad long b en in 
exi tence. Therefore, tbe probabilit y eerns to be that th y are a part 
of the topography which, in a emi ubmerged tate, is preserved in 
the Cape Cod sy tern of drowned valley . 
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The can e of the formation of the partly or completely ubmerged 
val leys of this part of the shore may perhaps be found in t he ex ten ive 
dislocation which the strata have undergon e in this region. If '" e up­
po e, as we well may, that th e uewer depo its of this part of th e coast 
were over a large area much mountain built, the result would have been 
to lift wha t was originally a set of level and low-lying beds to a con­
siderable height. A topogra phy developed on such strata wou ld be 
sharp, and the ll eadwat r of the streams would be <t t a higher level 
above the ea than would be the case in the neighboring uudi turbed 
di tricts. The fact that like disturbances in tb e r gionlying to t he we t 
and south have been attended by a similar presen ration of the ancient 
topogTaphy, a in Long I land and Block I sland, make t his view as 
to the cause of th e maintenance of the Oape Ood penin ula the more 
probable. 

In con idering the condition wbich have led to the form ation and 
pre ervation of the Tertiary topography in t lt e Oape Ood district it is 
well to note the fact that the whole of this portion of tlle Atlantic coast 
appears t o be at the present time much below the aver age elevation 
which it has r ecently had. This is shown by facts which indicate 
th at the ea bas 11ot of late laid at a higher lever th:.w about 100 feet 
above i ts present station, whil e th e evidence from the ubmerged topog­
raphy leads u to the conclu ion tha.t the depre. siou below th e level of 
most extreme elevation ha amoun ted t o at lea ' t 300 feet, and probably 
is much in exces of that amount. I t should al o be said t hat thi s ub­
mergence i not due t o local causes. It is clearly a part of the very gen­
eral action whi h ha included a large portiou of th e bores of all t he 
on tin nt . Th a tion i man ife ted on the ea , tern coa t line of North 
meri a, from the month of the l~ i o ~rand to t he ci rcumpolar cction 

of th conti nent. It i al ·o to b . noted on t lt e P acific ·oa t within the 
am parall l . 

)3 EN E OF IIOAL I N \.PE OD B Y 1 ND I X 
B ZZ H D llAY. 

'Ih absence of ·hoals in 'ape 'ou Bay and in Buzza rd Ba:r a.ppar-
utly incli ·ate a d itr r nc in the lli tory of these ba in a com pa red 

with that of t lle d 'Pr s ion of Nantn kct aud Yineyard sound s. T he 
e:xpla,nation may po ibly be fo und in the fa ·t t l.l at t h s und , in part 
at 1 ~L t , r epresent a region of adjacent h ad waters of ~ everal streams 
th col of which were in th e l ~vt gr ·1t ubsidence lowered beneath 
th sea, permi ttin o- th e t idal current fr ely to pas th rough t l.l em. 
The e streams having a g reat ero ive action on oft rock&, uch a 
u ncl rlie t bi di trict, are ·ufficie11t to account for the effacem nt of 
th i la nd whi h evide11 t ly Jay not lono· ago in th ese ' a ter . It may 
al o be r emark d t hat t il e Bnzzard Bay River appear to bave had 
a . teeper drain ao- tba11 the other neighboring old streams on t he a t, 
which may have account d for the more complete erosiou of t he eli vi des 
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between its branches. It se m , however, mor lik ly that th e pre nee 
of these shoals in th e antnck t and Vin yard y tern of sound is 
partly to be attributed to the action of tidal current in this field. 

EA. W RD 0 TThTU TION F DROW~TED V .ALLEY . 

The soundings given on the coast chart , where the water exc eels 
about 100 feet in depth, are not in sufficient detail to make it worth 
while to devote much labor to tracing the probable dir cti n of the 
ancient dminage channels with a view to a certaiuin o- bow near th y 
went to the margin of the continental shelf. We may, however, note 
certain of the more patent fa ts. 

North of Cape Cod we find a deep channel between Race oint and 
Stellwagen Bank. The water at the we tern end of thi ·hannel, wh re 
it appears to connect with the Cape Cod Bay alley, ha a depth of 
about 35 fathoms ; thence it hoal eaward to about 22 fathom ; till 
far ther to the ea tit deepens rapidly to al>out 50 fa thoms. The hal­
lowe t water in t hi channel is in the continuation of Cape od. tell­
wa gen Bank ha a minimum of 12 fathoms of water upon it, and not 
mueh more for it length of about 20 mile ; th n at tbe d ep cha11n l 
leading toward Bo ton arbor the bottom ndden ly d clines to the 
depth of 60 fathom . The vident ugge tion i that t ll wageu R nk 
i a nor thward con tinuation of the Cape ~od divide and that Ra e 
Point ·hannel mrtrk the po ition of a col on the ridg , whi h wa ome 
70 fi et lower than the general urface of the water bed; and al o that 
the Cape Cod Bay River joinC'd what we may call the Bo ton I i ver 
near the north rn end of the above-named bauk. 

North of the valley of Bo ton River another 1 dis inct, unn amed 
hoal contin ue t he line of StellwaO'en Bank in ncb manner a to ug­

gef't that a tream corre poudino- in a way to that of 'ape ' od Bay 
beaded about Cap Ann and fiowed outhward, joinino- the Bo ton 
Riv r near where that pa ing from the ape Cod divide entered it, 
the united streams flowing on t hrough tb Stell wagen ridge to th a. 
The general likene s of the out lin e of the e antithetic valley , if we 
may u e that name to de ignate ba ins of very like cbara{)ter who e 
stream fiow against each other, sugge ts that they are carved in like 
material ·, or, in other word , that the Creta eou and Tertiary strata 
of the ape od di trict are ontinued as far north at lea t as a.pe 
Ann , though they do not appear above the surface. Thi propo itiou 
i made the more probable by the di r.overy by Mr. Wanen Upham of 
fo il ' of po ible Eocene or Cretaceous age in the drift materials near 
Highland light. As such remain have not been found el ewbero in 
the drift of the cape, they have probably been brought from beneath 
the level of the ea. 

Evidence derived from soundings and dredgings in the Bay of 
Maine indicate, as i well known, the existence of Tertiary and per­
haps Cretaceous rocks, at lea t about the Grand Bank and Georges 
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Banlc ' T!Je ·e and other obser:..vatious iudica.te that the sl1oals to t !Je 
ea t and north of Cape Uod are probably the r mains of au •ieut 
divide , and the ·oullcliug warrant, in a mea ure, the in teq r tation 
of ancient river valley·, but tbis t::~sk will not here be further e ayed. 

ORI IN OJ!~ TilE APE DI 'rRI T PT...A..TE 

An inspection of the contour map will show that tbe pre· lacial 
bed of the cape di. trict, incluclino· tbe island 011 the outb, !Jave 
tb ir upper stuface everywhere at a,bout the same altitude, witu a 
prevailing slope from the we tern part of Marthas Vineyar 1, where 
they ri e to about 300 feet above tl1e sea, t oward the east and north, 
declining at Boston Harbor to tbe ea level, near the end of Cape Cod 
to a little above that level~ and at Nantucket to a height of about 50 
feet. 'J:he que tion arise as to the origin of thi approximately plane 
urface. It may be due to eith r of two action -to base-leveling or 

to the leveling action of the ea-oe po ibly to a complex of these 
actions. It cl arly is inadmi ible to uppo e tbat the plateanlike 
nrface i due to the urvivai. of the original tratiiication urfa,ce, for, 

a· ha often been noted, the area has been greatly disturbed . .Again t 
th e upr o:ition tbat the approximation to horizontality ja t before the · 
uplift which et at work the tream that ·ut the valley of tbe old 
river of tbi ' eli trict wa due to ba e leveling, we may note that this 
would require u to uppo a very lon g period in which the e much­
dislocated rocks h a,d been -lowly brought to a lev l by atmospheric 
agent . '' , e at pre ent ou 1\farthas ineyard these rocks yield 
but littl to 11 b action . The tream of to -day carry away carcely 
any mud; th ire~ ct is l imit d to a light leaching action. To intro­
dn neil a ba e-1 v liu period of nfli ieut duration would call for 
o-r a,t r 1 ngth ning of the firt Plio en time than it i rea onable to 

1 v ling of thi eli tri t by the action of the , ea might have 
be o a eo mpli b cl in a r latively hort time. 'l'be p re ut rate of 
retr <tt f th on th rn llore of ?llartba Vineyard i , a before noted, 
about 3 f t p 'r y ar; at tbi rate the ea would occupy 2,000 year in 
w arin<Y a mil iut the laud. The width of thi.' tabl -land, iu lncling 
the ubm rg d por ion, being a um d at 50 mile , the levelin g process 
would have r qu ir cl about 100,000 years. Great a, thi time is, 
it i proba,bly much 1 s tl.Jan would have b en required to effect the 
arne result by th ba -levelino· process alone. llore, as el ewbere 

along oa t lines, it is likely tba,t the e two action cooperated the 
tream carryin"' away wbat they were enabled to and the waves 

r moving t.he portion of the .mat rial which wa not tbu taken to the 
ea. It i not Jil ely howev r, that the time oecupiecl io tb work could 

have been mnch le than that above suggest d. Here, again, we 
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encounter 1.he perplexing difficulty that the history of the bed· of tlle 
succes ive epoch in t bi area require u ' to suppo e a lap e of time 
since the close of the Tertiary period much greater thau is commonly 
a umed to have occurred. 

PO ITION ND CIIA.RA 'TER OF DIVIDE . 

The position of the · ever~Ll divides which mark t he limits of the 
ancient partly drowned vaUeys of the Cape Cod eli trict i uch as 
would be expected in case the topography of the region lw l been devel­
oped when tlte surface of the country wa at least 200 feet higher tllan 
itis:oLtpre ent. Themo tcontinuousofthe e ret i tlwtofth ca.pe 
itself, extending from the to' n of Plymouth ea tward to Chatham and 
theuce northward to the and spit which termiuate the cape. 'l'his 
divide lllay ha>e been continued somewhat farther to be ea t, a will 
be noted hercaft r. The arrano-ement of the valleys of the b ad water 
streams iu this se t io11 sugge t tb ir form r union in two or more val­
leys, which declined to the north and outh. North of th elbow of th 
cape to the Provincetown and pit tbe incutting of th ea appear to 
have destroyed the original crest of the divide, 1 ~LVing only the lope 
of the ridge which drained into the Cape Uod Bay river. 

The divide wbich eparates the water f t;be la. t -named tr am from 
the upper t ributaries of the Bnzzards Bay river i till traeeabl in lil1e 
long ridge wllieh stretches in an interrupted mauner from fonumcut 
River to the neighborhood of P lymouth Harbor, t rm inating iu ~1ano­

met Hill. It is, indeed, impos ible to account for tl1e v ry peculiar 
shape of the ground in this di trict without snppo ing that iti dn to 
the interlaeiug of the headwaters of adjacent but oppo itely flowino· 
stream ·. Tbi western divide of the Bu zzards Bay valleJ is continued 
southward in tl1e united ridge on whieh th Falmouth ruorain li a 
far , outh as Woods Hole. From the harbor of Woods Hole tb ame 
divide i hown in a less united form by the line of the Elizabeth 
I land to and including the island of uttyhnnk. 

On the outh of Vineyard Souud we have iu Martbas Vineyard the 
remains of the other ere t of tbe valley of wl1ich tlJe Elizabeth Island 
form the other divide. Tbi ere t con titutes tbe northern range of 
bill of Nlartha ineyard, extending a far ea t a Vineyard Haven. 
Tbe entral and southern parts of the highland , of the i land are on 
the headwater of treams which eem originally to ha e flowed into 
the l\:Iuskeget River valley. 

The island of Nantucket appear to be the remnant of sev~ral obscure 
divides, but the greater part of what is 1 ft abo\·e water is on the lope 
of the dminage toward the Muskeget and the Monomoy rivers. As will 
readily be seen, the direction of the an ·ient rivers in tbi portion of 
the district are by no means clear. This obscurity is mainly due to the 
extensive erosion by tidal curren t which has taken place in tbis part 
of the field. 
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It i to be noted that the decline iu the altitude of the principal 
divide of tllis eli ··trict, that whi ·It extends from Plymouth Harbor to 
the xtremity of the E lizabeth I sland -a di tance of about 45 miles­
i relatively steep, being from a, h ight of about 300 feet to that of 
n bout 100 feet above tb sea,, or an average of about 5 feet per mile. 
1 n vi w of th con iderable width of the valley in thi region, this 
decline must be regarded a greater than is con i tent with the uppo-
ition that the region i anywhere near to being completely ba e­

]e,eled. There i no de finite evidence as to the rate of faH of these 
drowued valleys, bu iu valley of ncb width , eut in material of so 
yieltlino· a nature, it i diffi ult to believe tllat it could have exceeded 
5 feet to th mile. In con idering thi que tion it hould be noted that 
the declin e of the ere t line i not nece arily a true measure of the fall 
of the va lley. ln gen raJ, l1owever tlli decline i , at lea tin th upper 
part f tho ri er's cour e, much le rapid than the fall of the tream. 
Taking th e remnant of tlle valley a we find them in 1\fartha, "Vine­
yard, we note that they upport the propo itiou that the bottom of the 
old Yalley had a slope leR than i indicated by their pre nt al titudes. 
Tl1e vall ys of the Ti bury and Tiast()_uan river below t he point 
where they are occupi d by perma.n ut tream h aYe a fall of auout 15 
feet in a mile yet t h e a,re the upper and pre umably teepe t por­
tion of the ri vcr Rystem to which they belong. Although t h r are 
no very ·ertain conclusion to b · drawn from tbi · inquiry into the 
lope. of the old riYers of tb ape Cod eli rict, the fact uggcsts that 

there may have been ·om warping movement ince the topograpby 
wa formed. 

It i t b ob rv d t hat the thre b t d fined of tb old Yall y of 
thi ar a, tbo e of d Ba Buzzard ' Bay and Vineyard ound, 

f nanowing towar l t beir lower part. . 'rhis 
featur i mo t vident in theca e of Buzzard Bn, ' ,but it i uoti e­
abl also in tb otb r ba in:. Thi apparently indicates ·trearn ro ion 
workin · towar l the formation of i1·cu ' - hap d ntlley !' atur which 
are not uncommonly found in much rod dar n ·. 

In oune ti nwitlt theoldvalley. ofthiRareatb i lnnlofNo-man -
Janel olfer, ma tter for intere ·tino· inquiry. 'l 'hi . bit of laud b;) its 
po ition and it r llttiou to tu form of th sea bottom, LV'g · t · that 
it i th r mnant of th outheru divide of a valley the tr am of wbicb 
drained into i11 . yard ound river u ar Gay Head. Tb shoal about 
thi i land, though it is evid n tly subje ·ted to much erosion by the 
trong urrent and wave , indi at that the i le, which i rapidly 

wearino· away, wa originally of mn h gr ,at r extent than at pre ent. 
Thor treat of its bores, which appears to be going on at th rate of 
about 3 feet p er annum will bring about it d struction in le tha,n a 
thou and year . It place will th en be for a time occupied by a, boal 
which, u nder tb cutti ng a tion of th e ' aves ~mel tidal current will 
be phtne<l down to a conRiderr~ble d ptb, comiuo· finally to the ,· tate of 
tb l10nJ ·in Nantuck t Olllld . 
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TRE P A 'ING OJ<' RnTER . 

The position of the Ycral divide betwe n til an i nt ba in . of the 
Cape 'od di tri ·t indicates thnt th trenrn. had advanced far in tll 
de,·elopmcnt or tlieir topography be~ re th hLst 0 T at ' Ub~id cnce. 
Ilere and there we find evidence that the ere t. bad b en brought to 
rather harp edge ; having in mo t ·a lo tall tra e of the orin·iual 
table-land cbara ter which seem to hav b en in orne way impre, d 
on them before the la t inva•ion of the valley took place. '.rhe a.pe 
Cod ere t wa evidently sharp· o, too, wa that of the Elizabeth I l s. 
Tbat ·of Martha Vineyard wa of a more complicated 11atur , retaining 
much of the original table-laud form. 

The proce ' of tream capture, of which there are good in tances on 
Marthas Vineyard, whi h evidently took place befor th la t great 
downsiuking that brought about the formation of the bays and . ouud , 
show that the adju tm nt of the topography about the brads of the 
streams on that i. land had not been anywhere near ompletely etfe ted. 
Similar though le s evident indication of uch actiou on the main land 
may be found in the valley of Monument, Ba ·s, and Pam t river , 
wh re treams had evidently in good part or altogether nt ba ·k through 
t.b divide:s, more or le invading the drai uage of the antithetic tream. 
In two of the last-mentioned in tanc , l\ionument and Ba.-· ri er ' , 
tl1e transgression eems to have been made by tr am · flo win o· outh­
ward toward the valley of the antncket ound ar 'a. J n that of 
Pamet Riv r the ·lope seem to have been to th we tward into Cape 
Cod Bay. The pa~ . agt>R betw en the RlizfLb th Isl s ,,. r o.ppar ntly 
much a we now find them before the clo e of the tim pre eding the 
la t deep nbroergence. If this be theca e the h ad stream of either 
the Buzzard Bay or the Yineyard Sound river may have ·ro . ed the. 
divide , and a the 'e pa ag have been much ·banged by glacial 
action and by titlal currents it is uot ea y to determine iu which 
directio 11 th tre passing waters flowed. 

A the valley now occupied by the bay were evidently rather deep, 
probably at least 500 feet at tbeir deepe t part, below the higher part of 
tbe divide , the incomplete nature of the topography on aud near the 
ere. ts i no good rea ·on for supposing that their bottoms were much 
indented. It is a very common feature of river valley to have their 
lower part level and their upper parts de ply indented. We tbu are 
not compelled to suppo tha-t a great deal of filling ha been n ce 'ary 
iu order to bring about the general approximation to horizontality 
exhibited iu the bottom · of the bay . 
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AMOUNT OF SEDBIENTATION SINCE TilE PRE EJ\TT LEVEL 
W A ESTAJ3LI HED. 

A not d under the last heading, the fact that the bottoms of the 
Cape Cod syst m of bay and ou nds are approximat ly level cau uot 
be taken a,s eviden ce of any great amount of edimentation ince the 
ea atta.iued to about it pre ent position at the end of the la t impor­

tant down- inkiug. A close study of the form of these bottom , ba ed 
on the soundings of the United States oast Survey chart , show a 
multitude of light irregularities which can not well be attributed to 
the differ ntial deposition of sediment due to tidal current , but can 
best be explained by supposing that the layer of impo ed detritu is 
not yet thick enough to completely mask the preexi ting ridges and 
valley of the e submerged areas. 

If tb re bad been a great amount of deposition on the sea floor in 
the Cape Cod bays we should expe t to find all the original irreguJari­
tie of surface du e to their ero ion quite effaced, in the manner in which 
it appears to have been destroyed on the great outhern plain or on a 
le ser scale on the morainal plain of Marth as Vineyard; but while 
there are trace of , uch depo itioual shelves near the bore, as on the 
outhern coa t of the la t-named isle aud along the outh and ea t 

shores of Uape od, the~e . helves are narrow and fiat. In form they 
evidently are quite unlike the bottoms of the water areas at a distance 
of 2 or 3 miles from the coast line. The evidence from ounding o-oe 
to bow that the migrations of sand in tb e area are locally con id­
erable, but t hey aPI ear to occur only in the paths of relatively strong 
tidal curr nt uch a " ' p through tb ouu l and in tbe bay ; it i 
to tb ffl ct that, notwith tan ling all the coa tal ero ion whi ·b i' goiug 
on, th ontribution of and to the bottom of the bay at the eli tance 
of a mil r more from th bore i Yery light in amount. The e facts 
lead me to d ubt whetb r a mu h as au average of 50 feet in depth 
of d tritu. ha b n ac umulat cl on the floor of the bay sin e they 
la t came b lO\Y tb l v l of the ea. 

On the outh , ide of fartha ineyard au l of .J. an tuck t and on the 
ea t ide of Cap 'od the con iderable inva ion of the laDll by tb ea 
ha doubtl done much to contribute material for sedimentation, but 
in ape od Bay and Buzzard Bay th ero ion of the hores ba not 
b e11 sufficient to up ply more than a few feet of detritu ov r the floors 
of tbe basin . The \Yaste of organic life d po ited in the ba ins is 
relatively mall in amount, being mv h le than in tho · e parts of the 
shores and sbaJlow to the northward, wher mollusk and seaweeds 
are mor abundant. 

Owing to th ituoation of the Cape Cod alient it i not in a posi ion 
to receive detrital material from a di 'tance in the manner in wbkh 
they are acculllulat>d along the bore south of .r ew York. orth of 
the cap the d ep trougiJ pa sing outward from Bo ton Harbor inter-
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cept the current and wave driven wa te coming front tho nortltern 
shore. On tlle southwe t there is no set of currents drivin g such mate­
rial to,-vard the waters of the ound a ud bay ·. om on tributiuu may 
have been bad from the wreckage of i lands now re luced to slloal ' , 
but it probably bas not been in. large amount. 

DEPTH B'EJ'I."EATH SEA LEY'JTIL Ar D N T H.E Ol!' TilE 
CRYSTALLINE ROCKS IN TilE APE COD DI TRICT. 

At no point in the district of Cape od a.re the ancient cry talliue 
rocks exposed to view, nor doe the drift covering 011 any part of tl.Je 
land indicate by its cllara ter that these depo ·it are on tbe land area. , 
at lea t near the surface. In passing from the mainhmd toward the 
cape we find the nearest localitie of the crystalline rock at Plymouth 
Harbor and on the we t bore of Buzza,rd. Ray. Througllout the 
soutl.Jeastern . ection of 1a sacbn ett the e rock exhibit a g ntl atHl 
tolerably uniform slope toward the base of the cape at the rate of 
about 20 fe t to the mile. Thi wonld place the old granite eric at 
the level of 100 or 200 feet below the ea level on the ea tern bore of 
Buzzard Ba.y and at a depth below that plane of about 1,000 fc t 
at Chatham Harbor. Ina much lwwever as all thi region ha b en 
greatly eli tnrbed, and as the eli t urbance roo t probably includ d 
extensive movement of the an ient rocks as well as of the Ie ozoic 
and enozoic trata which re t upon them, no gre::tt value can be giv n 
to these e timates. 

