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LETTER OF TRANSMITTAL. 

DEP.A.R'fMENT OP THE INTERIOR, 

UNITED STAT.ES GEOLOGICAL SURVEY, 

Washington, D. C., April 23, 1898. 

Srn: I tran mit herewith the manuscript and illustrations of a mono­
graph upon the Crystal Fall Iron-bearing District of l\fichigan, by 
J. l\Ioro'an Clements and H. L. Smyth. The district is thu.. called from its 
principal rninilw town. rrhe area reported upon connects the Marquette 
district on the north and the Menominee district on the outh. 

This monograph is one of the serie ' which is to treat of the iron-bearing 
districts of the Lake Superior region. The first of the series was that on 
the Penokee district (Monograph XIX); the second of the eries was that 
on the ::Marquette di trict (Monograph XXVIII). The present report is the 
third of the ,'erie , and the report upon the Menominee district, now being 
prepared by 1l{. S. Bayley, will b th fourth. 

No previous detailed report has be n is. uecl upon the Crystal Falls 
rli. trict, although the area has been touched upon by Messrs. T. B. Brooks 
and Carl Rominger. The present report is the fir t which contains 
geological maps and sections of the di trict. 

• The field work upon which the pr ent report i based began about five 
year. ago. The work of the first ._' a on was a topographical survey and a 
reconnai · ance g ological ;mT y. The vrnrk of the econd season was 
detail geological work by H. L. Smyth, W. N. Merriam, and their assist­
ant. . The work of these two seasons wa: done for private parties. These 
pmiies turned over to me the original pecimens, note~, and maps to assist 
i11 the preparation of this report. rrhe detail geolocrical mapping of the 
second year had ·overed only a part of the area included within the present 
report, and in the remaincl r of the area in the following years detail 
survey· were marle by J. Morgan 1 m nt and W. S. Bayley. 
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In the ·dcinity of th mine, rmd th iron-bParing formations thfl exami-
• u 

nation of the di h·ict ha: h en f the mo. t detailed ·haraet r, pra tically all 
of th l clcre~ haYin(J' been ,--i"it cl and advc ntage lwYing been taken of 
1mderg-ronn l , orking • and borino" . Mor OY r, in or 1 r to determine the 
:u ce . ion, for laro·e nre,r, it was nece ·ar. ~ to mak a lo:e magn tic 
urYe. ~ ·with th (lial compass and dip ne dl . In the area-' more remote 

from th mine:-- th " . rk wn~ of a les: d tail 1 chara t r. 
The we ·t m hnlf of the district is trnat cl by .J. }forO'all "l rnents in 

Part I of thi~m nograph. Th a 't m half of th di.tri t, with the exc p­
tion of th ~"turg·eon RiYer tongue, is treated 1y H. L. . 'myth in Part II. 
The chapt r upon th tnro·eon River tongue wa.· prepm· ..<1 hr\\..... 8. Bayley. 
l\Iy own part of th w rk ha · been a gen ral :mp ;ryi..,ion of the entir smT y, 
with frequ nt trip~ into the recrion to assist in ~· olving th· g •11 ;lral .·tru ·tural 

problem'-
To the g ntlem n ,Yhn furnish ~d th cnmpl t , re~ult , 1,f th ir smT11~·s 

f r the fir 't t\\~o :-.. a~on , ,v-e are deeply incl ht d. Th drawi1w for th 
map -- was done l y E. 1- B bb. Th ·olored plat _., wer prepm·"'<l lJy 
J. L. Ridgwa. -. 

Y ry r ·pe ·tfully, your obedient . er-vnnt 
1 

• R. A,. HISE 

0-f'olo,qi.·t in Clwme. 
Hon. HARLE$ D. ,, ALCOTT, 

Director ...niterl fates Geological 1 'urcey. 



INTRO DUO rr ION. 

By C. R. AN Hr E 

This report i.· a full account of the Urystal Fall iron-bearing district 
of )lichigan. 

Th rock· of the diKtriet compri~ two group ~, ·eparated by uncon­
formities. 'rhe ·e are the Archean and the Algonkian. rrhe \..lgonkian 
in ·ludes both the Lower Ilnronian aucl the Upper Hnronian ·eries, and 
these are ·also eparated by uueouformities. The terms Lower Huronian 
and Upper Huronian are appliecl to the ::;eries which occur in this district 
becau:e they are b lieve<l to h long- tc the ~ame geological province a the 
Hurouian rocks of the north Mhore of Lak'.l Huron, and to be equivaleut to 
the Lower Iluruuia.11 awl Upper IIuroniau serie which there occur. The 
r asun: for thi • beli f c re fully giv'.ln in Bulletin 86.1 

The Archean i. • believe<l tn h • wholl au igneou group, and there­
for 110 ... timate of it· thi +u l ·s can h • gfren. It coYers a broad area in 
the eastern part of the diHtrict, and from this everal arms project west. 
We ·t of the maiu area there ar l two larg'.} oYal area· of Archean. 

1 he Lower IIuronian 8eri ~;.;, from th i ba ~e upward, compri1-1es the Stur­
geon cruartzit , from 100 feet to mor) than 1,000 feet thick; the Randville 
dol< mite, from 500 f,et to 1,500 fet::t thick; the Man fi Id .fat , from 100 
feet to 1,900 fe ,t thick; the Hemlock Yolcani • formation from. 1,000 feet to 
10,000 or more f ,et thi ·k.; and the Grov c:.}and formation, about 500 feet 
thick. YV- thus ha e a minimum thickue ' S for the erie, of about 2,200 
feet, and a po:sihle maximum thicku., ·s of mm· than 16,000 fe t. However, 

1 'orrelation papers, Archea.11 it)l(l Algnnkian, hy C. R. Vau Hii,e: Bnll. U.S. Geol. ~urvey No. 86, 
1892, pp. l.'36-199. 
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a large part of the latter i c~,mpo~ecl of -volcanic material. It i;-; not likely 
that the ~eclimeut • nt any one place are ai:i much a· 5,000 feet thick. 

The 'Cpper Huronian is a great late and . chist serie:, which it is not 
po:sihle to separate on th~ map into individual formatio11 • and it is impoR­
sible to 0 ise eYen an approximnte e ·timate of the thickne::-; of thi.· ,·eTie~. 

V ariou. igne u • r ck · intrude in an jntricate manner both the Upper 
Huronian and the Lcrn~er Hmonian erie •. 

The aim of the _following paraoTaph • ii::i to ketch Yery briefly the 
history- of the distri t. 

THE ARCIIIMN. 

The Archean 'OH ·i ·ts mainh. ~ of massiYe and ~chisto.,e •-granite. and of 
gnei se ~. ........ owher, in the Archean have any rncks of .,edimentary origin 
been discov reel. 'lh' ...\.rch an ha~ been cut by vari u -· iu·1ie011. · rocks, 
both ba ·i • and a ·id, at. cliffer nt epochs. rrhe e oc ·ur in the form both of 
bo.·. ·es ancl of dikes, the latter sometim ~::; cutting hut more ordinarily :l1<n~r­
ing a paralleli:;m to the foliation f the ·chisto~e oTanit .•. Th granit s 
mR't lutv form d far L ,low the snrfo,ce, and ther fore mu~t ha,~e b en 
deeply denucl <l. before th tran .,gressiou of the Lower Huronian sea. Tli _. 
Archean gTnnites and o·nE.i~ ·e • and the earlier intrusiYe.· alik have been 
profournlly m tamorph l~ed, and at Yariom, places hax, l een ·01npletely 
recrY~tallized. 

TIIE L WEH IICRONIA 8ERIE '. 

Th ~ turn· on quartzite, the fir t depo. it of the ad·rnncing , ea, \,"'h n 
formed ·on::--i:t cl mainh~ of ~ancl.'ton , but in place· at th k-;.. , of c:oar~ 
cmwlomerat . Th• eonrrlom ·rat-' is be ·t seen in th -• ~ 'tm·o·e<m Riverb r 
tonffu -'. Ebewh '>r _.v:itlen ·e . of eonglomeratic ·hara ·t 1r at th .l 1a· l of 
th formation i.· . ePn, mt th· metamorphi ·m ha..., 1 en :--o oT,~at a· nearly to 
de rt·oy th• p blJl •~. H( w 'Yer. in the ~ 

1 turgeo11 Hi,· 1r tougu l i. a gr _.at 
,:chistose ·ong·lmn 1 rnt whi ·h, while profoundly m •tamoq ho~e<l .ti11 gfrJ: 
eYidenc <f th· t1 ·rirntinn uf it· material from th olcl •r ...\.reh •,m r <'k.'. 
The :::-and ·ton-- hn-- l 'lll ·lumg ·d to a ·itreous lap,· ly r _.<:ry.-tallized 
quartzite, whieh n )\\ , hm\·:-- only here and ther, Y,wue ·vicl •uc of it; 
elastic char,1ct r. 

Th) ► 'tun.!· 011 fo11natio11 Ynrie · from prohably nwre tlurn 1,000 feet in 
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thickne s in the Sturgeon Hirnr tongue to less than 100 feet in thickness at 
places in the Felch "Mountain range, and is altogether ab ent in the north­
ea:tern part of the district. 

Iu the southeastern part of the district the Sturgeon quartzite is over­
lain by the RandYille dolomite. In the central part of the district the 
quartzite hehveen the Archean and the Randville is so thin that it can not 
be represented on the maps as a eparate formation. In the northeastern 
part of the fli. trict a quartzite resting on the Archean, but occupying a 
higher position ·tratigraphically than the Ran<lville dolomite, is overlain by 
an iron-bearing formntion. It appears, therefore, that the Sturgeon sea 
gradually overrode the district, and that at the time the Sturgeon quartzite 
was depo ited in the outheastern part of the area, the Archean was not yet 
submerged in the central and northeastern parts of the district. However, 
.·ince the quartzite resting on the Archean in the latter area can not be sepa­
rated lithologically from the Sturgeon quartzite, both are gfren the same 
forrnatjon color, but the later quartzite is given a eparate letter symbol. 
The quartzite color therefore repre ents a transgression deposit of the 
ame general lithological character, rather than a formation, all parts of 

which have exactly the am age. "\Y"hile nowhere in the di trict is there 
any rnarked discordance between the schistosity of the Archean ancl the 
~ 1turgeon quartzite, th conglomerates at the base of the latter formation in 
the . 1tnrgeon River tougue are belieYed to indicate a great unMnformity 
between the Archean aml th Low r Huroniau series. The chauge from 
the ~turgeon leposit: to those of the Raud·dlle was a trau ---ition. 

The Ranch·i1le dolomite i ,1 nonelastic sediment, and is believed to 
ma,rk a period of :-mh~ide11ce arnl tran:-;gression of the sea to the northeast, 
re:ulting in deeper waters for much of the district. Since the Randville 
dolomite hns ib-; full thickneH:-3 \n the Fenc lfrrnr just ea:-;t of the vrn tern 
Arch ~au oval, and does not app ',H' at all about the Archean oval a short 
distanee to the northeast, it io probable that the shore line, during Rand­
ville tinP, wa • between the,"' e two areas nud that thc.~ land arose somewhat 
abruptly towarcl the northeast. A the Raml-dlle formation has a thick­
n •,·: of 1,500 f et, it probably r"pre~ent$ n cousicl rable part of Lower 
Hurouian tim .:;_ 

:F'ollowiug the deposition nf the HanclYille dolomite, clepo its of very 
diff r nt ·lwrnder oecur in differ nt part: of the di 'irict. These deposits 
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are: (1) The l\Jan field formation (2) the Hemlock volcanic formation, and 
(3) the GroYeland formation. 

The l\lan field formation wa a mudstone, which ha ub equently been 
tran formed into late or "clfr·t. The Hemlock formation is mainly ac 

great volcanic ma , , includiuo, both basi and acid rock , laYa , and tuff: , 
but it contain also uborclinate interbedded edimentary rock . This for­
mation occupie a larger area than any other of the Lower Huronian forma­
tion and i perhap the mo ·t haracteristic feature of the ry ·tal Fall 
di trict. The Grov land i" the iron-bearing formation. It in ·lud s. i.deritic 
rock , ·hert\ ja ·pilitec· iron ore"' and other varietie • chara t ri._·tic of the 
iron-bearinO' formation" of the Lake Superior region. In· all important 
re pect • these rock are ·imilar to those of the egaunee formation of the 
)Iarquette ui trict, ,,rith th xce1 tion that in the 'outhea ·tern part of the 
Cry tal Falls dish'i t a ·:o iat :id with the nonelastic mat rial ther i • a 
con ·iclerable proportion of cla.. tic d po its. 'rlie Gr veland formati n 
contain· inn arh 1mt and pos ·ibly glauconite, from which it other 
characteri 'tic ro kB ·wer cle1fr cl. 

The Yariability in th character of the depo it overlying th Ran lville 
formation i::; probably au · .}<1 l y the oTeat volcanic out1 r aks in th w 'tern 
pmi of the fo,h~ict. Iu th ::;outhern and outheastern part of th area the 
d po ·it verlying the Rarnlville formation i th Man:fi ld ,"'lat and . chist. 
.l 01ih f :\Iichicran.un l\I untain anc.l of the ~!airfield area th 1Ian. field 
formation i replc c l along th :--trike by the Hemlock v I anic f rmation, 
whi h dire tly ov rlie:-; th lim stone for mo. t of th way ahout th we:tern 
4.\.rchean oval. Th ff:. ·t of the volcanic outbreak appar ntl ~ ... did not 
rea h ~o far a~ the u rth :.a:t rn part of the di trict. 

Y rlyi1w th l\fnn~fi .,Id formation in th 'outhea:tern I art f th di -
trict and th Handvill fmnation in th c ntral pmi of th li:·tri ·t i. the 
Groveland iron-b nring formation. In th l\Ia11 field . lat ar a th iron­
b aring rocks ap1 'i r n ar th} top of the Man._field formati 11 iutJrcalat d 
vtith the :--lat "· The Gr v lancl f rmation an not be • rtaiuly tra d 
forth r n rth than th north a ·tern p rtion of the we· rn .... r h an val. 
It i, appar ntly r--plc ••(1 alono· th t,trik b.... th} II ml k v l ani :-;. 

In th n 1rth a~tern part f the di trict th Gr Y land formati n, 
equivalent t th -r 0 ·nun e f nuatiou of the l\Iarqu tte di 'trict f 1ichigan, 

https://Iichicran.un
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is found above the Ajibik formation. The occupation, in the western part 
of the district, by the Hemlock volcanics of the same part of the geological 
column as the Hemlock volcanics ea t of the western Archean oval, the 
Mansfield slate, and the Groveland formation, is explained by the fact 
that in the western part of the district the volcanoes first broke out and 
there continued their activity longe t. While north of Crystal Falls the 
volcanic rocks were being laid down, the Mansfield formation was being 
deposited in the southeastern part of the district. This activity continued 
there through the time that the Groveland formation was being deposited 
in other parts of the district. 

From the foregoing it appear that the Hemlock formation in the 
western part of the district is equivalent: 

(1) East of the western Archean val, to the Hemlock volcanics found 
there and the overlying Groveland formation; 

(2) At Michigamme Mountain, to the l\Iansfielcl slates and the Groveland 
formation; 

(3) In the Mansfield area, to the l\Ian field slates and the Hemlock 
volcanics occurring there; and 

(4) In the outheastem part of the district, to the Mansfield and 
Groveland formations. 

The replacement of an iron-bearing formation by the great volcanic 
formation just de cribed i exactly paralleled in the Upper Huronian rocks 
of the Penokee iron-bearing series, where the pure iron-bearing formation 
i , replaced at the ea t end of the di trict by a great volume of volcanic 
rock., intercalated with slates and containing bunches of iron-formation 
material.1 

Following the deposition of the Lower Huronian serie the region was 
rai, d above the s a and eroded to different depths in different places. In 
the Fel •h Mountain range the only formations above the Randville dolomite 
are a thin bed of slate and the Groveland iron formation. In the north­
ea tern part of the district only a thin b lt of iron-formation rock remains. 
In the central and western parts of the di trict there i a great thickness of 
volcanics. This, however, does not imply a difference of erosion equal to 

1 The Peuokee iron-bearing district of Michigan and Wisconsin, by R. D. Irving and c. R. Van 
Hise: Mon. U. S. Geol. 'urvey, Vol. XIX, 1892, pp: -!28-433. 
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the difference in tbickne8 - of the· r ck. for: cloubtle"' when the volcanics 
were built up th re wa' contemporaneou sub idence, o that at the end 
of Lower Huronian time th re may hav been little variation in the 
ljlevation of the upper 8urfa of the eri ', but Yery great difference in it 
thickne~ •. 

TI-IE rPPER Iff'RO~.,.IA::S-. 

After the Lower Hur nian :;; ries ,va • depo ite l the di tri t wa~ rai ed 
above the ·ea may have been O'ently folded, and wa eroded t different 
depth"' in different part.;; of th li:-tri t. 

Followino- the earth movement and ro ion the water· for , ome rea on 
advanced oYer the di ·tri t and the Tpp r Hnronian eries wa • d po:itecl. 
The ba~al horizon was a ono-1 merate which has, hO\Yev r Yery different 
character· in differ nt part..• f th distri t. 

In the ea t rn halt w re .Ar h an ro k., the ~ turo·eon quartzit the 
~Ian ·field late, and th -x-rov Ian 1 iron£ rrnation. Upon the"e wa~ d po -
ited a anclstone which lo ally ,rn"" v ry fernwinou . Thi~ has :ub, qu nt]y 
been chano- d into a ferrugin u quartzit . The typical occurr n e f thi: 
quartzite i' at th ea:-;t end of th F lch :\fountain rano-e. It al~ ipp ar.­
between the Ar h an vah. in th northea tern part of the di. h·i t. If 
di tin t cono-lomerat .. ,, r f rm d at th 1 ottom of thi: quartzit , th y ar 
bmied uncl r O'la ial l 1 ~ifa or ha v disappear cl as the r ·ult f rn ta­
morphi "'m. 

In the we't rn 1 art of th lish·i t th ro kR of the Low r Hur nian at the 
. urface are th 0 Teat H ml ·k formation, an 1 h re th ba:--al hnriz n of the 

.,.pp r Huronian is a ·lat or slat onglom rat th fnwm nt:-- f whi ·h ar 
d riY d mainly fr m th ... nnd rlyin • II mlock formation. Th -.,anrl.ton .' 
and no·l 1111 rat . qui d upward into :hal R nnd grit·, whiC'h Ii,,. 1 n 
ulr qu lntly alt _,r l<l iuto mi ·n--.lat s and mi a-s hi:-;ts. Aft r a e 11:id .. ral l 

thickn ss of nnul:tnn nncl grit ,,ns cl :)p }"'it cl, ther follow· •cl ~ lay •r f 
c rnbin ·<l ·laHti • arnl non ·la~ti :5 dim nts, th latt :)r in ·lnding iron-1 ; rino· 
arhonat-,~. The:<: app ;lr to h . at a som what p r:-;i t nt horizc n arnl in 

thi b It < r f un<.l th· ir n-f• rmntion ro ·ks, and ir n or . in th~ pp "'l' 

Hm< nian in th Yi ·iuit:v nf ·,ry,·tal I◄ alh;. ,..\ho,· th : fi rruginons rn ·k: 
there wa: flepo;-;it ,cl n <1T at thi kn :;;~ f hal , and crrit~, "·hi ·h haY l ,. "'ll 

tran ~f, rmed into mi a-Jat •s and mi·~ -srhi~h;. 
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FOLDING OF TIIE ARCIIEAN AND IWRONIAN SERIES. 

The Crystal Falls district had now been an area of deposition for a 
very long time, and a great thickne s of sediments had accumulated. A 
profound physical revolution next occurred, the greatest since Archean 
time. The region was raised above the sea and was folded in a. most com­
plex manner. As a consequence, the more conspicuous folds vary from a 
north-south to an east-west direction. The closer folds in the northeastern 
part of the area are nearly north-south. In the central part of the area the 
clo. ·er folds strike northwest-southea t. In the eastern and southeastern . 
parts of the di trict the clo er folds are nearly east-west. All of these 
folds, however, have steep pitche . It therefore follows that the region 
was subjected to great compre sive tresses in all directions tangential to 
the surface of the earth, and that the yielding was mainly i~ one direction 
here and in another there, although on every fold there is evidence of yield­
ing in two directions at right angle to each other. Some of the folds are 
very close, as in the case of the H monian area between the two Archean 
ovals in the northeastern part of the district, and in the Felch Mountain 
range. In other areas-a. , for in tance, in the Crystal Falls syncline­
the major fold is somewhat open. However, upon the open fold are super­
imposed fold,• of a higher order, so that the detail structure is very compli­
cated. So far a. known, the district ha nowhere been faulted. 

Subsequent to or during the late tage of this time of folding there 
wa, a period of great igneous activity, probably contemporaneous with the 
Kew enawan. At this time there w<=1re introduced into both the Lower and 
the Upper Iluronian roclrn vast bo e aucl numerous dikes. The intrusives 
vary from those of an ultrabasic chara ter, uch as peridotites, through those 
of c ba •ic character, such as gabbros and dolerites, to tho e of an acid char­
acter, such as granites. 'rhese intrnsiy· , while altered by metasomatic 
change:, <lo not ,·l10w marked evidence of dynamic metamorphism-there­
fore the conclusion that they were introduced later than the period of intense 
folding, already described. 

A few illu, trations are mentioned. The Archean and other o-reat 
0 

ma , •if, are les, profoundly altered than are the softer and weaker deposits 
of the IIuronian. In the, e more rigid formation , such as the granites and 
quartzites, all pha 'es of alteration by granulation and recrystallization are 
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beautifully exhibited. The turO'e n RiYer area afford one of the be t­
known illu tration of a ·chi ·to· c nglomerate the matrix of which ha. c m­
pletely recry.~tallized and ther fore an not b di.·criminatecl from a Q'Ilei 
of igneou origin, but c ntain ~ num r u pebbl and bowlcler :flatt n cl in 
the plane of ·chi to ity. 

The ~r at Hemlock v l ani formation varie from rock whi h are 
g_ltere l chiefly by meta omati hang to tho. which have becom c m­
plete crrtalliue chi ti:, containino· no v tige, either macro copically or 
micro ·copi ·ally, of a textur r tru ture which may be interpr t cl a 
iO"neou'"'. 

B-..EQ ...ENT HI"TORY. 

After th intr du ·tion of the inh·u iY , th reo·i n wa ubje t cl t > Ya:t 
denudation, which redu cl it rq l r .·imat 1y to it 
Thi· peri cl of er ·ion continu l until lat ambrian tim "', wh n th : a 
ao·ain OYerrode th di tri t and d p ~it d upon the old r rock, 
brian • dim nt . Lona- aft r th~ d p :iti n of th . 1ambrian an 1 p rhap. 
later Paleozoi, ro ·ks the tfo;tri t w, s rwain rais d above th : "'H an l th 
major pmt ( f the ambrian d po:--it::; haY n r moYe 1, althouo-h th y ar 
found in patcl e • throuo·h ut m1u:h of th district, and o cur a · a • ntinu­
ou heet iu ·t -'U t of the ar a lit-ctvsed. 

The cfo5tri t may haY again b n :uhm rg cl in r tac u. tim • lrnt 
if. th <lepo ·its form d w r) r moY 1 d nfter the nrea finallr 
th ~ea. 'in· 'r ta • U"- tim., th r _)o-inn se 1 m~ to haYe h, n 11 of 
er ·10n. DurinO' th) Pl li:to • ne l _.rin<l a thi + mantl of o-la ial d p :it: 

wa • :pr a<l ov r th 1 entir <li~triet. Pl ist tiin _. 
advanced far n uo·h to un ·en- •r th rock: h

0 
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Th £ ldino- vari ll in it ·lo. p1ws.- in <liff r lnt part._· of th li tri ,t. 
~f reov r, the f< rnuttion~ ar f Y lry Ynriabl ~ ·hara t r, jucJu ling· a <,-r _.at. . , 

varietr of : dim nt: and >f ign •nu~ rock.·. rl he formation.·, t1Pr ,f >r, Yary 
gr atly in th ir apa ·it~,. t l r ~i. t . tr :,;~ .-. It thu.~ follows the t duriwr th 
folding pr ce ·s • rtain fornrnti m. yi .1ld )<1 to n mu h err at r d O'f, • than 
oth r •. Th amount • f ontain , 1 water and oth r • nditi u. w ,r ~ ~ 1:o 
variabl . ~ • a r.} ·ult f th s mauv vnriabl • factorN it i~ on of t1u m >.t 

charact ri.'tic foatur,. • ◄ f th .. li--tril't thnt ther nre t b foun 1 11 arl • all 
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varieties of metamorphism in variou stages of advancement. The working 
out of the details of the transformations of the different kinds of rocks 
during their proces. es of metamorphi m is one of the chief scientific results 
which has come from a study of the district. 

CORRELATION. 

In order to compare the succe sion in the Crystal Falls district with 
that in the adjacent Marquette and Menmninee districts, the descending pre­
Cambrian successjon in each of the three districts is here given in parallel 
columns, the formations which are thought to be equivalent being placed 
opposite one another : 

DeBcending snoceBBion of formations in the Jfarquette, Crystal Falls, and Menominee districts. 

MARQUETTE DISTRIC'.l'. 

Upper .Jiarquette. 

(1) Michig:uumo forma,tion, bearing a short 
distanco aboYo its base an iron-bearing 
horizon, and being replaced in mucl1 
of the uiatrictby the Clarksburg vol­
canic formation. 

(2) Ishpeming formation, being c01nposcu of 
the Goodrich quartzite in tho eastern 
part of the district. and of the Goodrich 
quartzite and tho Bijiki schists in th,} 
western part of the district. 

Unconforrnily. 

Lower ]larqttette. 

(1) Negaunoo iron formation, 1,000 to 1,500 
feet. 

(2) Siamo slate, in places includiug inter­
stratified amygdaloids, 200 to 625 feet 
thick. 

(3) ..A,iibik qnartzite, 700 to 900 feot. 

(4) Wewe slate, 550 to 1,050 feet. 

(5) Konn dolomite, 550 to 1,375 feet. 

(6J }fesnard quartzite,, 100 to 670 feet. 

unconfonnity. 

Archean. 

CRYSTAL FALLS Dl TRICT. 

Upper Huronian. 

(1) Michigamme formation,, bearing 

a short distance abov-e its base 
an iron-bearing horizon. 

(2) Quartzite in eastern part of dis­

trict. 

Unconformity. 

Lou-er Huronia11. 

(1) The Grovela.ncl forroation, about 
500 feet thick. 

(2) Hemlock volcanic formation, 
1,000 to 10,000 feet thick. 

Iu we,it rn part of clistrict nlso 
occupies the place of (1) and 

(3). 

(3) Man field formation, 100 to 
1,900 feet thick. 

(-1) Rand,i!le dolomite, 500 to 1,500 

feet thick. 
(5) Sturgeon quartzite, 100 to 1,000 

feet thick. 

Unoonfonnitv. 

Archean. 

!>IENOMINEE DISTRICT, 

Upper .Menominee. 

(1) Great Slate formation 

Unconformity. 

Lower M enom,inee.. 

(1) Vulcan iron formation con­
taining slates. 

1(2) Antoino dolomite. 

(3) Sturgeon quartzite. 

unconformity. 

...trchean. 

From the three columns it appear· that the equivalent in the different 
di trict: can be ma<l.e out with a c n ider·:tble degree of certainty. There 
are, howev r, various differences, du to several cau e . 

For Upper Huronian time, omitting the Clarksburg formation, the sue-
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ce ion in the ~farquette, Cry ·tal Falls and Menominee di trict. i.· . ub. tan­
tially the ame. The lar ·ksburo· formation in the Marquette di tri t may 
be omitted from con icl ration, b au"'e it i volcanic and replac -. in part 
the ~Iichigamme and I hpemin()' formation . The Upper Huronian wa. a 
great period of slate and oTit lepo ition. The chief differen e whi h ap1 ear. 
between the Menomine di"'h·ict and th other two di tricts fr that in the 
former no iron ore haY been foun l in the Upp r Huronian within the 
di:tri t proper, althouo-h "'nch rocks oc ur a short di tance to th t, at"T 

lommonwealth and Flor nee in '\Yi. con ·in. 
The ncce ion for the Lower Huronian in th thr e di h·i t can be 

paralleled with a hio-h deo-re f pr babilit r. The chief differ n e: are 
due to the di. turban e of th r at Y01 anic outbur t in th w :t rn part 
of the Cry tal Fall· di '"'tri t and to th uneven :urfac of th Ar h an land 
at the beo-im1ino- of Low r Hur nian time. A a consequence of th latt r, 
the water did not reach the w t rn part of th Iarquett di. triet and the 
northea tern part of the r:~ tal Falls di trict a early as th a "t rn part of 
the Marquette di tri t, th c nh·al part of the Cry tal Fall~ li:tri ·t, and the 
}Ienominee district. Th fran"'rrre .,ion of the Low r Hur nian. ea for th 
r a-ion c vered in the~e thr di:trict' wa th r fore from th . uth a:t 
t ward the northwe t. 

The eo-aun e iron formati n of th :\Iarquett di. trict is quin1l .1nt to 
the GroYelancl ir n formation f th r)~ 'tal Fall - di ·tri t an l th , Yul an 
iron formation of the Menl min di~h·ict. 

The iamo ,fat an l th Ajihik quartzjt of th l :\Ian1u tt .. di rt·ict are 
approximat ly eq1frrnl nt to th H rnlo k Yolea11ic forrnati n in mu h of 
th.. \~r 'tal Fall.· di ·tri ·t, 1ut in plac ' vd1 r th l latter f rmation ,lisp lac ' 
the ... Ian:fi lcl formati< n th y .. r l eqniYalent to onl r a part of the I-I ml rk 
volcani formation. 1 h .. '\Y '" :-.lat nf the ::\farqu tt ~ di. tri ·t i • ::.quival ut 
in the w ·t rn part of th 1ry~tal Fn118 di~h·ict to a part of th II ..mlork 
vnlcaui' formation and in th t--outheastern part of t11 di:trict i. pr .hahly 
qnirnlent to a part of th I arnh·ill ,lnlnmite. It npp -'nr: that th ~ (iamo 

~lat , Ajihik quartzit .. , and "\V ,P ~lat~ of the )farqu tt .. di. trict an<l th 
l\Ian~fi ltl arnl II ~mlnc-k formation 1f th rystal Fall:-; di._tri ·t ar • •quiv-
alent to n part of th ~\ntc in ,lolomit <f the I nomin _. cli:tri t. 

Th <>T nt tlolnmit, t~ rmntinn o ,urring in all of th ,li tri ·t: i~· . up­
P • cl to 1 • •quiYalent x .. pt that as jn:-.t explain cl th, cl po. itiou f 
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Umestone continued longer in the "' outheastern part of the Crystal Falls 
district and in the Menominee district than in. the remDinder of the region. 
The absence of the limestone and lower formation8 in the western two­
thirds of the Marquette di trict and the northeastern part of the Crystal 
Falls district is explained by the fa t that during early Algonkian time this 
part of the region was not submerg d. The Mesnard quartzite of the Mar­
quette district and the Sturgeon quartzite of the Crystal Falls and Menom­
inee di ti--icts stand opposite each other. 

From the foregoing it i apparent that the three di tricts together pre­
sent a mo, ·t intere ·ting and complex tructural problem. While there is 
sufficient , imilarity in the formation for one to feel considerable assurance 
of their general equivalence in the different districts, it is certain that the 
formati ns of imilar kind did not begin and end at the same time. More­
over, there are remarkable lateral tran ·ition in edimentation, as a result of 
the uneven surface of the Archean at the beginning of Algonkian time and 
because of volcanic outbursts. As a re ult of the fir t of these conditions, it 
i necessary to equate fragmental formation , which occur in the central and 
western parts of the Marquette rli. trict and the northeastern part of the 
Cry. tal Falls district, with nonfragmental limestones in the area to the east 
and ,·outh. Con:equ nt upon the Upper Huronian volcanic outbursts in the 
farquette district, the Michigamme and Ishpeming formations are largely 

replaced by the Clark.·burg volcanic. . imilar outbur t in the western part 
of the Cry tal Falls district in Lower Huronian time placed volcanic rocks 
for this part of the di. 1 trict oppo ite the :Mansfield slate and the Groveland 

iro1i formatjou. 
The foregoincr relation , combined "rith the great variety and complexity 

of th s diment • of the dif:ltrict, the pre:::ien e of many form of contempora­
n us volcani • clepo 'it., the intru ion of the widest Yariety of igneous rocks 
of various ag , · from Archean to later Algonkian tim , and the complicated 
folding and metamorphism to which th di trict has b .en subjected, will 
r a<lily •onvin • one that th working out of the detail structure of the 
district by U ,•srs. Clement , 1 myth, Bayley :\.ferriam, and others has not 
b 11 a ompli. heel without mo,it I aiu-,taking and laborion work, especially 
a. the r gion iH covered by timber or bru h and is over pread by a mantle 

of glacial deposits. 
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PART I. 

CHAPTER I. The Crystal Falls district is situated on the Upper Peninsula, of Michigan, and 
forms a connecting link het\Veeu the :Marquette and Menominee districts of Michigan. A history of 
the previous work in the district, accompanied by a summary of the litArature, is given, and there is 
reproduced a series of maps which indicate the development of knowledge concerning the distribution 
of the rocks and their structural relations. As explanatory of the locations given, the mode of work 
is described and the object and method of taiking magnetic observations is briefly outlined. 

CHAPTER JI treats of the geographical limits, structure, stratigraphy, and physiography. The 
portion of the district here described includes approximately 540 square miles. Structurally it is 
closely related to the Marquette district; the e sential features being a northwest-southeast set of 
folds, with a superimposed series trending northeast-southwest. The oldest rocks belong to the 
Archean. They cover an oval area which is surrounded by the Algonkian rocks represented by the 
Lower and Upper Huronian series. The Archean and Algonkian are overlain with strong uncon­
formity by rocks of the Cambrian division of the Paleozoic. The drift deposits of the Quaternary 
arc everywhere present. Only the pre-Paleozoic rocks, however, are discussed. The most noticeable 
topography is that of the drift, which in places is seen to ·be snperimposed upon pre-Pleistocene 
topoi:,rraphy. The maxirunm elevu,tion is 1,900 feet above sea level, and the minimum 1,250 feet.. The 
co~clusion is reached that this portion of Michigan before Glacial times had been reduced to the 
conclition of an approximate peneplain. The drainage is elderly by a few large streams which flow 
into Groen Bay of Lake Michigan. A small part is drained by streams flowing into Lake Superior. 
In portions of the area, the drainage bas rea,che<l au advancell stage) in other portions it is very 
youthful. The development of tho drainage is illm;trated in the case of the Deer River. The timber 

and soil vary much in character. 
CHAI'TER III treats of tho Arehea,n. The rocks of this age form an elliptical core, following the 

a~is of a northwest-southeast trending autieline. Exposures are few because of the superimposed 
drift. The Archean ii- overlain unconforruablj· by Algonkian ·etliroents derived from tho granite, au<l 

there 1s absenc, of contact action. These facts indicate that it was the floor upon which the oYer­
lying sediments wern deposited. Petrographically it consists chiefly of l>iotite-grauite. On the 
peripbory of the aren, a biotite gneissoid granite is ,cry well developed. ome of this at least is 
of dynaniic origin. The Archean i cnt hy acid and basic dikes which are now both schistose and 

massive. 
CHAPTER IV tre,1tH of the Lower I-.Iuronian series. This series is subdiYided into the following 

formations, from the base upward: The Raud\'ille dolomite, the Mansfield late, and the Hemlock 

volcanics. 
, ectiou I. The Randville dolomite i poorly exposed. It consists of quartzose dolomite, grading 

down iuto quartz-schist and recomposed granite. It has evi<lently beon derived partly from the 
granite, and is considerably younger thau that. Its relations to the overlying formations were not 
observed. The thickuess could not b re ue determined, but, in the area studied by Smyth, its maxi­
mum is about 1,500 feet. 

XXIX 



Ol-TLI..SE OF THIS ?\IO~OGRAPH.XXX 

, ection II. The )faustiel1l sla,te b lie::.t expo ed in the Yicinity of the town of th same parue. 
It here occupies a valley, through which flow· tho :Michigamme Rirnr. Petrographically this 
formation includes graywackes, clay slate phyllite, siuerite-slate, chert, ferruginous chert and iron 
ores, with variou metaruorphic protlnl'ts deri vetl from them. The slate predominates. The :\lanstield 
slates are intrn<led lly basic igneou • rock~: which Ullllerlie them. They are overlain by vokanies, 
which contain fragments of the late,,, aml are hence younger than they. The Mansfield sla.tes strike 
north an1l south an1l dip on an avera 0 ·e O:J to tho west. They represent the limb of a. westward­
dipping monocline. The ruaxiurnm thickness of th1· belt is 1,900 feet. Followed :outh away fro1u 

the point of maximum thickness it rapidly thins out uU<l llisappea.rs. In the 8late but a siugl,. ure 
botly of commercial importance has been foun<l. This is e:s:ploitetl by the one Bes,,,emer ore-producing 
mine of the di trict. The ore hotly is pr sumccl to have 1·esultccl from the alteration of a siclerite, 
and the concentration in a fa;rnra.ble po~itiou of thl' iron from the portions of the ferruginou. heels 
removetl by erosion. A possible l'Outinuation of th' :'.Iansfield slnte is suggested hy the occurrern:e of 
small outcrops of omewhat ·imilar :--latcs abont 3 miles lightly to tho west of north. 

ection III. The Hemlock formation consi ts almost exclusively of volcaniu rocks, both b:i ·ic 
and acid, with crystalline chi t • deriYe(l froru thelll. edimeutary rock play a very nnimportant 
rt,le. Exposure' are uumeron we t of the belt of previously describc1l rocks, an<l where erosion 
ha.'! removed the drift the formation has a marked influence on the topography. 'fhe thickne s is 
e:;tiruate<l from the dip to reach :!:3,000 feet, but tbi is prol>auly illusory because of rednplicatiou due 
tofol<ling. In the northern portion of the tli.t.riet the formation overlies the Rona. 1lolomite. Iil the 
southern portion it overlie conformal>ly the :\Iuuslll'ld fllaie. It is prolmble that Yolcanic acti,·ity 
begau in tbe north aud move,l !--Onth, and. that somo of the volcanic.:; to the north are con tempornneous 
with the )fansliel<l late . The ,olcaui • • ar1' cnt b,r a fow acid <likes Ba,sic dikes forming enormou 
1.,o ses of ba ic rock are of fre11nent occnrrence. The Yolcanic origin of the major portion of this 
formation is perfectly clear. ome of the Yolcanics are nllmarine. The greater proportion, howe,·er, 
were derived from volcanic ,·ant , which conltl not be locateu, bt1t were probahly situ:1.tecl near the 
Hnroniau sbor • line. The Hemlock Yolcauic • are didtled in to igneons autl setliruentary rock~. 'nder 
the igneou~ rock::-; the.re are dl•scriheu hotb acid arnl hn ic lava.i a,1ul pyrocla tics. Unuer the .-.,dimen­
ta.ry rocks there are de cribed voleanfr 1limeut both of eolian and water-depo'ited character. By 
extreme mern.murphi m cry ·tallinll schi ts have heeu produced from both igneoLlo and ·etlimentary 
rocks. Thi' at'id ,olcank. iuclutle rbyolite porphyrie a.ncl aporb,,ulite-porphyr~·. Tlw rhyolite­
porphyrr show intere ·tiug micrupoikilitic textnrul characters. ome of the porphy.rie • have lrnen 
rentl •reu ~ehi to'e by pressure. Achl pyrocln tic' n.re scarce and were derived from tbt• aporhyolite. 
The basic lava:-- corre ·pond to th· modern uasalts, They are much ,ilkretl. To iu1licat • the e facts 
and at the samo time how th 'ir correspou1lenc to the Tertiary and r 'cent ha alts, they are called 
"metal>asalt . ' The ba ·fr laYa incln<l uouporpbyritic, porphyritic, and variolitic typ •s. A columnar 
tructure wa not ohser\'etl, but an ellipsoidal trncturo is very eommo11. Thi tru •ture is dP. crihed 

i11 dl'tail arnl the onclosiou reach •11 that ba alts posses ing this strnotnr wer originally very 
vi con' aUtl <"orrespnml tn th1· motlnn aa lavas. The amyg1laloi<lal structure, whid.1 i • almo:-.t univer­
sally pr• ent in tho volcanic\, b de crib •<l arnl illustrated. The altero.tion of th l>asalt is di <·u •. ed 
awl pecial en ·es 1ks ·rilw1l. ~\. r •s11lt tif thi:,i alteration the textural as well a: the 111iueralo:.{ical 
characters ma)- ho co111pl t"ly clrnn,., ,1. an!l th1l vol<"auic origin of th· resulting ro1•ks coul,l not, be 
tfotcrmiued lint for thPir asso ·iation. 111 tho zouo of wca,theriug. calcitication i.-, the rontrollin1r 
alteration proce~s. In rod-. uwr J.eeply hnried, silicifi1:ation is tho prnce • wliich pr 1lornina.tcs. 
Thr p ·rudastic corupri e ernptiYe hrec 'ia. including ther m11lcr fri ·tiou hrcccia ancl flow hre<:l'ias: 

• allll volcanic etlimentary l'o ·k •. The eolian depo its, which a.re described a ... tutL, gr,ulo frorn Jiuo 
dn t tleposit • np into thoso iu whh-h the fragm uts a.re howluers. Tb, wat r-clepo it ·cl volcanic 
frau'mental are known as Y11kauic ou!!lom rates, arnl likcwiSl' grn,c'k from tho ...e uf which the part,icl :s 
arc of minnt :-.ize int<• tbo,e tif which th fra~m ots :ue or v •ry larg size. At varion-; plac H 

cla ·tic ro ·ks occur whid1 ar now ,d1istlls •, aml whose cxnct m111le uf origin-that i : whether eoliau 
or water tlepo.-ite1l- ·onlJ uot Le dett-rmiucll. Xormal :--etlimollts con Ltiug of IM· with lim,,stone 

https://llisappea.rs
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lenses form a lenticular deposit, iu the volcanics near the top of the formation. They are insignifi­
cant in quantity. 

Under the Bone Lake crystalline schists there are inclu<l.e(l rocks of completely crystalline 
character, but which hy field and microscopical study have been counecte.<l with the volcanics and 
are considered to have been derived from rocks imila.r iu nature to them. 

The rocks com.posing the Hemlock formation are little likely, owing to their somber color, to 
be much used for building or oruameutal purposes. They offer, however, an inexhaustible supply of 
the best quality of road-buil<l.iu~ material. 

CHAPTElt V treats of the Upper IIurouian series. This series is connected in the northern part 
of the area described with the Upper ~far<1uetto l'ierics of the a<ljoining l\farquette district, and is 
considered to correspon(l strntigraphically to the Upper .Marqnette. Owing to lack of exposures and 
to the intricacy of folding, the series could not be subdivided. It covers a great area surrounding 
the Hemlock formation, anll extends beyond the limits of the map. The exposures are scanty. It 
influences the topography only in ii very general wa,y, being for the most part he:1-v-ily t1rift covered. 
It; thickness could not be estimated. The rocks of this series . wrap around tho subjacent Lower 
Iluronian series. Tho line betwee11 them is un<l.ulatory. The indentations in the Lower Ruronian 
represent minor cross synclines, antl the protuberances represent minor cross anticlines. The most 
prominent fold of the series is known as the Cr_ystal Falls syncline. The strike of tho axis of this 
syncline is in general to the south of west, and pitches in the same direction. The syncline is not 
simple, 1rnt has rniuor rolls, as shown in various e.,posures. This folding has been .productive 
of extcnsi ve reilmngsbreccias. 'l'he fol<liug occuned immediately preceding the deposit of tho 
Keweenawan series in other parts of the Lake , uperior region. The Upper Ruronian is penetrated 
by intru:-.ive rockR of acid, iutermediato, and basic composition. The rocks constituting the series 
may be ,Uvi<lell into those of sellimentary and tho e of igneous origin. The sedimentary rocks are 
grnywackes, ferr11gi11ous gra,ywackes, micaceons, carbonac~ous, and ferruginous clay slates and 
their crystalline derivatives, and thinly laminated cherty siderite-slate, ferruginous chert, and iron 
ores. In two places rocks of conglomoratic nature occur. The extensive foldiug\vhich the series has 
undergone, coupled with the intrm;ions of the igneous rocks, Jias 1woduced crystallino schists from the 
nm<ls and grits. These are e.·tensively chweloped in the southern portion of the district in the vicinity 
of the Paint arnl ~Iicbigamme rivers. The igneou:-. rocks which bave penetrated the Upper Hurouian 
snhi,eqnent to the folding which affecte<l it are not described under the series. Interlaminated with 
tbe crystalline scl.Jists tliere are, however, certain rocks, now perfectly crystalline hornblende­
gueisses, wbic:h are pre1mrned to have re,:mltod from the metamorphism of either basic intrusive sheets 

or interhc<l<led flows. 
The economic dovelopmeut of tho district followed that of the adjoining .Menominee district. 

The exploited ore depOHits oceur 11ea.r Amnsa, and in the Yicinity of Crj•sta,l Falls. The ote is hematite 
an<l limouit<:. Tlie grade is non-Bessemer. Tho or' i a sociat('d with white and reddish chert, and 
this formation lil'S b(•t,ween <·arbonaceon slates. The ore bodies in genenll pitch to tlJe webt at 
varying angles, which co1Tespo11d to the pitch of the axes of the synclines in which they occur. These 
miuor fol<ls in turn corre,;poil(l to the western pitch of tile main Crystal Falls synclinorium. Tho ore 
bodies ;ir(• couce11trate1> iu syucliwtl tro11ghs, a' <le 'Crilic<l by Van Hise for other Ilnronian district8 . 

The mining is now for the most. part nn<lergound, and is carried on in open stopes. The greatest 
sllipm<·ut of ore froll1 tlto n.reu.1 including the Lower lluronian Mansfield mine, was 5 6,970 to11 s ju 

18H2. Th(• total tiltivment .for 18!)8 n,acbed 3:!3, l..J. loug tous. 
(;l!AP-Jm-t VI treatH of the int,rusives. There is here included a varied assortment of rocks 

. ' exhibiting iu common in{rnsive relations to the sedimentary and igneous rockl:l. The term "intrusive" 
il.'.I not to be interpreted as sy11011ymons with the "dike rocks" of some authors. These rocks a,re 
Ul'ver fonntl to penetrate tho Cambrian rocks, aud have not been affected by tho folding which ructa­
uwrphosell the Up}ler IIuronhrn sediments. They are presumed to be of Keweenawau age. The intru­
sives have iu some cases been iujecte<l along the ~L~es of the folds, these representing the lines of 
greatest shattering, and hence leaHt rc1.~dstanee. 

https://road-buil<l.iu
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In, ection I there are described a number of intrusive rocks which can not be connected genet­
ically with one another. These compri e ordinary biotite-granites, with roicropegmatitic varieties, 
mu covite-biotite-granite, metadolerite, metabasalt, and picrite-porpbyry. ,,nere the granites have 
intruded the Upper Huronian erie they have contorted the strata, and include and metamorphose 
the rocks, producino- musco-vite-biotite-<Tneis , and , taurolitiferous aud garnetiferous mica-:,chists. 
The metadolerites po e:,;s no pecial points of intere t in them elves, but where they have intruded 
the )fansfield slate they have can. ed interesting exomorphi m. The slates are converted into 
adinole , .·pilosite ,and de ruo<1ite . Chemical nnaly es indicate the chief change which ha taken 
l)lace in the production of the::-e rock from the cla~· slate to have been in the increa e of silica and 
oda a the contact i approached. There ·eem thus to have beeu a direct transference of . odium 

and silicon from the igneous rock to the edimentary. Tho ruetabasalt dikes are of little intere. t. 
The ultrauasic picrite-porphyries are extrt•mely altered. This alteration has produced in one case 
chiefly tremolite and in another erpentine. ne of the e serpentine picrite-porphyries i polar-mag­
netic. The picrite-porpbyrie are pre umed to hase containe(l a vitreous base, and corrc pond to the 
modern Tertiary liruburgite. 