On :Martbas Vineyard and cautily ou tlte hore of the south we tern 
portion of Cape ocl particularly along tlle outh a tern side of in · 
yard Sound, a before rem arked in tbe account of the glacial drift, a 
great quantity of cbalcecloui c quartz pebbles ar found. o abundant 
are these coar e ao·ate · that hn ndreds of tou of the material eonld at 
time be gathered along the bore. It i e\ident that the, e fragment 
have bee11 glacially transport~d, and, as is indicated by the eharacter 
of tbe layer of enatics as well as by tbe glacial scra.t ·bes the move­
m nt of the ice was from the north we ·t, if indeed it was not from a 
point nearer the we t. Nowhere on the mainland are rock of this 
nature known eitber in itu or in tbe drift. Along with these chalce­
donic erratic go o-reat quantitie. of pebble of white-vein quartz of an 
a pect quite different from any known on the. bore ' to the north ward. 
A clo e comparison of the pebbly material s ou the islands of the Cape 
Cod di trict with the rock on the mainland will undoubt dly show 
other ca es of thi kind. On tbe body of ape Cod, iu increa ing pro­
portion a· we go from Monument River eastward, we find geoups of 
vein and volcanic materials differiug in nature from those on the 
neighb01;ing i lands. In this last·mentioned di tri.ct tbe pebble of 
volcanic roekR are very abundant, especially in and beyond Orleans. 

The evidence afforded by tbe erratic m<Lterials of this district shows 
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that just to the seaward of the . bore liue t here i both to the north 
and the ·outlt of Cape Ood a, belt of rocks which ltavc been the eat of 
great volcanic and· olfataric action, and that t he e clepo its have been 
mu h m tamorphos d. In this connection it may be noted that a belt 
of di t urbnnce of the natur indicated on the sea bottom about Oape 
Cod begin in t he r gion about the Bay of Fundy and extend parall 1 
to and partly witlJin the bore alon g t he coa. t of :M:ai11e. I have noted 
the o cm·rence of such conditions in the publi bed accoun t of work 
done for the Survey in the di tricts about Pa amaquoddy, Cob cook, 
and Orauge bays, and in the di trict of l\Iount De ert and on Cape 
Anu. In th two first.named field th presence of di t inctly vol­
canic deposits i well proved. At ape Ann vid nee of true volcanic 
action i lacking, but he extraordinary amount of dike injection , 
which evidently increas the . bore i approached, show the 
effed of the arne yst m of di t urbances. It t im appear probable 
that the coa t line of t hi ontinent, from the bead of t lt e 1 ay of 
Fundy at lea t a far to t he outhwar las the mouth of Buzzard Bay, 
lies upon tb inner margin of a tract wltich ha been greatly subjected 
to volcanic and olfataric action. It is not improbable t hat the inden­
tation of the fir ._ t -named bay may b due to the sub. idence ·onne ted 
with t he eli· urbance and that t h po ·ition of t he •oa t line on this 
part of the hor land is to be accounted for eit her by the downward 
movement or by t he r elative ea e with which the oa. tal frin'ge of rather 
incoherent depo it were eroded by the ea. Intere ting a t be. e ques­
tion. ar , they can not be followed fnrtll er here xcept to ugge t tltat 
tb vol a nic areas of th Bo ton Ba in, of the Conu ecti ut Valley area, 
and f th r g ion in and n ar the low r part f b ud ou all y, 
wh r t h r iR rea n to u p ct tha,t th Yolcanic ro k are n '~ er than 
the l1 withi n th limit f thi maro· inal friuo-e of uch 

:F ' IL ED l<'R M ~A FLOOR ~TE U C'APE D. 

From tim to time tb r l.lav b eu r port tha t fo si ls of a l.laracter 
whi h would indicllt that th y C<LillC from bed such a · are found. on 
1 artha · Vineya rd or at lar hfield x i ted ou t he ··ca floor to the north 

and a t of t ll e <t ) e. The e pecimen hav b en urought up on 
anchor rbytll dr dge. It e m · lik lytha.tin<:Llltlte e in tance the 
tmtterial · ltav b 11 deriv d from tl1 drif d po it · on the floor of the 
s a Lhough it may b po ible that a abou t Georg s Bank the con-
id rabl neray of t h tid al current may cour away the soft parts of 

tb bottom, 1 aviug t he harder fragment a a coatino· on the ea floor. 
The ev iden above referr d to, thouah fragmentary, <tnd at be t not 

very trn tworthy, is nou o-h to how that to a considerable depth, say 
to 200 feet or more, th bottom i in part at lea. t occnpi d by the 
fo ilifewu. d po it s wlli ·lt w re b r and there exposed in the ape 
di trict j ust before t he lacial p riod . 'l.'his ser ve!'. to bo,y that. the 

l 
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ero ion which took away so largo a bare of the later pr -Gl aei~tl a cu­
mulations-tho:;; designated a the 'rruro and W eyq uo que rie.· or 
th Barn table clay -affected a Jar ·e ext nt of h ea bottom for a 
consitleral.>le di, tauce out to a. Without a ttachiug too much import­
ance to thi ob ure evidence, it may w ll be taken a of om value iu 
sbowiug that the region wa for a long time elevated to the height of 
200 feet or more above it preseut level, or what come fl'ectiveJy to 
the ame thing, that the sea wa at about that depth below it pre nt 
pla11e. Thus the con ideration going to how a recent ubmergence, 
which are derived from the topography of the coa t and th drowned 
valley , ba ome support from tl.le evidence which the e chan e am­
ple of the bottom afford. 

It bas been ugge ted that tbe e fo il brought np by dredging 
may be from the drift lepo its which are pre urn d to exi t for orne 
di tance to the ea t beyond the ·bore. gain t this bypothe i may 
be . et the fact that fo ils of the Cretaceou aud Tertia,ry bed have 
rarely beeu found pre. erved in any glacial depo it , ,-eu where tho e 
beds lay immediately upon the strata richest in organ ic remain . The 
probability that tbey would thus occur in quanti tie · uffi ien t to aceount 
for the numerous chauce find i o mall that it may be eli regarded. 

'l' IME RATIO I DIC TED BY PO T -TER'".ri.A.H 
GL CIAL ERO IO.r: . 

PRE-

Iti notpo sible,in tbepre,entstate of ourknowl do-e,tound rtake 
any final essay in clet rmining the time o nupied in the ero ive work 
done in this region inr t l1 clos of th Plio ·en po 11. It i , , llow­
ever po ible to give some general and relativ indication of the e 
duration . 

Tb facts bow that after the depo ition of the Pliocene depo it of 
Ma.rthas Vineyard a va t ero ion occurred, which hap d the strong 
topography that i exhibited in the we tern part of that i land. In 
the present condition of that area, tbooo·h Lbe valleys are d ep and 
much of the urface i but slightly drift covered, the rate of stream 
ero ion i almo t nil. Even in time of l1eavy ra in the brook bow 
hardly a t race of color clue to other than tbe stain of deeayed v geta­
tion. In the period before the depo ·ition of the lrift the rate of wear 
was probably more rapid than it is at present, bot it is impo ible to 
e timate the value of tbi difference. We are therefore left to mere 
impre ion as to the time required for tb development of thi topog­
raphy. The e inference , however are of some importan e. 

It is in th first place to be noted that the rocks of thi region are, 
and have been from the time of their formation, very open-t xtured. 
Tbey readily absorb tlJe rain water, which cuts no cllannels on these 
area , which are o nearly driftless that the Cretaceou and Tertiary 
deposits are esse11 tially at the surface. Tbi mo t have made tbi field , 
with any rainfall, which was not very much greater tha.n that of to-clay, 
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one of low erosion , for the reason that the water enterino- the ground 
would have been disclnuged, a they now ar , at the level of the per­
manent treams and in a. very gradual manner. This action may now 
be seen in fields of great xtent, as in the town of Chilmark, or near 
Gay Heacl. Nor can we suppose that the water penetrating to the 
depth xerci e any considerable olvent action. The strata wl.Jich it 
traver e contain very little ~oluble matLer, aud the spring - av that 
they sometimes exhibit the result of decompo ing pyrite in the nl­
phureted hydrogen they give off and contain a con iderable amotmt of 
alumina sulphate-are es entially pure. The fact. above noted lead 
to the conclu ion that the ero ion of the Vineyard area ha from the 
beginning been slow. 

Ou the ba i of a slow erosion we have to a count for the formation 
of river vall eys a mile in width and haviucr a depth of from 150 to 200 
feet a well as for the ren wal of au unknown eetion which has been 
worn away from the crest of the bills. As uming that the average 
ablation of the ar a ha b en at the rate of 1 foot in one thou nnd 
years, a rate which must be accounted rnpid-it is equa1ed o fa,r as 
a certaiue<.l, in no part of the world which bear a cov ring of natnra1 
vegetation-in that it would at thi rate of lmtting require sollle\Yhere 
n ar 200,000 years to carve out the e valley ; bnt, a is easily seen, 
the valley are only a part of there ult of the ro ion which the tr·eam 
have applied to them. Tb el ~at d country between the e troughs has 
al o gon down so that it does not eem unrea onable to a 1'\ ume that 
the total ero ion of thi valley-ma,kin g period ha required 300,000 
yE>ars. 

B yon l ch dC'ar vi I ll<'e of a long ero. ion int rval afford d by t he 
vall y of :Martha Tin ptr l we perc ive that ther i an unmca nred 
and p rhap immea nral.>l tim whi ·b int rven d b tw en tl1 period 
when th rock · iu wlli h th<' depr R ion xi t were di lo a ted and that 
when valley-making began . It em tol rab ly evicl nt that in t hi 
p riod th a Rtood om hundred feet hicrher than it doe at pre · nt 
and that tb . urfac · wa gradually ba e-1 v lel until it ame nearly 
to th plane indi at d by t he high t land of the i land. This little­
indicated p ri d of erosion, the sol eviden<' of which 1 fonncl in the 
faint yet di ti n t ma,rk of an anci nt plain a11t datino- the forma,tion 
of th pre 11t drainag y. tern po ibly repre nt ' a. duration eveml 
tim a grea,t a that bown by the action of the treams which no'W 
ar at ·work. 

ln a g n ral wa,y £ llowing th dewlopment of the vall y of [a,r­
thas inoyard aucl tho e wl1ich were form d in the t ilted Llepo it of 

ape od, came a p riocl of depo ition in wbi h tbe various beds of 
a haquit a, Barn tabl , and Truro s ri c were laid down . Tbe hi -

tory of tl1i tage or sta-ge in the developm ent of the cape di trict 
i not yet unraveled. Tbes vera l e tion s rna all be of the, ame 
a.ge or tb y may repre nt, to a gr a,t r or le s extent, the hi tory of 
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successiYc periods. However this way be til er· ca n be no doubt that 
the time o cupi ed in tbe llr.po ition of the bed wa::; v ry gr at, and 
that the detritu whiclt wa. accumulated crtme in part, if not altog ther, 
from areas north and we t of t he c}1pe di ·tri t, as i · how n by th 
fact that the b d in que tion to a 0 Tea.t extent mautl ver the a n •ient 
topography aud rise to ncar the le el of it hi ghe t ele a tion . 

Followi ng t he a cumulation of the Truro·Barn table group ame 
the third great p riod of aerial rosion in thi field. During a p riod 
of elevation which brought the land to a lev 1 at lea t 200 feet higlt er 
than it i at present, tlte rosive work of the treams cleared away 
the deposits of tratified ands, clay , fLDd gravels from the Yall y 
which it encumbered, aud extended tb d nud atiou of tho broad aud 
thick heets of h·ata uutil only remnant~ of t he original ma 
r emained. The amount of erosion ffect d durin o· thi p riod immedi­
ately antedating the la t ice epo h can 11ot be ganged for h r ea on 
that the greater part of the area in which it wa effected is now nb­
merg d beneath the sea; but it was cl arly much gr ater than t hat 
which wa done in the time to which we ow the d ,. lopment of the 
several valle of 1\l artbas in yard or the like trougu of Cape od. 
To it we owe not only the general clearing out of tu o e t rough , but the 
excavation of the ri v r ba in \Vhi ·h are now marked by th bay and 
sounds of out lJ ea tern Ma a ·hn ett ·. 

In con idering the time required for the form ation of the later trati­
fled depo it of t lJ e Ca.pe "'od eli trict '"e hav fir t t note that tbe a · ·u­
mulation of the e beds indicate a lon g- p riod of ro iou, the r ·ord f 
which, a before remarked is not found in thi ar a for the rea, on that 
it wa theu beneath the ea. the work done wa f suffi ·ien t mao·. 
nitude to form a b road beet of detritu , extending fr m :ome 11oi ot 
far in la ud, probably the central highlands of Ia acuu tt ·,to an d 
beyond Truro and ... autu ket, having a thickn ' on t lJ e average of 
not J e~ th an 100 feet, and perhaps everal tim s a great, it i evi­
dent that the time occupied oulcl not well have been l ~ than that 
attained for tbe econd ero iYe period-tha t wbi h shaped th greater 
valley of 'larthas Vineyard. The la t great ero ·ion period-that 
which more Hat d the tratified depo ·it which overlapp d the old 
mountain-built bed -appears to have required more tim than any of 
the earlier period · of wearing. The valley were brought to a gr at 
width. eal'ly all the deposit of the la ·t formation were removed, 
leaving only fragments of them on or near the divide, . A thi work 
wa done mainly on very permeable bed., into whi ·h the raiu penetrate 
rapidly without developing mall, superficial streams, the work of 
wearing could not l1ave proceeded with great rapidi ty. 

The facts a::; above pre en ted lead to the conclu ion that siuce the 
close of the 'Tertiary period, or perhaps from some time after the end of 
the Pliocene epoch and down to the advent oftl• ice in the la t Glacial 
epoch, there have been four tolerably di tiugui hable period of ero ion 



SIIALER.J SUMMARY AND COr L SION . 591 

in this field, e.ach requiriug a, time th duration of which, even in a 
geological sense, mu t be accounted a long. Various e timate , made 
on the ba is of the pre eu t rates of ero ion, lead me to the conclu ion 
that th is interval wa not le than one million year . 

Without attaching any defin ite value to the 1·eckon.i.ugs a to the 
duratious of the periods in which the wearing down on tbi di trict 
was effected, it may be claimed that no geologi t who ba attentively 
considered the pr blem of time ratios in ero ion is likely, on a careful 
study of this field, Yery much to reduce this e timate. Although the 
as umption of omething like a million year for the interval between 
the nd of the Tertiary ancl the beginning of the la t ice epoch i not 
in a<:cordance with the views as to the time ratio in the later tages 
of geolorrical hi. tory which were entertained down to the beginning of 
thi decade, it is beco111iug evident that the old view as to tbn brevity 
of thi inten al wa ba t ily taken and will have to be r evi ed. It i in 
order to bring t bi 1 oint in to debate tbat the previous esti1nates a to 
tl1 e time occupied by t he completed uccession of action which have 
taken place in po t -Tertiary pre-Glacial time are here ubmitted. 

It may be r marked that th prejudice in favor of a brief time iuce 
the close of t l1 e Ter t iary period has re ted in part on th fact tha the 
amount of con olidation which has taken place in the clepo it of that 
portion of t il e earth s hi tory l1 a been in ruo t ca es mall. It i , indeed 
diffi ·nlt to b 1i ve that bed. whi h hav b en as little chauged a the 
strata of t bi age u ually are have been formed for million of year . 
When, however, we 110te t hat in Me ozoic rock , and even in t ho e of 
tl1e Paleozoic ec tiou , the amount of alteration i often sligl1 t , we an 
w llund t' ta,nd t hat t he ' mor re ent u po it ~ whi h bav not nuder­
gone d p bmial hav ,' nrviv d for ag-e without e ntial chano·e. 

Il\ R 

Tb r ·ul t of t h 

ND 0 L IO 

, of t hi 
od eli -
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in Cape Cod as far Jlorth as l\lollumeot River and ea tward to Orlean 
This serie is cbaracteriz d by the presence of red clay and and , 
which appear to owe their origin to tbe deco mposition of Tertiary 
strata such a occur at Gay IIead. .L\pparently aboYe tlJese bed ·, wlticlJ 
have been termed the :r asbaq u.it a series, oc •ur another ·eri , here 
known as tile Truro. The cbara ·t ristic of the' bed i that they 
plentifully contain a fine, white, floury, micaceou sand, which is very 
much decayed. These ands are combined with coars r arenaceous 
materials and occa ionally clay beds, the clay being of the ordinary 
grayi b or yellowi h hue. So far as is a ' certained, the e b d · contain 
no pebbles of compound rock , the pebble , indeed, being very rare 
and, o far as ob erved, of quartz, and alway mall. Th e Truro serie 
bas not disclosed any material· apparently rising from de ompo ition 
of -the Tertiary beds. It is pos ible, but not probable, hat the asha­
qnit a and Truro series ::;hould be regarded as one group. Tile d i tri­
bution of the bed , however, i against this view. 

The group of brick clay known a tl1e B<Lrn table eric appear 
to have been laid down after the Nashaquit ' a and before the Truro 
bed bad l>een formed and dislo ated. The evidence a to thi ' ucces­
sioll, however, is not l)erfectly clear. 

During the depo::~ition and erosion f the eri above noted th Uape 
Cod eli trict has been objected to a number of movement of elevation 
and. ·ub ideo e of which the imperfectly iuterpretab1e change: are 
shown in fig . 7, p. 522. These mov ruents indicat very r markabl 
in tabilityio the position of thi portion of the ·outinent from JurasiiiC 
time to the prese11t day, but the alteration of level appcM to have b<.'en 
limited, o far as determinable, to a range not exc eding, per hap , 1 000 
feet. It i to be noted that the ·c accidents appear to increa. e in fre­
quency a we approach the present day. Thi , howev r, i · mo t likely 
due to the fact that the record are more complete and interpretable a· 
they come toward the pre ent time- po sibly al o, as my coll ague, ir. 
J. B. Woodworth, has noted to me, for the rea on that the later re ord 
arc more coa ·tal in their nature than are tho e afford eel by the earlier 
depo it . It is to be remarked as a very ignificant feature that tll.e 
eries of depo its from and includiug the Nashaquitsa to the clo. e of 

the Barnstable series have afforded no fo sil . It i pos ible but not 
probable, that fossil may have been contained in the ·e bed·, the 
remains having eli appeared under the very free leachino- which bas 
occurred throughout this area, where the rocks are extraordinarily 
porous. 

It is po ible, and perhaps probable, that the e beds: iu part at lea t, 
repre ent depo it in advance of glacial beet . evertbeless, as we 
have to suppose that in part the materials were laid down in salt water, 
it is not ea y to under tand the complete absence of organic remains, 
which, as we know from other fields, even those near by, as on an­
tucket and on the coast of Maine, contain abundant fossils. Moreover, 
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it i difficult to believe t hat durin g t he extended topographic hange 
wbicl1 occurred while t he three serie above mention ed were depo itin g, 
and also durin g the period of di slo ation, which i · marked in tb atti­
tud of the bed 11 0 ice ould ll<:tYe remained nea,r enough to t h eli ' t ri ct 
to affect the character of the cdiment . Still further, the absence of 
errati c r ock in the "a haquit a and 'Iruro contraindicate: t he ~Lction 
of ice. 

'rh condition of t he deposits contained in t he rie of the Oa.pe Cod 
district, formed after the clo e of the 'r ertiary and before t h aclv ut of 
th o-Ja.cial he t, indicate the rapid erosion of an area of cry ta lline 
rocl;:: wbichl1adpreviou lybeen a tiectedbya deep decay . 1t isconceiv­
abl that tbi · ero ion, acting on often eel 111aterial , wa due to river. , 
bnt the general ab enc of vecretable matter in the depo. its make it 
perhaps more likely tbat tile work wa accompli ·lle l by o·lacial ero ion 
occurrin g during the period of ub idence wbi hare incli ated uy the 
e tion . . 

Tb fa t . tatecl in t l1 prec diug page of this report mak e i t lear 
tlJat the post-T rtiary a.nd pre-Glacial hi tory of .·onth en ·tern }fa - ·a­
cllU tt i. mucll more complicat. d than ha hitherto been uppo eel. 
The iuterpr t~ttion of lJe re ·ord whi ch ha been given mu t be rega rded 
a in a grea t m a nre tentative. A furt,her development of Olll' nnder-

tanclin o· of the fa ·ts will cloubtle b attained when tb rela.ted depo -
its on Loug I land, :;;lew York, have b n xplored . Th r i rea on to 
hope that in that field may ue found th pHS ao·e from t he C011Uition Of 
ou thea tern .r ew E ngland to tho e accept d in t he related ol um bian 

b cls :wcl oth r recent cl po it in New J ersey and tll e por tions of t he 
to t ll . outhward . 
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RE ENT E RTH 10' E~lENT TN THE GREAT LAKE 
REGION. 

BY G. K . GILRER'l'. 

IN TRODUCTIO~. 

'l'be geologic hi tory of the earth bow that in all part of it sur. 
fa there bave b en great o. cillations of level. Modern hi tory al o 
recoru upward a nd downward movements of the land at variou 
point . Tbe modem movem nts are of mall amount, bu t it is beli v u 
that they are of tbe ame kind a the ancient and that the oTeat 
cb~uweR of the geologic pa t were effected lowly. :Nearly all di . coY­
eries of modern change have been mad at the sea bore, but there i 
no rea on to uppo, e that the la11 d is now mor stable iu the interior 
of t l1e continents than along tb ir ·oa tal border . Ob ervation ' are 
re tri ted to the coa t because the sea. level afford th be t av:o>,ilable 
datum plane for compari ou . The pre ent paper di cusses the tabil­
ity of the region of tb e Laurentian lakes, :md u e the urface of the 
lakes as datum level or plane of refereuce. 

OB 'E Jn ATI N ' BY :1\Ut. ' T IZ. 

for the 
urveyor 

up ri or mad 
a certain mill 
A St. Marys 

al. o stat , tha n, mall tr a,m at Pindle' mill, entering Lake uperior 
no t far from th outl t, run with wift current to the la k , and has no 
widnuin g, mar be , or other indication that its valley overflows by t he 
lak ttin g ba k into H. He th n de cribe th e strourrly contra ted 
ondition of tream nteriuo· tbe lak 11 em' it we teru end: 1 

AR yon go w twa.rrl, t,IJ Outonn <,.on Hi,· r xbibir a sligbt filling up. Tbe valley 
nenr tbe month shows t hat at tho time it was xcanttod t!Jo snrfnce of the lake wa 
low r thnn at present. Tl!e srtmo i al o apparent at tb 111011th of Bad Ri,·er, till 

I Qn somo roceuL guologicnl 
:XVIll, 1870, Pi>· 206-207. 

hnngos in norlhonste1·u \Viscon in: P roc. L\m . .A s:-~. A(lv. Sci. , Vol. 
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fartb r w e t. At the mouth of Bois Brul6 tb t: same th ing is xhibited, onl y to a 
greater ex ten t . From thi to the "-est nu of the hLke n ot on ly doe t h l ftke set 
back into the valleys of th streamR, but the wate rs are making rapid noroa h­
meots on the banks. o rapirlly i the filling uaok, thatth clepo its of the streams 
do not ke p pa e with the filling np . Th consequen i that th ere is a l al·ge 
marshamlpondinthe moutbofthevall yofBoisBrul anclAmine anRiver. l:lnt 
now her i this filling 11Jl more apparent than in the bay abo,•e th mouth of th 

t. Louis I iv r. In several parts sn bmcrgecl t ump , everal feet below tho present 
water le,·el, are found. The numeron inl ets snrronndin"' the main b;ty, wb n we 
conRider th natur · of tho soil and thcfol·matioo (a tough, red clay), in all of whitb 
t h e water is dee}J, could not have bo n exen.vated in the nntural eour e of v nts 
with the water at i ts pr sent levol. The testimony of th Indians also go to 
streogt.ben the same conclusions. At th tim of rnnning the tate lin above 
mentioned, the I ndiaJls, ever jealous of their ri ght 1 called me to a council to 

FIG. 93.-'llfap of Laurentian lakes. 

inqu ire why I ran the line through Indian lau d . In the explanation, I gav , using 
til e langnan-e of the b"', a. a startin"' poiut, the low e t rapid in th t . Loui · River. 
The chief immed iately r eplied that fo r merly there was !t rapid nearly oppo ite t he 
Indian village. tart, said he, from that place, and yott will be near the t r <tty 
li ne. After he had been fnr tl1er q uestionecl, I learned that it was only a few y ars 
since the r iver wa qu ite rap id at t he Inruan vill age. At th o t ime tlle ai rl liue was 
nm the fir t rapid was abont 1 mile by the stream 11,bo;e the village. From th ese 
facts I conclude that a cl•an"'e is ta.king p la e gradually i n tbe level of th i great 
valley. 