In ection II there is rriYen a. study of a aerie of rocks varying from tho e of intermediate 
acidity- tbrongh those of ba:;ic compo ition to ultraba ic kinds. The exposure of the rock are 
found in a.u area underlain uy the Cpper Huronian eries. extending from Cry "tal Falls 'outheast to 
and a hort di ta.nee b yond tho :'..\Iicbig-amme Ri\·er. The prevailing rock are, on tlrn one hand, 
diorites of intermediate ucidity, rangi111r to more acid rocks, tonalites, <1ua.rtz-mica diorite , and 
granite. On the other hail(l, w lrn,Ye hornhlrnde-gabbro , ga,bbros, uorites, and, 1: tly, per~dotite 
of Yarying 1Uinernlogical character. Only tho e kimls of rocks of which anal~·ses have been obtained­
mica-diorite, hornhlenlle-gahbro, norite, and wehrlite-are di 'CU sed. The cliorite are holocry­
. talline rock · of medium to coa1"e grain. In texture they how ome variation from tho::-e which ar • 
hypidiomorphic granular to tho e in which th texture i imperfectly ophitic. A faci of the dioritic 
magma there are tl eribed diorite, mica-tliorite, <1uartz-mica-diorite, tonalite, and pla.,ioclase-b aring 
granite. A quartz-mica-cliorite-porphyr~· occur in narrow <likes cutting- tho rnica-diorite. Analy i: 
of the mica-diorite how it to tand upon th• horder botw on the lime-soda feld par rocks an<l the 
orthocluse rock . Tbegabbro and 11orite-. are holocrystallioo rock of moderately fine to coarse grain. 
They how coo iderable variation iu textnr . The hypidiomorphic granular te~'"ture predominates, 
hut -orue few show a, "OO<l parallel texture. 0th •rs are noticen.l>ly porphyritic, a few ha,e poikilitic 
texture , antl le commonly ther i,.; an approach to th ophitic texture. llornhlen<le and labradorite 
i the mo t common mineral as ·ociation, rriving typical horubleo<le-gabbro. .A monoclinic pyroxene at 
time become abnnda.nt, giYin.r a trau ition to the nonual gabbro. Bronzite at time is th promi­
uent ui ilicate con tituent of thes rock , g-iviuo- bronzite-norite. .A uronzite-norite-porphyry al o 
occnrs. Locally the horn blend •-gahbro ha be u cru bed, an<l there is produced tber from a chi to e 
rock which repre nts a tran ·ition ton h1irublende-gnei1:>s. Of th<•so rock the horubleud -gabbro was 
fir:-t formed. It. wa,; intru<letl h)· normal ~abhro, nntl hoth of these typ •.· w re theu cnt liy cliko of 
bronzite-norite arnl bronzite-norit -porphyry. The rocks inclnded under the peridotite. show con-
iu rable miucrnlog-ical Yariatiou. Tln:re i produl'ed an amphibole-poridotite, which, when augite 

b •corne predominant ~ratle-; to wehrlit •. Thi in it' turn becomes fel<l pathic, antl indicate a tran­
'itiou to olfriue-irahhro. The amphibol •-peritlotite also becomes feldspathic and qnartziti<:, iodicat; 
iug a, tram,ition towanl diorit '· "-h o th order of crystallization of th• minerals compo ·ing the 
1rra.nnlar rock of tlrn entire eri1:s «1 •. ·rihed ahoYe is <·ousidored, it is he<•n to lrnve b •en a. follows: 
Bronzit is apparently the ohl ,t. The oli\'iD and monoclinic pyrox •ue corn u xt and are of t:s. en­
ti111ly the am age. .\Ii ·u. and h >ruhlt•ude follow, and are coutemporaneon . Then come plagio­
clasc. ortbocla e, mul 11nartz. .\. ·ou-.ideratiou of tho chemicul annlyi--' • of th• rock abon de cribed 
how them to helon~ ton erie rnu~ing- from a tliorite, on th on· band, to hornblende-rrahhro and 

norite au<l to p •ritlotit1· on the othn. On the acid ide of the Aerie. variation are hown micro copit­
ally, but of thes rocks ch mical analy baY' not been ohtaincd. It is not possible to tat which 
of the rock lllO t n •arly rt·semhle in it compo::-ition the original magma of which the different 
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types represent the clitferentiation products. The hornblende-gabbro is that type which apparently 
first reached its present geological position. It wa" followed in the acid part of the series by the 
diorite, which in its tnrn was succeeded by the diorite-porphyry. Along the basic series hornblende­
gabhro was succeeded by gabbro, followed hy the bronzite-norite aml the peridotite. In general the 
forces of differentiation hnve been toward increasing acidity and increasing basicity. 

PART II. 

CIIAPTER I treats of geographical limits and physiography. Tlle geographical limits of the area 
described are given an1l a brief statement made concerning the conditions under which the work was 
done. In the preliminary sketch of the geology the rocks represented are ,-tated to range in age from 
Archean to early Paleozoic. In that part of the district north and west of the Michigamme RiYer the 
.Archean is exposed in several regularly outlined oval areas from 10 to 12 miles long and from 2 to 6 

miles wide. The intervails hetween these ovals are occupied by highly tilted metamorphosed sedimen­
tary and igneous rocks of Algonkian age. In the sonthem and eastern portions of the district the edges 
of tho tilted rocks arc covered by the gently dipping Cambrian sandstone. ~evertheless, field work 
shows that the distribution of the Archean in ovals, which is so characteristic for the areas north, 
also holds here. The chief surface feature is a rolling plain, which slopes gently to the southeast, 
and upon ,vbich is superimposed the glacial drift with its characteristic topographical f~atures, 
multitndinous in variety and detail, but insignificant in relief. Whilo the details of the topography 
aro mainly glacial, the bro11der fo11tures have often clearly been determined by the presence of the 
more resistant Archean an<l Algoukian rocks. The tlrainage is to the southeast, mainly into Lake 
Michigan, through the Michigamme aud the Sturgeon rivers. Detail~ of the <lrainage have been 
determined by the distribution of the rocks. It is interesting to note that tlie Michigamme flows 
along the eastern edge of its drainage lJasin, having no eastern tributaries. 

CHAPTER II trea.ts of magnetic observations in geological mapping. Certain of the rocks 
occurring in the Crrstal Falls district contain magnetite in such quantity that they have a ma,rked 
influence on the magnetic needle. Advantage is taken of this fact in the mapping of the rocks where 
exposures are wanting. The instruments and methods of work used iu making magnetic ol.>servations 
are described. Facts of observation are mentioned, and general principles are laid down. Applica­
tion of these principles to special cases is tbell considered, ;1,nd finally a description of the method used 
in the interpretation of complex. structures follows. 

CIIAPTER III. In Section I the position, extent, nnd previous work done in the Felch Mountain 
range is describecl. .An abstrn,ct of tho literature covering the area is given. 

Section II contains a general sketch of the geology of this range. Tbe rocks range from Archean 
to early Paleozoic. These last are not considered for the present. The Archean is distributed in areas 
which represent the cores of large arches formed over the whole region by mountain building energy, 
and subsec1uently truncated by deep CamlJriau denudation. Tlie rocks, chiefly of sedimentary origin 
intermediate between the Arcliean aucl Paleozoic, to which the name .A.lgonkrnn is applied, occupy a 
narrow strip ranging from n, mile aind a half to less than a mile in wi<ltb, and extending east and west 
for a distance of over 13 miles. This strip constitutes the Felch Mountain range. It is bordered on 
the north and sontb by the Archean. Tho lowe ·t part of the .Algonkian occupies parallel zones next 
to the Archean hotll on tlle north and on tbe south, and is succeedccl tO"'-?ard the interior of the strip 
by the yonnger wemlJcrs. Tllo geueral structure therefore is synclinal, but is not simple. The strip 
contains two or more synclines separ::1tecl lJy anticline . They have like"~i e been affected by cross 
folds, which give a different pitch to the axes of the ea. t and west folds. The structure is also compli­
cated by faulting. The Algonkian is divided into two series separated by an unconformity. In the 
first occur, from the lla,se upw::trel, the Stnrgeon quartzit1•, the Randville dolomite, the Mansfield 
chist, antl the Groveland iron formations. AboYe these follows a younger series which is undivided. 

Section III treats of the Archean. This limits the Algonkiniu rocks on the north ond south, and 
is very well exposed. Tho topogra,phy is very rough. Usunilly, but not ttlways, a, topographical 
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<lep ~e;-;:-ion, ocenpied by a i:.warup or by a stre, m, c:x:i t • along- tho contact between the Archean and 
the Algonkian. Petro 0 -raphically the Archean con. i ts of (1 ) granites or granitic gnei • es, (2) 

gnei ~es, (3) mica- ·chist , (•i ) horubleude-guei' ea, or amphiholite . Th, granites po se-... the u ual 
character::-, of :--nch rock . Tlie gnci oitl members of thi tlh-i ion are merely crn-hed granites, 
autl are connected with the massfre rock, by in<li. tinguishnblc irr:-ulation . The gn •isaes are: banded 
laminated rock , th" mi1wral ' of which h:ff crystallizo<l iu para.llel elongatetl forms. ubse11ueut 
to cry,tn.llization they hnv • been acted on by great tre aes. The mica-scbi t are e,·An, meclium­
grainecl ro ·k, with generally well-<leYelope(l ebistosity. The original character of the:-e s •bi ·ts 
i:-, wholly indeterminable. Their relation hip with tho granites and gnei e is perhap a r a on 
for re~ar<liu!!; them as dcrive,l from orin-inally ma siYe granites hy dynamic ruetamoqihism. The 
horublende- 0 ·neis cs! or amphiholit -.., aro black or tlark-green rocks, which are uni,·er.·ally folia.te1l. 
They occur in narrow ha1ul in the granite-; and irncis-.e . Thuir honuclarics nro . harp noel frequently 
cut the foliation of the amphiholites .. ml of th, ~uei • e . The fio](l relation ns well a the composi­
tion of the amphibolit •.-- leails to the ·on }u,-iou that they nro old dikes of hn.-ic rock. which hnYe 
l11•en uwtamorpbo e«l aml re rystallized. 

Section IV treat of tho sturgeon quartzit'. The . turgeon formation is the mo t wi<le ·pr a.<l 
mt•lllher of tho .\.ln-onkinn eri " in the F elch ~Ionntain range. It occurs in two parallel zones of 
Ynryin~ width, immediately ndjoiniu~ th• .Archean to the north nn<l to the south, except when 
,li..,plac"d from thi,, position h~· fault,.,, It i fnil·ly wt'll exposed. It frequently form:- di. tiuct liuPa.l 
ricl;;e ·, which, with hut f w xception!;, elclom rL e to tho m nn altitude of the nlljoiniug Archc'.an. 
nwiu...,. to the completeue..; of re ·ry,.,tallization, th ori...,.innl sedimentary fontur ::. haY, alnw t been 
ohliteratcll, so thnt it is tlit1hmlt t, tiu<l plnce 'Hitablo for clip obser,ations. "' nffident t1ips hnse 
oe •u fonncl to ,how thnt .... nhordiuat folds oc,cur within the c1uartzite. The . Ycra~o thicknes. is 
probably not Je,., • than 150 f • t, and may h more. Petrographically tho forma.tion iuclutle ma,.. ive 
,pmrtzites and mn~betl qnartzit s or micnc"on tiuartz-schists, in some of which the r lntions of the 
qnartz pre ent unn n 1 featnn . 

Se •tion Y. The Rauddllc dolomite, con~L tin~ of cry ·tnllino dolomitic rock , overlie:, the 
turgeon quartzite. The Rnntlvill tlolomit' conr a larger sbnre of the surface iu th Felch )Iou11-

tnin rau~e than any otbor melllbcr of the .\.l~onkian. Xntnral exposures are fairly numerous n11d 
very evenly 11istribnti'.:1l. ~Ioreon~r, t t pit aml diamoncl-drill boring · bn.v-o . hown th,., pre.,ence of 
tho formation in th cover d ar a,. Relatively the dolomite i a weak rock, nnd occnpio r ·lativcly 
low ~ronntl. An verag1! thickn ... of 700 fo t is e-;timntcd for tho Hauclvillo 1lolomite within tho 
F lch )fountain ran~e. P •trogrnphically thn forma.tion cousi t of n, mtber coarse-grained, thorougllly 
cry,tnlliu tlolumite, with mor" or l ... ,.. abnn<lant cry tnls of trcmolito and a 1mmher of oth r mineral 

of minor importnuc . 
S::ection YI. Th )fau•di ltl chi ·t i. only expo.;; d in c rtain t st pit . It pre enc bas also 

be n d termiued hy diamond-drill boring . Th1l thickne is o small-not more than 200 feet-that, 
thon;h it weather-.. r adily, it pro<lnc ... uo noti~cnhlc effects on tho general topozraphy. P •tro­
O'r pbicnlly it con ht of tin -~rained mic. -run:;covit1• or mica-~iotite- chist , probably <leriYecl from 
th metn.mor11hi m of n cla c" c. It .... how nothi1w of t•spccial interest . 

..,e tion Y.II. Tb, ,ro,olautl formatiou i • magnetic and has been traced by mean of compa an<l 
dip ne clle. Excellent 11:1tural n ... w 11 n... uumeron artilicinl exposure reuclor th data cone ruing tlle 
di tnhutiou of th, form tiou very.., ti nctOQ' • Tho mo t prominent hill in th· Al,,onkian belt owe 
their relief to the fact thnt they re nn,1 rlai11 hy the Grovelaml formation. Petrogrnphically we may 

recognize two main kind of rock. Th• ti--nal kind ·011 i~t of quartz an<l the anhydron • oxide of 
ir n. while the other and much r r •r con bts t>~"'e11tially of an irou nmpbibole with qunrti un<l tho 
iron ox.id a as ocintea.. Both of the ki11,l nre clearly of dctrital ori~in. Th cooclu ·ion is 
r 'ached1 l,a cu OH certain micro·· opi ol stru •tnr , that iron and ilicn were originally pr eat 

lnr •ely in tho form of ~l nconite. 
~ ,ctiou YIII. Mi n- . hi t ud forrngiuon qn.nt:Git •:; of th Upp r Hnroninn ~rie 0 'CUI' in 

the ,tern part of th F"lch Mount in r u~e. Tht rocks con titutiug th -..crie • nr oft iron-
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stained ruica-schi;;ts, with thin, interhanded lle<ls of ferrugiuous and micaceous quartzite. Neither 
kind .·hows traces of elastic origin. From their structnre and general relations they are believed to 
have been dnived from sedimentary rocks hy metamorphism. 

. ection IX. Tho Algonkian rocks are cut by intrnsi-ves, among which bot.h acid and basic rocks 
are representetl. The a.ci<l rocks are granites occurring in narrow dikes. ~o dikes of granite are 
kuown to cut the Ramh·ille or 1fansfielcl formations. 

CHAPTER IV trf'at • of the Michigamme :Mountain and Fence River area.-.. These areas occur in 
the central part of the district. In the Fence Riv1•r area the structure is very simple. In the Michi­
gamme Mountain arPa the structure is complex. 

'ection I trcati; of the Archean. Th~ prevalent roek is granite, cut by acid and basic dikes. 
, ection II treats of the , tnrgeon formation. This is scarcely known as a distinct Algonkiau 

member in this area apart from the Randville formation. In one section purely elastic sediments 
were observed, for which it is convenient to rernin the name. These es:pO!mres consist of slates ancl 
graywackes, with some layers of a coarser texture. 

Sectiou III treats of the Randvillc dolomite. In the Fence River area the dolomite lies on the 
ea:st side of tho Archean all(l occupies a. belt ahout on<'-half n~ile iu width, an<l extending from the 
nwnth of tho Fcnco Rivor :tbout 10 miles to the north ancl west, where it leaves the portion of 
tbe district studied. In the )Iichiga.mmc :\Ionntain area the dolomite tops the low arch in a, broad 
crumplecl sheet. The forma,tion in tho Fence River area occurs in an eastward-clipping monocline 
with a number of minor plications. .An a.veragn thickness of ahout 1,300 feet is estimated for the 
formation in this area. In the scattered outcrops of the 1Iichigamme ~Ionutain area tho dolomite 
strikes and ,lips toward all points of tho compa s, caused by the gentle arching from the general 
northwest-southeast axis, combined with sharp local folds which run nearly east and west. Petro­
graphical)~· tho formation ranges from coarse saccharoidal marbles, souietimes ,·ery pure but mmally 
filled with sccornlary silicates, to fine-gra.ine<l, little-alterecl limestones, which are occasionally so 
impure as to be calcareous or ,lolomitic sandstone and shales. The pre,•alt>nt colors are white, but 
Yarious shades of pink, light ancl deep blue, and pale green occur. ome of the varieties are oolitic. 
This structure cloes not seem to have been noted proviou to this in limestones of pre-Cambrian ago. 

ection IV treats of th,, Mansfield formation. The typical locality of this formation is in the 
vicinity of the Mansfield miue, whicll lie: to the we ·t of the district stnclied. Where it occurs in the 
)!ichigammo Mountain u.rca, tho formation consi ts of phyllites or mica-slates of various colors. The 
ttucturo of this aroa is so complex and the outcrops o few as to forbid any hut an approximate 

outlining of the general boundaries of tho formation. The geological position of tho formation is 
free from donl>t. It ovorlics and passes downward into tho RandYille dolomite. The formation docs 
not seem to iufluonce the topogra.phy. Like the precocling- one, it, ha been extewiively folded. 
The averagE' thickness is probably not less than ,100 feet. The mica-!'llates or phyllites possess no 

esvecial petrographical lntort>st . 
. ection V treats of tho Hemlock formation. The )lansfiel<l formation of the Michigamme 

Mountain area changes along the stukt' into rocks of a. different cbarader, to which the above name 
is given. In the Fence Rivor area it occnpies a. belt b tween 2,000 and 3,000 feet iu width, between 
the Randvillo clolomito 011 tlle west aml tho Grovelan<l formation on the east. The best exposures 
occur 011 tho sections mad 1,y the l<'enco River. No folds have been ob er,-ed within this formation. 
The thickness probably varies from O to 2,300 feet as a, maximum. Tho rocks of tho formation are 
<·biefly cbloritic and ophitic schists, with which are as'ociated schists bearing biotite, ilmenite, and 
ottrelito; greenstone, conglomerates or agglomera.t •s, and amyadaloids. The general character of the 
schi •t are (1) a groundma s composed of cblorite, t1unrtz, magnetite, e1)icloto, and in somo cases 
plagiocla e miorolites, and (2) tho prmwuce in this groundmass of much larger porphyritic individuals 
of several secondary minerals. As evidence of th· origin of the;;e Hohi ts, fir:t, there is tho absence 
of rocks po ·~e ·sing any seclimen tary character~; nt-xt l:was and also greeustone-conglomcrates or 
agglomerates are nndouhteclly prc:-wnt in the aerie ; furthermore, the mineral which compose tho 
schist are those which woulcl resnlt from the alteration in connection with dynamic metamorphism of 
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igneous rocks of basic or intermediate chemical composition; and finally, the grain and character 
of the groumlma.ss, and in some slide- the pre ence of l)lagioclase microlites disposed iu o,al lines 
point directly to au igneous origin antl to consolidation at the urface. Tho conclusion is reached. that 
the Hemlock formation of the Fence River area is composed of a series of old lava flows varying in 
composition from acid to basic. 

Section YI treats of the Groveland formation. This is of wide extent throughout this part of 
the Crystal Falls di.strict, lmt it outcrop· are limited to three localities. Its distribution has been 
determined by moan - of its rua•Ttietic properties. It is not topogmphic'ally prominent, except in the 
Iichigarume )fountain area, where H form-; part of .Michig:1111rno Mountain. In the Fence Rinr area 

it is probably not folded. It tllere clip· to the Ni.st. At )!ichigamme Mountain it i - found in ~c,eral 
well-marked fol<ls. The thickne-;s of the formation is estimated to he approximately 500 feet. The 
rocks are interbamlcd ferrnginou quartzite and nctinolite and griinerite schists, which -till contain 
e,iclence of detrital origiu. 

CHAPTER Y treatg of the Northeastern nrea a.nu the relations between tho Lower )Iarquettc and 
the Lower Menominee. Tlic territory included in tile :Kortbeastern area e-x,tends from tl1 • northern­
most outcrops of the Fenco RiYer area to the northern end of the Rcpulllic trough, a distance of ahont 
11 miles. Outcrops ar<' scarce throughout this nroar and the main conclusions are drawn from tlie 
magnetic work. Through the structura1 and lithological results of tho magnetic work the gap 
l.,etween the :Marquette aud the Crystal Falb di triet is bridgetl, and it is shown with a hio-h <le!!rce 
of probability that the Xogannce irou formation of tho .Marquette rnuge is identical with the GroYe]aud 
iron formation of the Felch ~lonntain rnug . 

CHAPTER YI treat of th tnr~eon Rh-er t~)ngne. In the southeastern part of the Cr~·!--tal 
:Falls tlistrict .ind ji1st north of tho Felch Mountain range a tongue of fragmeutal rock extending 
ea twarcl lrns been ~tudied. The extrem I ngth is 1:? or l~hniles. Its width at its ea tem encl is 1½ 
miles; to the west it wid ,us rapidly. It is hounded both to the north and to th sontll 1,y Arcltean 
granite and schist ; to the oast it is o,·erlain oy Paleozoic sandstones an(l limestone • aucl at it we-.t 
end it is covered by glacial depo ·it::.:. w·ithin the tono-ue two mall grauite islands occnr. The 
Archean or Basement Complex rocks comprbe gneis ·oid granites, horn hleude-schists, ancl hioti te­
schist . which are cut by dikes of !!reenstone and granite, and min of quartz. The cdimentary rocks 
corupri e conglomerate arkosi: , quartzitos, ericite- ·chists, clay t:.lates, rocks that are probably 
tu!aceous, dolomitic llml•9toue:-1, and cnkarcons samlstonl's and slates. They may be 1lividecl into a 
conn-lomerate series a.nu a dolomite erie . From the distribution of the expo~ures of the two ~cries 
it i • concluded that tbe con~lomernte ·erie::; is tho older, and that conformably a.ho'°e it follows the 
dolomite serie:. The two form a westward-pitching syncline. Tho conglomerate serie:-, noel the 
dolomite serie. a.r correlated respe ti, ly with the Sturgeon quartzite and the Randville dolomite of 
be adjoining ·Pelch Mountain range. 
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THE CRYSTAL FALLS IRON-BEARING DISTRICT 
OF MICHIGAN. 

PART I. '.rHE WESTER PART OF THE DISTRICT. 

By J. MORGA 'LElIENTS. 

CHAPTER I. 

I TRODr TION. 

Th pr . nt r port is an account f a portion of the ry.~taI Fall di -
tri ·t of l\fj ·hi<ran, so ·alled from th mo. t important town, Ur tal Falls, 
the count , at of Iron 1ounty. Th iron-b aring district along the Paint 
I iv i·, n ar th->. it of th town of •r~.,. ·tul Fall,", wa fii"t called in literature 
the Paint Riv r dj, trict by Brook:. 1 

: H n a' the town was begun, about 
1 0, th l n<- m of the town wa. appli d to the di. trict. 2 It is ituated 
011 th l l Pl ~r P nin.·ula of Mi ·hio·an cH~joining the north a tern border of 
\Vi:c u:in, ancl ,·erv 1: as a link conne ting the two well-known iron-ore­
prnclu ·i1w clistrirts of ~IichiO'an, the ~farqu tt , and the l\Ienominee. The 

\ ~.-tal Fall.· di:tri ·t i.· of it.· If of condd ral I onomi importance, as 
will h ,· 1 11 though 11ot <l :orving to h rank :1d with either of the two 
al ove-rn _,n6oned iron di, 1tifrts. incl-' the g ological relation, of the rocks 

' Tho iron-hearing ro<'ks (economic), hy T. B. Brook : (tool. ,'urve:r of Michigan, Vol. I, Part I, 
I~n, p. 182. 

• Rept. 'om. )fin. ,'tnti tic:,; Mich. for 1 1, p. 222. 
.11 
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of the :Marquette di tri t lulYe now be n a ·c rtained, 1 it i hoped, by mean 
of the determination of the u ce ·i n in th intermediate r tal Fall 
di h'i t, that the Ienomin rock may b closely correlated with tho.~e of 
the ... larquett di tri t. 

The a curat delimitation of the ir n-bearing or coal-bearing forma­
tion , or any other formati n" ontainino· valuable mineral product:-,, is of 
ine ·timable Yalue to miner" and inYe.:ton-:. In the iron di trict. f ili ·higau 
alon innumerable te" t pit' ha-ve h en ·unk in areas of olid granit , ancl at 
great di tanc out id of the I 8 ibl iron formation , thus wa, ting large 
·um.~ of money. lthotwh the iuwstigatiou,-- caITiecl on in the ry,•tal Fall 
di h-ict the re ult. · of whi h ar h r r ord d clo not enabl 1v t point out 
definitely th plac ' , ·here the pro.·p tor will find iron cl po itK th y have 
euabl d u • to d limit in ( broa l wa ~ th~ -variou formation ·, and warrant 
the . tatement that iron <l I oi,;it • nrny ur in c rtain area. and that the 
prospe tor will as:me(lly n t fiml iron lep ·it in ertain other 

The opportunity f ·tudy-iuo· th ry:-;tul Fall, di 'frict wa: given m 
through Prof. . R. an Hi ~ . In the pro ·e ution of the fi ~ld tudi ' c nd 
in the pr paratiou of the r port. I haYe aYaile l m.. ... lf of hi, aclv-ic .. and 
'"'ugcre 'tion ·, which luw b n o· n rously offer d and whi h hav b n 
found of crreat t Yalue. 'Io him I am rno:t deeply indebt d. 

The r port i'-i ha~ l not nly 11 my mn1 fi ld work, hut aL,o 1 th 
field work lone by a number t f oth r g ol O'i 't v h s n t 1 ok.' hav 
h n placed ~ t my di ·p() ·al. Th .. nam • f the · g ologi t may 1 fo nul on 
pacr 22. m no' th m th not ~ of ... Ir. \V. .i: . Ierriam and Dr. ,\~. 1 

• 

Bayley has b n fouwl ... p ially Yaluabl . )Ir. :i\I rriam, a. :-;i,t:. 1 by Dr. 
Bayle ... ,'p nt a :4 a.·on in doincr - r . ... d tail d w rk on th ar a ·h ► ,vn on th 
k t ·h map at th b ltt m of PL III 1 t, )n r rstal Fall: and )Ian. fi ..11 

an l fr m thi • point northw , t t ;: n di ~tan· b .rornl Amnsa. Th nuw­
n ti· lin : repr .-;• 1ute l in thi" part w r l trc • d by ~Ir. )I rriam, an<l th 
o- ology in o·eu ral 1. th :--am .. that h outlin cl on hi: final fi lcl 111c 1 

I ,vi:h to thank ... fr. 1
. K. L ith. who ha: b n of th gr at ·t 11 ri ·al 

a ·si ·tance and Mr. E. 1 B .. h l y whom th maps , r drawn· al. ~fr.• 

1 The Marquette iroo-b aritw di trict of l\Iicbiaan (preliminary), by C. H. Yan lfhm nn1l W . . '. 
Bayley· with a chapter on the Repuhlic Tronrrh, hy IL L., myth: Fifteenth Aun. H pt. ~. :~. <,eo1. 
._urvey, 1 95, pp. 477-6~0. Ibid. (1inal), Ion. . '. ,.eol. 'urvey, Vol. XXVIII, 1 97. 
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,r. L. I idgway, by whom the color d plat of natural ize specimens were 
prepar.,d. 