F rom these data Stuntz infers " the gradual ri e of water at t his 
[westj end of the lake and t iJ e falling of the arne at the ea t ," a,nd 
it is evident from the context th at be refers this change of the water 
ton, we tward canting of tlJC basin, the we tern part becomin g lower 
a compared with the ea. tern. 

So far a I am aware, tbis paper broacbe for the first t ime th e idea 
of differential elevation in th e Great J.;akes region , and it contains the 
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only ob ervation . tbat lJaYe ever been ited as howing recent cbanges 
of tbat charact r. In later years th e suuject ha · beeu approached 
from the geologic ide, and Dr. J. W . Spencer ha expre ed his opinion 
thnt a warping or t ilting of the whol region is now in progr 

EARTII 10.V1~MENT D RING TIIE CJ-'0 I:N G E POCH OF 
TilE PI.;El TO E ::\'"E PERIOD. 

Tl•e Great Lake came into existence in tbe latest of the geologic 
period , the P lei tocene. Th eir number and po ition underwentJ•um er­
ous and important. change durin g tbe latter part of t he period: and tbeir 
aren, and draiu agfl y tern. baYe been greatly modified even within the 
tim e to which Luman history b long . In late Plei tocene t.im e, while 
tb gr a.t L atu ntid e ice field, which j u,t b fore had covered the entire 
lak ba in wa lowly geowin g les throuo·b the melting away·of it 
edges, there w rea . erie. of lak e along it. outbern margin. The e 
were h eld iu at t ile uorth by ice and on other ides by uplands, and 
they found outlet southward over the lowe t pa es of the di'lide 
betwe n tb Lauren iau ba in and the ba iu of the 1:i sis ippi Su -
quehan na and llnd. on. itb change in the position of the ice bar­
rier , individual lake were from time to time divided or drained and 
sepamte lake united , o t hat t b lacu triu geogrnpby l1ad a complex 
hi tory. After the ice had wholly eli appeared from the r egion , the 
draiuage did not at on e as ume it pre ent sy tem, for Lake Huron, 
iu tead of overflowin g to Lake Erie, di ·charged it . urplu water over 
th pa s at North Bay 'auada , and thence down the Mattawa nod 
Ottawa riv l'R to th t. Lawrence. 

In th decipb rment of thi hi to•·y mu h u i made of the hor 
lin , of t il va uish d lake . Th con i t of. and and gra.v l terrace 
that w r d Ita., of cliffs and trand carved from hillside lJy 
th wav , aud f pit and beach rid rr thrown up by the arne 
ag n y. uu1nber of the. e lin e l1av b en traced for great di tan e , 
and wh r v r t hu tra d it i fonn l thnt tll y are no louger le' e l, 
but are rr ntly in clin d. Wh n formed tbey were of conrso hori zon­
tal, for tb y w r matl e by wav generated on a water urfac and 
the fa t t hat th y are not now lev I how. t hat the land on which 
tl1 y ar marked h a und r rron e change of relnti\e height. The 
g neral dir ction of incliuation of the shore line i toward the outh 
south we t, ho\ in g that the ba in of the lak ba b en en,nt d in that 
dir ·tion . Th amount of chnng ba not been everywhere tb sa.me, 
an lit i probable that tb tlirectiou of the cantiug vari omewhat 
fr m pla e t p la e. vVh re · veral . hore lin nre traced on the 'ame 
lop· tl• e fir made nre usually more . te ply inclined tbau th la t 

made, and hence it is inferred that tb gcueral hange of relative alti­
tude wa in progre through t l•e whole poeh of th e glacial lake . 
Th plane of the Iroqnoi . bore liu .in the lJa, iu of Lake Outario 
de cend toward t he outb·southwest n,t an average rate of 3~ feet a 
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mil , the lope being t cper nt the north than at the outb.' Tlto 
0 w go . bore lin e, in tbe ao1e btt in lope in tlic am direction at 
t l1 e rate of mor than 3 feet a mil . Tb Warren ·bore lin , trac d 
from Lima, ew York, about the ide of the Ontario, Eri , a11d ITnron 
ba in to Pompeii Michigan i nearly level in tho Maume ba ' in but 
ri es northeast;vard with a rate gradually incr a iug to 2 "D t a mile. 
Its 110rthward ri, e in Michigan i 12- feet n mile.2 Th pr ent outh ­
ward inclinat ion of tiJ water plan of Lake lgonquiu, wbich occu­
pi d the Superior, l\Ii hio·an and Huron ba in , ra,no·e from a, f, w 

inche to 3 feet a mile.:1 Great Lake ~ ipis ing, which occupie 1 the 
same ba in after t he eli apJ arance of the ice aul had it outlet at 
North Bay, conformed more n arl) to the pre ent ·lop , tb general 
inclinatiou of its water plan b iug about 7 iuciJ to tb mile.< 

F lO. 94.-)Iap of the Iroquois shore line. Modern water bodies ar shaded. A. Une shows th bound· 
ary of the ancient lake. Tho parallel cun·es a ro isobascs. 

On the accompanying map of Lake Jroquoi and Great Lake Nipis­
sing (figs. 94 aud 93) the character of the tilting i ·hown by mean. of 
i oba e or line drawn at right ano·le to th e direction of tilting. ll 
point on oue of the e line have been uplifted the arne amount since 
the time of the corresponding lake. If we think of the plane of the 
water urface of one of the old Jakes as having been deformed by 
uplift or warping, then the i obase are contour , or lines of equal 
pres nt height, on the deformed plane. 

Other evidence of tiJe til ing of th laud is found in the character of 

I J. \Y. pen ·er, Tra115. Roy. oc. Canada, Section IV , 1889, pp. 121- 134 ; G. K . 
Rept. Comm ission rB of tho Stnto Resen ·atiou at Niag(Lra, A.lbauy, ! 890 . 

2 1!'. B. Taylor, Uull. Gnol. Soc. A.m r:ca, Vol. V ill, 1897, p . 55. 
• F. B. Taylor, A. Short His tory of the Groat Lakes, Torre Haute, !897. 
4 Ibid . 
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ESTUARY AT THE MOUTH OF OAK ORCHARD CREEK, ORLEAN S COUNTY, NEW YORK. 

Seal ... , I tnch I ,500 feet. F igur s g-ive sound1ngs in feet. 

Th e water ways are sharp ly incised '" the plai n. Parti a l re fll lu ... g is shown by marshes . Slack water at lake levol reaches 
to Carlton, above which the creeks arc shallow. 
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tream cltannels a t hey approa h lake shore . Tb treams reaching 

Lake 'u1 erior fron.1 the outhw st have a lready been fle cribcd in 
the (JUOta tion from tun tz, a nd ·imilar character arc fo und in the 
ba in . of Lake Erie aud Lake Ontario. Con.- itlera,b le tract~ of Janel 
a lon g th ·out bern hore and about the we tern ends of the e la.k 
ar ·mooth plain , t ll ir :nrfa<:es ha\·ing been leveled by depo its of 
fine ediment .U·~rn the PJei .' tocene lake. · ju ·t mentioned. The creek 
and riv r trav rsin · the plains have readily cut the oft d po it, 
arviug out narrow vall y . In t h up1 er part of tb e e valley the 
tream ar hallow aud de ·cend witli lively current bnt on approaching 

F'1 0. !15.- Mnp of tho s hor~ lin~ of Gn•nt J,nk Nipi$~i ng . Mode rn wntcr hodics ""'' shal ~d. A line 
s ho11 s 1 h boumlnry of th nn i<•ut lnl; . Th parn llellill<'S fli"O isobnscs. 

th lak th y b cotn deep and luO'gi ·h, the han o·e u nally occurring 
· veralmile from th l:Lke bore. tated in anoth r 'ray, ach tream, 
in t ' ad of debouchin g iuto tl1 lake, enters the h ad of n, lono·, narrow 
bay or . tnary. Tb origiu of u It , tnarieil i well under tood. T hey 
are found on all sin kinO' c ast , a.ud their meaui1w in this region i 
th ~tt th laud Ita 0' 11e d wn or t h lak lev 1 ba · ri en so that the 
wat r of the lak occup portion of t lt e channels carved by the 
tre£Lm in tb lowland plain. Thi description applie to the oT ater 

ntunber of stream utcrin g Lake Ontario between tlte Genesee and 
D ll river and to tuo e e11 tering Lake Erie b tw ' n Cuyahoga H.iver 
and Mauro e Hay. Indi idua.l mention may ue made of Oak Orchard, 
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Eio·bteenmile and 'Iwelvemi le ere k in :rew York of Tw lvemil aud 
Twentym ile creek and the Cr clit and Huwu r ri r in On tar io and 
of Ro ky River, Black River ermi lion Hiver, Old Woman 'rc k, 
Pike reek, Turtle reek, and Ottawa River in Ohio. Even the larg t 
rivers of the di trict, including tlJ e Genesee Nia,g·ara, 'uyaboga and 
Iaum ee have .C •atures indicativ of the same hi tory. 1 

By refer 11ce to th map (fig. 0 p. 602) it will be n that th u~let 

of tbe e lake :u:e £Lt tb ir north rnm o t point and thi facti related 
to tb conditiou · of tlte stream chan n I . Th water le\' l of a la,ke is 
maintained by the balance between inflow and outftow. It i ju t high 
enough to enable the outftowiug tre,Lm to carry off t he ex · from 
inflow, and the height of water ou all bore. i · t hn determin ed by tlte 
height of t he outlet. So if these ba iu are anted north ward t h out-
1 ts are t hus lo\\·ered with refer nee to other part , and t he waters 
recede ou the southern bore . If th y are canted outlJ ward, th out­
let are rai eu and the water are made to advance on the ut.bern 
shore . Rea oniug from e1fe ·t to au e the faet that tl e lak water 
in ades t lJ e new-made stream clJ a.unel on the out.h rn bore i ev i­
dence of t b outhward ca11ti ng. 

It hould not be a umed that the drowning ~ of tr am chanuel is 
restricted to the tra ·ts mention d above. Tho e tra t ar peciti d 
becau they fall within tbe range of the writer' p r onal ob rvatiou 
and are known to exhibit tbe phenomena iu a striking way. It i 
beli eved that imilar £ ature · may be fou nd wbl'>.r v r t he local on ­
cli tion ar favorable throno-ltout th e whole coa. t line of Lake Ontario 
and Lake Erie, about tbe bead of Lak i\'lichigau from 1ani te 1\fi 1t ­
igan, to K wauue , \ i con in aud about the whole of the 
sbore of Lake uperior. 

RE 0 :r F OR REGARDIXG PROGRE IVE MOD:ER_ 
CHAXGE A ' PROBAJ3LE. 

Independent of tbe phenomena d cribed by tuntz, there are arions 
con ideration tending to direct attention to tbe que ti ou of tb t3.­
bility or instability of the Laurentian area at the pre ent time. 'I he 
fir. t to be mentioned i purely o·eologic. The er och dming which the 
overflow from the upper lakes followed t he valley of the Mattawa and 
Ottawa is definitely a ociated with a ertain tage of the iagara 
River. The cataract of "iagara i · at the pre ent t ime increa ing the 
length of the .r iagara gorge at a omewhat rapid rate. TlJe formation 
from wbicb t be water leap i a fi rm lime tone 60 feet thick aud 
beneath tbi · are shale wh ich are comparat ively oft and weak. Tb e 
cataract, by eroding the shale undermine th e lime ton e,....whi ·h falls 
away in blo ·ks, and the e block are in turn utilized by the water as 
au in trument with which to g rind tile shale. Whirl d about by the 

1 F. B. Taylor mentious a few other localities CJu tho SHill lakes: Am. Geologi~t, VoL XV, 1895, pp. 
] 7~176. 
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~>< ter, the block 11ot only wear away the face of he hal cliff, but 
drill dowu deeply, so that l>eueath the catara ·t there is a pool nearly 
or quite 200 feet deep. Working in thi way, the cataract ha extended 
tb gorge veml huudr cl feet i11ce the first accurat m nsurements 
w remade the average annuaJ rate being between 4 and 5 feet. 

\lith th present arrangement of the clrain<lge y tem the Xiagara 
·nrries the urpln water from the basins of lake · Huron, J'Jrie, :Jiichi­
gan, ami l::)uperior; but when the upper Jake · ent their overflow to he 
St. Lawrence by way of tl1 Otta'i\·a, the Niao·ara, carried only the eli -
charge from the Erie ba in. It · volume wa tueu only one-eighth of 
tl1e present volume audit power was correspondingly le ·s. It could 
not mo,-e the great blocks of limestone which fell from the cliff, aud, 
instead of cooping out a deep pool, a JJow, it excavated a ·ompara.­
tiYely hallow channel. wbo ·e bottom wa cumbered with lim tone 
Mbris. Owing to thi difference in method of erosion it is pos ible to 
eli criminate th part of the gorge excavated when the river wa mall 
a1id when it wa large, and thu · to determine tue place of the cataract 
when the ontl t of Lake Huron was bifted from Xorth Bay and the 
Ottawa River to Port lluron and the t . Clair aucl Detroit river . 
That place is at the head of th Whirlpool Rapids, 11,600 feet from the 
pr nt cataract. .A· uming that the cataract worl,e<l at its pre ent 
rate through thi distanc , we may compute the time consumed. At 
4:\- fe t a year, it would be about two thousand six lmndrecl y ar . 
F. 13. 'l'aylor, making allowance for variou qualifying· factor , '·ti­
mate ·the time to lm e ueen not Je · tban five thousand y ar .1 

·when Lake iluron clJanged it outl t the plane of its water surface 
e ·t ade<l fr m th pa, a,t ~~ortlt Bay to the pa n,t Port llm·on, but 
th .Jorth Hay pas llOW stand 140 r et llighcr than the Port Huron. 
'l'hi difl'er 11c of altitude, amounting to G inch a mile, ha , th r · 
fore, b en wronO'ht within th period of about five tltou andy ar . In 
view of tb gradual nature f :nell n10vemeut , tuis i not a long period 
to a ·sign to tl1e m a nr d ·hang and it i natural to inquir whether 
tl1 m v m ntis 110t till in progre . 

Dr. J. W. pencer who ba~ d ,·otell much tim to th tudy of the 
:N iagant gorge and th' glacial lake , i conft.clent that bange of level 
bas not y t cea~ •d and that it will ventually turn the water f tl.Je 
upp r lake outbwarcl to th Jlliuoi au l :Jiissi ippi river , leaving 
th :Xiagara channel dry. ldrc i1w tl1 Ameri •an s ociation for 
tb Advaucem nt of ci •ne in 1 94, be aiel: 2 

Th end of the fttll s cems d stin<Hl, if w r . d tho futnr hy the pa t, to bo oil' ctell, 
not by th cros i<lll xp nding it lf ou tbo rocks, hut by torrostrinl d form,ltiou 
turning th drninugo of' nll the uppe~: lal o · into th )lissi~ ippi , b~· wn~· of hica"o, 
just as tho Jluron wulor Wl'·r l:ltely turn c1 from the Ottf~wn. into th Niagara 
draiua~-:c; and nt tl•o r <'CI>L mt it would soem that auont 5 000 o1· 6.000 ~- ars at 
most will ])O JICO<lell. The ch:uwe of drainage s houlrl arrive l•oforo the catn.rn ct shall 
l111 or <·eel ·d to Hu ffalo. 

'A abort hi•tor·y of th Gront Lakes. 
• l'ro . .A.m. A8s. uv. Sci., Yol. . Llll,IS0-1 , p. 216. 
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A nother consideration or t he same teBdeney is found in t he ondit ion 
of tiJe estuarie des ribe l in t h bst s ction. Mo t of the stre<Lrn s 
flowing into th e rise in di tricts of unco n olidate<.l drift aud carry 
forward in flood time a co n idera ble load of detl'itn~ . 'J'his i · depo. ited 
in t l• e estna.ri e , t he ·oa.r er part makin g delta. at th ir lt ead and t h 
finer ·ettlino· a · mud in t!J e deeper water. Tbe proce ·· ~ t nel s t ·onv rt 
tli e ·tuaries, fir t, to mar be , a.nd th n to dry land but iu mo t 
in tance little progress in t !Jat direc tion ha b en mad . 'rlt erc are 
afew reek ' ri sing iu sandy rli tri·ts which hav Rncc <.led in Jillino­
th ir tuaries, chano·iu o· them to marshc · but a a rul he d Ita, at 
tl•e bead of tiJe e tnary invade it but a ltort eli tanc and the mar::>lt es 
which border it here a nd there at point · helter d from t he fiood ·ur­
rents are impa sable x pt by boat , and han) t bc appeanwc of nb­
merg cl flood p lains. The ·e clHtracter::>, f rom t heir close re~em bl an ee 

to the feature ob ervable along the . ub idiu o· part;; of th .Atlantic 
coa .. t , give the impre ion that a , low tloodiug of th tr am vall y is 
till in progre 

thi rd con ideration i · cou nected with the r cord of re(' nt chang'. 
on t he coast of the continent . It has lono· b 11 known that the 
.Atlantic coa t outh of Connecti ut is ubs iding and Prof. G. H. ook 
was able to determine tl•e rate in New J er y a ab ut 2 fe t a 
ce11tury.1 Dr.l~ob rt B 11 has recently collated a vari ty of fact · ten<l · 
ing to show that the .l a nd ha · ri . en in the region about llud on and 
Jante bay ·,Z and lt e e ·t imates the rate at from 5 to 7 f t a c n tury. 
If the. e two movements are part · of a gen ra,l tnov m ' II t aff cting t he 
northeastern part of t h con ioent th n the r at Lak r ion, 
approximately iuterm cliate in po ition between t he ri ing and inking 
area. hould be found to exhibit a ontbward tilting. 

These variou facts all tendin g in one directi n, a.re ufficient war­
rant for the workin o· hypothesi - that the ti lting of t he lak reo·ion 
demonstrated by tbe lope of the old bore lin · i::;. t ill in progrc, s; 
and the writer who ha for many year be n iutere -te<.l in t he pmblem 
of the Great Lake , has made repeat cl effor t to ecure an in ve ·tiga­
tion b y whi ·h the hypotbe i!;: might be te.· te<l . 

The mode of inve tigatiou first ngge te<.l wa thee tablisbment of 
elaborate ob ervation tation at three point -Port Huron, Chicago, 
and Mackinac. By a uitable er ie of ob.ervation at the. ·e poiut , the 
relative height of bencltes might be e tabli h d with high preci i n, 
the water urface being u ·eel a a leveling in trument. Then , after a n 
i11terval of one or two decade the ob ervation,. mi ght be r peated and 
any change. in the height of beucbes clu to differential uplift detected. 
The matter was ubmi tted in 1890 to the Superintendent of th e United 

tat Lake Survey and to the Superintendent of the United States 
Coast n.nd Geodetic Survey, but, though it wn. r ceived favorab ly by 
tb latter officer, the work was not undertaken . 

1 am. Jour . .'ci., 2d series, Vol. XX ! V, l 857. 
• am. J'our . 'ci., 4Lb eri~s . Vol. J , 1896. 
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Other plan w rc then con idered , and it was final ly decided to make 
a tucly of existing records of lak' I vel, a od, if nece sary upplemeut 
th em by additioual ob -ervation ' . The re ·ults oftbi · investigation are 
set forth i11 th fo llowiug pages. 

GE:N ERAL PL.A.J.""' OF I :rVE TIGA.rl'ION. 

Variation in t he height of t il oce<tn level at any place depend chiefly 
on t ides, wind a.nd a tmospheric pre::; urc. By means of long s ri es of 
observations the effect of these distmbing factor ·· cau he eli ruinated 
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I 5:>-1 9f>; for Ontitrio, l 60-18&5. 

and a mea n 1 v I obt~"Lin d which 1~ practi all y un iform from year to 
yea r and de ·;ule to d ca,d . Th heigut of t he wnter . urface must 
depend al o on th q urm tity (Jf wate r in th Of' a u, b ut t he a ·tual Yaria· 
tion of volnmc ar ·o mall a co m]Jared to he extent o . the ocean 
nrfa · tha t the re ul t in g vari;l.t ion · of 1 vel UH"LY be ll glectetl a nd 

t he menn 1 vel used a. '" stantlard for t he di scn ion of differential 
movement of t he arth '. •ru ~t. \iVith th e Great Lakes the ca. e i 
ma teri all y difl' rent. 'l'h >re a.r·e variation dn to wind, atmos pheric 
press nr , and tid es, but wh en tb se IHt,·e been eli111imtte.d by loug ~:;eries 

1 GE OL, P~' 2--30 .., 
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of observations there ultin g mea.n level i far from constant varying 
from sea on to ea, on and year to year with the volume of wat r. In 
each lake there i an an nual cha.no·e of more t han a foot, clepeuding 
on t lte sea onal inequality between gaiu by precip ita ti on n,nd los~ by 
evnporation (fig. 9G), and th rei a still 0 T at r ·ba,ng re ulting fr m 
th cumulativ efre t of eri of dry and eri of moi t year . The 
r cord , show that the wat · r surface in ach lake bas b eu eveml fe t 
higher in some y ar ~ tban in others. ( ~ e fi o·. 07 .) 