PRE IOU8 WORK IN THE DI -. 'l'RICT. 

On aceount of its comparativel ~ ~lig·ht ronomic im1 ortance, and also 

ou account of it· i. ·olation, v :iry littl l work of which th re. u1ts have been 
publi.·hed was don in this diHtrict prior to that on which this monograph is 
ha:ecl A.· a rul , th arlier ob rYer: h o·an the sea. on ' work either in 
the 1\Iarqu tte or ju the Menomin l range, and ,,rorki1w westward the, 

~rv:tal Fall.- di ·trict wa.· rearhe<l onk a~ th "ea~nn neared its close or as 
.J ' ' 

the appropriation was nearly xhaust d. The publish cl work upon this 
di.-trict iH g·iv n h low in <'hronoloo·icnl order. 

BURT, WM. A. Report or linear ·urvey with reference to mines and minerals, 
in the Northern Peninsula of Michigan in th:. years 1 45 and 1 -!G. Dated l\Iarch 201 

1 4-7. Thirty-first Congress, first se ·sion, 1 "'30; Senate documents: ol. III, No. 1, 
pp. '!2- 82, with map. 

Duri1w the year 18,H; a linear ,'urvey was made of that part of the 
Upper Peni1vnla of Mi ·ldgan cl s ·rihed ash ing bounded on the north by 
the fifth correction line, on the :outh by th 1 fourth correction line and the 
Brul " HiY 1r, 011 tho east h. • rano· s 23 and 26 W., and on the west by 
rang<, 37 \ . 'I'hi~ includes in its 1imitH th., clistrict under discu sion. In 
the eonr:·H· of the sm·v •y, g )oloofral ol s -"rvationH were made by vVilliam A. 
3urt, th • deputy :urveyor in clrnrg, of th A work. 'rl1e report and accom­

panyfog g ologi •,il map emhml~·i1w the result· of these observations are 
.onceal ,cl amoncr th~ , ~ 1rntte docurn •uts of tlw Thirty-fir:t ongre ' . T'he 

followino· <1uotatio11,· from thi,· report g-i\-e nll the obRervatiom-, on the part 
of th, t rritory ,·m·vc-1_ red in which w • nrc at pres nt int rested: 

Topography.-'vVe, t of ra.nge 31 we t, and north of the Brule River to the fifth 
correction line, i.· a tract of about 4;~ town,'hip in whi h the rock i mostly greenstone 
and horubleud, late~. Tl.tis part of th ur eyed di.., triet i ~ le, broken than that 
above described and a large proportion of it may be denominated rolling lauds. 

her are, how ver, many rid,,. Rand conical hill' of various beight upon thi part of 
the survey, and also a cp valleys of . t,ream~, many of which have ledges upon their 
·i<l :. The:e general cha.racteri.'ticR are often hano-ed for cedar, pruce, or tamarack 
swamps wlticli are mo~ mun rou~ in town~hip, 4(3 47, and 48 .i: • (Thi includes the 
part of the ,listrict upposed to b) tbe contiuuatiou of the northern "\Yisconsin 
peneplain {p. 31).1 
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Granite (and syeniteJ.-The e ro ·ks occupy an area of about 22 town hip Oil the 
northeast part of the ur,Tey, between the fifth correction line and the outh boundary 
of town hip 45 N., and ea t of range 32 W. in a eries of irregular uplifts, frequently 
forming high cliff:" aml 'loping ledg-e' Oil the mo.'t elevated portion of thi di._ trict. 
[Thi cover a part of the Archean granite oYal of the Urystal Fall8 di "trict, a well 
a the large Archean area. northea t of it. J 

Argillaceous slates.-Tbe argillace us late allud d to in township 42 and 43 ......... are 
generally overlaid by deep drift· their boundarie , therefore, could not be satisfactorily 
defined. We ·t of t.lle Pe~hakumme River the ·e slates appeared to have undergone 
con itlerable cb9uge by igneou: action and were often a sociated with an oxide of 
iron; but ea 't of the Pe hakumme no change by igneon • action in th late· wa,• 
ob·erYed, antl on tbi part they have 0 ·enerally a reddi ·b color. 

They dip variou ly at a high ano-le and are ·upposed to conform to the greeu tone 
on the north and we t and to overli or pa s into the mica- late· on the south; and 
in their middle portion they dip about no0 with .'trike nearly east and we. t. (These 
late· corre pond to our Jea't m .tamorpbosed phase' of the Upper Huronian. J 

Greeostone and hornblende slate.-Tb :> rock' occupy a larger area iu the di "tri ·t 
urveyed than any other cla"' of r k . They extend from the granitic and otlJer 

rock ea;t of them we tward b~yond the urvey. [See their outliue on map, 
fig. 1.] 

The oTeen tone and hornblende late form a less broken urfa ·e tlian the 
granitic rang ; and next to it i the mo t elentted range in thi fli ·trict having an 
e ·timat d altitude in many pla • , f from 1,000 to 1,100 feet above Lnk • uperior. 

The rock" are frequently ~e n iu the b ds and banks of tream • and in rid«es 
and coui al hill of mrions height', oft u forming precipitou ledge: upon tu ir 
ide~. 

The gre ust ne of this re 0 fon i., O"euerally more or le s granular aucl . yenitic, 
with a dark o-reen color when moi "t; it compo 'ition is hornblerule, feld:1 ar1 arid 
quartz-the former mineral gr . tly pr dominating. In ome place' th felcl "par and 
quartz are nearly or quit wantin°·, l a,·iug a granulated hornblende rock. .Another 
variety of thi • rock wa frequently ,e u which wa compo ed of th sam ingred1ents 
but very tin grained . ucl comp •t and having frequently a laminat d r ,Jaty 
-· tru ·ture, the cleava(Ye of whi h cnu rally dip from the crrauitic rock' at a v ry high 
angle. 

ome o e hornblende :-.let have in their earn and cleavage: a :ilky lu t •r, 
from the pre n • of mi ·a or tal • iu very fin grains. . 

11 of th 8 ro ·k-2 ar trav ~r.:- d by many quartz vein , from a line to 4 fe t or 
more in width and ,vith till lar 0 ·er v •in· and dike of mor recent trap ro ·k. 'fbi' 
rang i • ~upposed to have become bl mled with the trap range of Kewe naw point a 
it pas:e' uml r the r <l sand t n • lyin~:: b tween them and probably farth r w ~t the 
two ar united iu on n ng . [Th ar th altt•red and more or le 'Chisto b,ralt· 
aud a ·companying fragm 11t, l whi 'h. re ·ompri' din th Hemlock formation. I 

Mica-slates.-The. ;lat l' stl' t ·h alon n• the " utherly id of tlle argilla ·eou let • 

on the ·outh part of the ·m-Yey. Tu y extend from the I rule l: iYer on a cour' ea.·t­
uorthea ·t for ahont j~ mil• iu tm u ·hip, 41 nud J2 i: ., rmwes 29 31, and • ~ W., ~ nd 
have an av ragP breadth of about 4 mil 

Th mi •a- ·lat ' ar "uppo l to dip uorth rly und \r th argill, c 'Oil-' lat a a 
hi h a,uo-le: varyin<7 at tli urfa • from -0 to 80 . 
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This rock is composed of mica, quartz and feld par. It lamina.· are undulating 
or waved, but its cl ava.ges, on a la.r<re cale, are even and regular. . . . . 

These mica- late. are best developed on tbe south boundary of township 42 N., 
ranges 31 and 32 W., in the b ds and bank of the Pe 'halrnmme and ~Iesqua-cum-a-

Scale ormiles 
~........- =~ ~ ~~5~~~--=~~==-===·====•s 

l 11, . 1.- R production of a portion of tho II oloi,tir.nl map of tho Upper Peninsnln, of ~Iichi~nn hy Wm • • \. Burt. 1846. 

cnni-.· •pe, and at th falls 11 •,tr th jundion of th Iatt r tremn with the Brula River. 
[Th ...!--e, ~ ccording to onr obs rvation ar th"' mo~t altered pha e. of the Upper 

Hnr 11ian.] 
'[ hat. part of th, g ,olog-i ·nl map ae ·nmpanying the aboY r port which 

<;orrn. pon<l: to the ( 1ry-stn l I◄ a11~ c1 i~tri<·t i~ r pr )du d iu ti<r. 1. 

https://oloi,tir.nl
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FOSTER, J. W. and WmTNEY, J. D. Report on the geology of the Lake Supe­
rior land di. trict. Part II. The iron region, together with the general geology. 
Thirty- econd CongTe s, Rpe ·inl e sion. 1 -1 • enate documents, Vol. III, ~...o. 4, 
pp. 40G, with maps and section. 

In 1851 there wa:-- pnbfo,h· d a r port by Fo._ ter and "\Vhitn on the~? 

iron regions of the Lake Superi< r land cli8trfrt, together with th g "'neral 
g oloO'y. This gi.Y ' th, fir:--t conn ct ~d a('count of the re. ult: obtain rl hv 
the Yariou. :urv yor: "rho Juul h-' )n ng·ag·ecl on the GoYernm ut :sun -'Y of.. • (_ ... 

th Upp r Peuin:uln of )Ii ·hio-an. _._\c ·ompanyiug thi~ report th "'I'"' are 
t,Yo color (l map· and a iction. I'h :--ubdfrisions of th ro k: n-.; marle by 
Burt in th C\v:,;tal Fall:; (fo,tri ·t ar 11ot r tained in thi:-; r port hy Fn:t .,r 
and \"\ hitney. The map i:-- g-'uernlized, arnl the hornblencle-~-date:, etc., of 
Burt ar in lrnled under th o-eu :,ral t rm '' cry.•tallin:, ' ·hists ~ and are 
plac d by the author· in th ... zoie :-.ystem. rrh rearer pre~enterl h r and 
there throuo·hout thiti \_zoi • ar a a trappean knob and bed of nrnr11 =>. 

Th• oTanite ar a :3] 1o~~u on Burts map is Yerr much r clu ' 1 in ~iz ci, 

and no longer tonne ·ted with th lm·o· granite areaR to th a 't. The 
oTanit 011 the low r reache~ of th~ Mi hio-annne, ju T . 42 ., H. 31 ·w. i~ 
her indicated for th fir"t tim :>. In the~e reHp cts onl:~ do ._· thi.· p01iion 
of th map ·how a decid cl atlrnnc in knowledge of t.he distribution of the 
ro ·k. py of the map, shm ·ing the distribution of tl1e roek.· by 
ymbol • inst ad of col )l':-., i.... r 'pro<lu • <l a:-; fig. 2. 

1S7'. 

BROOKS T. B. Th ir n-bearilw rock ( conomic). Geol. urvey of ·Michigan, 
Yol. I, .Part I, 1~73, pp. :H9. \Yith Atlas Plat I Y and general map, by Homino·er, 
Brook , aucl Pumpelly. 

Th, next m 1 ntion of th) fo,trict that I haYe been ahl to fincl "-ra: 
ma<l in 1 73 by· }faj. r1. H. Brooks, iu his r port on the iron-hearinu rock.· 
of Ii ·hio·an. 

How Av •r, this r port s • m • to ~how a <lecitl d deer ~nse in knowledge 
from that po~s )s:; l b_v Burt ·1 m • •rni1w the geolo()' -r of thb ,li;tri<-t. It i: 
h11 that indi Minns of inn lrn,l h) n s en, but. th oh:en~ation:-- lllad, ,v r 

so m ag r that nnthinff could h ! dnne tow.ml d t-'rmining t}n; n~lation: nf 
th rock:-: nr unnn- liuff th : tru ·tur of th area. 

pon th map accompauyi11g- the r p rt (G ol. ~'1urv ~y of Michigan, 
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1 73), a portion of which is reproduced in fig. 3, Brook has failed to 
outline the granitic areas known to the preYiou • explorers. Except in a 

Scafe ofmiles 
S O 5 W 
'551:=:::e~:-,,,-

Fm. 2.-:Enlargr·cl r,,p1·,uJ11c;tion of' a portim1 of a map of tho Lake 'upcrior laud di~trict, b:r Foster and \\rhitner . 
G gruuito; T = trappt•nn roek~: =iron: - =liuls ot marble. • 

::\f1:ta1110rphic formatiou. Ign o 1s formation. _______,..,_________ 
(A ociated with the Azoic.) 
Trnppcan ro ks. ,ranito. 

Quartz.. Utystalliue sclli tt1. 

Azoic system. 

tl\,~ plac •.~, which lrnve been left, nncol r d tli-> di ·trict is c werecl with the 

color repr . ntiiw th• Huronin.n. 
:UO:N XXXVI--2 ' 
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Brook: refec the ore-1 arino- ro k: to th Huronian in th £ llowing 
\\'Ord::,;: 

'loo little is known about the remot Paint River district, in township 42 and 
43, ranges .33 ancl 33, to enable me to give auytlling of interest regarding its geologi ·al 

Scale of miles 
0 10 15 

Fm. 3.-Rular~ed reproduction of p ,rt ou or ;::- olo~1cal urnp of th Upper Peninsuhl of :llichi an, l,,r C. l!omin:.,:-•r, 
T. B. Brook , aml R l'umpcll), J i3. 

tructure. The I1nr ni. n r ·b < r t n iv ly ueveloped tlier" aud • utc in ueposit. 
of hard h •m. tit~ r . I ha<l th• opportunity to •xamin only two loca1iti at the 
Paint UiY r Fa1ls, s •. :!O, .•1;3, R. • :l, and : c. I:{ rr. 42 R. 3 (p. 1 -). 
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19 PREYlOU" WORK. 

Ile also 0 ive.· hi.· anc ly:.;i.• ( ... o. 61., p. 302 of Brooks'~ report) of an ore 
.:ample frorn th district, aud ealls attention to it "' abnormall)T hig-11 water 
·ontent, freedom from ilica, nncl riclme: • in iron as compared to those of 
th, more ('H:tern mine: in th M nomin r gion. 

Bn.ooKs, 'l'. D. Geology of th )[enominee region. :ieol. Survey of 'Wisconsin, 
Yol. I II, Part V, L"', o, J)I). 430-G.35. Atlas folio: Pls. _rXYIII au<.l x_TIX, and Pl. 
XXX, by U. R Wright. 

In an arti ·le on the U'eoloo-y of the Menomine reo'iou ,-vhich wa8b h, 

written for th o- o]ogjeaJ i-;urv 1 of W'"isc()n ·in, the sarn author briefly)T 

t uch ,cl ou that part of the a(ljoininµ: Michio-nn t rritory w-hi ·h is included 
in the di:tri ·t under r011i-;iclcratio11. l-fo, ob~c1Tation wer tlms confined to 
a f "N ..xpn:nr ,., iu a limit 1 d portion of the nrc<1. He attempts to correlate 
c rtain h •els h. • 111 lmv of their lithological character with tho e with which 
he wmi familiar iu the )Iarqu tt di:trict nud r ')fer· them uniformly- to the 
high ..r m ..mb -'l'S of th I-I unmian. 

rl lie)· an• al:o :n r lfened on th • map which accnmpnnies the report, 
thonµ:11 tl1i. i.· <lat ·<l a yenr m·li r than th c.lnte of publication of the report. 

'l'liat portion of the map coYerin{)' n Bma11 pnrt of the ry ~tal Fall.· region 
is l' •produc •<l 011 PL IV. rr11e pres ll)t urvey nabl s us to c1dd very little 
to thi:-\, awl th ,14 aclditions ar 1 ·hiefi:v of a p tro]ogical ehara ·ter. l 

1..::.~i. 

Ho,nNGRH, C'ARL. Geolon·y of th :n~nomiu 'C iron region. Geol. Snrvey of 
l\I.ichigan, Yo1. IV 1 l. 

111 1i1 0 Dr. <arl Homingcr, at that time , tate geologi ~t of Michigan, 
.:p •nt. a . <•:1. ou ill tli, 7\lenrnnin J <li~triet and in his r port giYes detailed 
cle:cription: of ~ f ..w oceurr 1nc l:-{ in the ry-stal Fall· di triet to wl1ich I 
~hall r f ~r lat •r 011. He coni-;iclers th l rorb in general to belo1l0' to the 
I-I nro11ia11, and fli:-;trihutt,:,; th, ht:!d: arno1w his diorit . g-roup iron-ore group, 
all<l Hl' "'IHlrPnmH.;lnt group, aK <riy in and d fined in th pr Yiou,· r port on 
the; ::Uar<jU ,tt) di.·tri •t att rnpt .nt nwr d finite correlation wn, made. 

1V \N II nm, R. An att mpt to ltarmoniz some apparently conflicting views• 

of Lak 'up rior tratigrapby. Arn. Jour. of ·i. :M eries, vol. H 1891 p.133. 

( n I e • •mb •r HO, lr 90, Prof 1
. R. Ynn IIi • l r ad } pap r on Lake 

1 ruperim· :trnticrraph h ,for the W°i.T{Hl:-{ill A.cad ,my of ciene s, Arts, and 
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Letter the arne article beiuo- publi ~heel the following year in the Am rican 
J omnal. The iron-bem-incr "'erie.- of this listrict was in this article referred 
to the Upper Marquette (Gpper Hm nian). 

lS.93. 

WRIGH'l'. C. E. Report of Stat g·eologi ... t from J\fay 1, 1885, to June 1, 1 ii, 

Rept. of tbe tate Board of Geol. "'urrny of ~Iichigan, 1893, pp. 33--44. 

State <reolocri::.t, Charle:-. E. ,vright in a report for the sea on from 1 ,)5 
to 1 , . inclush·e, merely m nti n:-. th o-eneral . trik of the rock of the 
di ... trict and make, no attempt to rl =>t rrnine their a{)'e nor to unravel the 
~h7.lChlr ~. 

WAD WORTH )I.E. ketC'h of the geology of the iron, gold, and copper di"-
tricts of :\lichigau. In Rept. of ~- tate Board of Geol. Surrny for years 1 91-92, 1 93, 
pp. 75-1 6. 

Dr. l\l. E. ,Ya(h1worth, w·hn on Jfr. Wrio'ht's death succeed d him a.· ► tate 
geologist of l\Ii ·hignn, mentions th occurrence of carbonaeeon: slate , of 
granite and melaphyr :.~ and nf •p11g·lomerate near Ory. tal Fall~ hut doe: not 
enter into diHcu::;sion nf th· r ·lation~ of an:~ of the.' rock8. Dr. Wad,·­c 

worth ao-ree~ "·ith the corr lntinn of Prnfo 'Sor Yau His 1 ancl pla ·es the, 

1i·:~stal Fall~ or, d po its in th· Tpper l\farquet.te seri s (Wadsworth'. 
Holyoke formation) (pp. 11 T: 1'""':?), hut the m'i.dence for -:·o doing i • not 
~'iYen in th r ·port. He alsn i~ th_. first to re oguize the Ynlcani • nature of 
th, rocks in the Yi init:- of • 'i·y 'tnl Fall:-- (p. 134). 

Ho:.m TGEI', C. G ol. r •pt. on th pper Peninsula of :\Iichigan. Geol. urv y 
of :rnchigan, Y ol. Y. Part. I. 1 ~0ti, pp. 1-161. 

In his r 1 port of work dune nn th ""pper PeninHtlla of :\Ii ·hignn from 
1, \ 1 to V, -! puhli. h <l in 1 ..- , h • follow' th smu .. plan, r,f 1Tiiw th 
Yarinn~ r1wh~ -'X} n~ l h:· mining· op •ration~ to his <1iff-.r )nt groups.1 

OLEI\rn T , .T. l\IoHGA. •. The v l ~anic: of t,he Michigamme tli. trict of .Michigan. 
Tour. of Beol., Yol. III, 1sn:», pp. ttl- :.!:!. 2 

In a pr ·lii 1i11ar_v , rti l · nn thi:-. di~tri ·t, by th, writ •1\ pnhfo,h .. <l in 
L ~)5 th • ,·okauie ·hara ·t •r nf th, rock:-- which cover a larg l ar:.a t>f th• 

r. ~ tal Fall:-- di::::tri<-t wa, ·mphn~iz ·<1. all(l in a sl'etch map in the ~a111 .. 

1Genl.. nrY .,· of ~Iichi...;an , , :-,J. n·. 1 1. p. "'· 
~After th publicntionof thi articl , th nam< .Michig-nmlll( lw.vinrr hcc11 appli d to, formation 

it wa <leemctl advi~nl,le. in ortl 'r to an.iid cou n ion. to ch11u~t the name of th (li,tril't t11 the Cry~tal 
Falb di 'trict. 

https://l\farquet.te
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arti le wa. given an outlin of th distribution of the vanous rocks for a 
portion of the di, trict, with th ir HtratioTaphical sncce ion (p. 803), the dis­
cu,·sion of the .·tructur and COIT lati n beino· left for th pre ent report. 

The above-mentioned ketch map with the map by Burt, Foster and 
'\\ hitn y, Brook.·, Brooks an(l Wright, the section by- Fo ·t r ancl "\Vhitney, 
and th se ·tion by Brook:, along the Paint and Michigamme river , are the 
only maps or .·ection:; which, so far a~ ean h, learned, have been published 
of that part of the 'ry ·tal Fall. · dbtrict under cli 'Cns ion. 

MISCELLANEOUS REFERENCES. 

Jt'LIEN, ALI~XIS .A. Appe11dix A. Lithology. Geol. of l\Iichigau, Vol. II, 1873, 
pp. 1-1 5. 

vVrorr~LA.N ARTIJUR. l\licroscopical olJ ' ervations on the fro~-bearing rock 
fro1u the region .·onth of Lake Superior. Brooks s Geol. of the Menominee Iron 
H gion, 1880, Ohap. V, pp. 600-65:i. 

vV \,IGIIT, On RLES E. Geology of )lenomiuee Iron Region. Geol. of Wis­
coll in, ol. HI, Part ·, 1. o, pp. G65-741. 

LA.NJ<;, .A .. 0. In sketcl1 of the geology of the iron, gold, aud copper deposits of 
Iicbigan . Hept. of State Board of Genl. Surrny for 1891-92, 1 93, p. 182. 

PA'.l.'1'0N, Il. . :\Iicro'eopic study of ome Michiga,u rock". l{ept. of State 
Board Geol. 'urv y for 1 '91-U2, 1 '!J;J, p. I li. 

During th, prog-re8:i of the .Jli higan and vVisconsin tate urveys 

sp cim 1i:- from outcrops were coll ·t 1 and description ... of the e discon­

n ctecl spe ·imens ar found in th 1 tnte reports. 
I f •rcn •e,· to th pao'e on which the individual d criptions may be 

found will be criv "'ll under th petr oTaphi al discu • ion of imilar rocks 

h r J cl .. ., ·rih ,d. 

UNPUBLISHED WORK . 

In 18D 1 a ,·urv ~y was oro'nnize<l hy a private corporation, and put in 
·lrnrg of Pn f. U. R. Van Hi. . He ·on~ent d to take harge of thi • work 

011 the con<lition: that all map:-; and rn tes :houlcl be available for this report 

and that no oth 'J' •ornpensatio11 wa to be made by the ·ompauy. The 
ohj , ·t of thi.- . ·uryey, known as th Lake ~ uperior ~nrvey, ,nls to stuJy that 
part of )Ii •hio·an of which \ '"Stal 11 alls i.' the center, in order to determine 
th , fo:i:ihility and aclvbtbilit r of <)}J ~ning up the min }:-; of that district. 
This . urv ~ ... , as vio·orouH1? prose ·ut cl, and nn exc 11 nt topographic map 
mad . of an area 3~ mile: north and :outh and 42 mile~ en:-it and we t, cover­
in 1• a 1arl1' > part of four lf>-minut ~ atla~ :-.hcet~ of th _) ·Unit tl ~"1 tate: Geological 
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. \ffYeY. ... t the :-;am' tim, in eonn ·tion with the top graphi work a 
r ·onnaissan e o·eolog-i ·al ~m·yey was lll,Hl . 

The fnllowino· is a fo,t of thus, who tonk o· ological not :- for thi: 
surv y: ....\.ndr ... w . ... llen, A.H. Bro ks w··. 1._'. Bayley, J.P. hannin{)' E.T. 
Eriksen ,J. R. Finlay, I◄• J. Harriman, :F. T. r ell)·, E. B. )Iatthe,Y:-- E. R. 
Maurer, J. \.. )Icrim, F. ,Y. M •... ~air, ,,.... ,,_ ... _)I rriam, and H.F. Philli1 s. 