For tbi rea on th wat r urfa e of <t lake doe not afl:'ord a datum 
plane by reference to which th elevation or ub iden ·e of oa ·t cnn 
be directly determined. Fortunately, however, ther is au iudirect 
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FlO. 97.-0scillations of th o surface of Lnko 1\fichigan due to hn ngcs iu tho volum of tho hak e. 
\ l'" isconsiu , from A ugn t , I 59, t o J un e, I 97. Each hoa;zoutnl 

method by which practi ally tb arne re, ult may b attained. If tl.H~ 
mean level of ~L lake surface be determined for t' o part of t h coa. t 
at the arne ti me the e two planes mn,y be regard d a part of the 
arne 1 vel urface, and, through reference to thi common datum, 

fixed ob.iects ou the land at the two localities cau be compared with each 
otlt r . o as to dotcrmine their relativ altiLude . lf, then , after an 
interval of time, the mea uremeut ar repeated, a change i11 th e rela­
tiv ltei<Yht of th fixed object may be di covered and mea ured . Th 
inve tigatiou de cribed in tbe followiug page maLle u e of this method. 

A B 

Tl1 fun <laroe11tal principle of t lJ e method is illu tratecl by the dia­
gram fig. 9 in which 0 B i the cro profi le of a lake ba in. At 
a ·ertain time the mean plane of the water nrfac occnpie the po i­
tion XX'. By mean of tlte engineer' lev '1 it is ascertaiuecl that a 
bencll mark ba~ a certain height above t he water plane at X, and 
that a bencll mat'k B ha a certai u lleigl1 t abo ve X'. The difference 
between the ·e two mea ·urements i tlle differ nee i11 altitude betweeu 
A and B. After an interval of years the mea uremeut ' are repeated. 
The water pla11e then tand . at -ome differe11t level, say YY'. The 
height of A above Y i mea ured, anu the heigbt of B above Y'; the 
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diff reuce betwe n the two mea. urement give the relative heigh t of A 
and B . If earth movemeuts hav occurred duriug the interval betwe u 
the two sets of mea urement., tbe second determination of th ·om­
parativ h ight of A and B will differ from the .first determination, 
and the amount of differen ·e will measure the differential ear th move­
meut. 

V AILABT...~E· DA'£A. 

Gage 1·eailings.-I nord r to elimiuate the temporary effects of di , turb­
iu g factor it is nece ary to have a erie of ob ervatious of the hei o·ht 
of he W<Lter urface <tt 'ach of th localitie compared. Tlte gage by 
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ompil c<l nnd cr tho llirootion of the hi~ f of Engineer . U ... .A.. , from gage readings at 1>1ilwaukee. 
spa represents a ca lenclar· year ; each ,-urtical space, one foot. 

means of which such ob ervatious are made are of various kind One 
of tlte imp lest is a graduated plank, fixed vertically by atta ' hin o· i to 
a dock or other tructure o that on end i abov water and the other 
below. Sometimesth plank is omitted and the <Yraduation marked upou 
tlJe ide of a dock or pier. TIJe height of tbe water surface is a cer­
tain l by clir ct com pari ' On with the line of th Tadua ion. Another 
form f o·an· whi ·h ha b n xten iv ly u · d in the lake on i t of 
a gradnat d rod no t .fix d but II ld in tb baud· with thi the di tance 
fr m the wat r , urfa · to a fix d point i - lll a ured. U ually the fixed 
p int h en i · auov tb wat r tufa , but at one station, Port ol-
born , it is tb , ubm r ,. d . ill of a canal lock. uotb r form of n·ag 
in ·lud a fioat to wbi h <t graduat d v rtical rod i ~ fi · ed and be 
graduation of tl..t rod are om1 ared with a fi ·ed point on the laud; 
or • •ba.in attach d t lte {i at may pa . ov r a pull y and carry a 
·otmt rpoi e in which ·a o an ind x, fa teu d to some part of the cba i.u 

or cou nt rpoi ' e, move up and down pa t a stationary graduated ·ca.le. 
'l'h r areal automatic gage maki1w r riodi or contiuuou · record . 

l r vious t th y ar 1 59 records of lak lev l are meag r, aud Hot 
of u ·h natur a to b nitecl to the pnrpo ·e of this iuv ·ti(l'ation . 

n· n ral a ·connt of tbem i n· iven by Col. ltad ~~ hittlesey, in Yol­
um -'"II of tb mith ·ouian outributiou to Knowledg·e, and a fuller 
account in the I eport of the nited ta,te De p V\ aterway Co m­
u1i · ion for 1 9G. l u 1 59 tb inve tigation of lake levels wa · und r­
taken by tb nited State Lake urv y. cv•ral tat,iou were 
establ i h don 'ach Jak , and at the regular ob ·ervation: w r made, 
usually tbr e tim a day. From time to t im 
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tinu d and other were e tabli lled, and after the clo 
of tlle Lak un·ey t he ob ervat iou. w re in man y ca , , outinu e<.l 
by offi ers of t lle :Bugineer Corps in clla,rge f lutrbor improvem nts. 
Wi th r,feren('e to tlle pre ent im tig·a.ti n, I l1 a.v xamin d uit d 
State· Lake urvey and other nit cl tate eno·in e r rc ·ord ti for tll 
following . ta.tion : · 

Ou Lake uper ior: uperior 'i ty, Duluth Ontoua,o·o n, MMqn tt , 
and ault Ste. 'fari e. 

On Lake Ii chigan- Hurou: hi ago, iii waukee, Grautl av n , Lock-
port 'aml Beach, Port u tin Pointe A u. Barqu 'l'awa ' J.0s <lll <tlla, 
Thunder Bay. 

On Lal~e Eri : 1\Ionroe, Rockwood Ulev la ud, A btabula, Eri , 
Buffalo. 

On J.1ake On ario : Port Dalhou ie liliagara, Charlo tte, 0 w go ' ack­
ett · Harbor. 

Tb o record s ar for the mo t part publish din th form of monthly 
mean , bnt the individual observation · ar 1)l'e rved in the Engin r 
Offi · at Wa hin gton a ud the have been mad ac e iLl to me 
through tl1e courte y of Gen. illiam 1 . r aigbill bief of B ogin r . 
By t he auadian D par tment or Railway and anal , I h;we 1.l u 
enabled to make n e of a lon g ~ erie of ob ervation: nt Port ' olboru e, 
on Lake Erie th IJ ad of t he \Vellaud Canal; ob enation at Toronto, 
on Lake On tario ha ,·e be n furni bed me by til city eng iu r, aud 
ob ervation at Colling wood on Lake Huron , by fr. :B"'rank 1oberly. 

Benches.-As gage' a t t he water side a re ubjc ·t to variou ' acd · 
dent. , i i ·rarely po ible to main tain tb ir zero for lon g· veriod at a 
COl i ·taut level, and uule s t lley ;tre conn ect d by 1 >v lin g wi th bench 
mark · of a 1 ermanent character their reco rd have li t tl valu fo r pur-
po of cornpa.ri on . Pr viou ' to 1 ' 7l u<:b onuection with b'nebe 
wa not made by the ni ted tat Lake urvey, or if mad , th rec· 
ord. ar lo t. 'l'here 'vere howev r e rtain tation . uotably hi cago, 
1\Iilwaukee, ' leveland . Por t Colborn e, Buffalo Charlo tt , a nd Os"' go, 
at ,,·bich t lli matter had received attention. 'l'h tructure · at hi­
tago on whicl.t tl1 early ben b mark w re mad e are thougl 1t to hn,·e 
afterward ettled.1 At Milwaukee th arly bench mark no loug r 
exi t, and altli ough ther i. rea ·on to beli e tllat oth r t en •IJ w re 
nb. t ituted with care, my re · a rclJ have not di cover·ecl ;L sati ' fa c· 

to ry r ecord . The same remark appli to Buffalo ; and tl1 reconl of 
tb e original bench at Charlotte bas been lo t. t Port olbol'll c fwd 
0 weo·o the zero of gage are perm a11 ent tructure , whi h have prob­
ably suffered 11 0 chan ge ; ~wcl ;tt ' leveland, although t he ohl t ben ·b s 
no longer exi t', it i believed that tll e r ecord of trau. f r i com11l ete 
and !:iatisractory. 

ln 1 10 Gen. C. B . om tock wa. placed in ch ~t rge of t be uited 
aucl the cientific method introduced by him 

1 Repor·L on Chicago City Datu111 aud City Ben ·lr Murk o, lry W. ll. U lgcs, Clri ngo, 1 95. 
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included tho e tabli ·hment of a complete , y tern of benche ·in connec­
tion with t he gage . From 1872 un til t he completion of the field work 
of th Lake urvey t here was a.u annual in pection of the gao-es a nd 
the relation of their z ro · to t he bench marks wer red tern •ined as 
often a seemed 11 ce sary. From 1 71 to 1 78 the supervi ion of 
gao· and the r eduction of records w re in charg of fr. 0 . B. 
Wheeler, and from 1 79 to 1 2, of l\[r, A . R • lin t. The r nl ts of 
the pre en t inve ti ·ation ~tre laro·ely indebted to tl.t care and thor­
oughne with which the e engfn eer p rf'urmed their work. 

I LECTION OF T.ATION AND YEAR . 

ncl r the general method out! in d above the fir t tep wa tbe lee­
tion of suitable pair of tation on the bore of the various lake· . As 

th g olog i data indieat d a t il ti ng of th laud toward the onth-
outlJwe t, or, mor pr ci ly, in the dir ction . 27° '\\~ . , it was 

de irabl to ha v ach pair of tation s para.ted by a long di 'tan e in 
that dir tion. A. t he hypoth tic lJange wa ex e dingly l w, it was 
de irabl to compar ob ervation pnrated by the long t pra t icable 
tim int rval . It was nt ial that t.he ga e r ad in o·s befor and 
after the tim interval be accurat ly connect d wi 11 the am bencbes. 

ou icleration wa al o o-iven to the fact that t h r nlt migl1t be 
vitiated if n were made of ob rvation tak n durin g t he pr valence 
of storms, when t he water i ometimes driven by tlte wind o a to 
tand abnormal ly bigh on c rtaiu hore ; and in ord r tl.lat the use of 

such ob ervation mi ght U avoid d it was importAnt to elect years 
dm·ino· wbich the force of the wind wa daily recorded. V\ ith the e 

' 
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con ideratwns in Yi w the available data w re examiue l and the 
following election wns made of stations (s e fi ·. 9U) aud year : 

For Lake Ontario harlotte and ackett llal'lwr, 1 74 a,ud l 96. 
For Lak.e Erie, Clevelaud and I or 'olbome, 1 58 anti 1 95. 
For Lake 1\lichigan-llurou, Milwaukee an 1 Port ustin 1876 and 

1 96 and Iilwauk e and E canaba 1 76 and 1 !)6. 
l\ o comparison was undertaken for tatious on Lak upcrior. 

~PE I T .. OB ERYATIO~ . IX 1 D6 . 

Certain of the elected tation are no now maintained by the 
nite(l 'tates engineer~, and in ord r to complete the data it wa1:; 

nece sary to make , pe ial ob ervation . Tbi wn doue in the u;nm er 
of 1 96, duriu g the mouth of July Augn t, eptember, and Octob r. 
Tll e ueces ary attention was al o gi ,·en to l.Jen h maek , and provisio n 
wa made for ob ervation ' of a pecial chara ter at the regular engi­
neer station . 

At acketts Harl.Jor use wa mad of a gage whi h bad b en 
e tablisllecl for temporary purpos by 1\Iaj . vV. . Strwtou, . . E . 
It was connected, by levelin g, with an old bench mark , a,nd an ob rv r 
wa employed. At Charlotte the relation of the gag zero to a bench 
mark wa · determin ed by levelin g, and .. pecial eri s of ob ervation 
were made by the ob erver employed by the ni ted tates ngin cr . 
At Port Austin a new gage was establi heel and a p ·.cial ob rv r 
employed. t l\lilwaul\ e and Escanaba the r elativ beirrl1t of gages 
and bencll mark were deteeminecl under direction of Ca11t. Georg A . 
!0inn, TT. . E. , nnd sp ciuJ obs rvn.t ion s wor 111ud l> tll • ouser er 
regularly employed by the nitecl State' engin eer . 

The ' pecial " ob ervation at the e tation con i ted uf rie of 
reading, intended to eliminate the effect of th o cillat ion a il ed 
" eiche . The quilibrium of a lake urface i eli turbed not only by 
wind , which blow the water to\Yard the le bore, but by inequaliti e of 
atmo pheric pre nre occurring during thunder torm and during the 
pa ag of cyclone ; and the impul e thu received are not quickly 
di ipated, but can e a long--continued swaying of the water. In large 
Jake these o cillations are o enduring as to ver the in te r·val from 
one di tnrbing impul e to another, and keep the water peq etually in 
motion . Xear the ends of the lake and in bays with gr·adually con­
verging ide the range of o cillation may be a great as 1 foot and it 
ordimtrily amount at all la,ke tations to from 1 inch to 4 inche . For 
tb i reason a ingle ob ervation may not approximat, clo ely to them an 
level of the water, and the actual mean level can be determined only 
by a series of ob ·ervation at bort in terval.. In arranging th e work 
of 1896 the observers were instructed to record the wa,ter level every 
five minutes for an hour each moming aud evening of all day. when 
the wind wa light; and at Sacketts Harbor, where the eiche bas an 
exceptionally long period , the length of the serie was afterwards 
increa ed. 
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DI C 'SION OF DATA l<'ROl\I PAIRS OF STATION 

SACKETTS HARBOR AND CHARLOTTE. 

In 1 7 4 the zero of ga.ges at these tation w·ere 1 oints marked ou 
doc k ·, a nd readings were mad e by mean ' of graduated vertica,l rod 
attach ed to floats. They g ive the distance of t he water urfac below 
the gage zero . t t h e time of e.:'tch ob ervation r ecord was al ·o 
made of tbe d ire tion and force of the wind . Tlte work wa under t he 
direction of the nited States Lake un y. Mr. A. Wilder wa the 
observer at Charlotte and fr . Henry Metcal f at ackett Harbor. 

Tlle gage at Char lotte wa pnt in place in ovcmber, 1 71 an d t he 
mea , ur ment showed it zero to be 32.7 :f, t below a bench mark. In 
January, 1 73, its zero was founcl to be 3~ . 959 :f, et below t he ame 
b ench mark. On 1\fay 11, 1874, it was again compared with t h b nch 
mark, <tnd tl1 clifferen e wa found to have increa eel to 33.003 feet. 
It is probable that thi change of .044 foot was oc asioned by the set­
t lin g of tlle do k to which the gage wa attached . A. manu ·cript 
report dat d February 3, 1 75, ays : ' The bank i h ere partly of t im ­
b r and pa rtly of earth . 'rhe earth ha been washed out aud ha 
fallen away from the timber in 0111 e places." The gage at Saekett 
Harbor wa also found un table. Th e r eport of a n in pection in May, 
1 ' 74, t a te t hat the zero of gage" ba been lowered 0.555 foo~;' a nd 
a report dated February 3, 1 75, ay : "Thi gage i fa ten d to tl.Je 
timbers of an old and unused dock. Tb whole tructure is quite 
dilapidated a ud un table. The in tability of gages determined t he 

'1 ·tion of tim for t h ompari on of tation . Both gao·e h a ing 
b n 01111 aJ' l wi th b nch in May, 1 7·1, that at ll arlotte on the 
11th and that at ' ackctt Harbor probai.Jiy on the 14th, th e computa· 
tion w r ba eel on a, p rio l including the dat . Witbiu thi p riod 
s 1 ction' a made of t il " t iro of observation when t he wind force 

tl1au on a, cale of 10. 'Ihus treated t l1 e 
oroJJari s ns. 
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Computatiou of tlt e ltd[J ht of th e gage ::ero at acketts llm·bor, 2i ew }'ork, abo ve til gage 
zc1·o at ha.rlotte, New Yo1·k, in th spri'II(J of 1 '7J . · 

( 

Day. Hour. 

1 74. 

Apr. l7 9 p. Ill. 

19 9 J). Ill . 

22 9 p . ill. 

23 7 a . Ill. 

2 p . Ill. 

24. 7 a. m. 

2:1 7 a. ut. 

I 2 p.m. 

27 7 a. w. 

9 p.m. 

2 12 p.m. 
9 p.m. I 

May 3 7 a.m . 

4 7 a . m. 

2 p.m . 

9 p .m. 

5 9 p.m. 

6 9 p . m. 
7 7 a. Ill. \ 

9 p.m. 
1 

ll 9 p.m . 

14 19 p . Dl. l 
r 7 a.. m. 

1 

2 p . Ul. , 
18 1 2 p.m. 

9 p . m. 

20 7 a. m. 1 

' :& J>. m. 
21 7 a.m. 

22 9 p.m. , 

24 7 a. m. l 
2 p.m. 

I 
9 p.m. 

26 9 p.m. 

27 7 a. m.l 
9 p.m. 

28 7 a. m. l 
I 9 p . m. 

nckctls 
llaruor. 

Feet. 

5.43 
5.33 
5.23 
:3. 16 

5. 13 
5. 6 

5.06 
5.43 
5.09 
5.16 
5.1 
5.12 
5.06 
:-. 17 
5.17 
5.12 

5.17 
:-, _5 

5. 13 
5.18 
5.05 
5. 10 
5. 02 
5.02 
5. 12 
5. 0 
5.0 
5.08 
5.00 

5. 10 
4. 98 
5.02 

'harlutl . 

Feet. 

3.1 5 
3.01 

2.95 
2. 95 
2.94 
2.9-1, 

2.91 

2.83 
2.84 

2. 2 

2. 2 

2. 3 

2. 3 

2. 2 

2. 1 

2. 

2. 95 
2.92 
2. 91 
2. 6 

2. 86 
284 

2.83 

2. 3 

Di ffercnc . I 

Feet. 

2.30 
2.30 
2. 10 
2.26 

2.15 
2.22 
2.27 
2. 27 
2. 19 

2.32 
2.35 

2.-9 
2.33 

2.43 
2. 31 
2. 35 
2. 22 

2. 20 

2. 21 ' 

2.20 
2. 17 
2.16 
2. 17 
2.22 

2. 14 
2. 26 
2. 15 
2.19 
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Compntatio 11 of th e heigh t of the gage z ero at , a eke/Is H a1·bor, -ew T o1·k, a bore tile gage 
z ero at Charlot te, Y ew I'ork, ·i 1t til e 8Jn·ing of 1874-Con tinn ecl. 

I n our. 

?.fay 30 I 7 :1 . m. 

9 J1. ro . 
J till 1 9 p . m. 

2 7 a.m. 

9 p. m. 

4 !) p . Ill . 

5 9 p · m . 

ngo rending. I 

Pet I 

5. 00 
- . 03 

<1. 97 

5.00 

5. 02 

5.10 

5.00 

Difrercnce. l 
Charlotte. j 

Feet. 

2. 

2. 
2. 

2. 

2. 

2. ; 

Ftel . 

2. 19 

2. 2 t 

2. 15 

2.17 

2. 17 

2.28 
2.22 

6 7 a . 111. 5. 00 2. 'i 2. 22 

!) p . Il l. 5. 09 2. 79 2. 30 

7 7 a . u1. 5. 10 2. 79 2 31 

2 p . Ill. 5. oo 2. 81 I 2: 19 1 

9 p. 111. 4-. !Ji 2. 1 2. 1G I 
9 7 a.m . 4-.97 2. 2 2. 15 

l:"" ~: ±,:'I 

• 

In 1 9G the gage a,t Charlotte wa plank pik cl to a 
pil jnst uorth of t!J e ,,- t I'll abn tmeu of th e l~om e, Wa.tertown aud 
0 0' l nsburg Railroad brid ge. Th reading 0'[,-e tb e eli tan e of tb 

ur fac abov tb zero of tb crage. t a kett Harbor th e 
imilar, th e gag being piked to au m1n ·eel dock. 
hadotte \Ya: i\Ir. J . V\ . Pre ton, harbor master; at 
J\Ir. \\'iluur . l\fcKee. Ob erYation · wer made 

moruin g no n, and ni ght, the morninrr and 1·ening ou n ·ation b ino· 
xt nd d in to rie · wh 'D Yer th wat r wa o little ao·itatecl h y waY s 
hat tl.J po, ition of it nrfa e could be determined witl1 precision. 
s th e Li 111e , >] ted for t,be periotl of ob>;ervation wer aL o com­

parat il· ly fr from a tmo pheri c di ·turuance , a.nd the1·efore favor­
able to a gen ral equi librium of lake urfa , tb c ompntntion were 
re tri cted to u It tim s. ln t lJe four monthR of obsen' n,t ion there 
wer but five occn i 11 when ric · were made at both sta,tion ' , 
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Computation o.f th e height of th o gage zero at acketts Uar bor, ~~ew Tork, above th e gage 
cero at Char~otte, S ew rork, in th o Bltnttner oj 1896. 

Date. 

• 1 96. 
\ug. 

IT our of commencing I 
obscn ·utiou. 

Nnmber of I 
ti,ro.mint1 lo 

ron<liugs . 

. --..--
n.uke tts 

Harbor. 
Char · 
!ott . 

ar k- I et t.s Chnr-
Rar- lot te . 
bor. 

Mea n of rcsuliugs. 

nokrtte 
H arbor . harlotte. 

1-------------
l'eet . Feet. 

7 a. m. 13 13 0.9 4 0.962 

6 p.m. 13 12 0. 912 0. 93-l 

7 a.m. I 13 13 o. 3· L 0. 42 

16 p.lll. 13 13 0.270 0. 36 

. 15 a. m. 7 a.m . 45 11 -0.1~ -0.0-1 

~ ···· · · · ···· ·· ·· ······ ·· ···· · ···· · ········· {! 

Diller uce. 

ha l'l ntl 
nlinuA ~ nck. 
ett H arbor. 

- 0. 22 
0.02:J 
0. 077 
0. 09 
0. 100 

+0. os­
± O. OH 

The bench at Charlotte i a mark on the upper surface of tl1 water 
table of the old light-bouse. Tlle walls of the building show liO crack , 
and there is every rea ·on to believe the bench ta,ble. On May 11: 
I SH, the zero of gage wa found by Mr. E .. Wheeler, a i taut engi­
neer nited States Lake Survey, to be 33.003 feet below th i bench 
mark. On June 30, 1806, I leveled fr-om the z ro of the pre ·eut o·ao·e 
to the bench mark, obtaining 38.950 as the mean of two mea uremeut . 
On July 11, 1 97 , Mr. Warnor W. Gilbert obtaiued 38.9u4 feet tts a 
mean of two rneasuremeuts. 

The only bench mark existing at Sackett Harbor iu 1 74 and 189G 
is _a poi nt on th upper outer eu o-e of the water table at the ~ort.hea t 
comer of the stone building known as the Ma onic Temple. In ~lay, 
1874 thi wa rl etermiued by Mr. Wheeler to be 12.225 feet above the 
zero of gage. On J nne 28, 1 96, by .duplicate mea , urement , I found 
it to be 20 .4~5 feet above t he zero of the pl'e ent gage. The building 
bearing tbis mark rests on a foundation of bed rock, but n verthele 
bas yielded to such extent that it wall are cracke<l. I wa informed 
that tlJC cracking and repairing of the wall ' took place orne year 
previous to 1 74, and regard it as p robable that tuere ha been no 
change .· ince that date iu the height of t ue bench mark. 

( 
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The e several data are combined in the following table: 

Compntalion of the height of th e ben ch 1nark at Char/ott , _\ e1r )ork, above the ben ch 1nark 
at acket/8 H(trbor , X cw )ork, in 1 74 anll1896. 

'h arlo tte bench mark above harlotte 
gag z ro .. __ . . . . __ . ___ _ . _ ... ____ ___ ... _ 

Cha rlotte gacre zero :Lbove :wket t Rar­

uor ga •e xero. - -- -- -- -- - --- --- - ---- ---- -
'ack etts Ha rbor gage zero above a kett 

ll arl>or bench mark __ __ ____ _____ ___ ____ _ 

om of al>ove = barlo te ben<:h 

mark above ack ct.ts l-1 a rbor bench 

1874. 

Fett . Peel. 

+33.003 +3 .!J50 

- 2. 2.17 - 0.055 

-12.225 -20.425 

L mark ___ ___ ---- ____ __________ ____ _ +18.531 j +1 .470 

D ilfereoce ---- ___ __ ___________ -~ --- :_I ___ -D __ . o_6_1 

Tile re ult of the omputations iudicat that the b ight of the Char­
lotte b uch mark above the S<lCk tts Harbor bench mark has dimin­
i h diu twenty-two year · to tbe exte11t of0.0G1 foot. Tlti quantity is 
the algebraic um of ix other quantitie two mea urement through 
wat r leveling and four mea urement by the engineer level. Tile 
probable error of tbe water l veling are ± 0.00 and ± 0.014 foot ; the 
probabl errors of my own in trumeutalleveling were ea h ± 0.01 foot. 
A. signing the .-arne preci i.on to the earlier leveling , we obtain for t lte 
r . ultir:g quantity (O.OG1 foot ) a. probable rror of about ± .03 foot. 

Tlti: pr babl rror at mpt to xpr only nell devia tion from 
a uracy n · ar exhibi t d by th di ordanc f ob.- rvation ; i t doe 
no t inc1ud :-ror of b la call cl con taut.. The re nit may be 
vitint <l by tlt in tability of itber ben b or by river fr :shet in 1 74 ~ 

nncl tit r a,r qu. lifi ·ation r !at d to tide and cycloni nTadient. 
'rh data at 'a k tt llarbor ar 1rot ubj ect to err r fro m tr am 

flood . Th gall' at Chari tte w r on the bank of the Genesee River 
n ar it month . 'l'he hanuel1 d ei, and at rdinary riv r tage t he 
urre11t i , o g utl that river lev land lake I v 1 nr tb ame, but in 

t.im of riv r flo d tbe riv r 1 v l i so mewha.t higher. In 1 OG no :tloorl 
p r-i od w r included but tll record for 1 74 are uot full uongh to 
iu nre fr dom from flood influence . If th har1otte data iu ·Jude 
ereor du t that can , their corre ·tion woulu iuerea.' e the omputed 
·bang f relativ b igl!t. 

TIJ t ide of the Grt'a t Lak are o ><mall a to be ma keu by the 
·eich · but tll yare neverthele of , nfficient magni tnd to aff ct an 
iuve ti ation of thi ort. LieLlt. Col. J .D. Graham determin d a. lunar 
tide of Lake lichigan at Obi ago amoun ti ng to l i in lJe and a pring 
titl amounting to 3~ iu ·II 1 Gen. 0. B. 'om tock determined a lunar 

' .Ann . R •pt. (; ldef of E ugi n ra, . ·. A ., for 1 60, p. 29fj . 
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tide of Lake .Micbio·an a.t Iilwauk e of 1 inch and a , olar i le of one­
half inch· and a tide of 1} in be was found at the we t ntl of Lake 
Sul)erior. 1 'l'b tides of T..Jake On tario have not be n inve tio·at d a nd 
therefore :1 correction for them au not be applied. It would be Juite 
po ible to eliminate their rre t by making th p ri d . of ob rvation 
includ compl ete tidal cycle ; but the local ondition greater 
importc'wc to other cr iteria for the election of tim . n in pectiou 
of d<tte with reference to t idal cy ·le, bow t l1a t be observation are 
so eli tributed that til influence of tide ca11 not be grea.t. 

A compl te comparative tli cu ion of lake 1 \'el · h uld al · take 
a.ccount of difference· of atmo pberi · pr s nrc. It is evident t hat in 
a co nditi on of equilibrium the lev l water urface mn t bed form d by 
local incqualitie of atrno pheric pre ul'e, and t b ff ct of pre sure 
difference of cour c co xist \lith incqualiti du to other can . In 
planning tile comput:1tions the intention wa to apply orr ction ' for 
barometric gradient, but thi intention wa afterwanls r linqui ·bed 
becau e of th e difficulty of properly di cus ino· the antilabl baro­
m tric data. · Such examination a wa n·iven to tit ubj ct led to the 
opinion that during the stormle ,' perio l le ted f'or th om pari ' On 
of gage readiu g tho error ari ing from the neglect of th pl' , ure 
correction i ·mall. 

PORT COLBORN E AND CLEVELAND. 

The chara ter of the rran·e u eel at Cleveland in 1 5 i not d cribed 
iu the record I have e n. :reither i the nam of the ob erv r given, 
but various cir um tau e indicate that the rea1ling ' were made either 
by ' ol. Charles ·whittle ey or uud r his immediate dire tio11 . The 
readinrr give the di tance of t he water nrfa ·e below the high-water 
lev 1 of 1 3 , and that level wa adopted by th ~ United tat s Lake 
Survey a the plane of reference for all ob ervation on Lak Eri . At 
Port Colborn~ the upper sill of Lock o. :n of th Welland anal wa 
the zero of m a. uremeut, and the mea urement wa ·made by tl1e lock 
ma ter, Mr. John 1cGillivray, by thru ting a graduated pole into the 
water n11til the end re ted on the lo k ill. . th refereoc point at 
Cleveland wa above the \Yater surface and that at Port olborne 
below, their differen e in height i obtained by adding th twor ading . 
1o t of the ob ervation s at levelaod were marie at a. m. and the 

observations at Port Oolborne at noon . At Port Colborne th direc­
tion of tbe wiud '"a recorded; at Cleveland, the direction and force. 
I do not know tbe cale of for ·e employed, but the record number 
range from 0 to 5. A ll ob ervation at both station were rejected 
wb n tbe wind for e at Cleveland wa · recorded as greater than 1. 

The gage :~;ero used at Olevelaud in1895 wa. the ur per edge of a 
cleat nailed to a plank forming one wall of a well in a wharf. From 

1 Ann. R ept. Ch ief of Engineers, U.S. A ., for 18i2, pp. 1033, 1035, 1040: 1 75, pp . 1173, 1192, 1194. 
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t lli th e ob. cn·er m a!':ured to th e wateL' . tufa e in the well wi th a 
graduated rod. Tho ga,o·e zero wa · set at the l vel of high water in 
1 , whi ·hi · ment ion ed in the r ecord a ' tlte plan of r eferen ce." 
Tllree ob en-ation were m ac~e uai ly a.t i a. m. 1 1. m., aud' 7 p.m. the 
work b i1 w u nder tl 1 d ir ction of t he ~nited tate Eugiuc r . At 
Port Colbom c obs rvat ion was mad - by m an of a floa t conn ctecl 
t !J rongh a chain wi h a ounterpoi · , and wa therefore indir ct ; but 
t he read in wer chcckeu by occa ional observation s with a pole, after 
t iJ e method of 1 5 . A n index on th e counterpoi e wu ·o adju ted a 
to indicate on a cal the depth of W<tter on tbe lock .·ill. I in pected 
t he gao·e in 1 ' !>6, finding i t iu clo., adju . tment, ex ept that an error in 
either direction of a fract ion of an in h might arise from friction. 'I lle 
observer in 1 n:- wa l\Ir. John Reusli a W. In th e follow ing table the 
readings at Port olborue, \rhi ·11 w rerecorded iu feet ancl inch ' , have 
been onverted to feet and lmudredtb s. 'Ib r ecord of wiod at tbe two 
statio11s was the . a me as in 1 5 , and th ere wer a,Jso availitble t he wind 
and pre ure ob ervat ion of t h F uited tate · l i\leatber Bmean. 
From an i11 p ctiou of th e,·e data, three p riod · were elected for com­
pari on: Jun 2 to Jnly , July 1 to ~o and Augu . t 3 t o 1 . The e 
period are o rel ated to the t idal ycle a 11ea.rly to elimin ate t idal 
erwr. 

Compu lati.ou of the height of til " JJia ue of 1·~ 1' renee" at letelaud, Ohio, aborc th e sill 
of Lock Xo . .Ji of the Ire/land ttnal a.l Port Co lliv1'111J, Onta.1·io, in 1858 a.ncl1805. 

I 
R end- Hoatl- 1 n NHliugs nl lc,·clnnd. Rend-

I 
I 

])nt~. 
in ,!! at in,!! nt Date. 

_ ingat Sllln. 
I on'· I \n- t ('ol- nm. P ot·t Col-

la nd . born •. I 7 n. 111. 1 p. Ill. 7 p.m . 11 on n. l Uoruo. 

1 5. Fl . in. .Fl. in. Fl. ;,,, l g:,, P eel. Feet. Fret. Peel . Fret. Feet. 

Aug. 20 I 0 9. 0 H 7 J j ~ - 0 Jtm ........ 1 3. 30 a. :;o 3. ~ 0 JO. 92 I 14.32 

~ ~ 0 8. 0 I~ 

~ I 
I.; 2. 0 ~9 3. 55 3.50 3. 53 ~ - 53 10.75 R~ 

2:; 0 .5 H l~> 2 . . ) 3~ I 3. 5:> 3.1i0 I a. ii:l 3. 5:1 11. 0 I I. 01 

2 0 5.0 14 0 H r. .o Jnl,r 3. 30 3. 40 3.50 3. 40 10.75 lt.l j 

31 .0 H 3 I I II. 0 2 3. ~~ :l.4j 3. 55 3. ~ 9 10. ;! )~ . :l~ 

• CJ t. 1 0 7. ~ 14 4 H 11. 2 3 3. 57 3. 60 3. 5. 10.92 1~ . 50 

:1 (I .0 14 0 It .0 :9 1 3. 57 3. 0 3. '1 3. 73 11.00 ~~ - n 
G 0 9. 5 13 11 14 . 2 a . 5 :J. ;;o 3. 70 :1.6 10. ~5 14 .43 

9 II 9. I 14 1 H 10. 4 I 20 3. 0 :!. r 3. 5:1 3. 07 ] I. ~5 11. 9~ 
I 

1:! I o 8. ' I H u 

:; o: ~ il 
21 3. 33 I :!. 7 3. o3 1 3. GL ll. 00 H . til 

14 0 10.7 13 22 3. 90 3. 50 :1.00 3. 67 10.75 14.~2 

15 0 6.0 13 11 H 5.0 23 3. 60 :l. 70 3. 70 :J. 67 10. 3 J I. ;;o 
16 0 2. 3 13 0 13 11. 3 2~ 3. G 3.00 3. ~0 3.00 10. 11. 49 

I S 0 6. 7 H :l 25 a. i:! 3. 73 :l. 2 3. 76 10.67 1-1. ·13 

20 0 9. 3 H 0 26 :l. 70 3. n I 3. 09 1J. 00 14. 69 

23 0. 13 II 27 3. 75 :}. ; u 3. 59 10. 92 14. f>1 

2~ 1. 5 13 H 3. 50 3. 4:) 3. 5 10. 7:i H. 33 

25 I o. o I 1 ~ 0 15 . \ng. 3 3. 79 3. 0 IL 00 H . 0 

27 I I. 14 2 15 4 3. so 3.7:1 3. ;:; 10. 7j H . 50 

30 1 2. j 14 5 15 5 3. 73 3. G 3. 70 10. 5 14. 2 

0 I. 4 L 1.6 14 0 15 G 3. 90 :l. 73 3. 70 :l. 7 11. ~3 15. II 

10 l a. o I 13 10 15 3. 93 3. 9;) 3. GO 3. • I 11. 75 15.58 
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Com]nttatioll of th e height of the "pla 11 e of 1·efert11 ce 'a t Clevela11d, Ohio, aboro the Bill 
of Lock 1 o. 127 of the Wella 11 cl a 11 a l at P ort Co lbor11e, 0 11la1· io, ·in l 5 ancll 95- Cou­

t iuned. 

- --
1 5. 

I 
Hcnd· 
in crat. 
l~Ye ­

lnnd. 

I Yt. ;71 . 

Rend· I 
ing nt 

Po,·t Cnl· 
bonH.' . 

}'t. 111. 

um. 

J't. ; ,., I 

Headings nL Clevela nd . I Roncl I 
Dato. I p~~ici1 . Sum. I 
---~~ 1 p.m . 7p.m. Me~! bol'll e. 

1 95. Feet. Feet . Feet. Feet. 1-'eet. Ft·et . 

Oct. ll 1 4. 0 13 6 14 10 0 A ug. 3. 75 1 3. GO 3. 80 3. 72 10. 67 14.39 

1-1 1 2. 2 14 3 1;) 5. 2 9 3. 72 3.10 1 3. 59 3. 67 Jll. 3 H. 50 

15 0 11. 0 14 3 15 2. 0 10 3. 90 3. 75 a. ;o 3. 7 10.75 1 14 .53 

1d 0 10.5 14 15 3. 5 Jl 3. so 3. 50 3. 64 3. 65 10.67 H .32 

1 1 5. 0 14 2 15 7. 0 12 3. 54 3. 7 3. 6 3. 67 11. 00 14.67 

19 1 4. 9 13 5 14 o. 9 I 13 3. 60 3. 67 3. 60 3. 62 10. 3 I 14 .45 

20 1 2. 0 13 3 H 50 I 14 3. 6A 3. 65 3. 70 3. 68 11 .00 14 .6 

21 1 4. 7 13 14 6. 7 15 3. 61 3. 72 I 3. 65 3. 66 11. 00 H.66 

22 4. 13 7 H 11. I 16 
3. 52 1 3. 59 3. 67 3. 59 10. 3 14 . 42 

25 I. 12 5 13 6. 8 11 
17 3. 70 3.6 3. 70 3. 69 10. 75 14.44 

26 1 4. 4. 12 7 13 11. 4 1 3. 0 3. 3 1 3. 70 3. 7 11. 17 14.95 

27 1 4. 9 12 7 I 13 11. 9 

1 4. 3 12 11 H 3. 3 

30 1 6. 1 13 3 1

:4.:~: 1} .. .......... .. ....... ....... ... ...... ......... ... { ~ M ean (i n f et) ...... { 
± .057 ' ( ± .022) 

D cight of Cleveland pln uo of reforenco nbo,·o Port Coll>orn c lock-. ill-
185 . ...... .. ............ . ................................ . .. . .............. .. .. 14. 800 .057 

1 95....... ............ . ............... . ....... ... .. .. .. .. .. . .. . .. . .. .. . .. .. . . .. 14. 561 ±. 022 

D iffer n ee ..... . . ....... .. ........ . ......... . ......... .. ... . ...... .. ......... -0.239 ± . 06 

The zero of gage at Port Colborn c, being ubmerged rna onry i · of 
unque tioned stability. Tbe canal '1'1'<1 cou tructed in 1 33, a nd if any 

ttling followed con traction it wa doubtle · omplete before 1 5 ; 
but tbe appearance of tbe rna onry above the water give no uo·ge -
tion of yielding. 

Tbe earlier work at Cleveland wa, conue ted wi th everal bench 
mark , all of wllich have beeu d troyed but before tbe di appe~trau e 
of the Ja-t on e tlle datum wa tmn ferred by leveling to other points. 
The chain on wbi b the record depend i a follow : 

1. " Top of coping of the uortbea t wall of the Ohio anal lock where 
it joins the river." TlH3 ltigh water of 183 wa directly compared 
with tbi.' b ncb, and Whittle ey , tate that it i G.30 feet above that 
high-water plaue.1 As the ob ervatious in 1 58 were made near the 
lock, a.ud a Whittlesey, who report them, 'l'l'as a c·ivil engineer whose 
writing show that be appreciated tbe importance of preci e bench 
mark , it i probable that th e ob ervation were properly connected 
wi th tbe ben b. Explicit stateme11t, however, i lacking; the record 
merely refer tbe lake level to the h igh water of 1838. Tbe bench was 
de troyed i 11 1 77 or 187 . 

I Canaclinu N atura li st' Vol. vrr. 1875, p . 412. 
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2. ' Cros on water ta.ble, northea t corner of Johnson House blo k, 
ou thwest corner of Front and East River street . ' On June 1-, 1 75 

(as shown by manuscript record in the office of the lli cf of E n gin er , 
.), A . i taut E ngineer T. W. ViTright, ni ted State Lake ur­

vey, l vel d from t his b encl1 mark to the canal lock coping (1) finding 
the differ uce (1 above 2) to be 3.G7 feet. 'I'his bench mark i still in 
exi, tence. Tl1 e 'vall of t h building are cracked in u h manner as to 
iudicate orne ettling of tbe nor theast corn er,. aud the broad flagstone 
on wlli ·h the bench i.' marked stands (in 1 07) 0.04 foot lower t han the 
nex t tone of tl.Je water tabiP. toward the west. A t iJ c low r tone 
support part of the building and the l1igher stoue carri es no load, 
the latter may b e as umed to how t he original level of t he form er. It 
i impos ible to say whether this ettling affects the record of water 
leYels. The bui I ding wa erected in 1842, and is therefore 55 yea.r old; 
it wa 33 years old in 1875 when the datum of levels wa tran ferred to 
it. Til e datum r main ed with it eigllteen year , until1 03. If settlin g 
bas progre ed at a uniform r ate: tiJe datum wa affected 0.013 foot but 
it i equally po ible tba t tl1 e settling belonged to tlJe early hi tory of 
the building and tl.Jat a condition of practical stability wa rea heel 
prior to 1 75. 

3. "Bottom of west an o·Je irou , on bottom of nor th longitudinal pl ate 
gird er middle of fir t fu ll·depth bent, clo e to ston e pier, new L. . ,.<III. 

. R R. drawbridge, now [1893] bein o· fini hed. As tbe bridge is 
symmetric and rever ibl e, tbi de, cription a1 plie:'J to two cliff rent 
points, but mea urem nt hows that they have tiJe ame heio·ht. It 
was copied from manu cript record in th e U ni ted State E ng iu eer · 
offi · a t ' l v land courteously i)lac cl at my servi ·e by Ool. Jar 1l 

mi th. Th re ord lw w t hat inJun , 1 !)3, the bridb· bench (· ) wa 
onu ctecl IJy l v lin g with th John on ou e b nell (2) and al o witiJ 

th o·ag zer and tbat th o-ag zero wa checked by t he bridge in 1 96 
and f'ouncl corr t. 'l'IJ gage reading' i u 1 05 (u e 1 in our computa­
tions) a r tl1u r ferr cl to tb b rid g l..>eucb. Tlt h igb t of t l1 e bridg 

1..> n h i "'i en a 4.34 feet ~Lbove t h " plane of r fer u ·e " and by 
implication a 1.71 feet above t il John ·on Hou, b n ·b (2). The lraw­
brid o·e r e t on a ton pi r many yea,r older t ha u tlJe p r eu t brid ·e, 
and there an be Jit.tl <)U tio n of il tabi lity. 

JH th e record · of bench mark and levelin g in Oleveland ther is 
rtainly much to b de ired, but th e pre umption i.' 11 er t heles iu 

favor of "'OOcl "ork. 
It app a.r frorn th amputation t hat the ground at Port 'olborne 

ba>~ ris n, a ·· co mpared to tb 0 Touud at le' eland, 0.2· 9 foot, or ab~nt 
!&" inch in thirty- ev n y ar . 'lite probable enor of thi measure­
ment, as indi cated by tiJ eli cordauc of gage data, i three-four th of 
nn inch. 

A a ch ck upon tbi r ult, a tltircl computation wa made from gao·e 
readings iu til ummer of 1 72, a year i u whiclJ tile gage zero tLt lc\·e-
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land wa con uect d with the anal-lock bench JMLrk by in trum ntal 
leYeliu g. That compu tatio n gives for tbe ltei g-ht of th plane of refer­
ence at Cleveland above the lo k ill a,t Port ' olbornc H. I!-! feet. If 
we a · Uln e a gradual ch.-wg from] 5 ' to 1 95, and iuterpolate betw en 
14. 00 feet the determination for 1 5 and 14.5Gl, the determination 
for 1 95 we obtain fo r t he summer of 1 72 the value 14.710 D t which 
<]iff rs from there ult of that years ob ' rva tion . by only 0.004 foot. Til 
ob ervation on Lake Eri thu a cord well with the theory of a 1 ~-o ­
gre ive outbwarcl tilting of the la,nJ . 

Tbe Port olborne gage i not so related to str am a to subj tit 
reading to error from flood -. 'J:he 1 veland o·;_lg like the ' barlo tte, 
i 011 a river e. tuary and th reading are ubject to in flu nc b floou . 
T!Je record· include no y tematic accouut of the condi t ion of t.h river, 
and it i therefore po, ible tbnt ·ome of t h ob. ervatiou wer made 
wh en the river level wa above th lake l 'V l. 

PORT AUSTIN AND MILWAUKEE. 

A each of these sk'Ltiou automatic o-aO" wer maintained for ev­
eral year., and their tracing O"ive th heio·ht of water level with an 
amount of letail permitting the coropl t limimttion of se iche and 
tide ·; but there was, unfortunately, om u11 ertainty a to the po i­
tiOJI of the zero·, and t!Je dan O'er of thus introducing con tant nor 
led me to avoid the automatic record and choo ti111e '"h n other 

• gages were elllployell . The earlier period . lectecl for t he compari on 
wa the ·ummer of l 7G, and the gag th n u eel ere float nrrying 
graclnnted vertical r d !,!. Tho forc,c autl tlireet.,ion of tlJ e ' intl w 'L'C 

record d at Port Au tiu by tb gage observer, :wcl at [ilwankee by 
the nite<l State \V ather Bur an . From an ill'p tion f t!Je:e 
record ·, together with the vVeatber Bm·cau r ord · of barom.etri · gra­
dient, election wa made of t he period July 11 to 19 and \uo-u t 1G 
to 24, excepting only certa in !tours when the force of tlte local wind 
wa recorded a gr ater than 3 iu a ::;cale of 10. Thi. gav 4G s 'parate 
compari ons, from which th, diff'eren ·e in height of tbe gage z ro was 
com put d. The cbo en period are well eli po d with reD renee to tide .. 
'l'!Je reading :tt Milwaukee were made at 7 a. m. 1 p. m. and G p . m., 
by 1\Ir. John UcOabe; a t Port Au ·t in t he hour wure 7 a. m., 2 p.m.: and 
9 p.m. and the ob erver wa 1\Ir .. J. W . Kimball. In the computation 
the midday ob ervations, though one hour apart, and the ev ning 
ob erv<ttiou ·, t hough t!Jree bour apart, were treated as ::;imultaneou . 
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Comp utation of ll &igllt of gage zero a.t P ort Lln sti11, .Jfi ohigan, above gage z ro a./ Mil­

waukee, TlliBco nBi·n, i n th e Bumm c1· of 18i6. 