The follo,dng· ason ,Y~l:-i cl 'Ynt <1 to a d tail :--tmh· of th irun-b _,ari1w 
b lt.~ whi ·h had h:. •n outlin •<l hy th:, rce nmais~anee. Thi~ cl tail ,rnrk in 
th · we.::tern pnrt of th, district m1~ pros :.cut ·d hy partie" in ·harg ... of ·w. i.T. 

l\I rrinm and in th ... a.:t rn part of th• di::;trict by parti ..... in ·har(,' .. of 
H. L. :·myth. "\Vh ,n th 'Y C{Jas d work the two areas mappe<l wer .. st:pa­
rnte l iu the north by about 12 mih and a 11mTm,· h lt s ·parat ,d th 
mapp d area~ to the :--outh. Durin:.r th, " a ·on of le 9-1-, uml •r th <lir ·­
tion )f l rof ~:--or Van Hi. , and as."' ist ~<l hy G. E. \11Y •r, arnl duri1w part 
of the season hy ► '. W idman, I wa:-. t·ng-ag·ecl in completi1w thi untini::;hecl 
work for th • ...nit •d ► 'tat :. ~ r • )lo~.6 ·al :-;mTey preparatory to ·01111 cting 
thi::; distri ·t with th• M ·nnmin • • iron-h •,uiug di:--tri<-t tn th., . outh ·a~t. This 
w rk ,rn:-- tarried 011 in 1 9f> h:· Dr. w-·. ► '. Bayley, H. ,r- ,i lmau nrnl my:-. ·If, 
Hll(l th • nrnpping· of th· di~triet ·xternle,l as far as the M 'llomin .... 1listri<"t. 

Mr. H. L. ► 'myth lw..; writt '11 Part I I of th' pre~ent r •port, C<JYeri1w 
th portion ()f th., di:--trict whi ·h wn:,, worke<l h:· hi~ party. My cle.:.: -ription 
of th• 1rnrt of th, di:..tri ·t work •<l ln- nw is has •<l lar0 • lv on mY own ohs ·r-.. a . .., 

Yations. nlany of th• ta ·t~ uf ti ·Ill o ·cmT •nc >, how,,- 1r, m ·nti()n ·d in the 
following pa1Pr w 'I', ohs 'l'Y ··d and re ·nrd ,l h:· th· :--eYPral m ·n m -'lltio11 .. d 
abuv • arnl w ·r snh..; ·<1n ntly Y ·rifi ·d hy my own oh:-- 'lTatinn. in portion: 
of th, ar "H ..;nrY •yed hy m:T" ·lf, awl hr vi:::-its to In ·nlities in oth _..r p rti011:. 

Th , toponTaph_v nf th· gr ·at r portinn of th• di~trid W,l:-. tak ,n hy th' 
m mhn:-- of th Lake ►- up •rior ► 'urv !y. Tit' r ·mnind ·r w • <.>W to th 
t, }110~-r<1phi<"a l <li vision of th • ... nit •1 l , 'tnt •~ ¼ •olo 0 ·i ·al SurY ·y. 'I he ,11· .,a • 
coY •r .. ,l hr thP r, p •etiY nrgnnizntion~ ar l :5hnwn on th :. sk t ·h nu p L low 
th • tnpnuTaphi(·al map ( PL I J). 

MODE OF WOHK. 

• ...•planntnrr ( •It th. lontinn::- :..6,· •11 in th' pap •r, lt ls p .1rlu I • not 
out nf plne j to 11·iv a hri • ◄ l •~eripti()ll nf the plan of work follow ·il h. r th· 
Lak l ~ up rior l)iyi ion II. th _.. U11it ·d ~t;ltPS G •olnµ:irn1 ► 'urv<•~"'" in thi . ,I:-, 
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well as ju t11e: otller Lnko ~ uperior iron-bearing di trict. which have been 
previou,·ly ."Un- )·ed. 

The Upp r P nin. ula of ~Ii ·hio-~m affordR an exc 11 nt example of the 
ex ·ellen ·e which can be obtainul in the re ·tangnlar land 'urvey, when 
properly rarriecl out by the Gm·emm nt. ·rhc cction corner post originally 
e,·tahli.·h d ar iu many case: , till to h, Reen, and of cour e the bearing 
tree,· ar even mor :i common. inc th<: oricrinal smTey the timber value 
ha. incn•ased ,' O mu h that in c rtain for:. ' ted areas the section line , have 
been r .·urYE')~ cl. ot uncommonly

. 
trails follow the ~ection lines for lono-

0 

di. ·tanc :. ~Ior ver, th:. road. ar fr~quently laid out aloncr the ectiou 
lin ,' , tlrn,' o·iving· p rman nt land boundaries. 'I'he seetion corners con­
equently offer th mo, t. r ,Iial 1 J point: from ,vhich to mak locations. 

rrraY r. · ,,· are made across each ~ tion, either frcm ea.~t to west or from 
n rth to Houth, and at v, ryino' int rYals, al'.cording· to th:. di.·cretion of the 
geologi.,t and th ... exigencies of the ca ·e. Each geolo 0·i ti ,, accompanied by 
~ ompa:sman, whrn, 1 cluty it i. to determine the cour:-;e of the traverses by 
mean: of a aial eom1mH:-;, and th di tauce tnffeled by parj1w at the rate of 
2,000 st 'P~ to th 1 mik•. Corr ction • ar made at the corner and quarter 
po:t. ·. T'li 1 ·< mpa::-;rn .,n en11 ln:~ed are Michio·an wood ·men, land lookers 

r cruj,•er.· a,' they are fr 1qu •ntly- called arnl it i • remarkable with what 
aceurac. ~ they will paee mil ~ aft ~r mil • throtwh swamp and OYer rough 

bill:, winclfolb ·te. 
rl h, g olnl)·i:-;t •xplor "'·' th t rritory on both side, of the line followe<l 

I y tlw ,·mnpa sman. L •dg 'K nr lo ·nted hy the o-eolo<>'ist paeino- to tl1e 
eompa.-:1wm a: he com<..>.· oppo~it him in a due east-vv ,~t or north-south 
din·ctim1. With t, o c·oonlinate:-; tlm~ <ht .1rmin d, tl11 ledge ' are located 
witl1 r •fernncc to the :-;tartin~" point. For uniformit~· arnl to fa ilitate ref-
·r -'UC• and cataloguing, it is en:--tomary tn gfre the location with reference 
to the ~nnthc_.ast c01·11pr of the b ·tinu. Thus, 1,000 1., 1,0 0 "\Y., SE. cor. 
,· c. fi, 'J.. 4:2 ., H. 33 \Y-., gfrc:-{ th lo ·ntion of the outcrop at the center 
of the :4 ction alHl affords ,l m )m1~ nf finding that ledg 'l which eoulcl not 
he .'O accurat •ly and conc·i:ely ~tat cl hy th l us of any- ordinary land­
nwrks. l\I.or •m' ir, cw-iil. r n !C<Wlliz •tl landmarks, su ·h a.' house8, quarrie , 
•te., ar, f lw, awl 1 .·ceecling-ly gr .,at clurnQ· l may o •·m· Y 1 ry rapidly, such,• 

for in:ta,11<:£! a~ those ('}lllSl·d h-'· wid •:--pread fore ' t fire,·, o that such a 

m •tho<l of ]ocati m i • prncti ·all. · Yaluel ~8. 
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MA GN ETIC OB SERVATIONS. 

It ha 1 no- been kn wn that many rock are po sessed of d cideclly­
mao-neti • pr pertie,, due t th pr ' n in them of varyino· quantitie· f 
magnetl • iron ore. B -r th minino· eno·ine r and pro pector • thi property 
ha· been turned to t l ra tical u:· =- in aiding in the location f iron mine:-. 
where tlie ore i~· f a mao-n ti' kind. It i~ only in th pa t three decade· 
that thi"' property ha· b en u ·ed to any extent by geologi t • a: an aid in 
the interpretation of the tru hn· of a region. o far as I can learn the 
be:-;t publi.;;hed ac ount of it. us thu:-; i:-; in Brook·'· r port on th iron-
bearino· reo•ion of nfichigan. 1 on lu ·i-v proof of it· geological valu 
wa o-i\- n in the me ppinO' of th P noke area, in 1876 by R. D. Irving 
of the vVi • on-·in lUT y.- That area extends for about GO mile northeast-
outhwe ·t, and i • ou the av rag ab ut 4 mile· wide. For th ea tern part 

of the ,, i ·con ·in ar a th ut rop • nr few, and Irvino· located th iron 
formation by mao-neti work. Alou0 • that b It have be n ·unk shaft: 
belono-iug to variou • mines which hav rai eel quantitieH of r and in no 
ca e ha~ a haft ... unk utsid of th~ limit indicated by Irri~g c me up n 
payinO' ore. 

By mean ... of the dip n 111 ~ and ·olar compa ·, ob~ rvation • wer taken 
which enabled U8 to tra .. a ·m·vin°· mao·netic formation and 01m ·t the 
outer ps, whi ·h w r ~ pnrat d by abc ut 16 mil . Th :ame bed wa: 
further delimite(l, and th dir ti n partly che ked, b: the o • mT 11 ·e at 
varyino· fli ·tanc s along this ours f out ropR of rock~ of th un l rlyino­
forn1ati011. 

·) ond pnrt of thi. r port ontain" an .-hau:tiv c rti I on 
th m thod • and nt- :i of th nuwn ti 11 edl ,3 th . uhje t i: not forth •r 
tr at 'I h .. lin .... of maximum 1rnw11eti0 di turbance- r bri ,fly, th 
mao-ueti lin :.s-ar r pr s nt d l n th aecompan Ying g ner, 1 map, Pl. III, 
by blu , lin .. • mnrk d , ·ith 1 tt r D <uH.1 E. 

1 >fnrrneti m of ro k and th u • of the mn~u tic nceclle in explorin~ for or I uy 'f. H. llrooh!. 
Gt:ol. ~un-e • of ~lichigan Vol. I1 Part I. 1 ,3. pp. '.!05-213. 

~ Gt•ol. of tli' e:Hfrrn L, k ~nperior tli trid, hy R. D. hYiiw. Geo!. of Wi,c m in1 Yol. 1 II, 
1 , pp. 5:{-:!:; . Atln-. ,hcot,, . ·1-.· .·,·1. 

3 ec Part II. 'ha.pt r II, h • H. L. 'mytb, pp. :~3ti-373. 



CHAPTER II 

GEOGRAPHICAL LIMITS, TRUCrrURE AND STRATIGRAPHY, 
A.c D PHYSIOGRAPHY. 

OEOGR..APIIIC.AL LI HTS. 

The portion of the district her de cribed ext ncls from the north line 
of 'I'. 47 N. to the south line of 1-1. -12 and from the eenter of R. 31 W.i:T., 

to th we~t line of R 33 \V., and coutain • approximately 540 :quare miles. 
Upon the mall 'ketch map at bottom of Pl. III is outlined the por­

tion· of the district which hav be n ·tuclied and c.lescribed by the different 
autlwrs. 

'J'he detail character of the formation i unknO-\Yll for parts of the 
area un<ler di cu,'. ion. Thi:-; i, es1 iall true of the north, west, andr 

-·outhwe.·t part.·, where, owi1w to the readily decompo able nature of the 
rocb, a. d t rmin d by the few I lge' ob ·erved, and to the cb-ift mantle, 
Y rY f w outerop' ar ~ to l found. 

, '1'HU vruJ J~ .AND ~TR.A'l'IGRAPIIY. 

The \-y, tal Fall.· <li.'tri ·t i:-; not sharply defined petrographically, but 
ii-- eontinuou.- with th, l\Inrqn tt l di ·tri ·t on the north a. t and the Uenomi-
11 • • di:trict on the Honthen.-t (Pl. I). It is, how Yer, remarkabl for the 
Y}l.'t a ·cnmulati011 nf w>lcnni ro ks which, while by no means absent from 
the acljoi11i1w dUrich,, <lo not th 1r \ plar 'O con"picnou;;; a role . 

. 'tructurally thiH cli.' trict nn lumll .,. b better ~ lparated from the 
}f 111ornine l arnl )farqu tt, district: thnn it ·an he petrographically. The 
illlportnnt s •dim ~utary trotwhM l the twn adjacent di~tricts are separated 
l,y m1 avenwe width of rn mil·~. The area betw en the di trict on a 
clir 1 et eour.·"" i.· < ·cupi •<l chidl .. h~- Ar ·liean rocks with narrow infolded 
trmwh.- of Hnrouinn rocks 1)h1Yin~ .1 Y ·1-Y • ubnnlinate role. \t th east 

i:, ' , ., ' 
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the ..Ar hean i ~ oYerlain bY th edim ntarie' of the Paleozoi , the Cam­
brian, and the ilurian. 'I he ·onnecting ry tal Falls ro le ar we t of 
thi Ar hean dom . 

In the .Marquette dishi. t th e~::-ential tmctural feature· have b en 
hown 1 to b a a-reat a:t-,Yest ynclinoriurn upon which more open 11 rth-

uth fold, are ·up rimpo:; ..d. t th w t :.lrn ml2 of th li:h·i t the 
uperi;npo'"'ed north- ·outh fokL b com:) clo e, and the R pnbli • trono·h i.· a 

clo~e fold with an axis in an int }rmediate position. In the ncljoinina- Cry:tal 
Falh ,li ·trict ther are al ·o t,Yo ~et· of fold· with th ir ax • approxi­
mately at rio·ht mwles to a ·h oth lr. The closer fold· ar re1 re:-, nt 1l by 
the oTeat antidin in th c ntral part of the district. Thi: anticlin"' ha: its 
axial plane tr ndina \Y st of 11 rth an l ;outh of a 't, and the axi'"' plunge 
down hoth at the north and :-;nuth ncb. 

The mor open :-;et of fold~ at rig-ht mwle to the al ove . et i: repr -
entecl by th., rystal Falb syn line, with it: axis :triki1w to th , uth of 

we ·t, and plnnO'iiw we~t. Fnrth ~r :--outh the a~-e of the fold: 1 ome- mu h 
closer and more nearl:- ea:,t a1 <l w ':--t thu' nearly a ·cording in 1ir :)ction 
with th clo~e fold"' of th, JI nnmiu distri ·t. Thu' the ·tructural f atnr . 
f the )ry 'tal Falb cli:-;trict merg·

( 
into those of the Men min e tfo.,trict,. 

which joins the 1rystal fall~ tfo,tri ·t on th ;outh a 't, wh ...r ~ th... DT •at 
h'uctural f-..aturc i._· a ~ru ·linorimn similar to that of the l\ian1u tte but 

with it: nxi-.; tremliiw unrth of \\ )st and south of ast. 
A O'lan ·e at Pl. III ,,·ill ::,h nY th presen • in th i ra;-t ru part of the 

north rn half >f the 11i:--tri ·t of an nval-. hap >cl mass of Archean, ,m,l, n ·arly 
""mTounclino· thi •. a unml) ~r if rock lJ ·lt:-... 

rl h , Arch au Uip:-- • i-- 11 mil -.; hmg and 3 mil •, wide on th av racr . 
Th r< ·ks ar mainly ~·mnit < nd <•·1wi:-; •. 'I h )- ar" ut by mth ~r infre­

qu nt a ·id and hasie tlik ""· 
Imm tlint ly ~mTomHling- th· Ar ·h an i:-; a quartz( s, ma 0 ·ne im1 lime­

. ton .. formation, tn whil'h th, nam • Ramkill <lo1omit ha:-- h • "'11 ~fren.3 In 
th• a ·t •m hnlf of the lli trict 1 •~erjlwtl hy _myth wh jr .. rnor., 1rnn1erou. 

exprn-,nr •s ar _, found thau or ·ur in the "-est rn half, th.:. fonm tion lw: an 
e:timnte l thi ·kn ss of abnnt 1,500 f •t.4 ot onk ar:. tli, .. -pn:ur ' 

1i\lon. X:XVUI, 1·it. p. 5ti6 t seq. 
~Lo·. ~it .. p . .TiO. 

l'art 11. baptcr n·. b)· IL L. ;·myth, p. 431. 
·:--t•1· Part JI Clrnprcr I\" ..: •c. III, p. l33. 
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more numerou.·, but owinO' to th fact that the trata . tand on edge, due to 
th lo. r folding of the rock ,· rie' her a more accurate e.·timate of their 
thirlme...• an b, mad . 

AC'cordi1w to ._ 'myth, thi linw. ton formation, in the . outheastern end 
of th ellips , at its upp ,r horizon h om .. H mix :.cl with ... late·, and these 

1in ♦ rea: in quantity until tli fornrntion pa:--:,e~ abov-e into a slate formation, 
ca11ecl the Man,·field s1at ,.1 rl hi· :--lat formation i • fouucl oYerlyiug the 
lim ... tone· to thl· we:t of th c'-'1itrnl ellip:--) likewi:-- but a :f w outcrops 
haY • b en found, it is not po:itiYcly kn wn to exist n' a continuous zone 
encircliiw th· uortlnv •st 1 rn ernl. In a dir :)ct line with ifa probable continua­
tion to th north, a grnywa k ,rn • f und at one plac" sec. 19 T. 4G, R. 32. 
rn1i: siuo·l ont<:rop is iwmfli i nt •Yid nc t warrant th introduction of a 
graywnckc formation as th , north rn quiYalent of a part of the Mansfield 
·lat , an<l it i: prohabl. ·' but a pha. f• of that formation. Th only mine of 

thi • di. trict pr0<lucing B )ti,· mer or l i • in a d po~it ju the 1\fansfield ·late. 
rrh • clo:-;e of th l 1farn~fiel<l ► 1 lnt • time was marked by the cxt.rn ion of 

a <rrcmt .-c•rip: of YolC'a11icf;, whi h '<mMitutc the next formation in the 
Hnec •, :1011. Thi.· volcanic formatinn ha.· it· he. t and mo t typical d v lop­
ment W<~.-t of the w •I-it ..m Arclwan ellipse. Be ·aui'i"' th Hemlock RiYer 
an<l its trilmtaries haY<1 expos •cl µ:ornl ~ •ctinuH in the Yol ·anics and because 
thi: riY r chain~ a crreat J)Ortiou of tlw Yokanir area the name ' Hemlock 

b 

formation is app1iPd to the Yolcnnic--. Th') dip of the flo-ws and of the tuff 
b ,,1.· "·lwrevcr oh~<•1Te<l i: ahout 75 - west. Th" maximum hreadth iH ahout 
,5 11111 •s. J)eclucting 1r; 0 for initial clip, thi.· would crive the enormou' maxi­
m nm thiclrn •ss of ~3 000 feet to the volcanics, upon the :-mpposition that no 

minor fold. oc;cnr. 
rI h<·sc yolc-m1ic rocks hav ~ ai-i:--oeint('d with them rocks of unquestionably 

, c•dimc:nt;ir:· orig-in, n:-; is shown h:- th )ir w ~11-b dded condition ancl the 
romHling- of the fracrrn(mt:-:. Th<1 snhaqn ,nus rock: ar~, l10"·ey 'r, composed 
of 1itt1e-;11tnccl ,·olcm1i<' rnnteri~l1:::., and p,·i<l 1ntl. • point to o:-- ·i11ntions of the 
cru!--t dmi11g· tlw tinw of Yol ·,1nie aC'tivity-snrh n, cillntion.· a., have long 

l 1 'll know11 to be c·omn1011 in voknnic rp<rions. 
Following tlw Yoka11ie:"i, and 0Yerlyi1w th m, prohnhly unconforrnah!y, 

enm,,. a :--e1fos of sedim<'ntary rn<'k~ b ,Ji •Yed belong- to tlll' Pppert) 

II11r011im1. '1 1t •:--e c·on1 pri:-; , <'h1nriti<', frrrug·inom.;, and carhonac 1 ou: slat :}s, 

• , 1•1· Pal't I I. Ch:1pter IV, ~e<·. JY. 



2 THE CRYSTAL FALLS IRO~ -BEARING DI TRICT. 

a., ociated with quartzit , Ta}',~a k and mall amount of cm:b nate 
bed . The 0 ·eneral character of th .,erie • i what on would exp ct in 
rock the cl tritu of which wa, fr m th Hemlock Yolcani :-i. It it in thi, 
late erie • that with the x e1 ti n of the ~fan~fiel<l min , th, or:. l I crit: 
f the ry·tal Fall· di ·tri t are foun 1. Th seclimentarie? ext nd we."t 

fr m the Heml k Yol anic., to th lii 1it of th di'trict, un 1 rlYing· thu. a 
ver~ r br ad expanse of cou111:ry. "\Yher.. exp 'ed, the"~ ~h w frequent 
change of character. Thi' prey nts the id ntification of incfrvi,lual h ds 
for any eon ·iderabl di .,tan . wino· t th imperfe t expo ·ur : of the 
heel and their clo ·e folcliiw it ha b en found impo:sible ~ '1 subdivic1 this 
erie., of rock, into dL tin t f rmation '. 

Th :erie. ha:; in place· l n hio-hly metamorphos d, r :nltino· h1 the 
production of o-n i ·s an 1 mica-· hist., in pla 'B o·arneti£ rou. and tauro­
litic. Th ·eri • c rrespomh in a hroad way :trati()'raphicall. ~ and lith( -
logi ally to th Michigi mm formation of the 1\forquett cli:trict. 1 ~ mce, 
however, it ha l n f und im1 s ·ibl t subdivide thi • s ri s and l •. ·au: 
it may po' ·ibly indud 1111.. r than th ::\Iichigamm formation of th Mar­
quette li trict it i on itl r d aclvi:-;ahle to . p ak of it irnply a· the ipper 
Hur niau serie •. The g n rnliz •<l :e tions thrOlwh the, T ,'tern h, lf nf the 

1ry tal Fall· di,:h·i ·t, whi h ar g'iY 11 011 PL·. Y nncl YI, will aid. in the 
comprehen ion of th ·tru tural and ·tratio-raphi al f atnr .~ thu$ l ri :)fly 
outlined.. 

H r, and th r in the 1ry,tal Falls di tri 't i olated patche • of .,.pper 
Cambrian Lak • ~np ,rior (I tsdnm) :--an 1 ·tone are found. Thi: u ·cnrM in 
b d whi h ar ith .. r horizontal <. r onl a f w cl T : jnclin cl from theT -1 

h< rizontal. rr h y rli , un • nfnrma hly th· ~t ply in ·lin ·tl Hur niau(n-

strata. Th oT at lap tim • repres ntcd hy this un ·oufonnit~· j:,; irnli­)f 

cat d by th· d p :it of th, r w enawan and Lower and [iddle \uubriau 
time found ls •wher '. rl he Lak, i~up rior ·cm<lston crra l ,s fr >m the Y "'ry 

c1 c. r:;, hasal ·mwl 1 1 "'nlP l) low into a nwcl rat l:~ • ars -1 sand.:tou ahnY . 

Th arnl:t( 11 i~ of a r •tlt1i~h brown to 0 Tay color, arnl is 11 lt w 11 imlurnte 1 
~ a rul, but i... lon"Pl~- • ·rn nt •<l with f 'rrnginon:-. arnl in pla • ~. ·, 1 ·ar--ou • 
makriaJ. .\.s a n•...,nlt of thi.., imp rf ·t i1Hluratim1 th ~awl t m .. i 1111t V<;ry 

n.,.._i~tPnt to the a!.ent • t f disint •0 -r, tion. II nc it is thnt onl) r muant: 
ha\.• l •u fouwl. hut •1 uu~rh i. pr ~ nt t< irnlicat that th ... 

1 F ifte ·uth .\nun \I, ·it .. p. i',ll , :rnil :\l011. )..XYIII, cit .. p. H. 
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awl probably the 1ntir Cry:tal Fall: dHri t, was cov r d by ambrian 
cl posit. 'I'h" thickness of the amhrian d po:-;itH can not b 'l determined. 

'I'h next hi <th r portion of th o· ologi .,al tim :i scale r pr s nt d in -the 
district i. that part nf th _. Pl istoc ..n 1 period whfrh in thi, part of the 

Tnit cl ~ 
1 fat ,, i: hara teriz(1 <l h:.. the past Jxistenc of gr at ice-Rheets. 

rl h .. eviden ·e: of th exi:-;t ·nc· • of th .. i .. ar, Y r ...wher pr s nt, either in 
th· rounding and poliHhing and ,·coring . nn the surfac s of the rocks 
..xpo: ..d or h1 th .. chara t r of th <lrift cl •pnsit.. Th direction of the ice 
mov nient was ·l •nrly· from th north 1 a. t to th 'l southwest n' i. hO"\\"ll hy 
th· tnmd of th :tri, ·, which w 1r oh~81T d upon th rom1d cl rock out­
crop: iu rnrions plac 'ls. Th 1 thickness of the clrift deposit varies Yery 
nwt ..rially. fu places it has he •n almoM 1ntir ly r moY d by d nudation, 
if iu such plnc :-. it eY "'l' form d anything mor .. than a thin Yen er upon the 
·nrfa • ~. In oth ,r plnc: -'s it rea ·h s n Yery ron~id rabl thi ·kne, , a 1s 

:hown h ,. th, o-foeinl topography hara 'tl-'ristieally deYelopecl in T. 45 ., 

H. 32 ''. 
\.: the }ffP.' •nt report is confined to the pr ,-Paleozoi • rock no letail 

cle:c-ription will h, o-i,~ •n of theH, \unhrian and Glacial deposihi nor are 
tl1ey r pr,;· 111t ,,l 011 tlie map, •xc •pt in thos, places wher· it has be 11 found 
111 po:-;:--ihl, to map th , underlying- rocks. 1'1w g )n =>ralizecl columnar ·ection 
on l'l. VII giY ,., iu ·ornl .,11:ecl form our k.110,dr<lgc.• eoucerni1w th formation' 
mention ,d. 