}~endings nt Mi lwn uk c , I Readings nt r orr Austi n. 
Dat Differ nc R. 

7 n. m. 1 p . m. G p.m. 7 a. m. 2 Jl . Ill. 

~I -------- -----
1 76 I 

I Feel . Feet. Feet. Feet. Feet. f'eet. Feet . Fett. Fut. 

Jnly 11 2. 17 2. 23 2. 12 7. 22 7.31 7. 47 ~ . 05 5. 0 5. 3-
I I 

12 2.12 2. 03 2. 16 7. 5-1 7. 25 7. 22 5.42 5. 22 5.06 
I I 

13 2.20 2. 05 2 .. 35 7. 35 I 7. 37 7,35 5.15 5. 32 5.00 
14 1. 95 2.12 I 2. 10 7. 50 7. 41 7.30 5. 55 

I 
5. 29 5. 20 

15 2. 16 2. 15 2. 06 7. 33 7. 35 7.30 5.17 5. 20 5.2-J. 
16 2.13 2.12 2.11 7. 34 7. 25 

I 
7. 40 5. 21 5.13 

I 
5._9 

17 2. 15 2. 20 2.21 7. 37 7. 37 7. 30 5.22 5.17 5.09 
1 2. 20 2.07 2. 20 7.21 7. 25 7. 2 I 5.01 5. 1 I -.0 I 19 2.1 ··-- --- - - -- -- -- 7. 34, I' ----- . . · ----- 5.16 1:::: :::i-- ~ -- ~~ .. A ug. 16 2. 29 I 2.20 7. 50 7.35 5. 21 -- ---- -- --- --- -
17 2. 19 ,-- ---- -- 2. 21 7.33 ------ - 7. 50 5. 14 ------ - 5.29 

1 2.23 2.02 2. 27 7. 50 7. 35 7. 4.0 5. 27 5.33 5. 13 
I 

19 -------- 2. 22 ____ _ ._T ___ ·-- ·I 7.4- ----- -· --- --- - 5.23 ---- ---· 
20 · -- - -- -- 2. 18 1 2. 23 -- - --- -- , 7. 62 

I 
7. 'J7 ·· ----- 5.44 5.1-t 

21 2. 25 2. 20 2. 24 7. 41 7.3-l 7.37 5. 16 5. 14 5.18 

22 2.32 2. 1 2. 33 7. 3 
7. 51 I 7. -1 0 5.06 5. 33 5.07 

23 2.26 1. 91 2. 10 7. 38 

--~ ~ ~~-
7. 59 I 5.12 5. 69 5. -19 

I 
24 2. 25 ---- -- -- 2.42 7.4,9 7.49 5.N ---- --· 5.07 

--1 5. :no 
Metln ---- __ ---- .. -- -... -- - ------- - - . - · ·- - - · ---- ·- -- -------- - · · - · · · { ±· Ol3 

I 

In 1 96 t he gaa at 1VIilwauke on i ted of a graduated rod h ld in 
th ob.- r ver band in m a urio down to t he water from a fixed point 
or zero. A t P or t ustin a board carryiug a graduated cal , wa 
pik d to the ide of a timb r crib, a nd the position of the water nr-

face on the cal wa notecl by the ob rver. t each of th ese station 
a rie of L.~ ob ervations, a t five-minute interval , was made very 
mornin g and ening wb n the urface of tb water \Ya nearly . mooth. 
Th mean of a ries was afterward trea t d a. one ou ·erva tion , and 
the om puta tion wa ba ed on th imulta neous pa irs of ou rvation -
53 in number. The el ection of time · wa tbu d termined by con­
dition fav rablefor the limina tion of eicb butit appenrsby in pec­
tiontbattidalinfluel1 es a l o areverynearly limina terl . Tbe ob rver 
wer : t Milwaukee, Mr. John McOabe· at P ort An. tin , Mr. John P . 

mi th . 
th e zero at Milwauk e wa above the wat r, and the r.ero at Port 

Au. t in below, the sum of the reading givl? the height of one zero 
above the other . 

18 GEOL, PT 2--40 
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Contputatio u of height of gage zero r£t .ilfilwaukee, 1ViBoonsin, a.bove ,qago :::eru at Po1·t 
A.11Bii11, Jiichigan, in lhe swnm er of 1896. 

I 

Roatlin~s (men ns of 
cri es) . 

"'"_J_:_l hlllwo•'ct l'ort 
ustin . 

I 96. 
. J ul y 20 I A. 111 . 

24 I A.M. 

}\ U fT . 

2 A. )1. 

29 A. ~1. 
P. i\I. 

1 A. ~1. 

2 P. )l. 

7 · P.M. 

9 A. i\1. 

11 

14 
20 I 

20 I 
21 

22 I 

u j 
25 
25 ' 

A. i\1. 

A. M. 

A.M. 

P. ~1. 
A.M. 

P. )!. 

~: ~~: I 

2 

30 
ep t . 1 

2 

P.M. 
A. !J l. 

P. ~f. 

P.M. 

P. M. 

T'. "1. 
P. ~1. I 
P. )1. ' 

P.M. 5 

7 

9 

14 
15 
20 

23 
25 
28 
29 

P. 111. 1 
A. !. 

P. ~ !. 

P.M. 

A.M. 

A. l\1. I 
l.llf. 

A.M. 

A.l\L 

P.M. 

A .M. 

Feet . 

~.5:! 

5. 483 

5.703 
5. -J70 

5.560 

5.436 
5. 6:20 

5. 4-17 I 
~.519 

5. 57 l 

5.540 

5. 395 
5.7:31 

5. 79-
5. 721 
5. 797 
5.7:!5 
5. 74.8 

5. 720 
5. 515 
5. 739 

-. 6~9 
5.;>9-
5.5 -

6.584 

5.560 

5.892 
5.791 
5.932 
5.765 
5. 615 

Feet . 

1. 271 

1.~:33 

1. 35 

1. 354 1 

1. 375 
1. i!l7 

u2s I 
1. 420 I 
J. ,I ,J 

1. -133 

1. <155 
. 1 . 3~0 

1. 4.06 ' 

1. 330 
1. 39l 

l. 2- 9 
J. __ g 

L 375 
L 22 l 

1. 2('i 

1. :27\J 

1. 2~9 

1. 2-9 

1. - 03 

1. 24X 

1.1:4 

1. :!75 
1. 203 
1. 1:19 

1. 077 1 

1. 20 

1. 1 1 

1. 2 1 ' 
). 307 

0.803 j ' 
1. 167 

1. 013 

~----------------~--

um. 

Pect. 

6.799 

6.935 

l 
I 

6. 733 ' 
7. 045 

6. '(i7 

6.967 
7.00 

6. 793 

6.927 

6. 977 
6. 

6. 979 

6. 76-1 ' 
6.769 

6.970 
6. 942 

7.060 
7. ()(10 

7.036 

6.984 

6. 951 
6. 9 . 

6. 6-19 

7. 0 14 

6 . . -2 

6. 73•1 

6.662 
6.792 
6.741 
7.173 
7.098 
6.735 

~ 
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Comput.ation of lwight of gage z ero a.t .1l ilwallkee, Wisconsi11, abot·e gage ::ero at Port 
Llustin, Jfichigau, in the Bltlltm~r of 18.?6-Contin tletl. 

1: ]{eading-s (means of 
suri e ) . 

Tim . 

I 
I Port 

___ 1Milwnukeo. l .Aust-i n. 

I 1 !)6. Feet. Feet . 

0 t. 2 A.M. 5. 566 1 1. 250 
3 A.M. 5. 594 1. 465 

P.M. 5.-74 
4 P. 1. 5.632 
5 P .M. 5.705 

10 P. i\L 5. 506 1 
15 A. M. 5.7 
17 A. l\1. 5. 642 
1 A. i\L 5.720 
19 I A. i\L 5. 846 
22 A. j\ f. 6.1 2 1. 212 
? -
- 0 A.M. 6.139 0. 00 

-6 P. i\L - .960 0. 58 
27 A. M. 5. 91 0.750 

I . i\1. 5. 09 0.722 
29 A.M. fi . &i 0. 724 1 

i\l a1~ . ...........•..••...•.... -{ 
I 

um. 

Feet. 

6. 16 
7.059 
6.760 
6.733 
6.79 
6. 395 
6.553 
7.0 6 
7.11 
7. 06 l 
7. 39~ 
6.939 
6. 1 

6. 66 

6.531 
6.5 

6. 75 
:1-. 019 

I 

Iil wauk is w It provided witlt ngin r ]) 11 h ma.rk , and it is 
proual.>le tha,t thorough r :;eat' lt would e tabli 11th ouu tion of th 
gag z ro at ea ·h epoch wi th ev ral of tl.t e bench mark ; but aft r 
in p · ion of t h data r adily ac e . ible, I though t i t best to make u 
of nly on bench t hat call d the'· ·h ·k point. Thi consi ·t of the 
top of a opp r bolt 1 adecl into the north ide of t be center pier of 
the \Ying bridge ov r th ri\ er betw en ' h tout :.wd DiYision str et ' . 
Th gag ob rver i required at tat d iot rval to check the tab ility 
of the z ro f hi gage by m an of tbi check point. U ing wo rod 
with the aid of an as i. taut he make ' a erie of simultaneou mea -
urem nt fro m the cb ck poiut a nd from tb · gage zero down to t b 
water level and from th e e measnr meut the relation of the gage 
zero to the cbe ·k 1 oin t is cl termi ne<.l. Their r lation ha a lso been 
d termined by means of th eno-ineer' 1 vel at variou time,, and 
wa so determined on A ugu t 1 76 by As i tant Engineer L . L. 
Wb el r , who fouud th e check point 0. 43 foot above t he gage zero. 
In 1 96 the checl ob ervations by the observer were very thorough, 
series of tweuty imultaneou reading being made every fortn ight, 
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and from five of the e erie the relation of the. two 11oints i computed 
as follow : 
Contp11otation of height of MU1vaukee check point above Milwa·ukee ::: ro of gage i11 th e 

smnme1· of 1 96. 
F et. 

Julyl2(meauof t wenty compari ous by imultan our adin.,.s ) .. - -- ----- - -- 1.203 
July 26 -- - - - - -- - - - - - - - - - - - - - - - - -- - - - - -- - - - - - - - - . - - - - - -- - - - - - - - - - - - - - - - - - - - - - 1. 212 
Augnst 14 ____ _____ .. ___ ... __ ----. -_-.-- -- .. -- - - .--- ---- - - -- .... --- - ---- . --. 1. 200 
Augnst 2 ____ __ __ .. ____ .. __ .... __ .......... .. .. ---- .. -- -- .. -- ------ .. -- . --. 1. 203 
ep~m ber 16 ___ . _ . ..... ___ ... - . -- - -.. - - -- - --- - - - -. - . - - . -- - - - .. - - ---- -.. -.- - 1. 206 

Meau ... __ ... _. _ .. ___ _ .. ______ . ___ .. ___ ... __ .- _ .. - ....... - -- - . -... -.. - 1. 20il 
::1:: .002 

In respon e to a letter of iuq uiry a to t he stability of the Mil wau k e 
check point, Capt. George A . Zinn, nited State engineer in barge 
of harbor improvement , write as follows : 

The Chestnut StTeet Bridge, on the center pier of which the check point is s tab­
lished, wa built in 1872. 

Ir. G. H. Benzenberg, city engineer, states that the ])ier rest ou a pile fonnda­
tiou; that to hi know lodge the drawbridge ha never boon r ele,· el d since lHl t in 
place, and t hat if any n.ppreciable ~ettlemeut had taken place in the center 1 i r it 
would have int rfered with the operatin"' of the wing bridge. He stated l o i­
tively that no settlement had occurred. 

The principal ben h mark u eel iu 1876 at ort Au tin, call d the 
Wisner bench mark, wa a copper bolt leaded iuto bed rock · un t in 
1896 I wa unable to find it, and, a at 1\Iilwa,ukee, I bad r cour e to a 
bench mark originally e tablished and u eel a a check point. It i the 
top of an iron bolt driven into a ver tical face of bed rock on the we t 
side of a promontory oppo ite there idence of 1\Lr. J. • . Kimball. In 
July, 1 75, and October, 1876 A si taut Engineer T. W. Wright found 
the check point 7.424 feet below the Wi ner b ncb mark; in June, 1, 96, 
I found the gao·e zero 5.1i5 feet below the check point thi quantity 
bei11 g the mean of two measuremeut . 

Manu cript records in the archives of tbe Lake urvey tat that the 
Port Au tin gage zero was originally placed on a level with th Wisner 
bench mark but that in July, 1 75, it wa 0.003 foo t too low, and that 
on October 18, 1876, it was 0.040 foot too low, having ettled dnl'ing the 
interval. As the observations u eel fall within this interval it was 
nece ary to make orne as umption in regard to thi ettling, and the 
a suruptiou made was that it had been at uniform 'rate through the 
whole period. The correction interpolated fo r the time of ob rvation 
was 0.034 foot. Combining thi correction with data from leveling in 
1875 and 1 76 I obtained as the height of the gage zero above the 
che ·k point in July and August, 1876, 7.4()0 feet. The various data 
thus described are combined in the following table. 
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Computation of height of Milwaukee check point abo~e Po1·t Austin check poiul in the 
summers of 1876 and 1896. 

1 i G. 1 nG. 

Feet . Feet. 

Milwaukee check point above Milwauke gag zero......... 0. 43 1. 205 

Uilwaukee gage zero above Por t Austin gage zero. ...... .. .. -5.210 6. 75 

Port Austi n gage zero above Port Austin check I oint . ....... 7. +60 I - 5.125 
1- - ----

um of above = Iilwaukee check })Oiut aboYe Port 

Aust iu check poin t .......... . ........ ... .. .. . ~ --·· · 
Difference . .. ..... ..... ... .. . . . .... .. . .. .. ........... ·I 3. 093 1 2. 955 

- 0. 138 

This re ult indicate that the ground at Milwaukee, as compared to the 
ground at Port Aust.in, has sqbsided 0.13 ' foot in the twenty year fi· m 
1 76 to 1896. It is the algebraic sum of six measuremen ts, of which 
three are levelings by water surface and three by the engineer' level. 
TIJ e probable errors of the water-level measurement are ± 0.019, ± 0.013, 
aml ± 0.002. The probable errors of the Port Austin levelings in 1896, 
a. indicated by the discordance of two independent re ttlts, is ± 0.008. 
If the probable error of each of the other mea·urement wa ± 0.010, 
the probable error of the result is les than ± .03 foot. There is 
also an uncertainty ari ing from the possibility that the tone pier to 
which the Milwaukee check mark is attached ha settled, another uncer­
tainty du e to the possibility of river floods, and a third involv din the 
a su mpt ion that t he settling of the Port Au tin gage zero in 1 76 was 
a t au niform rat . If all the ettling of the Port Au tiu zero tool· place 
b for the p riod of ob ervation , the a umption mak tbe r ult too 
larg by .006 foot; if all th settling took placa after tbe ob ervation , 
tit umption make the re ult too mall by 0.031 foot. The Port 

nstin r •ord i fre from tream-flood influence , but th e Milwaukee 
gage ta tion i on a uarrow e tuary, like the tatious at Cllarlotte and 

lev land . 
E SCANABA AND MILWAUKEE. 

In om pari ncr E canaba wi lJ Milwauk e the am general I eriorl ' of 
ob><ervati n w r > employed as in compari ng Port Au tin wit ll l\Ii l­
wauk e, but the individual day , though lecte<.l in tb am manner, 
wer in part different. F ifty-one eparate compari ou w re made in 
1 76, and 52 in 1 96. The selection of times was contro1le<.l by condi­
tions favorable for th elimination of icbes, but the combination of 
days cho en was fqund to approximately eliminate tidal effect also. 

The ob ervations at E canaba in 1 76 were conducted in the same 
mauner a at Milwaukee and Port Au tin, the hour be in g 7 a . m., 2 
p. m., and 9 p. m., and t ll e ob erver Mr. George Pr ston . Iu 1 9G the 
system was the same a a.t Milwauke~, the ob erver ueiog Mr. Clin ton 
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B. Oliver. The fo llowing tables give the computa tions for th e two 
year : 

Ccnnpt£tation of height of gage ::ero nt Milwa. ~tkee Wisconsin, nbove gage ze1·o at 
Escanaba, .Michigan, i.n the 81t11ww r of 1876. 

Readings at Escanaba. Uendiu gs at :!olilwaukeo. 

~ Date. 
7 a.m. I 2 p. m. I 9 p . m. 1 p. m. , 6 p.m. 

Diflereuc 
7 n. m. 

- --1---·--- ------
1876. Feet. I Peet. Feet. Feet. Feet . Feet. Peet. Peel . 

1 

Pu t. 

Jul y 11 1.86 1. 90 2.17 2. 23 2.12 o. s1 I 0. 33 0. 34 
12 1.90 1. 75 2.12 2.03 2.16 . 22 . 2 

13 2.00 2.07 2. 20 2.05 2.35 . 20 - . 02 .40 
14 2. 10 2. 15 1.95 2. 12 2. 10 - .15 -.03 . o-

15 1. 96 1. 95 2.16 2. 1- 2.06 . 20 . 20 . 06 
16 1.90 1. 95 2. 13 2.·12 2. n . 23 . 17 . 26 
17 1. 89 1. 80 2.15 2. -0 2. 21 . 26 .40 . 36 
18 2.05 1. 85 2.20 2.07 2.20 .15 . 22 ?-· - 0 

19 1. 75 -------- -- --- -- - 2.1 --- - --- -- -- -- - .43 -- --- -- ---- -- --
Aug. 16 2.07 1. 94 I 1. 90 2. 29 I 2.30 2. 20 . 22 . 36 . !:lO 

17 2.00 1. 95 I 1. 95 2.19 1 2. 13 2.21 .19 .1 . 26 
18 1. 70 1.93 2.00 2. 23 2.02 2. 27 1 .53 .09 . 27 
19 1. 78 2. 00 ! .. ... ... 2.13 2.~2 . 35 . 22 
20 1. 95 1. 90 1. 85 2. 2s I 2. 1 i 2. 23 . 2 . 2 . 38 
21 1. 85 I r l 2.05 2.10 2.25 2.20 2.24 .40 . 0 .14 
22 1.83 2.05 1. 90 2. 32 2. 1 2.33 . 49 .13 1 . tJ3 
23 1. 91 1.83 1. 75 2. 26 1. 91 2. 10 . 35 1 .0 . s-
24 1. 95 1.85 1. 90 2. 25 2. 10 2.42 .30 i . 25 .52 

M ean .... . .. .............. .. .. .. ............................... - { '~ : ~~~ 

• 



GILBERT.) E CAN ABA A D MILWAUKEE !STA TIONS. 63 1 

Contputation of h~gll t of gage ze1·o ctt Escanaba, Miolfiga.n, above gage zero at .i.lf ilwaukee, 
Wisconsin, in the Sttm1ner of 1896. 

R n<lings (menus of 
series). 

Date. Time. Difrereuco. 

Milwa ukee.! EscanaUn. 

- --
1896. Feet. F eet . Feet . 

July 2 P.M. 5.465 5.917 0.452 
7 A.M. 5.434 5.907 .473 
8 A. M. 5.505 5.920 . 415 
9 A.M. 5.348 5. 37 .4 9 

P.M. 5. 356 5.765 . 409 

10 A.M. 5.442 5. 771 . 329 
P.M. 5.567 5.694 . 127 

11 P.M. 5.576 5.771 .195 
13 A. M. 5.411 5. 69 . 4·58 

P.M. 5.493 -.776 . 2 3 
H A·. M. 5.574 5. 750 .176 
17 A.M. 5.431 5. 65 .434-
19 A.M. 5.524 6.007 .4 3 

P.M. 5.496 5.887 . 391 
20 A.M. 5.528 5.803 . 275 
21 A.M. 5.573 5.973 . 400 
23 A. {. 5.64.5 5.908 . 263 
25 A.l\I. 5.601 5.856 . 255 

28 A. M. 5.703 . 15•1 
31 A.M. 5.446 .492 

Au«, 1 P.M. 5.360 . 499 

4 A. M . 5.654 . 25 
P . M. 5.347 . 6(17 

9 A.M. .139 

10 P. :IL . 21 

13 A.M. 5.616 . 34::1 

P.M. 5. 752 . 37·1 

14 A.M. 5.670 . 332 

15 A.M. 5. 730 . 370 

P. 1. 5. 710 . 30 ' 

19 A.M. . 464 

21 A.M. . 377 

P.M. 5.5 .2 4 

22 A.M. 5. ~o5 .183 

ept. 4 A.M. 5.734 .294 

13 P. llf. 5.452 5.848 . 396 

L u A.M. 5.584 5.762 £J 16 A. l\I. 5.500 5.937 . 437 

---
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Cont1Jutation of height of gage ~ero a.t E scanaba, Michigan, above gage zero at Mivwaukee, 
Wisconsin, in the ammner of 1896-Continued. 

Readings (means of 
serie•) . 

Date. Timo. Difrerence. 

---
Milwaukee. , Escanaba. 

1896. Feet . i F•et . Feet. 

Sept. 18 A .M. 5. 701 6.047 . 346 

26 A. S. , 5. 91<! 6. 187 . 273 

2 P.M. 5.75- 6.224 . 469 

2~ I 
P.M. 5.510 6. 133 . 623 

Oct . A.M. 5.5141 6. 164 . 650 

14 A.M. 5.731 6.270 . 539 

14 1 P. 1. 5. 13 6.157 . 344-
17 I P . .M. 5. 622 6. 160 . 53 
19 A. 1\l. 5. 846 6.:, 7 . 441 
20 A.M. 5.857 6. 346 .4 9 
22 A. M. 6. 1 2 6.539 . 357 

P.M. 6. 14 6.540 . 392 
26 A.M. 6. 0 0 6.471 . 391 

·P . ~ l. 5.9 0 6.544 .564 
---

I l:M"············· ··· ······ { 0.37<1 
±.OJ~ . ' ___ I 

The bench employed at Milwankee ha, n,lready beeu described. At 
E canaba there were three bench mark in good standicg, a follow : 
No. 1, the top of the water sill on t he soutbea t corner of th e Adler 
building, northwest corner of Ludington treet and Dru eman avenue; 
No. 2: the top of the water ill of th e E canaba light-bouse at the north 
side of fron t door, again t tue brick wall; No. 3 i described in 1876 
as the "center of a copper bolt set horizontally in the foundation of the 
light-bon e, west side, north corner, 3 feet north from st.eps." In a 
description by C~tpt. George A. Zinn, dated June 30, 1 96, the top of 
the bolt is specified. I am informed by Mr. Clin ton B. Oliver, the gage 
ob erver, that the diameter of the bolt i three-eighths inch. The rela­
tive heights of two or more of these bench marks have been determined 
in at least six different years, tue mea urements being made independ­
ently with the engineer's level. It is advantageous to compare these 
measurements, not only to learn what confidence is to be reposed in 
the individual benches, but for the sake of whatever light may be cast 
on the general precision of such data. 
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Yenr. 

ESCANABA AND MILWAUKEE STATION . 

Con~pal"ison of E 8canaba bench mm·ks wi th one anoth er. 

Abo,·e zero of gnrre. Diffe1· nee bAt woeu 
b 11 r b mark s . D e,·intion from mean . 

633 

' o.t. No.2. No. 3. 1-2. 1-3. 2-3. 1 - 2. I 1 - 3. 2-3. 

1--- 1--- ----------1 --- --- ----------
Feet . Feet. Feet. Feet. Feet. Feet. Feet . Feet. Feet. 

1874... 4. 135 1-2. 100 ....... a6. 235 ______ . ______ _____ ______ ______ ____ __ __ 

1 75.. 7. 859 2. 382 .. .. .. . 5. 477 ____ ... ____ ___ +O. 003 ______________ __ 

1876 .. 7. 874 2. 409 1. 392 5. 465 6. 482 1. 017 - -009 +0. 002 + 0. 005 
18 0.. 7. 7 2. 402 1. 035 5. 476 a6. 84-3 al. 367 + . 002 __ __ __ __ __ __ __ __ 

18 7-- 7. 753 2. 285 1. 2 0 I 5. 468 6. 473 1. 005 - -006 - . Oll - . 007 

~:~r:, .. u,~, ,~, ~ ::': ::~ ~ 009 >,,, +'" I 
a ~~ot usell in computing means. 

In this table the reading of the height of bench mark :ro. 3 in 
1876 i corrected for the distance between center and top of uolt. In 
the first division of the table the benches are referred to zero of gage, 
but as the gage wa not eonstant in position the e numbers dilfer 
widely from year to year. In the econd division the relations of the 
ga.ges one to another are given, bei11g deduced by subtraction from 
the numbers of t il e fi r t division, and the e figure are more accord­
ant. It appears, however, that the difference between benches 1 and 2 
in 1874 departs widely from differences found in other years, and it i 
tl1 erefore probable tiJat a blunder of measurement or record was made in 
that year. It appears farther, b in pection, that the diff'erence betw p 
bench 1 and and the difference b tween benche 2 and 3 in 1 0 are 
not in accord with tlt diffl renee found in other year , and it is evi­
dent that ome blund r wa made in the mea urement or record of the 
height of bench· for that year. The e .fi.gnre were accordingly thrown 
out and uot u ed in ll omputation of the means. Tl.Je number of 
tbe third divi ion were ob ai u d by subtracting the mean from the 
everal number of the econd clivi ion , and they bow the deviations 

from mean after rej ct i ug the record showing gro s errors. Inspection 
of the table of deviatiOJlS show. 1bat t heir signs are irreo-ularly 
di stributed, and di · over no evideuce of progre ive change from 
year to ye;lr. It i tlJerefore probahl(.>. that all three of the benches are 

tnule, aud t ltat the deviations of t be mea urements from uniformity 
repre eut ordinary error of ob ervation. Tbey may accordingly be 
u ' €1d a a rough mea ure of the precision, barriug blunler , of the 
instrumentalleveliug on which the results of this investigation largely 
depend. Their mean i O.OOG foot, and the computed probable error of 
a single mea urement i ± 0.008 foot. In combining var ious data for 
tl1e comparison of Escanaba with Milwaukee, bench .mark No. 1 of 
Escanaba wa .fir t u eel. 
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c01n1Jutalion of the It eight of Escauaba bench mark. Xo. 1 a bore Jli.lwaukee check ]Joint ·i1~ 
th e sunmwrs of 1876 and 1896. 

18i 6. . 1896. 

Escanaua ben ch ' o. 1 n,bovo E ca naba gao-e ?.ero .... ....... ·I 
Escamtlm "'age r.cro above 'Milwaukee g age ?.ero .. . .... .. ... . 

Milwaukee gage·zero abovo Milwn.ukee check point . .. ..... . 

um of ttbove = Escanabn, bench ~o . labove Milwan-

Feet . 

7. 74 

-0. 2-5 

-0. 43 

Ftet. 

7.7 0 

. 374 

-1.205 
---------

kco check point .. .. .. .. . .. . .. .. .. .. .. .. .. .. . .. . .. .. 6. 776 6. 049 

D ifferen ce .. .. .. .. .. .. .. .. .. .. .. .. .. . .. . .. .. . . .. .. .. .. + . 173 

There ult indicates that tbe ground at E s anaba, as compared with 
the ground at 1\'[iJwaukee, bas risen 0.173 foot in twenty years. Thi 
t1uantity is t he algebraic, urn of ix measurements, of which three were 
made through water leYeling and t hree by instrumental leveling. The 
probable errors of t he water levelings are ± 0.01 2, ::.1: 0.012, an d ± 0.00~ 
foot; the estimated probable error of tbe in trumenta,l levelings at 
Milwaukee i ± 0.010 foot, and of the two leveliu gs at Escanaba each 
± 0.008 foot . This give a t he probable error of the r esult. ::.1: 0.022 foot. 

A similar computation, u ing uench mark .r o. 2 in tead of bench 
mark No.1, gives 0.155 foot instead of 0.173, and a compution ba ed on 
bench mark o. 3 give 0.156. The mean of the three re ults i 0.161 
foo t, with a probable error of ± 0 .0""~ foot. Tlte only important uncer­
tain tie. to which thi re ult is subject, beside those indicated by the 
discorda.n ·e of mea uremeuts, ari e from the po sibiljty of the settling 
of the bridge pier to which the Milwaukee check point is attached and 
the pos ·ibility of ri Yer floods. 

DI CR EP .A.N CY ' OTED BY CAPT AIN 1\l.A.RSH.A.LL. 

Iu the later work of be uited State Lake Survey all determinations 
of lake level were referred to the hi gh-water level of 1838, wbicll is 
called t he "I lane of reference." That plane was directly ob erved by 
Dr. I. A. Lapham, the geologist, and with the aid of a bench mark on 
hi bou eat ·Milwaukee was permanently recorded. For other stations 
on · Lake Michigan-Huron i ts posi t ion was determined by assuming 
that the level of 1838 bad everywhere the same height above the mean 
lake level as determined by long series of observations. For the deter­
mination of this p1aue at E canaba u e was made of observations for 
the period from J anuary 1, 1860, to December 31, 1875. Iu 1887 Capt. 
W . L. Mar ball , U . S. E ., under whose direction the gage readings at 
Milwaukee and Escanaba were then made, detected a discrepancy, 
which be reported to the Chief of Engineers in a letter dated October 1,1 

1 Ann. R pt. bief of E ngiueere, U.S. A ., for 188i , part 3, p. 2417. 
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In fo rmer reports t h e zeTo of Escanabn. "a.ge bas lteeu as um d as 0.76 foot abo,•e the 
plan e of ref r enee, but n.comparison of corre~ted readi ngs at )lilw:wkce and Escanaba. 
shows that t h detenninations of t h p lane of r eferen ce at Milwaukee and E scanaua 
vary 0.1 7 foot, the Es anaba plane boin t;~" too high or t he Mil waukee deter mjnati n 
too low. · 

In the li ght of pre ut knowledge it eem prol>able that the dis­
crepancy thu noted by Ca.ptain Mar ball a : an error was occa ioned 
either ,·vl1 olly or iu chief part by tue progressive til ting of the land. 
Tbi conclusion is di fficu lt of verification becau e little record survives 
of such check as may have been made upon the heights of gage zeros 
during the periocl 1 60-1 75; but t he indicated change agrees in direc­
tion, and approximately in rate, with tll e change deduced from tbe 
present investigation. From tbe middle of tile period 1860-1875 to t he 
summer of 1 7 was au interval of twenty years, equal to the interval 
1 76-1896 here u - d, and the di crepaucy of 0.1 7 foo t discoYerecl by 
Captain Marshall differ from tbe change of 0.161 foot here d ducecl 
by a quantity littl g reater than the probable error a cribed to t he 
latter determinatiOn. 

SID1J\1.ARY OF R E ULT . 

In the followin g table are a sembl d the numerical results as to 
changes in relative height of t he four pair of . tation . B side t he 
mea ured change , the table includes the periods intervenin g between 
date of men, uremeut and eli . tance between the tation of each pair. 
Tbe line con11ecting pair of stations lJaye a onth,,-e terly direction 
(fig. 09, p. 613 ), and it is th e northeastern tation of each pair tb a t 
app ar to hav ri n a ompar d to tb otber. 

Tll re nlt tu n how a gen ral a <rreement with th working bypotb­
e i.', t hat t h !at . t bang rc ·ordcd by g olo <ri data i · till in progre . 
To mak the compari on quant itative t here houlcl be -nb t ituted for 
tb dir ct di tanc • b tween station the correspondin g di ta nce iu 
tb a urn eel directiou of ti l ti n<r . _7 0 ' ., and the mea ured re ·ult 
for variou dista nc and variou time in tervaJ houlcl be reduced to 
a common ba i . In th t hi1·d column of the table are the redu ·e!l 
eli tau and in the ixth the reduced rate of chang . A uming 
the change to have a uniform rate and to be the arne for all pa rt 
of t he reo· ion, the mea urement a th cliff rent pair of tat ions giYe 
for a eli tan e of 100 mile and a period of a century the quantities of 
the ixth olumu . The ev nth eolnmn contain the probable error ­
of qnautiti s in the ix th, and is based on the probable error of the 
mea m ecl change in pair of station . 
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Swmnm·y of distan ce , t-i me i nlerrillis, and m ea sur ·menls of dij/erential ea1·th movements. 

Di lan ce In t n •nl Chnngo Change Pt·obnble 
between error of 

P airs of sta tions. Dire t in dit'OO· dates or' lll p orJUO qunn ti ties 
ctis tance. t iou rehtth·e miles por 

S. 21o·w. mensure- h i{!h t . C<' n t ury . in las t 
ment . column . 

---------
Miles. Miles. rem·s: Feet. Feet. Feet. 

Snck et ts Harbor and 
Charlotte ... .. ... .. 8 76 22 0.061 0. 37 0.1 

P ort Col borne and 

Clevel and .. ..... ... 15 1-11 37 0.239 0.46 0.11 

Port Austin and Mil-

waukee . . ....... . .. 259 176 20 0.137 0. 39 0.09 

Escanaba and Mil-

waukee ............. 192 1 6 20 0. 161 0. 43 0. 06 

I 
Mean . .... . . ................................... ... ! 0. 41 

-± ~~ ~~~~-- I \V ei!rll ted mean . ......... . ... . ......... .. ... . . .... 0. 42 

IS THE LL.~D TILTING? 

With the numerical results of the investigation h fore u we may 
now recur to the maiu ubject and ask whether the evideuce warrants 
the conclu ion that a general, gradual tilting of the ba in i in prog­
res . In the di cu ion of the data used iu comparing the several 
pair of station it bas been found tllat, taken at th eir face value1 tl1 ey 
indicate a t.ilting in the hypothetic direction, but it has also been 
foun cl impo sib1e to resolve all doubt as to the tability of tl1 e gages 
and benches and the accuracy of the mea urement . By r ea on of th e e 
doub ts the r e ult from no single pair of s tation i . conclusive, but when 
as embled th y exhibit a h armony which argue strongly for their 
valiuity. As tabulated, there are four results, but the e are not all 
independeut, since observations and measurements at 1ilwauk e are 
u ed twice. 'rhere are, however, three result wholly independ nt and 
a fotuth partly independent. To these may be added a fifth partly 
independent, namely, tbe determination of change between Port Col­
borne and Cleveland for the shorter period, 1 72-1895. ot only do all 
the e results indicate a change of the same sort, but they agree fairly 
well as to (]uantity. The computed change for 100 miles in a century 
ranges ouly from 0.37 to 0.46 foot, and the greate t deviation of an 
individual result from the mean of four is 12 per cent. This measure 
of harmony appeals strongly to the judgment, and is also u 'Ceptible of 
approximate numerical expression. If the four determinations tabu­
lat~l in the sixth column a.re, in fact, measures of the same quan­
tity-that i , if the tilting bas been uniform throughout, as wo have 
assumed-then the probable error of tbe determined valQe of that 
quantity (0.42 foot) is less than ± 0.05 foot. 
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The roo t important factors tending to throw doubt on the conclu , ion 
are the possibilitie of accidental change in the various benchc to 
which the measurements are referred. The b nch at· Port Austin, 
being a mark on bed rock, i trustworthy, and. the agreement between 
the three l>enches u ed at E canaba i good eYidence of their tabil­
ity; but the bench at Milwauke , with which both are compared, i a 
pier of a bridge in daily u e aud may, perhaps, be slowly settling. If 
it is settling, the coropari ons with benche at E canaba an rl Port Au . 
tin may merely reveal that fact and not mea ur the sub iclencc of t he 
land. The fact that the wing bridge ou the I ier has not required re-lev­
eling is certainly favorable to the tability of the pier, e pecially when 
it i co nsidered that a change of fully 1~ inches is to be accounted for; 
and there i further confi rm ation in the eli covery of a discrepan cy 
between ~1ilwaukee and Escanab;L by Uaptain Mar ball , who c data 
are probably independent of the clleck mark. Of the benclle on Lake 
Erie, the one at Port Colborn is satisfactory, l>ut tho e at Cleve­
lan l may have ttled at critical t imes, and if o their change would 
inftue11 e t he result in the direction found. Of the bench s on Lake 
Ontario, the on e at Charlotte i eminently stable; the only practi al 
que t iou affect the bench at Sackett Ha,rbor, which i on a bui.ldiug 
that hns not be n wholly table ince it coo 'truction, although pre­
sumal>ly o ·iuce the making of t he bench. If the bnildino- at Sacketts 
Harbor ttled be ween 1874 and 1 96, the effect of the lowered bench 
wa to prod uc not uch a change a a.ppear from the mea urements, 
but one with th opposite 1iign . 

It e m · to me that tho harmony of the mea urero ut and their 
agr cme:n t with pr diction from geologic data ma,ke . o stron g a ase for 
th lt ypotbesi of ilting that it hould be accepted a a fact, de pite 
the doubt c nc rnin · the tabi li ty of the ga ·e . 

RA'l'E OF )I0VJ£Mt~X'£. 

Tit d 'due ll m'an r<tt of ·hang -0.±2 foo t to tit JOO mil in a 
ceutury- dep ncl on a umption whi ·h are conv nient rather than 
probabl . Thes' a,re : (1) t hat th 'vbole r giou mov togetl1 er as a 
uni t, being il t d without int rmLl warping, and (2) that the dir tion 
of its pre: 'It t tiltiu g i iclenti ·al with th direction of the total cha nge 
in · t lt e e1 h f th i pi sing outlet of the u P.t: er lake . \Vhat we 

kuow of the g- ·n ral llamcter of earth movement.· give uo warrant 
for u ·IJ a umption · f uniformi ty, but no bett r as umptious a to 
t hi s regiou ar Jl OW a.vailal>l . · ud r the law of proba,bilitie ~ the 
clo ·e a.gre m nt of four m a ur ment , thr of which are wholly inde­
p nd ent giv s a good t~ttus to their mean, but t h r are ther con­
sideration tendin g to weaken thi tatu . Tb probable errors of the 
indiviu ual measur Lll ent are ratb r high, rangino- from 14 to 50 per 
c n t, and thi ugge t the po ibili ty t hat the clo · n of their cor­
respondou e ma,y be acoidenta I. It ·hould be remembered al o that at 
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two or three tation there wa reason to beli ve that the gage zeros 
were ettling durin g tlJe period in 'vhich the ob ervatiou were made, 
and tlto result. in volve the doubtful a sump tion t l1 at the r ate of set­
tling was uniform. There i room for doubt a to the precision of the 
instrumental leveling; io only afewinstanc'' i the fact of duplicate 
mea urement reconlecl, and single measurement are notoriously 
insecure. Error \Ya, clonbtle admitted by ignoring th, etfects of 
barometric gradient. R.iver floods may luwe in trodut· <l errors. In 
tbe absence of flood records tbe record of rainfall. at Roche ·ter (near 
Cuadotte), CleYeland, and Milwaukee were COtnl)ar d with the o·age 
readings, the re ults showing only that if flood crrorl:l are invoh ed 
they must be mall. There may al o be per onal eq nations 0f ob n. 
ers, especially as the gages at pairs of station were not in every case 
of the same type. For all th se reason I am di posed to nscribe ouly 
a low on~er of preci ion to the deduced rate of change, and regan} it 
as indicating the order of magnitude rather than the a tua.l mao·nitucle 
of the differential mo ,·cment. 

The rate of ·hango indicated by Stuntz' ob ervation is more 
rapid. As already qnoted, Le tates that at a time when I-'ak Sup · 
rior was exceptionally low at it ' outlet, it wa nevertheler>s o high 
at it we tern extremity as to obliterate from tbe 't. T.1o ui · I iver a 
rapid which had been visible only a few years before. Thi>< ' tatement 
involves no definite measure, , but it implie that th bang- within til e 
memory of individuals involve· feet rather than the inche. de luced 
from the tndies in the otller lake . imilar infer DCe ma y be drawn 
from hi statement as to subme1'ged stump.. The recorded rang of 
water level iu Lake Superior i · ::~ .bout . D et, and tree wonltl grow 
little if any below high-water mark. If, tb u, with low stag at the 
east e11d tump are submerged at the we t, a change of 5 feet or more 
\YOnld eem to have occurred cluriuo· the period covered by the growth 
of a tree and t he sun·ivn.l of it stump. The cliff' renccs betw·een the 
inference drawn from this evideu e and the r e ult ba. etl on gag 
reading on the other lake i o wide a ~ to . ugge t t he possibility of 
error in the Lake Superior ob ervation . It i certainly important that 
tl1ey be Yerified. nfortunatcly I have not been a,bl to visit the 
region, and tbe gage records accessible to me are 11ot o connected with 
bench mark a to give a sati factory ba. i.· for . computation. The 
United tate Lake Survey made observation oflake level at uperior 
City from 1 59 to 1871, and then transferred the station to Duluth, 
where it wa continued for two or three years. o bench mark at 
Duluth is de cribed, and the only recorded ben h mark at Superior 
City is upon a wooden tructure, John on & Alexander'. ·awmill. If 
thi.· ben ·b survive , a good te t could be made by renewing the gage 
station at uperior City. At the other end of the lake, at ault te. 
Marie, there are anthentic bencbe elating from 1 55. 

If we assume tuat the rate of 0.42 foot per 100 miles per century i 



OtLBERT.] RE LTI rG GEOGRAPHIC CHANGES. 639 

uniform and secular, and proj ~ct it backward to the time when the 
drainage of Lake Huron wa shifted from North Bay to Port Huron 
we outain for the period since that change about 10,000 year . Fro1~ 
tudies at Niagara, Taylor ba~ e timated the arne period as between 

5,000 and 10,000 year ; 1 and the com pari on indi ates that the rate of 
mouem change is of uclt magnitude as to accord well with the idea 
that it merely ontinues the geologic change. 

It i· to be hoped that ventually a better measure of the rate of 
tilting and a urer indication of its direction may be obtained, but even 
with pre ent knowledge there is intere t and profit in considering the 
economic a ud o·eographic consequence of the tilting. 

GE OGRAPHIC CHANGES RE UL'l'IN ] ROU THE UOVE-
1\fE rrr . 

nmin g that the general re ult of this investigation is ubstan· 
tially correct-that the whole lake region i being lifted on one side or 
clepre eel on th ther, o that its plane is bodily canted toward the 
Ottth - ou tbw st a nd t hat th e r ate of change is such that tb e two end 

of ~L line 100 111iles long and lying in a outh - outhwest direction are 
n~l a.tiv ly displ:t cl four-tenths of a foot in 100 year - certain general 
con eq ue11c s may be tated. The water of each lake ar gradnally 
ri sing on t h outbern and we t m hore or falling on the northern 
and ea tern li ore , or both. Tbi change is not directly obvious, 
bec;w e ma ked by temporary chang due to inequalit ie of rainfall 
and evaporation and variou other can es, b nt it affect tbe mea n 
h igh t of the lake snrfa e. Iu L ake Ontario the water i advancing 
on nll hor !,;' t h rat at any plac b ing proportional to it di ta uce 
from th i ·obn t hrough th outl t ( A fig. J 00. p. G40). At Hamilton 
and Port 1 alh tL' i i t am mit to () inche in a centurJ. Tlie water 

on all bor of Lak Eri , mo t rapid ly at 'Ioleclo and 
amlu. ky wh r the ciJ::mge i or 9 iu ·h s a c n ury. 11 about 

Lake H tHO II th W< t r is falling, mo t ra pidly at th e north and Jior h­
ea"t wh roth di tan from the Port Huron i ' Oua e (CO, fig. 100) i 
gr ate ·t· at lackimw t he ra.te i 6 inche , and at the mouth of Fr>nch 
H.iycr l incl1 s, a. c ntury. On Lake uperior the i obase of the 

utl t (DD fi.,. . 100) cut the hor at the in ternational boundary · the 
water is <ldvan inu on tb medcan sliore and inking on the Cana­
di a n. At Dulnth the ad van ' i 6 incite , a nd at Heron Bay th rece -
sion·i 5 iocbe , a c ntury. Tli shores of Lake ficbigan are divided 
by th I ort Huron i oba e. :rorth of Oconto and ifaui tee the water 
i ~ falling; ou th of tho c places it i ri in.,., the rate at Milwankc 
b ing 5 or G inche a centur , and a.t Chicago 0 or 10 inches. Event­
uall y nnl a clam i erected to preveut, Lake Mich igan will a.ga.in 
overflow to the Illinoi s River, it eli charg occupying the cb:wu ·1 

• Bull. Geol. oc. Americt>, \ol. I X, 1 9 , p. 83. 
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carved by the outlet of a Pleistocene glacial lake. The urn mit in that 
clJaunel is now 8 feet above the mean level of the lake, and the time 
before it will be overtopped (under the stated as 'umptiou a to rate of 
tilting) may be computed. Evi<lently the first water to overflow will 
be that of orne high stage of the lake, and the discharge may at fir t 
be intermittent. Such high-water discharge will occur in 500 or 600 
years. For the mean lake stage such discharge will begin iu about 
1,000 yea.rs, and after 1,500 years there will be no intenuption. In 
about 2,000 years the illinois River and the Niagara will carry equal 
portions of the surplus water of the Great Lakes. In 2,500 years tbe 
di charge of tbe Xiagara will be intermittent, failing at low stage of 
the lake, and in 3,300 years there will be no iagara. The basin of 

Fro. 100.-Relntions of tho shores of the Great Lakes to the isobases clrawn through their outlets . 