J>IJY~l<>(.-IL\Pl IY. 

TOPOGRAPHY. 

'"I 1t, tnpncrnq>h\ in it: large.! fontur i. pr -Gla~·ial arnl in :-;om ca:-.e.' 
thi ol<lcr topography i:-- r;1th 1 r distinct. For iu~tanc .. in th .. •:-t._,. of th-' 

I >1·1.;r Hi nn- \ :-1 Ile ' , drift cov 'l\ ' the o· nt 1 • .-- lop •:-. and bottom, hut 18 not 
• M 

. ufli ·iently deep to com pl •t ,] . " l1idc th 1 pr·- -Hacial I) '}r HiY r \ all . ~. 
1n tl1 :--nuthw<!, t •J'll part of th• clistri ·t W-'St of Cry::.;tal Fnll.. nr, mor:. 

g- ~n rall. • w •:t of th Paint Hiv 1r, pre-Glncial tnpnuTnphy is s en in p1ac •1::-. 

lfon~ \ r -• find th<~ ,lrift a: a "•11 1 l!l' arnl nnlr partly hiding th .. hed-rod 
tnpoc,Ta,pl1~ , which ,lep .. 11,b mainly on the :--tril· :--, dip~, awl Ynr.d11g hara·­

tc.:r. of th • roCik~. 
It i. ·o w ,]l 111ow11 that thi::.; pnrt of th 1 eountry wa • at on time 

c, ,.. re,l hy i<·<!, that it i, m,<-!l<!S ►' to cit<" ~uch proof as th 1 rounding and 
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scorino- of the ro k:-; nnd the haraeter of the drift material a 0 ·oocl portion 
nf ,d1ich ·an he readily :-;een to luw l h l n hrouo·ht from some other reo·ion 

~ 0 

no .:uch rock· as thns forming it xi:.;ting wh r _, th_, hmvlden~ now 1i . Th_, 
ice- heet 1 ft a deposit of drift, mul w firnl th, pr •-Glaeial topography :sen­
tially moclifiecl by it. .....h a re:nlt of thi:s, the preY~liling and mo:-;t noti<:ea­
ble topography of the we. tern half <f th, "rystal Falls di:-;trirt i:-; that of th • 
drift and is eharacterizecl hy :-;hurt ri<l~· •s arnl brok n ·haim~ of hill~ usualh~ 
crrnl. though at time:-; of Yery irr gular outlin-', b tw-'en which ar., lake: 
arnl s,nuup:,;. The s"·amps clr , "Yen n • ·asionaUy fournl 011 rnth r :--teep 
·lope:, ,vhere a thick spono-y carp •t of nwss (:--phagnum) retain: i-mffi ient 
moi ture for ·edar:-; alHl other tre •~ all<l ~hruhs eharaeteri ·tic of the )Iichin·nn 
.wamps to grow. Th, s,rnmp: follow th., ·arp •t of moss up th hill: to th 

pri1w li~1e. 
The +la ·ial clrift, top<wraphy is e. p :\eially markecl wh ,re th :\ drift ,Ya· 

of 011.id·rabl· cl•pth. Thes• eornlition: ar" w 11 exhihit,cl in part. of 
T. 45 1.,. ., R . 31, 3:? '\\"'., shown on tht• larg· •-seal ' map, Pl. YIII. H ·r ~, 
eYen thotwh the o-romul i::; Y rY h '<n-ilv timber ·d on nwy easih... tra • <mtb .. , , -· .. 

the ~iuuou.· cnnr ·, of th• • k ,r~. \\' h •n traYer:-;i1w the country, on, i • 
con.tautly d ,~e ,ndi1w int) pnt-1101 •s or i~ climhing rid0 • ls, som., of th m 
I 5 tn 1no f •et hio·h, oft 11 with a er •st only n f ,w feet, in HOltl l pla. : not 

more than 4 fe •t, wid '. 
" ...her• th• drift mantl:. lrn. h n r moY<:<l th l rom1<le<l ·hnracter of 

the ro ·k xpo:sur ..s is usually ~hmYn. This hol<ls good esp •ciall y for th• 
m ,r re~i tant roeks , ~uch as th• 0 T;.mite.· and mas:in' .,_!!T--, 'l'll:-.ton .,_._ ;·1at •0 

and tuff.._, w •ntheriuo· mor • r ln,lily hnv • in mun ,ron:-; <•a-.;<._,s ha,l tinw :i11<'e 

th i e r -'treat •cl tn b, ,~·eather .,tl iutn rotwh brok "'ll I •dge. , . ·om· of whi ·h 

show perp ncli ·ular ·lift's. 
The •lerntion-.; rmw u~nalh

•' 
~ from 1 400 to 1,600 f iet aboYe : a-l v 1. 

The hill. rar ly ri. • more than 20) f •t aboYe th low grouncl at th ir ha , ,_ 
The extrem ,_. of h io·ht not '<l in th 1 di::.-tri ·t ar l from 1,250 to l,~( 0 f ,..t 

l""I 

ahuYe ··ea-leY l ·m-r spnrnli1w r •sp, tiY .,ly to th Yalle ,. of th· ::\lichi<rarnm • 
on th :;outh and th , wat •r h •cl l > =-tw} -'ll Lak 1 1 \1p rior and Lak .. Mi ·hio-au 

u the north. H •tw •n th •s two •xtr •m •~ ther i~ a str1 p of t lrritory, 25 

mil~ aero , from 11 rth to south, in whi ·h th variation: in h ·iu:ht are 

within th limit of ... 00 f, -'t. 
... con, id •ration )f th , -..li~ht <liffor m· ~ of leYel which pr "'YaiL ov r 



U. S. GE:OLOGICAL SURVEY MONOGRAPH XXXVI PL. VII 

PERIOD. F ORMATION NAME. 

I uJ 
C/l z wuJ G acial drift. 
0...0 
..JO 

I-

z 
~ 
a: 
co 
~ 
<( 

0 

I Z 

~ 
z 
0 
a: 
:, 

Und1v1ded.I 
a: 
IJI 
Q_ 
a. 
:J 

z 
<( 

~ 
z 
0 
C) 
...J 
<( 

Hemlock . 

z 
z 
~ 

0 
a: 
:, 
I 
a: 
w 
~ 
0 
_J 

Mansfu,;d s'a10. 

Randvill? do om11,,. 

Grant . 

z 
Q _j 
1-0 
<( co 
:::E::E 
a:>­
Q C/J 
ll... 

Au 

Alh. 

Alm. 

Air. 

COLUM­
NAR SEC­

TION. 

1500 

CHARACTER CF ROCKS. 

Usual characters . 

Thickness unknown Yellowish to reddish brown sandstone, not 
thoroughly ce1nented, therefore cis1n1egrates readdy. Found in pa1ches 

' 1n many places, and always lying either In beds wh'ch are horizontal or 
I else possess s1ight dip to the .south Th,s may represent the initial dip
I wI h v.h1ch the beds we,e rfeposited. 
I 

A senes of very great but unknown thickness. It consists of alternat­
ing beds of slates, graywackes, siderite, and chert. With these, espe­
cially associated wtth the last two are found hematite and limonite ore 
hodies of variable size and of great economic importance. From this 
r.eries is deriv~d nearly al11he ore supplted by the Crystal l='alJs dist11ct. 
In he southern part of the district, espec•ally well exposed in the 
vic1ni1y of the Paint and Michigamme rivers, the slates and graywackes 

, have bei>n metamorphosed into schists and gneisses. This series is cut 
by dikes of rock ranging from acid to ultrabasic, which have, In olaces, 
metamorphosed 1he sediments. • 

The iiuckness of this vast pile o· volcanic ejectamenta can not be 
s ,ma~od "'nh any degree of accuracy It consists chiefly of in'.erbed­

d, d acid and basic la11as and assoc,ated tuf! deposits. and the water­
d post ed rra·en Is derived from them. Near the top of the volcanics 
a lent cula: area of normal sedimen1s, s!ates wItn lenses of limestone, is 
oul'\d. This forn,at,on is cut by ac'd and basic dikes. 

-E,t,~at d :o bo about 1,500 feet thick , It consists of interbedded frag­
me1I als,s'ates,and graywackes and,associated_ wnhthese,fonuginous chert 
and car na From these last has been de11ved the ore found associated 
wI h them Tho Mansfield mine, by which Is exploited the only ore body 
1n the M ns!1eld formation, supplies the ?nly Bessemer ore of the Crys al 
Fal d1strtc Thes slat:.s _are cut and metamorphose~by ~as1c r.J1kes.:_ 

Ttie 1clsn ss •s that ~st1mated for this fo,mation in the eastern part 
o the dlS net by Smy:h. Thi, prevailing rock is quartzose dolomite, of 
a 11e1y 11abl cnaract r 

,I shows 1 usual characters of granite. It is sch1stose on flanks of 
rr,a s1f, and ,s cut by acid and basic dikes, which are mars ve and 
sch1sto • . 

GENERALIZED COLUMNAR SECTION. 
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th gr ater part of the Crystal I< alls ,fo,tri ·t has led Hrnyth to the conclusion 
that thi: portion of l\Iichigan had b for Glacial time:-; been re<lucecl to the 
condition of an approximate pen plain. ( e Part II, Chapter I.) This 
peneplain i: a continuation of the p neplaiu of northern ,visconsin, and 
lie. b tween the uorthem Iirhignn base-I Yel on th north and the central 
,, i. ·corl.'in ha.·elevel on the south, to both of which attention has recently 
be n ·alled by Van Hi:; . 1 

DRAINAGE. 

The greater h ights in the l\Iichiganune district are m the northern 
part, wl1ere som :> few of the hills ri 'e to a height of 1 800 feet, and 
one to a maximum of 1,900 fee aboY :i s a-level; but th majority clo 
not ri:e above 1,G00 f et. The b lt in lucli1w these higher elevation 
extend about E-.. ·w. This b 1t r preKents th crest of the watershed, 
from \vhicli all Htr am· on th north ;,rn sid flow to Lake up rior, and on 
the HoutheaHtern sid l all flow to Gree~1 Bay of Lake Uichigau. A I art of 
thi: wat rsh •di. · undi vjded, and it i~ not un ·omrnon to find ext n ive swamps 
in whi ·h . ·tream:, flowing to oppo~ite ~id :--; of the waterJ1ed take their 
,ngm. '1 he portion of the ·1r. .tal FulJ , di~trict which is tributary to Lake 

► 'up ri r i.· ,·o :-;mall that it will lP totally negl ·t cl in the further disen ·sion 
of th ... <lrainage. 'I'he topographical map Pl. II ::-hom, the g "nera1 slope 
and drairn g .. of th .. <li:-;trict to b 1 E. 'I'h east ·rn part of th di 'trict is 
drained h r tJie )Iichj ramme !? Riv •r with it ' tributari ~, the Fen e (i\Iitchi­
u·an), arnl th lJ r, whil 1 th Paint (l\foqua 'Um cum) River, with its main 
trihutari .. _., tho I-I mlo k and the T t, (lrain: th west and northwestern por­
tion •. 1 h _. Brule CW . acota) flow: a long th 80uthern part of the di 'trict, 
lwbw for th 1 mfd part jtrnt b lm th ' nth rn limit of the pre ent map. 
It fornv througl1ont it. ·our ,} th h nndary lin between l\Ii higan and 
\Y'i. <·011.·in. rl he Paint flowK into th l 13rnl , in ~ c. 12, T. -!1 J.: ., R. 32 ,v., 
aucl tl1 Brul and th nlieliigamlll unit in ' •. rn r1. •.tJ i . R. 31 ,v., to 

1A <·entral Wisconsin basc-lovol, hy '. R. nu lli. e : ~<'iPnce! new er., Vol. IY, 1 96, pp. 57-59, 219. 
A uortl.tc, n Mid1igan ha e-lcvel: ibid., pp. 217 220. 

~Tll(' Jucli:1111u1mes ,Ybich the atrPams and lak of thi <li trid formerly hore hav• either been 
dropp •cl or 6lae, in a fow en I'. 

1 
hu,vo hccn 1·1 plac('<l hy trau lation:s, tllourrh mo t con1111only they have 

he•n replacecl 1,y English nurncs, ·whi<'h aro nltogotlwr new. Tho1;1• name wllid1 have !teen retained 
rec •in~ yarious spellings at th<! ha1Hls of <liffcr(·ut author , and cv n at the baud of the same writer. 
'1'h1: )Ifrlligarnm Hi ,·,•r, for exnmpl", 1s freq neutly i-p~ll d bf Bnrt rn the , m nrticl Peshak1onme aud 
Pr.11/t-a-l. m-r. Th uanw .\liehi•~nmn11• j:,:i also ·pell •tl 011 varion map' Jfachigamig and .Jlichi[Jamig. 
"'her a tho Pu.iut w fi nd pelletl .Jfr1111ac11111l'cu111, as abo~e mo t commonl~·, though Burt spt>lls it 
Jft8IJ11a~111n1•1•11111 and also I 11 a - ,·11m - 1t - 1•1w1. 

https://uortl.tc
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form the l\Ieuominee RiYer. Thi la t £my: southea t through the adjoin­
ing Menominee district, and i., th b nmdary line between l\Iichigan and 
Wi"Con in from it8 . ource to it, m nth. 

....l glance at the map, Pl. II "Till :hmY the presence, e pecially in the 
northern half of the cli ·trict, of a oTeat number of lakes of Yaryino·, izes. 
The e lake of clear water, with bottom.· of graYel, or most commonly of a 
thick depo"it of decayed ·veo·etable matter, are a Yery characteri tic featuP 
of the lan<l~cape. Many ar in th midst of ... wamps, 'mrouudecl < n all 
"ide' by a quaking boo-, which preYents one from approaching Y ry 1 .·ely; 
other" are :-;mTounclecl by steep but lo,,- drift hills. The lakeR may or may 
not have a vi;.;ible inlet and outlet. In all cases th pre ent water leYel: 
are con iderably below the orio·inal \Ya t r 1..·rnls. In many ca:;;;e,· th .. lake.· 
are but remnant of mu ·h laro· r b die of water. They are gradually 
:fillino- up with ·ilt and ,~eg-'table growth. Th s lakes, co,Tered ,dth Boat­
ing lily pad· and ·urrounded b~ • rune or le.. exten iYe hay marshe , ar 
fayorite place· for the deer, "·hich in many part of the cli ·fri ·t are still 
fairly munerou:-;. The numerom, lake· indicat th ·outhful chara ter nf 
the drainage. Many of the ·h·eams h ad in the lakes. In other ca.~ • th •Y 

flow throuo-h them, conne ·tincJ' them in chain'. This indicate the mod .. cif' 
0 

oricrin of the most of the stream:::; of the area. Th routhful character of 
th .. drainage is ,till further .;hown by the fact that with but few ex • ·p­
tion:· the river$ haYe nnt r--a ·h d ro k. They are Rtill uttiiw in drift. 

In the ca ·e of the D er River thi~ gTaclual <levelopment from th 
orioi.nal condition of a ·hai1 f lake:-- to th., pre~ent eon<litiou of a rh· ..r iu 
which the lake:; pla~ • very ~uhorlinat • part~ i8 well shown. l\Iorem: ,r, it~ 
deY .,lopment illu. trntes Y ·ry '" ·11 : .,Y Aral of the :--tage:-\ paKl',ecl thrnng-h h. • 
rjT r •in o- n ral, and for th l~ r •asons it mar be w •II to <lc:-.;cribe it in detail. 

Th .. life hi:-;tnr. ~ of th• D r RiY •1-, 1 a:; it is to-<lny, hegnn with the depo:,it 
of th drift1 whi ·h de~tn v ,d th former :--tremu~ of the distri t an<l m • aled 
their re ·ord~. It app :.ar: proh< bl~ from th:. top lgraphy that th~ 1-iY ·r 
o cupies the .~am:., or ap1 roximat ly the ~ame heel in which it.· pre-Glacial 
for runner moYed. rnie noti •n bl , valleY <W ·upied by· the str :.ia1 1 j:-, at a 
m,L·imum al out 3 mil :, bro~ d thotwh it~ drnincw nrea i~ n strip a-veraging-

1 Tho ubstance of th follo ino- wa. pr ::; •uted to the "'iscon, in Acad my of ,.cil'nc "'· Art , 
antl LettPrs at the annual rueetiiw, ...:cptemher :n, 1 93, iu n, pnper entitlt•d '',·om' stage iu the 
d n~loplllent of rin•r,;, a. Illn~trati'cl hy th, Deer Rh r of )Iicbiguu. •• An alt truct of th 1,aper wa~ 
1,nbli. 111:•l iu Amer. Gcol., \~01. . ·vu. l !lb, p. l:!t.>. 
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5 or 6 mile8 in 1 readth. rrhe hilh; be: tw· 11 whfrh th tr am flows are not 

YPry hi ,,,Ji a1)oYe tlH· river hed, th , maximum {1levatio11 being 17 5 feet. 

Tb<~f,w roek <mtc-rops are in all case,· found on the tops and flank · of these 

hill;-;, wlwn, tlH:1)· liaYe been <~ .. ·pos ·d h~· cl ~nnclation. ..At one point only 
lia~ rnc·k heen foull(l in :itu near tl1 ") 1-i"ver h l, and that i to,Yard the mouth 

of th<-: river. rnw <:ontlw.;jon i8 naturnl since the river is 175 fe ,t Lelow 

tlHj:e ~xpos<.•(l roC'lrn and lia:-1 not rt1ache<l roe+, that it rnn~t be flowing 
tbrnugh a pre xisting- d 'tn·ession or Yalle.'· partl~· fi1lecl hy the drift of the 
(' ]adal •poch. 

rl he~ partial fillillg' of thi:-; ntlle~· at thr time of the retreat of the ice 
to th -• 11ortlwast wa: a<·c·rnupani<: <l hy tli., tilling of th' d pre:siou: in the 
clrift b.,· th ~ water flowing froni the front of the m -'lting glacier. ..After 

tlw cl pr<'ssion: were fill •c1 the overflowing- welt :ir naturnllr follow _,d the 
g ·1H·ral , rnthpast .,rn .· lop<', whieh exists throughout th· arl-'a and i , :-;hown 

by the topographjc1-1l nmp:-; alHl h.\' the flow of the river ·. 'I h' immedjate 
<·om-. ·<~ of th" wnt '1' wm; cl<,t ·rrnin 1 <l h:v th form )r Yalle:·, ,Yhich wa~ not 

com pl .. tc...lr ohlit •rat .,cl b:· the c1rift <l 11 osit. 1'rift banier~ arn, .~ s the valley 
.- ... para ting the poncl -'<l water, or la]· •s, from on<: another wt:.re cut tlll'cmgh, 

jcltl1<· mat ,rial <!rod h ,ing :-;l r ,Hl OY ... r the bottoms of th 1ak :-; 1 elnw. Thus 

wa;,;, fornwcl a <'hain of lake:-; conn ,ct ,cl u:mnlly by- narro'i\' streams; the 

proc·c·ssc_.,:-- by whiel1 tho drnnn l • w 1 re cut nut and the lal~ :i:-; drained and 
fillecl up with tlie ,lebri:-; w ,r • goi1w on at. tlw :-;ame time. The result ha~ 

bc~t~ n to ohlit< rate tlw lnl? _,s to a gr ,at ext-'ut and to accentuate tli-> char­

~1ctc:r of the :-;tr ,am. 
1 lw final effect of the proc 'RS•: hridlr nutlin d, W(ml<l h, to clc ' tro r 

the lak(•~ •11t1nily awl procluce a Htrcam. 
}h follm,·ing on Pl. \ rIII the I>, 1 r Piwr from its month to it' :-intm· , 

'" ~ 1m~· :P th• ,· <,v<•rnl :-:tag 1s in itl':i ,leYelopm -'llt, which are al:-;o typical for 

ot}H;r ~tr •am: of th• ()'lacintt•cl portious of th· \Yorl<l. The river j:-, ahont 20 
rnil ,, · loug all<l has n wicl tl 1 1wr1r wlwr ~ it •ntPr~ into the Michi 0 'cmuu of 

~() t) ao yard~. ... ~ ear its lll<>Uth it i:-, cl slow-flowing :.;luggi~h str lam whieh 

lia.' m ~nrl.\r r •nC'lwcl it:-; lrns<•-l 1 11 of erw,ion, arnl lik) mauy of th' old 1 1' 

~tr •mn: nf' tlH· ( 1oa:tal I lain n•gion of the' l""nit d ~itat •,' is 0 Taclunlly filli1w 
portion · of it.· <'hann •l with the silt ;mrl n·g· ,tahl ' matt<:r brought clown 

fro111 a hove! . 

..\. sltort clistmH· ~ frorn its month it r ' · 'mbl s :--n ·h :tr ·am: also in th 
)ION XXX. vr--:1 
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meancl rino· haract r of it. hmm 1. Thi:-; r ~ mblanc is :--till further 
enhan ·eel by th pr senc of a r mmmt of a er ~' nt-Klrnp ~(l ut-< ff, .·o 
chara teri:tie of the old aO'e of riYer:--. Just opposite thi. cut-off i: a lak , 
·which i. • of int r ·t on a nunt of itK poK~ •-- ino· two outlet._·, both 1 ading 
into th riYer. Tnfortunatelr this fa ·t wa • obserYed on th top O'raphi ·al 
·h et too late to permit of a r turn t th fi ld for the purpo:e of cl terminino· 
the can ·e of th pre:-- n ·.. f th t"- outlet. 

Pa " ino· up the :-;tream \Y .. :--o u r a ·h th lak • which farth r on be ome 
m re munerou •. The life hi ·torr of thes lak • is in' parably 1111 ·t cl 
-with that of the riYer. Th yr a h d maturity during nr at th -lo. of th .. 
Gla ·ial epoch and :-;inc tlu t tim, th ir hi:tory i.· that of d )clin .,. Thi:-; 

part f th hist rr of th ~ lal-e may h bri fly Htat cl aK follow:-;: A· th 
ero ·ion <11tiin1e:-; the ar a >f water are reduc cl and the . urn uncling ~wamp 
areas ar c 1T :ponc.lincrly incr 'as ltl. If a fo.k were large anc.l c.:on:-;i<l--rahle 
iuequalitie • exi.:t cl in its lntt nu, t,rn or m n· small lak ' conn ·t l hv th 
~h·eam flowi1w through th m nrn.y 1 :) form d. The final ·ta()' i: a . ,Yamp 
traYer~ d h:~ th .. ~1 w-fl nYing· 1-iY Jr. 

The Yariou~ .:tag : in th hi. tory of th:) lake· ar w 11 illu. trat _,cl on 
the ar ·om1 auyino' map I 1. YIII, by the followi1w : ri • of lak :-;_ In ....... o.. 
1 and 2 th 

~ 
o·eneral ·hara ·ter f ~u ·h horties t f \Yat r ,·vhich ma,-. h... ·on-

id r 1 e::-- ntialh- a.~ m r, xpan~iou~ of ,·tr am·, is: :)n. ....o. 3 awl I> •r 

Lake haY 1 no· ~in • rea ·h ~d maturity and ar achan iuo· rapidl:- to th 
p int ,vh r they ·will a ·h h • s parnt ,cl int two b c.li :-- of wat ·r. ..... .... o. 4 

ha alr ady r a ·h 1 thi tao•_, .mc1 in the "wamp mark l ...\_ '"-' haY th 
last ·tao·e th :wamp with th .. :--tr 'am fl wino' b tw en p :)aty hank.. 

( n LiO'ht and LiY r lakts, in th· low .,r part l±' the 1) ~er HiY r w:. ma ,. 
.l all hut th l la:--t of th -' s ~ . ta!,re-., illustratetl. rrhe lal- )8 ar atta •h-> 1 to 

th rnaii1 riY r by Yen- short ~tr ..am:. 1 h , main riYer aft •r • I _.a Yino· th . . 
rapids al (>Y , wh r it accnmuLlt ' s con:-;i l lrnl 1, cl tritu:--, 1 nter: a flat por­

tion of it. course partl~- oc ·upi l hy th, two lakes in qu :--tion. H r • it· 
mpi,lity l> iuo· dimini, h _, l th· "1.tr ,am d :ip sitK th <lL•tritu:--. ~1 lrn it ha· 

gTaclually lmilt a d ,1ta1 m w for th mo:t part ronre<l hy :--wamp !!,Towth. 
rr hi t ->U<.L to ach-an ·e th .. -.,lwr liu , Hll(l thus <limini:--h th., Welt ·r ar ... a. 

Th, rapi l ·uttiug· 1low11 of th., l arri r inun lintel~~ lwlmY th l lak l >. tb .. 
. wiftly-fi win~· . tr ,am t •n l-., to l w r th., lak :.; aucl thus climini. h th fr . ' 
urfa • , ar .,a ~till m r ... 
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The c robin d effect of the drainino· and filling ha been to separate 
what wa,• form :1rly a lon • narrow lak tr udino· E- W. into three rounded 
b die f water, tw of whi ·h ar c un ct cl ,Yith each other, the larger of 
the 'e two and the third lak beincr • 1mect d with th main tream by very 
hort n rk:. An artificial clam ha 1 een built aero the narrow channel 

bel w th lakes, and th'-' ft ct ha b 11 t flood th delta and unite the 
lak ~ int on laro·e body of water cup, -i.ng, approximately the area 
·ov r cl by th gla ·ial la].,. thu ' re 'toring th condition whi ·h exi ted 

l fore the natural 1 arrier had been trenched. 
In th remaind r f th course of th D er Ri-rer the tendency of other 

artifi ·ial <lam.· to r C) ·tore th river to its ori 0·inal ·ondition, that of a serie. 
of c: nne ·ting lak . , i. · weJl ;·hown. Th se dam , were) built by lumbermen 
at the foot of th 1ak .• or .-wamps wh n it wa , deRired to retain a large 
bod of wat :.r at these pla • •. "\Yhen, on th other harnl the de ire wa toT 

na11 th_, 1 g:-- t pa ·:-, rapids, a, darn (mark cl Bon flp map) wa: built near 
th h ad of th rapid~. rI h., ba ·k wat r would 1 ring the log ~ to the clam, 
and on op 11i1w th_, gat ..., th flood would arrr th m OYer the rapids into 
th cle per w~ t r 1 . ...011d. rrh D lfrv r thu . after luwino· r achedll' a 
: m what advan • cl RtaO' hai; h .. n rejuv nat d b~T the Michigan lumbermen. 

, ·tud of th., :mall tribntari B show · the same on litiou f thing ,y 

althou Yh n t 11 .·o laro·"' '- s ·al nor ' ) p rfe tly a · in the main , tr :.am. 
Th : ur<· of th l)., r RhPr i,· in th l copiou;-; priuo-H which ri. out 

of a :pongy mar:hy pi c of oTound les~ than 125 yard distant from 
n Lak:. and al ut 20 feet h low the n ·unl "\Yc:lter leYel of Bone Lak , 

and ar r any f ,l h:v th,. Ink wat r p :)re lati1w throuO'h the Llrift and 
ap1 arino- at thi: point. },..,r m th .. .·pri1w~ ther is a depre "'ion "Thich leach; 
up t th ... lak . rl h .. hicrh . ·t poiut of thi~ 1 pr ~.'i n wn~ about 3 fe t aboYe 

th normal wat r leYel of th"' lal . 
h utl .,t of B H .. Lak) i;-; th .. Fenc ~ HiYer. The riY r lea ye ~ the 

la}, ; at } p jut t1ir, -quart rH of a mil .. cli:tant from th head )f the D er 
HiY-'r Yc 11 1 y. In onl ,r t< ol tc1in n Hnpp1:- of watc.:r for driving th~ F n 
1 i er, Bou Lah· h,1: h · ,n ·onvert cl into a r •~1T 1ir. A de m was built 
at th utJ •t w}1ic·h mis ,<l th •wnt •r n1 mt 4 f t and th r 'ult wa.' to turn 
Rom .. r f th , , t'-'r of th, Jake into th D) r hiY r n c ssitatin°· al1-10 a lam 
a<T :.' thi: :ma11 rnll • r n ,ar th) la] :bor '. At pr)~ ~nt only n fe\Y trokes . . 
of th_, :hov •1 wonl l h, nee- ,, ·;-;ar • in onl r to tum th water of th flooded 



36 THE RYSTA.L F~ LL IRO~ -BEA.RING DI rrRICT. 

lak from the F n ·e into th De r RiY r thu gaining for it a drainao· area 
externling- 7 mile-- forth r 11 rth au~l in ludiug thr large lak ·, the mam 
:--ource • of the water . upply of the western branch of th :i Fen e. 

I haY:, no data \Yhieh would nahl me to :--how that th Yall y at the 
hea<l of Deer HiYer ,-.,-a. eY ..r a ehann :il for the wat .r;-:; of Bon Lak . I am 
in ·lined tt l lieY that :.;nch \Ya-.; not th .. ·a...' . For hacl it exi ·t cl "'ith the 
pre~ nt ~lope, :21) feet in 3 7 :J fo t, or eY n a much lower one the "·at r 

-ould haY had a mnrkt>(l rm,iY-' pow r and it \Y<mlcl haY ·ut l a ·k it" 
channel mud1 mor., rapi<lly than th F nee which for ,l mil hPlow· th lake 
j._, a comparntfrely :-;lnµ·gi:.;h ... trenm and would haY Yentnall y captnr d 
Bon:, Lak , nrnl its feed .1r:.;. 

The D )er PiY 1 r i..; :.;till ·<mtinuing· th .. pro es:,; of ngtheniuo· it-; ·han­
nel

1 
arnl the spring-; which !.!·h- • it l irth ar) gTndually undermining- the 

barri •r at it-., head, :--o thnt it is p )s:-;ihle that it will, nnl :.;s miific-ially 

r .. --train .. a, obtain nmeh rnor • wat ""'r from Bone Lake than it do :-; nt pr""'•. ent. 
A changt> in atmo~ph ..ric and oth-'r cmulitinn~, ,Yhil'h \Yould in.·m·., a . tat 
of quilihrium b tw .. en th ' inl'nmi1w and nnto·oing \Yater: thu. pr.,, en·i1w 
th ,Yater: of Bou-' Lak, at th .. ir pr•: nt 1.1ye], "·oultl lw faYoral J.. for th, 

final su(·(•e-.;::-fnl rnhb •r:· of th upp 1 r F ne Hin·r syst m h:· th I> .. ,r 
RiY •r. Thi:-. f:wombl, l'nnditinn, a: may be rea,lih· se lll "'onld lJ, oTeatlv 

~ • r ~ 

iner a:-. ,cl in proportion a:-. th incr a: <f inflowing- oY .1r nutflowi1w wnt r 
rai ,d the l .1yel of th lake. 

TIMBER AND SOIL. 

Th .. <li---tri ·t wa.· at t n .. tim Ycir:· heaYily timh r cl, with liarcl ,mo l 
and pin, th, form r pr }dorninntiug· on th, whole. \lmw th fl.on l plain: 
of th lm·g-p -.;tr :.ams on tirnl-- "'amly pine l arr }nH wher on • th .,r, w r 
heaYy pin, fore~h. Un th l h ->H(hrnt -'l's th, pin· ar""' fouu l ~C'att ..r ,d 

thrnn~·h th, lrnnl wo01l. lrnliYiduall:· th J~( tr es an' Y •r:· mu ·h laru· ·r awl 
b .. tt .,r than th., thick arnl th ,r ,for, . mall .1r growth nf th J plains. Lum1wr­

inu· whi ·Ii lrn<l h • 1 11 <·nnfin ·<l for year-- to the nwin clraiung, c·hannPL- f 
th, di:tric-t ha-., of 1at 1 h "'11 rnpi<lly extend <l. followinµ: H1l th., ramifi<'a­
tion. of th, trilmtury tr ·ani-,;, until at pr ~ent ther _, remain~ in thi, <li. h·i t 
onlr a f ),v :· en·.., ·nt c f pine at th, Y ry h ac1'\ ater:.; of th nY •1-:·. 

Followin:.?.' th lumh •rm ·n ·cm,.., th· for 1 st fir•, which firnl~ it JU<ht nouri ·h­
in~· food in th• dry r 1 si11otb pin, top~ left l>:· the111. T'h ., fir~ , nnc·c• tartt~<l 
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ar not eonfin d how ver, to th cut pine, but spread to th acljarent 

.·tanding piue ancl even into th hnrd-w d fore ·fa, cn.n·>-i.1w <l.estruction 

with them, and J..aYi1w hut th:, o·mmt bar , and blackened trunk~ to mark 
th " HitP,' of vvhat wer forrnerlr thick foreAt~. 

Th 1 pine-tov •r .id ar as have a thin ,_·oil an 1 are }JOorly adapted to 
agri ·nltur •. Th .. ar )as cov r cl with hard vrnocl l~aYe, 011 the contrary, soil 
weH adapt :.cl to t1ie <'rop: of the latitude. 

Th aclnmc- of th· lumh -rman ha.· 11 tes::,itated the <.bmming and 
cl "aring- of :tr :.iamH arnl th., blasting of c1rnnnel:-- to p rmit the fioatino· of 

th· Jo<r:-;, and thi: ha · driw_.n th I fish ·'P ciall~y th RP kl d trout, whi h 
£ rm rly- <-rmv(l <l all tl1) strennrn, into th small :-1t nnd mo. t inaccessible 

11 s. Ruff cl <>T( mse Bona. a umlJellu and J ..er are ·till rather plentiful in 

-'rtain porti01rn of tli 1 area nlthoqgh the pot-hunter with ._et gun~, spring 
n o: ,' and pitfall. · is rapidl)~ xt rmiuntino- them. rl he deadly- ·hm·Heter 

of :u ·h applianc ,~ is l r ug-ht Yividly t 1 min 1 when, a::; happ ned in my 
O'\Vll C'a: ~ on., i: .-uc1c1 ~nly arr :-;t:.cl, whil :i followinO' n cleer trail throud1 the 

un<lerhru:-,h by a ha:~,viP noose nr mncl his neck, arnl h 1 may b thankful 

if tb _. be11t .·nplin(J' hnsing- b en bent . o long- a:-:- to lo ·e its ela ticity, fail ' 
to ..prin(J' up an<l rend 'r th~ d 1 vjc; ~ff .. ·tiY . 
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The O'ranite c1escri1 l in thi • cha1 t r belong to th olde:-t .·y,·t m in 
the rli ·trict. and form:-; th w ~t rn Jlipti ?-1 core d iO'nated on Pl. III a 
Archean. It is smT01mdeLl by s dim ntary trata, whi h ha--v . a quaqua­
Yer:;al ,lip nwa:- from th gmnit a" c c nter. The l ortion of th 11 r:-;tal 
Fall~ cfo.;trict in whi h th grnnit utcrops, i::; al out 13 mil .~ lonD" hy 
3 miles w·id , it· 1mo·e~t axig extending in a N\V. and ~ iE. rlir ti n and 
coYerin,o· part.· of T~. -:b-1, +5, an 1 4 :X. Rs. 31 and 32 ,Y. 

Th exp,vur s of gTanit ar "'pecially num rou • in th . uth ( :t part 
of th ornl ar a, ,Yhere <Y\Ying t the pr ~'imit r of 1arg :-;tr ams the .r n 
and D er 11.Yers and th cons qu nt incr a. cl ero.ion th drift he:;; to. m 
extent b en r moY d. In the uorthwe ·t part of th area ,,-i.th rar x p­
tion, , all th rocks nr d ply ·nY r cl with drift. 

In o-en ral the top( gTc phy < f th ar a is that of th drift, 1ut in the 
:outhern pmt it i ~ se n t lu Y h en co1L'idernhl r influ n •:,d 1Jy th char­
acter of th und :.rlying rn ·b. Th 0 ·nmite u mtll ~ nt<.:rop:-; in :rnaH 
round 1, an,l i:-;olnt d knnl :--, ,Yhos r lati ns to on anoth :.ir ·an nlv h 
·nnje ·tur cl. \\11 r an < • •a:-;it nal knob rn ornpo • cl of 1 rn::iY • granit 
arnl more or l s , ~-n i ":-.t i 1 gTanit th e. pos l ~urfac: i -· :-o :-.mall a 
to prevent th ohs rY r fn m t1 ·t rmining th r 1ation._ b :.,hv ... --n th hYO. 

Cmting th ma. ·iYe awl :-;d1i:m-.; granite ar c rtaiu 10110' rnnTn\Y ma.·:e 
of <lark-color d n k~ nf nth 'r fine trrain and, with f w xc· -'l tfrm. --v ry 
t-- ·hi "to · . From th ir g· ol wi ·al o curr n it wa:-; con ·lu l cl in ~vit of 
their npp aran thnt th . v nr lik n elm cutting· tl1 oTanit . 1 h follow­
ing paraQ'raph, quot ,d fr m th manu:-, ript not s of ¾. 0 .. 'mith ,l -crih : 
very cl arly- th ir fi lcl o -.mT nc , : . . 

Th 0 ·ap in tlli~ grauit rid " m t indicate gr en tone dike . a b r the 
rranite u ually ha· a fa in O' of tl1 • ~:r •en tone more or I) ~s e. t n iv and oft n in 
the center of th o-ap th r ar " Yeral mall ar aR of 0 T enstcrn •. In all case: the 
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greenstone i markedly more affected by weathering than is the granite. A study of 
the relation, at the few point, of contact did not yie1d much more than negative 
re.·nlt., but the:e poiutecl to the iutru. ive character of the green tones. 

RELA.Tl0.1. ' TO OVERLYL:r T FORl\IATIOYS. 

Th r h tion. of the QTanit to th , dimentary rock might be explained 
in two ,,-ay,; the f'. rm r ma ;• rv a· th las f th latter ro k , or it may 
p n trat th m. Th occmT n • of the . Tan.it in an elliptical hape, wjth 
,· "dim nt: :mT undinO' it ·howino- quaqrnt-v r~al li1 , might b r garded a' 
evi<l 11 • ( f it.· intru ion in th Iluronian : climent:-1, and on thi .. theory it 
w uld follow that th granit i~ of Hurouian or po t-Huronian ao,e. If 
intru. ·iv , it should b" found to pen trate and m tmnorpho ·e tho ·e sedi­
m nt:. AO'ain, 1h intnufrrn charact r of the oTanite and in favor of its 
pre-IIuronian ag, ar th followino' fact~: (1) Th r i:-; a total al ... ence in 
th 'UlT uncling ,· dimeutary .·tratn of any lik .. whi h ar telated to the 
o-nmit . (2) Ther i: a. total ahs ne , of m1y m tarnorphic a tion o far a 
ol :erPd, in th .• dim ntari ;-;. (3) n th ast flank of th oTanit core, 

, ._•t hran ·h of th Fenre RiYer in th "\V. corner 
., R 32 \V., i.' a r omp K d grnnit ~ ,Yhich pa "" R up into a. 

tin l ..ri iti • quartzit , with fah,e h <1 ling. Th rn ks evid ntly cl riv d• 

th ir 1 at rial from th <rnmit :1, nwl h nc•p mark th h ginning- of s dimenta­
tion in thi. • ar ~,. 

rnrn: th po;-;1tiv' •vi,l 11' ' ntirmri th• 11 irativ , and in 0 the O'ranite 
und 1rli :- th• ld "'·' : 1dinwntary ro ·ks who:, n9,· has b 11 cl t rmin c1 to 
b ;> Huronian th f rm r i,· da:sifi l as ...\_r ·h an that t rm. b ina, u ·eel here 
to ,l :icrnate tho. e ro ·1: of nrnlonht l io·n on:-; eharact r which form the 
f urnlati m upon which n s tht· old >,'t d t rminahl . e lim ntar ~ rock . 
I i: not th, pr >vine, )f thi,• pnp :.r to nt ·r int, a 'P ulativ di ·cu tion of 
th 01•j<ti11 f t}1, ..\r ·lwan r H·,k: of th cli.:trict. For "uch a di ru'"sion the 
r ... a1 l ,r i: r •forrv<l tn Prof :.·or an Hi:>\, xhau ·tfr di ~qui ition n the 
Priu('ipl ~ • of '"ortli Arn 11-icnu pr 1 

1amhrinn ~ log.~ 1 v h r the c.:on ·lu ~ion-

1:-; na ·heel thnt t11 • \rc·h an is io·n ou: and r 'Pr , uts a pnrt of th ori<tinal 
-ru. t ,f the c;arth or it:· elm nwanl ·ry.'tallizati n. 12 rr h Arch an ha 

criwlnall r •,H:h ~cl th .,mfoc by th r -,moYal hy- ~ro ion f th ·npe1jacentr 

rcicks. 

1 .'ixtccnth Ann. l'ept. lJ. ,'. Oeol. .~urY r, Part I, 1 9(i, pp. 371 74. 
·Loe·. eit., p. 752. 



40 THE CRY TAL FA.LL IRON-BE RI :r DI TRI .,T. 

PETROGR_\..PIIICAL CIL IL\CTER •. 

Th r ck· of th ..\rchean cnmpri biotitP-oTanite, o'neissoicl 1 iotit ,_ 

granit , and aeid and ba.·i • dike . 

BIOTITE-GRANITE (GRANITITE). 

Th rock o • ·upying the main and .)ntrnl part of th r ·h an ar .)a i:-; 

a biotite-gnmit ... This rock is al~o found to ~om xtent on the 1nrd ..r uf 
the ar .)a. 'I h.) rock· of this kind Yar - in ·olor from lio·ht-<>TaY rock.· to . n r ~ 

tho.;; haYing Yarious tint. d' r d, d p rnli1w u~ually upon the degr of 
alt ration. Th y Y,lry aho from m ,di um to coar:-, .) grain. i om .. Yari :.ti ... 
how a d .. ·id _.d porphyriti textur and m .·mne en , nl ·o an apprrn ·h to 

a laminat ..a .-tru tnr ... Th .. p rphyriti • ·haract .)r is due to the pr :-- -'l • .. of 
larg ·ry:-;tal:-; of f l<lspar "·hi ·h 'tarnl out from the ,'UlTOmHling graniti • 
,rroundrua ·s thus produ ing· a typi al granit -p rphyry. rI'h:. f< kl --par ph ,_ 
nocry:t:-, lie ,Yith th ir longer axe:-- 1 arall 1 an 1 thu h 1p to pr rluc· .. an 
imperfe t 1aminnt .)d stru tme. 1 hi.· I arall 1 stru ·tur., in tb granit -
porphyry i· appar ntly anak g-ou~ t< th flow Btructur., of th Yol ·ani 
roek ·, arnl l rnbal ly \'{as pr due d 1y moY.)m nt: in th 1rnwma l fon• it 

had r .. a ·h .. d Y n a Yi: ·ou. stc te, a:-- \Y find that th ph u -ry:t· gi'" .. no 
eYid n • .. of hc.ffi1w urn] :irgon x • . iY ma:hing or t< 1--inu. 1 h liff r ..nt 

textural Yari ti s 0 Tade int ◄ nn annth r in ;-;u ·h a ,vay a.· to indiC;at that 
th y ar • mer ly modifi ·ations < f th' ~am magma. In addition to th,. e 
t xtural n1.ri tie-.,, \'d1i ·h ar.. ffigiual ,v.) find in • rtain plae .)_. a pas ag- ... 
from ma::iv ~ to s ·hi. to-P rock~. in whieh tlP ~chi ·t ·it r i ~ of lnrnmi • 
orio·in, i. ., of ~e onclary natnr ... 

Iu th thin : eticm. the~.) ro k. . how th normal oTaniti t xtur an<l 
th u:-;ual min rnl • n-;titu )uh ,,·hid1 ·hara ·t :iriz :i hiotit -o-nmit s. Th, 

chief miu n 1, ar, nrthoda.. . mi TO ·lin plag-iodn:, quartz and hi tit . 
Zir ·nu arnl apatite , r th, a •>s-.,1 )ry min .. rah, pr ... ~ nt and th ... s ..cowh ry 
mineral· in lu<le pid< t -zoisit ·hlnrit, mn~l'UYite rntil and iron pyrit ..... 

Quartz o • urs in ~Tain~ f rming· th.. • m nt and mol liu0 • arouwl th .. 
other min .)ral . In on .. nf th, oTanit s it ha.- n p, ·ulinr :a· ·har idal ·har­
a ·t r ma rn::-C( pi ·ally and uml ·r th mi 'l'O:-- • p::. su ·h p rti n: ar .. r ~,< h· ,cl 
into Y •ry fine aggr g-at ,.., of quartz !.?;rain.. 

Th, <1nnrtz i: al:o fr 1 (1u ..11tly fnuwl in round 11,b: of Yaryin~r . iz, 

in ·lud 11 in th, l -.,t cry. talliz, l f •l1l par Ty:tnk rl lrns th .. -rysta1lizc ti n 
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of th :i quaiiz, uul :ii,v Huth quartz r pr:.: .}nt • th ' quartz de corro. ion" of 
th., Fr .. nch author:, c-ontinue<l throuo·h th., ..ntire tim oc:cupi d by the cry, -

tallization of th., f ~ld:par:, sine 1 it i • in lmh <1 in th oldeM f lth,par of the 

ro ·k:, awl al:o forms th, matrix in which Ii-' the y<..mnge ,t f Id ·pnc. Uuclu­

lator:v xti11din11 :o g 1 11 ral in th., <1uartz0s, shm,·s that the rorks hase h n 
:uhj J ·te<l to pr •:sm· 1 awl in ·om., ·a:-- :-; it ha.' h 1 1n :-;uffi ient to produc 
th, extrem • C'ata ·lw-;tic :tructun: of YerY gr ath~ mash 1 <1 rnck::-,.. .( 

rl Ji • quartz inclwl :.s nunwnrns gn~ and fluid induf-ions the latter 

fr "'<Ill •ntly with clan ·ing· lmhhle:-; ancl forming negatiY .l ·ry ·tals by mean 
of whi<-h it i.· •as to ori 1 nt the irr 1gular grnins. rl h quartz of on of the 
:p ·<·irn .. n.· was founcl to ·ontain liquid inelusinn: -'HC'h of which, h 'ide" the 
ti.·trnl lmlJhlc!, )1 ,]<l a :--mal1 r ~etm1g-ular crystal. Th-','0 cry. tal. ar tran:­

pcircnt, with a ligl1t µ:r .. eni:h tinge. ~\. ery~tal :-;imilar in appearan found 
in th ...·mn, quartz individual is partly inelo:,;, 1 b)? a laro· LJ-shaped bub­

bl"' and g,tY .. iuclin ..a •xtinction, though 110 further optical t . ts could be 
ma<l upon it. 

Tlire<· kind: of f,ld.·par ar .. ]ff ..:-;ent: (1) ..\ fin ly :--triat .. d plagiocla. c; 

0) a f ..],l:par, un:triat .. ,1 or at 1110:-;t . bowing 1arlsbad twins, and pr ·mn cl 
to 1J .. o1't11ocla:e • awl (3) microc:lin ', th s., last two heinµ: frequ .,ntly inter­

gTown aft •r tlw marnwr of p 'rthit·. rl h, plaµ:i< cla~e wa' th first f ld:par 

to c-r:'·:ta1lizc,. It j:,.; inYariah1)· :-.o nlt 'l' cl that th:. t"·inning laminc ~ are 

11 .. m·lv ol lit"rat .. ,1 tlnv prC.:',. 'ntiug a ·cnrat, m •a:,;nrements. It i: prohnbly 

oligoe]a:--<-'; and if :-;o it is high])· prnbahl .. that much of th white mica 

l rocluc;(~cl b)' it· alt .,ration i:-1 parngonit 1 in:-.tead f nm:-;eo,·it a fa t not 

<h·t •rminabl, rnicro.Topic:a11y. 'l'h • ph •ll<H:ryM~ nr ortho ·la: , n.'tutlly 
in Carl. ·bncl twi11: and tlm:-; at firnt :-;ight appear t 1 luff~ b '.ln th first fold­

,. par to c·ry:talliz •; lrnt 1 find that th ':--e ph 1nn ryt-ts not uncommonly 

ind, . r, small r .. dan:..n1htr 111<ffP or l ):--. aut<1mnrphic 1 er.'T:-;tals of plagio ·la· , 

whi<'h i in r ,a1ity tlw olde:t ft,lcl:-;pnr. I-I ·m·, th :-- ~ orthocla.· 18 notw·ith­

.·tan<liug- their porphyriti(' c·linrndvr ar, lat •r than a part of tll-' pla,sri > la· ". 

)11 • pl1<1 J1<HT)·· t with 1nrlslmd twinninµ: wn~ ob:--0rY 1cl in whi ·h on~ part of 

1Automorph, X,•11omorph; i;her di Ernpth·g .,f iu1· im (; hiefr <lt•r :-:-chl 1 si ch-)Ia.chrischen 
Kr id1•forrnatio11, hy ('ad E . •\!. llohrha1'11: Till'h. J,\Jin. Pet. )lit., Yol. YI!, 11'Xl>. p. l . 

Jdiomorph, .\llotriotHorph; Ro l'llhmwh: Mik. Ph~· . .. Yol. Il.1 \'7. '.M t•tl.. p.11. 
L. V. l'ir HOii ha 1 •cm1tly prnpose1l 111 :i p:l)H'I', 1· a<l ht•for tht> Gt>ologi ·al f;od,·ty of America, 

on A,. ed rl 'l'•rm in I' .trolo~y, th,~ tPrnl :1nhvclra, for rni11eral,., which <lo not pos~C '' cry:-talloo-raphi<' 
ontlirw and ar ,e11011iorphi<·, in l'lllltraclj . t.itlcl ion to tho...,• which wt> prop rl~· t·all cry ta] and which 
arc• a11ton10rphic: Geo!. ~oc. A111., Vol.\ JJ, 1 !Iii, p. !!l:!, au1l Am. Jonr. :--ci., 4th ::-erie , Yol. ll, 1, 96, 1>.130. 
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the incli-ddual ·how micro linic ·triation . The other part wa, untwinned, 
ancl near the center of th phenocry -- t bi ect d by the arlsbad twinning 
plan , wa • found a rectangular I hwioclase err tc 1. 