Lake Erie will then be tributary to Lake Huron, lihe current being 
re,·er ed in the Detroit and t . Clair channels. 

The most numerous economic bearings of tbis geographic change 
pertain to engineering work , e pecially for the preservation of harbors 
and regulati01 of water level . Bnt the modifications thu produced 
are so slow a compared to the growing demands of commerce for depth 
of water that they may have small importance. It is a matter of greater 
moment that cities and towns built on lowlands about Lakes Ontario, 
Erie, lVIichigan, and Superior will sooner or later feel the encroachment 
of the advancing water, and it is peculiarly unfortunate that Ohicago, 
the large t city on the lakes, stands on a sinking plain that is now but 
little above the high-water level of Lake Michigau. 
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PT.,JU-.' l''OR PRECI 'l·~ ::\[E_\.."' REME~T. 

Whil i t is believed that tho g neral fact of earth mov ment has 
be n establi ·lJ ed b.) tlle pre. ent inve tigation, t he mea ur men!; of its 
rate :tnd t l• e cl etermin ~ttion of i t. direction fall far. hor t of the preci:ion 
which i · d 's irab le. For t he purposes of science the order of magnitnde 
of t he change i~:; more im portant t han it precise mea nrement, bu t 
there are involved great ecouom ic interest , and tlte,·e dema1Hl more 
definite information . The acconut of the pr cnt inve t igat ion i · t here· 
fore npplem nted b y a n outline pht11 of the mor elaborate inve tiga· 
tion whicll appear nece , ary to g ive mea. urem nt · of the preci ·'on 
thnt i d es irable. 

Exi ·t in o· data a re neither full enough 11or exact enough to ,,. ive ati ' ­
factory mcasnre · of the mall C)_uauti tie · ought. Doubtle.·s a more 
elaborate discu . ion \YOuld y ield b tter results t bau I h:we obta in ed, 
but the improvement conlcl not bo grea t. Observation~ by th Lake 
uney were onductecl for purpo e JIOtdernandiug· a hi g lJ or(ler ofpre­
ision and high reftncment wa · not attempt d. 'rb , upplementaL'Y 

y,·ork done in 1 \JG attempted only to be good enough for u e in combi­
nation with the work of 1 7-1 and 1 7G, a nd can not enc a " the fir t 
term of a new com par i on . 'r!Je problem r quire· a 11ew. et of l.Jigh­
grad o b~ervation at each tation of a carefully plan n d system, to be 
f'ollowed, after ani nterval of at lea t a decade, by a se ·ond et of observ(l,­
tions at th e amc stations. 

Fore ·eeing 110 opportunity to undertake uch a work my ' elf, I have 
rormnlate<l in th • followino·varag-rnplls ;,t plan elllbodying the 1·e ult~:; 

of n•y xp rieu · -a plan i u tend d to afford us fu l u (Tg 1 ion · to. ome 
i 11\·cs tign tor by whom tb work mar b actually 11 odertn ken. 

lectio n o.f tations.-'Io m a::-ure the rat of ch(tll'~'C in any o·i ,·en 
dir(' tion ob · ' rvation at two tations uffic ·but to deter• nine al~o tho 
dite ·tion of d~<m o· it. is 11 c ary to n. o tl•r o stations grouped in tbc 
f rm of a triangle. long r the . id of t.he triangle the better 
the lll a urenwnt of rat a1Hl th htrg r its 111allest angle tb bett r 

d t l'mina t ion of direetion. 1'1.. brief in pec.:tion IIO\T t hat the 
fLak ) I ichigan and Lake Huron gi,·e the b st orportunity 
I launing of a"- 11-<'0lldi tion d triangle. 'rho1wl• th JHI LTO\\'· 

n •. ·of tb ir nne ·tiu g· tra it hn J d to t h givin g of. eparat unme:o:, 
tl• ey ar r al ly a ingle lak , antl th stretch of their water :urf'a<: i 
in ev ry clir ction gr :tter tlJan t hat of Lake Sup rior. 

Forth purpo o in view th p int of fir t importr\.IIC is tb ontlet of 
the Jak e a t I ort Huron. 'rhi i ' pe ·tlliar in that the plan of mean 
water 1 vl'llHt her a on, tan t rel.t tio n to the adjaceu t la nd, a relation 
a! tog ther ind pendent of t he progr · ·ive d eformation of tbe ba ' in. 
Thi tation : hould no t b on the t. Clair River, but on t h shore of 
the lake near by. 

] 8 GE0L, P1' ~--41 
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The . ecoud point of vantage is 'bicrwo. A. onomi c in tero. ts are 
m ro . rriou ly affected by the geographic chan go at t ha-t point t lw.n 
elsewher.e, i t is de irablo to cletermin directly, by omparison with 
Port Huron, the rate at whi 11 the bke i oncroa •lliug ou tho la nd. 

thirtl poin t of prim importance i tbo t rai t of 1a kinne. 
Although th equi librium 1 ' l of the surfac of tho wo lake ar 
t l1 ame, there are con icl rablo periods wl1 n their qni librium i di -
turbed, and during such period a current flow.· in on dir ction or the 
otller· through the strait. Only when this current i. 11il is t h whol 
water body in perfect equil ibrium, and it i. es~'>ential to JW cL o leveling 
through the water surface either that times of eq uilibrium be ho en or 

Fro. 101.-Proposed systems of stations for the precise measn.rement of earth mov llll'nts. 

tl1at due allowance be made for the gradi ent a o ·i ated '\litll :flow. 
Ob en-ations must therefore be made on the current in the strait, a nd 
it i be t to connect them with the work of a compl te tation. 

A · a.ppear·s by the annexed diagr am (fio-.101) the t l'ianglo formed by 
tlle e thr e tations i well conditioned as to ize and form; the length 
of it ides are approximately 225, 275, and 310 mile , ancl it smalle t 
angle i about 45 degrees. -. 

While the proper u e of these three tations will giv answer to the 
question of greatest economic and scientific importance, t here will be 
material cientific advantage in addino- a fourth station to the system. 
It. bould be placed somewhere on the north shore of Georgian Ba.y, and, 
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gi ving consideration to ac e siuili ty a. well a geograr lii pos iti on, it 
is probable that Parry Sound honl d be elected. By addin g thi ta­
t iou a uo tb r \tell -condi tioned t ri angle would b completed an d t here 
would resul t an add itional <'l et rmiuation of the rate a ncl direction of 
tiltin g·. If rate and direction vary from place 1o pla·e t h factwm 
probably be brou o·l1 t out. There would be additional advautao·e in the 
fact that I arry Sound and Chi cago are, eparated by the oTeate:t prac­
ticable di, tance in t lJ e direction of maximum change, o t l1 at <1. ·om­
paratively Rbort period or t im migl1t afford a, valuaule mea urement. 
Til • :1pproximate re nlt ·of the present inve tigation indicate that the 
lJang-e in tb relativ beiglJt of Parry · onnd and Chicago in ten y ar · 

w6nld be about 2 in he::;. 
onditions controlling equipment.-In order to phm intPlli ge11tly the 

y:;; tem of ob ervation , full ·OJI Sideration lJonld be gi ,·en to the on­
cli tion affe ting t be problem and pro ision ·lJonld be made for all 
po sible ources of enor. Promin ent among tbe ' e are the var iou fa -
tors wbi It modify t he water l vel at p int. on the lake lJor . u h 
factor · l1 ave b en on ·id ere<l in the preced in g eli cu ion of gage data, 
but t hey are a em bled her in a n-.ore y temat ic way. 

The lake ontinually rec ives water fro m tream and from rain and 
co utinuall y par ts with water byd i charge at it out! t and byevapom­
t i n . In the long nlu gain and lo a.re equal, but for bort period , 
tl1ey are usually uu eq nal; ' O that from day to day, from . a n to 
Rea n, and from year to year th volum of the lake and the con. -
q uen t m an l vel of it mfa ce ar continually clHm ging. 

ln bays and e tuarie tbere are loeal temporary Yariatioo occa ioneu 
uy th flood of tributary trea m . 

'Ib r n,r . olar and lunar til , mall c1 compar d to t ho e of th 
oe an hut not o mall that tlt y may l> n gl ted. 

TIJ \rind plt- h t he 1:tk water u fore it pilin g it up on lee horeR 
and lowerin g t-he l v l on w ather hore . During great . to rm · t be,ge 
·bangc ha v a m:.w nitud of ,·era! feet and tu effect of li ·h t wind 

i di tin •t ly nppr cial>le. Even t l1 e land a nd . ea ureeze , t up near 
tll l1 ore by contm t ·· of urface temperatur ', lJave ueen fon ud to I ro­
du · m a m·a ble e lf t on t ll e water l vel. 

There i abo au influence from atmo pb ri c pr s:-; ure. IVben the air 
is in quili l>rium if tlutt v r o ·cur , th e pre nr i t lJ e same on all 
part of the lake ~:> urface, n.nd t he ' quiliuri um of tll lake is not eli -
turbed; butwh n t h ai r pr urevari s from point to poin t t lli ,·aria­
t ioll of pr s ·ur i ' a fa ·tor in t h quilibrium of t lJ o \Tater , urface the 
·udace b iug comparatively depre ·e l wb ere tlJe air pre ·. ur i grea,ter 
and l vat d where it ·i. les . . 
· vllhen a torm wind cea e , t he water no t merely flow back to i t 
normal po,.ition but is earri d by mo111 en t um l>eyo11d and an oscilla­
tion j ,. thu set up which continue.' for an indefinite per iod . similar 
o ·i ll atiou i Rtarted wbeuever t l.:.e eq uilibrium i · eli turb d by differ -



644 E ARTI-f MOVE 1E T I THE GREAT LAKES RE ION. 

en<: s of a.tmo vtteric pre·. ure ; and t h ese swaying motion call ed 
eich , nualogou to h e wa.yi n g of '"' a.t r in a tnl> or ltand ba ,·in, 

pers ist for lotw period . In fa ct, t lt ey brill<>·e 0\'('l' t h int rval s 
front impulse to illlpul:e , 0 t ha t t it water or tit Great L:ik . n eY r 
come. tor' t. 

E,·ery di ·turba nce wlti ·lt ca 11 ::; ' tit \Yat r tor i ·eon o ne l10re of th 
lak and fall on t h other interC re with the equiliurium ll tw e n t h e 
two lake · at t he 1\!a('kinnc t rai t . H a :tron g wi nd blows the w a ter 
ea hrard, ra i ' in g the Je,·cl on th e a t ~";bore of t h lake,.; and low ri1t g 
it on th '" c,· t hor s t here is hi gh water at th e w st tll1 of t lt stra it 
a nd low water at th e ea t pr dn ·in o· a. C' Urren t to ward tit ca. t; a nd 
when the wind cease the w:tter tltat ha · ponrccl from Lake l\lichigan 
to Lake Jinron mnlSt retnrn , pro<1u<·in g a. cnrr nt in the oppo i t tlin~e­

tioll . 'L'heor etically, analogou ' e fl'ect Rlt OUl!l b 1 rod IIC'Cd uy tidC'S and 
barometric gr acli nt ·,and t her can be littl e q uestion of th eir dde ·ti n 
if t he ph nometHL at tb , trait; a re :tudied . 

'rb se ,·ariou infln nee work ind pt>ncl nt ly l>n t . im11ltan co u ly . a1td 
th eir ff -t are bl nded in th n eta a 1 o ·ill a tio11 · of t h wa t r . 11rfaec 
at any point. Iu u in g t h e wa ter sud'ac for tlte pu rpo:;' of l recis 
leveling, it i. uece :sn r y to ta k a· ·on n t or all uclt fn ·tors and ma k 
provi ion fo r t h e a.voida.11ce or correction of t h •nor~-; t h y t nd to 
produce. 

Brtltipment.-ln v iew of tlte co mplexity of the puenOIII CJJ<l to ll ana-
lyzed , i t i def'irable t ltat mo ·t of Lh ' iu t rume ut e mploy d lJ f tlt 
a utomat ic kind , g i\'in g con t iuuon.- r ecord. "While , u ·It in rum n t ' 
a compli It much mor t han con ltl b e don e b y an observer a lone, tlt :> 
<lo 11 0L tl i i:I LJCII.' · wiLlJ lti:; ·ervi ·e ·. 'l'lt y are ·ompl ex as ·om par d 
to t h ap]Jaratu for per sona 1 ob cn ·n tion and can be ucce ·fully 
employ d only by a lll a ll of P.cicntifi (j t raioit w . The fir t . ·ential, 
th r f'or ,uteacltoftlt tntio11si . an :q1ertobs rv r . 

The ga.ge employ 1l forth c1 term ina t ion of " ·ater 'heigltt , lJ uld b e 
of ·ome <Hltu ma tic type, o- i,·in g :• con t inuous record. 'l'hi i n ece · ary 
in ord er that the tud.y of tlt record ma,y fumi h data t r the com pl ete 
elimin ation of errors from t id es Reic1J ·, a n d laud a.n '1. ca breez s . The 
"'age . ltould be protected, 110 t o nly from t he dir ct l10ck of w a ,· , b u t 
frOnt all 'CCOUdary ngitatiOII o(' t lJ e v;·at r due to \\'a\·e h ock. It ·h oulcl 
be so in tailed a to l>e ecnre from ·ettling. 'rh · lt eiglJ t of it· z ro 
houhl b r ead ily Yel'i tia b l . 
Near ea ·l1 tation tlter e lJould b at lea- t thr e ben clt con trnctecl 

witu p c inl r e feren ce to permanen ·e and tability. Tlt y ·lt oul<l be 
ind pend ent of one another and i11depende11t of other trncture . 

Pre ~ nre of th e a ir . bould be 011tinuou ly r corded b y a barog raph, 
care fu ll y taudardized . A wind va1t e a nd anemometer . bonld g ive 
automatic r ecord. ·. 

At Mackina c there ·hould a.Lo be wean for securi 11 g a record of the 
dir ction and velocity of water ·unent ·. 
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T1·eatment of obse1·vcctions.- Stres havin g already been laid on tbe 
import:mce of puttin g t he work in expert haotl , it would be unwi se to 
attempt t he formulation of a code of in struction s for ither tb e makin g 
or the reduction of ob ervatiou ; but there may be advau tage in a few 
uggestion l>ased on experience acquired in the pre ·nt investigatiou . 
Wh ile it i ' doubtle ' S po. ibl e to ded uce fro m a tndy of current in 

lfackina Strait a theory of tb e relation of tho e current to t he equi­
librium condi t ious of th e two lake , it '"ill probably be found be t to 
u e the current ob enat ion. clriefl y for tbe di crimin ation of favorable 
and unfavorable t imes, anti to compare the lak -level ob erva tions ouly 
for t ime wheu tbe current at Mackinac is gentle. It ''ill al ' O be better 
to avoid t he u of observations durin g the prevalence of tro ug winds 
or high barometric g radients than to attempt the application of correc­
t ion · for tho e fa tor . 

'.fhe t imes not barred by hi gh wintls, hi gh gradients. and curr nts 
\Yill ordinaril y not l>e found to have uch duratio n and distribution that 
tidal effect a n l>e liminated by iududio g· compl te tidal cycles. It 
will tberefore be 11 ec sary to di cu ' S t h olar and lu nar t ide for each 
tation a11cl p repare tables of conection to be applied to all ob crva­

tions e rn ployed. The .·arn e treatment will b e n ce ary for t lr e effect 
of land aml ea. breez . B arom tric gradient of amoun t too gTeat to 
l>e ig nored nearly al ways ex ist and thi , a determined by ob. erva­
t ion at the ,·tation themselves, should l.Je th subje ·t of computation 
and correction. 

eicbe bonld be fu lly discu ed for ea h statiou, a1 rd t he ob rva­
t ion fin ally used sbonltl be grouped i11 periods of suffic ieu t lengt h to 
Jiminate tb i h fleet. 

HrPPLEMK:'~'""'l' . -lXYE ' TIGATlO:::S BY l\IR. )10 ' J.U_,Ji~Y. 

Tb main bod of manu . cript for thi paper \\' aS prepared in Jnne 
a nd July, 1 97 . Au alrtract wa onnnun i ·ated iu .Ang u t to tbe 
Am riean ociation for the Advanc m ot of S •ien e, meeti11o· in 
D troit, and a full er ab tract wa . printed in t be eptember numb r of 
tbe .._ ational G oo-rapbic l\1ag-azine.1 A a r ul t of t hi · publication 
I becnm acf]uai nt d with a · oo·11at inve tirration by E. L. J\Io eley, 
of San lu ky, Ohio. His data a nd re ul t were comm nnicat d to the 
Ohio Aca d my of ·i nces in De ·ember, 1 97, a nd print cl soon after ­
wards in a andu ky n w pap r. Tlrcy rec ived more p rm anent a 
well a. full r pr<>sentation in an a rt i le 01rtril.>uted to th e La,ke ide 

Iagazi ne,2 and tb i ~ article reaclr s lll e wlrile t lJ e proof lreets of t lre 
1 re ent paper are in lr ancl . swill be read il y u11 d r tood from t ir e 
fullow io o- ab tract, tbe lata he La · g-ath red cou titut an important 
contribution to the ubject. 

'ModiO cnt iou o f th o CronL Lnkcs by curtllm CI ,.,.mont : N 111. Gcog. -:l f ng ., cp tellll>er, I 97. Y o I. YUI, 
]>p. 2~3-24 7. 

'J Lnk o Erio nlnrJ,:in g; th o i ~ l nnd s ~(" pu r·n t ed f r 0 111 t ho mniulnncl in rcc nt timosi hy E . L . ) l os I y : 
Th Lnkcside .Mngnzin o, Lak s ide, Ohio, .lpr il, I 9 , Vol. l , pp. l4 -l7 . 
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:North of andusky Bay: near tb we tend of Lake Erie, is a <.:lu ter 
of i ·htnd - of II' hi ·h the iil·e la rge tare ea.ch v ral n1il s in ext nt. 1 

About th m t ll e water i shallow, n,nd if tlt lake were l \Y Ored 30 to 3;­
feet they wOLlld al l be conn ecte l with the mainland. On these island 
grow many pe<:i of wild p lant and t he ori gin of thi flora is r elat d 
to the geologic hi ·tory of the i ·Janel . 'l'bere wa a. t im e dmin g the 
i ·e retreat wltcn til whole basin \YH S covered by n. g lacial lak ' · H the 
water wa gradually lower ed from the plane of the gla ial lake to 
the pre ·cnt plane of Lake Eri , t he i land were at fir t barren and 
wcr e\·cutually o cupied only by uch jJlant ns '' re in ome way 
conveyed. acrosR the inten' nin g trai ts, from:! ~ t o 3 mil e wid . A 
:Moseley poi nts out, th ro n.rc many modes of ucll n.d.vcn t i tio n ' intro­
duction , but t hey co ul d not be xpected to give to t l1e i la 11cl a flora. o 
varied. as that of the acljacent mainland . 

If, on th other l1 and, a inferred from t l1 lop .' of th ol<l , bore line 
aucl other data , the attitude of th lan d ll'a . difrerent wb 11 the g la ·i a l 
lake wa dra1n ed a\Yay, the original Lak J<: ri e o ·cupi d only tl1 e 
ea tem part of t he Erie ba in , and t !J c w ~tern part, iu lt1din g tb di ·­
t rict of t he is lauLl s, "·a dry la nd . Subsequent ly, from t !J e til t ing- of 
the laud, th lake waters nch<a 11 ced we t ward o a to Jlootl t h ·tra it 
and convert the lo~>land bills into the pr .nt Lland . ln conn e tion 
with . uclt a geologic hi tory th e i ~:; l and \roultl have acqu ired their 
flora at tl1e ame time with t he mainland , and houllnow pre ·ent tha 
same va riety of , pecie. , o fa r as lo ·al condi tions permit. Io eley has 
aref'ully compared the in sular flora with t ha t of t ho mailllaml , and 

find· t hat the ouly mainland pecie wh icll do not oc ·ur on th e i la nd s 
are uch ns do n ot fllltl t b r ~L cougelli<ll so iL 'rll e botani · ev id eu e 
thu npport the geologic, and verifi tile ·on lu::-ion t hat th e lallll 
ha been ti lted toward tl1e. outhwe. t ince tile birth of Lal;e Erie. 

Til i laud · n.re c·ompo · d largely of lime tone and ar urroundeJ 
by lime. tone cl ift':-;. In ·on th Ba ·s or Put-in Bay I sland tl1e.re are cave 
opening at t he wat r ' ed.o·e and partly occupi d by htke water. 
Explorill o· t!Jese, J\IoReley .finds tab<.:t i te xtenu iug from the roof clo"·n 
into tb water , nud . talagm ites lying 3 or 4 feet b low th pre nt ur­
face of t he lake. CompJring the pre-ent water le,·el with t he lowest 
lev l know n in receut tin1 es, it appears t hnt the e Rt~tl agmites have 
not been above wa ter durin o- tLe pre ent ceut ury, an<l a · talagmite. 
are formed only in tbc air~ it is clear thnt the la ke bas encroached n the 
land ince t hey were made. 

Tl1e. e data show. ouly that a change ha occuned, and :t cribe no 
date, but other phenomena ob ervell in th 11 eig bborhood of 'anu u ky 
indicate clearly t hat cbano-e i now in progre . A tracL of land on 
whi b bay was mad e in 1 28 is now permn,neutl y under water. A traet 
of land one-half mile quare, urveyed in 1 00, ha . ince become mar b, 
with water and mud 12 to 18 inches deep . Va.riou .. pn.rts of San lu -ky 

1 Fo r the r elation of thea is lands to th o lnk<> and th isobaso of its ~ullet , soo fig. l •JO, p. 640 . 
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Bay where rushes grew within the memory of men till living are now 
cover d with open water. "By the hio·h water that prevailed in 1 5 
to 1860 la.rge i;re~ were killed in many places where the wave conld 
not rea h tllem." "Hundr d of walnut stump are till tanding on 
the border of the marshes ea t of Sancln ky where even now, alt.hough 
the water is lower than u 'ua 1, it i too wet for walnn t tre s to grow. 
One that tood recently on ground only 6 incbe above the pre nt la.ke 
level measured 5 feet 4 inche in diamet r. We may infer from thil:l 
that during the life of thi tree, probal.Jly over 300 year , the water was 
not o high a in the pre ent century." l\[auy tump and pro trate 
trunks with roots and br~tnches attached are found from 1 to 4 feet 
below tbe pre ent lake level, and in one locality it i · inferred that the 
lal' e luring t h life of the tree must have been a mu('h as 8 fe t lower 
t han "d uriu o· much of the time for the la t forty years." 

The e variou fact , and others of the arne tenor enumerated by 
Moseley, are in complete accord with the qualitative re ult derived 
front the eli cu: ion of gage readin o·s, but, like tlte data o-atherecl by 
Stuntz, they sugge t a more rapid rate of change than do tho. ere ult . 
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