The micro ·line i.~ u ually th h . t cry tallizecl felcl par in the ground­
ma.. and al o br far th fr h "' t. In the few case· in which it wa 
olr rvecl in contact with 1)lagioclas the latter molded it, an l i. therefore 
< lder than th microclin which in it · turn i • older than the 01iho la-·e. 
In one ca"e a microclin irn.liYidual ~howin(J' the lattic .·tructur ov r a 
portion of its "urface po. :-i ."' e no twinnin°· lamellre in another I iii n the 
twinning lam llc facling until they totall:'~ di appear. Thu. no , harp 
delimitation fr appar nt b h,~ n the twinn d and untwinnerl portion: of the 
incli ,·iclual. 

In mo:-;t ·lirl : all th f l ls1 rm-- ar mu h altered but v n in tho m 
"~hich the microcline i • fre8h the plao·iocla "'e and ortho lase alway:-: ·h w 
alteration. , the plao-ioclas altering mo~t e,-1sily and u ually 1 ing .-o change l 
that it i , with difticnlty that 011 an r OO'niz the twinnino- lamell . H n e 
·ome cf them may- haYe h en tak 11 fur th non triat cl ortho la e. In an 
early ·tage of th alt rati n f th f kl ·par · minut dark ferrit I arti ·l • 
"-hi h impr gnat :> them ar hydrat d and thi~ aiye ~ the f kl par a mor r 
le:-.: di 'tin tly r d tinge. In a mor alh-nnc d ·tage of alt ration mu~c -vite 
and a little epidot -zoisit ar produ' d. ... noth r alteration of th f .-ld,,,par 
is always a::ociat cl "~ith niarke 1 pre:-.sme ph nomena, , n l h n • i: I re­
:umecl to he the re ·ult parti, lly nt l a ·t of dynamic action. Thi· i , he 
partial r nmpl te nTanulation f th f .ldspar and th pr du tion fr m 
that mineral, " ·ith th a 1 liti m from other ~onr e of the ir n aufl maon . ia . ~ 

ne • ~~arv of ,· oudary \Yhite miea ancl qtrnrtz ancl ·ome biotit . It i • 
hio·hly po· ihl that :-; rn of th ~mall limf)icl grain.-. on:icler d to 1 e 
=-- c nclary qmu·tz ar r ally an a ·id f 11 --par. Orogeni moY m nh are 
al--; ◄ indicat d by the henc.liuo· of twinning lam IL , ar cl ,v re pr 1al h - the 
partial au.· of th twiuniun-. 

Biotite 'lU':-- in plates, i nd as a rul -.·ho\\r, b tt r-cl ,- 101 cl 'lT~tal 
than <loe • th f ia~par, th lin-h it fr 1n lntly o ur in cl 'id dh- rac1·g (l 
flake· . It i: ,_;tr no·ly pl o hr fr, :--h nYin~ nh-. orption iu th., f 11 )WDlO' ('Olnr:-,: 

Pal ,· traw yell w to y lloVi~ibh br Yn1, for ra~-s YihratinO' p q n lirular to 
leayao- to Y rY dark ·h 1at hr "·n arnl oT ni"h brown for th , par-

all l to ·leaYal . Iu th l'a.;; l f th 1 i t1t showing a 0T ui:h olor this 
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. e m. to 1 the r :--ult >f in ipi nt alt ration since th d~;e. of the flakes 
arc ragg· .,<l an<l in many aR s alrno ·t th ntir biotite of the section is 
alt air d to a ·hlorit , which shmY~ ordinary "rhit to light greeui 'h pleoch­
roi:m with th :imultan ous prodnetion <f pidot and bundle" of ne dles 
with high ingl :.i and <louhl 1 refraction, haYino· yellmvish or bro,n1i h color. 
Th :e m ell.,,, ar taken for rntil "· Th 1 i titc i, found n "nally lying 
b "h, 1 nth f 1 ld:par and quartz grain~ almn. t as though it had b n the la:t 
prodnet of crystalHzation. It has suff rt:<l crushing wlth th other mineral . 

pa tit., an<l zircon w r ob ITecl in a f ·w cryRtal.. ....To onginal iron 
or was s n. As intimated aboY, b:· th us of th t rm' piclote-zoj ite '' 
tL xaet ·harnct r of thii-; s 1 ·ornlar~v material i:-i not alwayR d terminable. 
In :om i1vtnnc ,, parts of an pi lot r~· tal show th cle 1 blue inter­
f r n •, color of zoi:it , appar 1 nt1y imli ·atino· a mixture of th zoi.·ite and 
pi<lot .. rnol ,rn] s th latt 1r pr clominatino· in the cry ta1 .1 Th remammg 

, -'<·ondary min raL m ntion d a: c urrino- in th 0 Tanit ·how th ir u ual 
charact r.. 

GNEISSOID BIOTITE-GRANITE, BORDER FACIES OF GRANITE. 

..Ahout th• c 111tral ar 1a of bjotit -oTanit just d scrib cl, and m part 
formincr th .. horcler of th 1 \rch an nr )a nr rocks hcffillO' a gnei sic 
trn<"tnr •. ·with th . ar as~ocint 1 th biotit -0 Tcmit 's. Th gn i.'> id 
roc·k: in o· n ral ar mark< <11 ,. clnrl· r in color than th granit s, showing 
normally a rather <larl crray. r1 h, ,. YHry littl from on anoth r in te,·ture 
awl an.-1 much {m •r g-rni1w<l than th O'rnnit s. Th . fin -grained ·ondition 
of th,,· :chistos arnl hnn<l ,,l rocks hn::- p :}rhap~ n °T )at l al to clo ,vith 
th .♦ jr darl ·olor thotwh thi: is primnril. • ( wfr1g to th amount of biotit 

pre. ·011t. 
In ,. m of th spc· im 111H th ) hancl can h r adily <li.~tinguiRh cl und r 

th• mic;rnsc·op ,, and ar, s • m tn cnntain n ,Yhit ") mice nrnl a 111.uch smaller 
amount f hiotit ). rl l1c•se two min rnl:-- are pr 1 Hent in fin film: h )tw n 
t11, c·ru,h ,,I quartz an<l f<.1<1:-.par o-rnins, 0 -iYinc, to th rocks a Y ry clecicl d 
,Thi. to. • c:hara •t ,r. rl lH•s • miC'a fo1ia nr • much mor mun rous iu c )rtain 
ar ,a.· than in otlwr.', thus pr()(lll<'lllg' a nwr >r 1l~s perf et handing. 1."'h 
mi<-H plah' ar not all r ,o·ulnrl>~ }H ra1l 1 alth twh ordinarilr ha;viuo· a 

1 )n ome granite from Briti~h ('olnmhia and th adjacent part. of Ala ka :m<l. the Ynkon 
di trfot, 1,y F. D. A<lam : 'a11a1lia.11 Heconl . C'i .. ;-.. pt.. l 91, p. :llli. 

https://a11a1lia.11


.

44 THE ORYSTAL FA.LL' II O....T-BEAHING DISTRICT. 

ten lency to thi. mTano,em nt and aT u -ually parallel to the banding. 
The mo t perfect chi.,to:it ~ i: thu~ cleYelopeu parallel to the mi a eou. 
band. . Th banding an 1 the .__chi~t .- tru tur are plainly of . econdary 
origin the re ·ult of clyu(. mic action. 

Other of the o·ne~ oid granite" howeYer, when examined un l r the 
micro ·cope, are clecid dl:~ma · -iye antl it i only on a large .·cal that the 
banding how di ·tinctly. In uch ca~ ' the cau e of th banclino· uld not 
be determined, and might b;v "<111 b a, cribed to diff rentiation, thouo'h, 
from the a · ociation f the:e gnei"s i<l oTanit s with tho ju t de 'Crib cl, it 
i • a mned that the banded ·h· 1 ·ture i du to lynamic action. If thi.· l e 
the a e, howeYer a compl t r cry,tallization ha ' taken plac , an 1 liO'ht 
cb~amic effect" ar now sh wn. Th ·trike of the banclino· wh r Y r it 
wa. taken, wa ' uniform Yaryino- from K.- . to nearly . 45 ° "\V., agreeino-, 
on th whole with the tr ml f th ....\..rchenn oYal ar a. 

The micro op shows that the n ·tituent mineral of the gn i •·oid 
oTanit • ar the 'cUU cV th :-1 w-hitl1 mpose th oTauit ju ·t de ·ribed. 
Th ·e c.how al:o the --am r lati 11 ' to ue anoth rand the ame g neral c:har­
act r • a " in th <Yrnnit ., xce1 t ·wh r ma ·hing has om1 let ly oblit rat ., l 
th rigfoal textlli' and henr no forth r cl scription of them i. neC' :--ar . 

The cru. ·hi1w to ,Yhich th o'n i oid o-rauit hav beeu ubj ·t 1 i • 
Yery clearly 'h ,n iu th pre nt ata ·la -tic ondition of th quartz an 1 
feld~par.· . 

• tat cl aboY b th th <YU i.~ • id 0 T,mit an 1 the granite pr 1 r ar 
£ uncl in th border ar a of th ~\r h .. an. In tho '=> ro k in w-hi h th • n­
tact ,h w.· c O'radual tran ·ition fr m th J hand d rock to th unl and cl th 
mi ac ou: band,- are clearh~ s ondarY m cl ar the re -ult of the ru.-hincr. . 
of the orio-inal o-ranit th ·::. lin .. ::; r pr ·entiuo· ma TOs 01 i and mi r< :<· pi· 
..;hearino· plan ~ along whi ·h th l f ld~par aucl quartz lmY b., -'11 th01· · ughly 
<Yranulat d c ml 8 ri ite an l i--0111 hiotit pr lu Jd a~ was found to h the 
ca., ato in :om of th granit s. 'I1h ~s ro •kf, thus agr ~ in th ir cl_niami 
rig·in with a ·i1nilar but a1 p,11' ..ntl. - nwr~ ....·t m;iY and b tt r d y lop~<l 

gn i ·soid 1 onl r fa i ~ in th-' )I rhihan (Brittan. -) granit .• \"'{hi h haY 
11 de ' -rib cl and wh :.; orig'ill has 1 C n .'O cl ark d-'lll( 11 ' tr·\t ..a hv ... . . 

1Barroi •. Num r u • oth r "imilnr ca ·,:-, hnY l ) n 1 'crib .:i l r :111th~ fron 
the anadian granite ma:. if ' nnd from ~",y ·d •u and th ::.r di:trict.. 

1 Ann . soc. neol. tlu ..:ord.1 1 7 p. 4.0. 
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ACID DIKES IN ARCHEAN. 

Obi-; rvation. upon <likes of Hei<l rocb, cuttin()' th Archean granite are 

very f '"v, alHl w.) mar , ·uppo,'e thi: to b partly du to their occurrence in 
i:olafod knob:-;, which pr 1 veutecl the <1 ·t rmiuntion nf th :) r latiou: of adjac nt 

expo.·ur ,,. of roek.· of slightly- cliff r 1nt ehnract r. ome fe,Y dike ' were, 

llPY ..rth le,·s, ob:erv cl, mid are gnrnit $ Yaryiug from medium to oarse 

·grai1wcl granolitie 1 to porphyriti ro ·ks. Th porphyritic facie:::; i • the 

m<d <·ommou. rl lie dikes do not ~how differ nc .~ from the main ma. s of 

tl1, Ar hean granite sufiicient to warrant cl tailecl petrogTaphical description. 

Th .. following <1 .'(Tiption of 01w mas.~ nf g-ranit -porphyry is giv n, a it offers 

>'Oo<l proof of its relation to the schistns honl r facies of the o-ranite. In 

this cas., the gnei:soi<l rock is f und a: inclusion: in th o·nmite-porphyry, a 

i. · illw..;trate<l in th, l:l<T<m1panyin°· dia 0 Tcmnuatical ketch, fig. 4, taken from 
a ] •cl<P in tlie ti ·Id. In thi:-- sketch th 

Jiarply outlined nngnlm· ancl lenti<'nlar 

areas r -'pr0.-ent th g-11 ") i, :-; inelud d in th 

granit >-porphyr:.,.· The plicnnc>r~·:..;t:..; t' 

thi: µ;nmit -porphyr, • hav , ct parall .11 

arran<Pm •nt th· lm)O' clir 1 ctio11 f th .l 
r, ' r, 

phen H·r:·Ht.· agreeing- ah:;o with the tn•1ul 

of the, 1011g r ax•.· of tl1, in ·lu~ions. Th<: 

I I I ' I, .. I I I I '. ',,\I 'I l I I. 'I I I 

I I I I I I I, I '• 'l,•p• I IP.I I I I I I

',', ,r,,•,•,,'·'. ',,,,',,•._ •,.', 
,' 1~1 ,', ~; .'' ' ',, I 1,' 

I I I I , , I - ::::..-- I I I I , ' I I I I 

I I I , I ---- I I I I I I ~ I I I I 
If I II I/ I ':::::-- I< 'f / I I I I 

I I I I I -- I I I I I I , 
I I I I ' I' I I I I • ' 

' I ' I I I : ' ' ' I ' I I I I I I • I ' 
I I I I I I I I' I I I I l 

I I I , • I I I • I I I , I I ,, I I I I I 

1<'10 . 4.- Grnnite-pot'}lhyry with iuclu ious of gneis­
soitl granite. 

han<ling and foliation in the indn:..;1011:-- :..;trik at a right angle to the flow­

ag • .-tru ·tur • of th • granit •. 1 he liu .. ~ of :-, 'paration h 't,veen th ar ,a · of 

gn •i.:..; ancl th• gT,1nite a:-; ~limn1 in thi: ntcrop, Hr, :--harp and point to 

th •ir natun~ a.- indu:...ion:..., arnl su('h i.- ac ·epted n:-:; the true explanation 

of th ,ir angafor C'lrnrnct •r aud 1-dwrp outlin 8. A ' this 1 m'l>h>Titic granite 
wa.- i11tnul •d tlirough th(1 hnrclc·r fa('i 'S of th, \.r ·lwan granite, th se frao·­

ment • \\' 'l' • tah•n up ancl wer • .-o arranµ:t:<l as to aQT 'e \\~ith the direction 

of lll<ff m •ut in the intruding ma~~- This < (' mTenc· • :hm,·~ this gnmit -
porpl1_n·.\~ to I>, , on11g·pr tl1an tlw µ;r •at mass of \rd1 'Hll g-ranit , w]i:,th r 

w • c·on.-idm· th , i1tdusio11~ to lw a l lonl ·r fcH·ie:-:; of the ...\.rehean µ:ranit , 

,lc•rjy •d fro111 it I y d>·nrnnic· action, nnd thus of ~ -'<'mHlarr origin or to lwv 

n· ·nltecl from cliff<-·n,nfo1tio11 of the m )lt 'll magma. 

t This t •rrn ha 1,, 11 propoi-- <l by a, cornmi ttu• on nomeudatnr for th· 0 • •olog-ic folio of the 
1;nit 1l ,.'tatcs ; •ologi1·al .'nn .Y, fol' ii,,, i11 pla1· of "granitic.' ' 
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BASIC DIKES IN THE ARCHEAN. 

The influen of the dik ' n the hara ·t r of the t po<Yraphy ha. 
alrea h,. been mentioned. Th y occur in 1 ng narrow baud· of Yaryin<Y 
width· and \\,.ith one _.xc • ption ar mark lh~ ·chi ··to' . on ·id _.riuo· th 

granit on a laro' seal as an appr ximately homogeueou ' mass, '" ,Y uld 
exp .t to find lin s of w ah1 s • whi h might h indi ated by th arrang- -
rnent of the dik .•. ~ o su ·h J finit arraugem ut can b s e11 hmYeY--r a, 
th dike: are found to xt ml in all directions. .A. o·oo l xam11 of their 
m de of c urrenc may be e 11 in fig..1 "-hi ·h also ilhrntrates Y ry •l ... arly 
their influe11 • 011 the t >ptwraphy. _..\_ . mnll Yall y, in • c. 1, 1. -1-:1: l . 32 
thr uo'h ,vhi ·h a 1 r k tlu,v:-., i • ) • ·upie l by the main dik . from whi ·h 

diYerge the .. rnaller on :, 
p n ->trati1w th crranit-- on 

b< th id s. Th . _, 11 t 

ha,-i1w l e n mu ·h mur 
d ply rocl _. 1 than th 
granit ~ do not form ·lrn_"n­
uel: d ep n ugh tt> l 
:hown on a map ,Yith a 
10-fo t contour int .. rrnl. 
It i.- without doubt om1l0' 

~':~CX:6U:~c\~r:r~w 
~•H(CATACLA5l1C) 

$c.alegfm1les 

Fm. 5.-Illu tration of the •tltil't on tho toJ>o~raphy of th• ditl~r •utial •ro iou to th, fact that th dik • .' 
of b ic llik and <>ranit •. weather :--o mu ·h uwr 

rea lily than do ..., the 0 Tanite that ,w nrny partl:· xplain the ·muparatiY 
ar ity of exp :ur .•. Th... 1 1 r :-....,i 11:-. • _.l nrating th ... 0 Tauit knoh_ ar 

b li Yed t indi at in num:- <.:a:-- . th ... po~ition dik ·, but lPing· 11 w)f 

fille l with ial d l )~it., th mul rlyinO' dik l roek.· if ·u ·h ar, pr ... :-. --nt,O'la 

c: re Y :ir d. Thu ,v foul them :.~·p ~ cl only wh re ro:iou ha· ·l ... ar 
thi lebri • away or wh ,r porti< n::- of th <lik _. .:till bonl r th ... 
. f th oTanit ... on th, :id .• )f d :.pr ssion~. 

'I h dik l, may b _. elassifi d a~ (1) arli r <lil·e:-- ._·howing a . ·Jii...,to 
trn ·tur and with n) tra • , lf i0 ·n ou t 'Xtm : and (~) lat r ma ~iY lik , 

(1 J ·cnr TO~E DIKE . 

Th ... µ: n ...ml ·lmrn ·t ·r f th· n +.- o • ·urrino' a~ dik ... ,, ma~? b _. hri ..fl 
m nti011 ... <J. 'I h ,,. ar . ·hi.-to •, for th_. JU( .-t part fin °Tain ... ,1 arnl hla ·k 
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in color. Th con fauent of the • hi tose eruptive , arrano-ed according 
to their relatjve importan e, ar bioti.t hornblende, chlorite, quartz, feld­
I ar (1) al ite pitlot , iron oxid :-,ph ne, and mu coYite. 

Th cl ... ar limpid Tain wbi h f rm th grom1drna are undoubtedly 
for the mo. t part quartz. o . ati fact rr r . nlts were obtained in the tests 
for f l<li;par, but it i.· hicrhly pr babl that ome i a ociated with the 
rnartz. Dark ch lat -hrowu to lio-ht-brown biotite i almo t an invari­
ab1 n:tituent. In 'Orne a:e ' it i a compani cl by a little chlorite, which 
app ar, · not to haYe been deriY d fr· m the hiotite. In a few rare in tances 
bi tit i, • cl s nt alto{)' th r, chl rite takin°· it· plac . Th 1 iotite and chlo­
rit ar u ·uall T fom1cl betw n the quartz grain '. rrhey have a parallel 
arran m nt antl thi • give · th ro k it. chi ' to it -. Biotite and epidote 
ar found in lutl l in the grain: f quartz of th groundma , . :Mu covite 
i rarel. T pr .- nt, hut \ h n f und i in medium- iz cl automorphic plate . 
Rao-er d pi .- of or , jth r ilmeni.t r titanif rou mag·u tit and sphene, 

• n<lary to th •J' fir found in almost all l imen , and in a few in tances 
iron pyrit . wa: ohserv d. aleit i"' im~ariably pr nt in irrea-ular, fairly 
lar grains, almo 't ~qualin<)' the quartz in 1uantity. Epidote i found in 
lar<r quanti l c th in r. r -taL· and in irr o·ular oTain ' th err tal occurring? 

among the huncbe: of biotit . an<l i.nclud cl in th grain ' of quartz. The 
lar<re amount >f pidot in a:sociation wjth the calcit 'e ms t point to the 

r ha. i ~ ('hara ·t r of th, f lcl ·par of the orio·inal ro k.r 

hluj:h-gr en hornbl :)nd J is rath r fr qu ntly a ociat d with the 
mica. In ro ·k • in which th - h m1l I nd pr dominates mica i ' alway pre -
nt, hut th~ r Jv r. i: not trn ,, th m )st mi ac ou ' rock"' hein°· utirely free 

fr n th h rnbl ndi • mp n 11 . 

Th I mhl •nd, i. found in farer 1 pri -matic indi,~iduals with ut terminal 
fa .·. Thi.· min ra] < nhiw ,_om}. of th her con titu nt: of tl er ck in 
whi ·h i i: fo ml, .'UC'h HH qnartz "'pid t , and more rar ly ir n oxides. 
'I h J intPr:pa • l,. b •twe ln th) horn 1 n l}. TY tab ar :filled with irregular 
lJjotite fla] -:-; and ,vitlt oTain.~ of quartz )pidot , ·md ir n oxide. Thi 
h >rnblen l, i • ap1 ar nt1 01w of th la:t, if not th last min ral t d vel p. r 

?rl h horubl u<li • ro ·] : ar not n arl 80 , hi "tos as the mi. a • ou one . 
Tli, ,. ,c,mclHrv

' 
orio•iu of th" homl l )n k 1 i ' cl arly. ·hown in n of the 

• .l ·tion.' wh id1 is trav 1r: )cl hy a fi -.·nre • th( h rub} nd an b s n :xtend-
incr into, aIHl in plac :-; crossing thi.: fi ' ,~ur . The oth r minernl are 
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preimmed to be ·e ondary but thi an not b prov cl for them. The 
chi:to. e charact r of th rock • ii-; eYid 11 ·e of dynamic action. Th pre:­

ence of undulatory ~xtinction wa:5 noticed in the quartz of ·ome i"pe imen • 
but it· ah ence i • the rnl . HoweYer, from the absence of great pr ::mr 
phenomena, and the r markahly fre:-;h condition of the mineral:-; cmnpn;;ino· 
the ba ·ic rock~, which contra~b ~tnmcrly ,vith the o· nernlly alter cl n liti n 
of the mineral:-; of th mur r fra ·tnr:- acid ro ks including them it ,v ukl 
appear that compl te r cry~tallizntinn ha:-; occmT 1.1 

The ·chi.-to:-;e t;tructnre ·an 1111<.lnubteclly be referred to the rlynamic 
action ·whi h re:-;ulted in the upturuing of th ·eclimcntarie ' arnl au.- cl the 
cleYelopment of ._· ·hi~to:-;ity in c ~rtain portions of th border of th granit . 
Thi-; dynamic action wa:-; in all prnl al ility al ·o the chief fore in th_, pro­
duction of the :-; condary mineral~. 

The ·chi~to.·it:,~of th tlike;-; d e~ 11 )t agT e in cliPction -with th g n­
ral ·h·ike of the :-;chi:tn:-;itY thron~.d1ont the entire di:-;trict but is al"' RYB. ' ., 

nearly parallel t th" long· _·t n:--i n of th <.lik :-;. The: like.' r pr_.. ". -'llt 

belt.- of w akne · i-;, and it i:-. ther for natural that th :l moY m nt:-; .·houlcl 
occur al no· the:-; belt: rath .,r than a ro:-;,· them. 

T!hi • :-.chfrto itY of th_, lik • al:-; fnrni~h s a slio·ht ·lue a:-; to th ir ao· . 
Young r thau the granite: th y ·nt they muc' t hay ocrupi cl their pr s nt 
po ·ition at th time th, clyumnic reYo1uti n too]r plac ,Yhich result ~cl in 
the deYelopment of schi:st sity in tl1 oTanit , a~ well as in the •_,dim ,ntari .:. 
It i: impo ' ible t bring tl1 dnt of th ir intru ·ion within rnnTO\Y limit:-;. 
It ·eem~ Yery I robal le hmY ver that th y ,Y re formed at th tim .. of th 
extrm.;ion of the hasi • II mlo k n l ·auics thmwh it i • impo ·il le tn pr ,ve 
their c< 1me ~tion with th m. 

('.J ) ~I K ' IVE DIKES. 

The ouh- dil- =- rock whicl1 r min:-- to 8ome xt nt it:-; original t xtm· i, 
a much-alter )<l m <liurn-grain d d )I ,rite (cliah:1s ). The alt "ration: it lrn: 
und ro·one are tho:-;e n~nal f< r ~u<'h bcl:-;i • typei:-; of rock, and thi:s nu . •xhilJit • 
nnthi1w p ·uliar r )f sp ~ ial int .,re::-t. An ophitic t .·tur , whi1 :.;till r ('Og'­

niznbl , i~ mor or I ~:.;:s oh-.: ·m d h) th nrn1it wbiel1 has d lY 1 lop <l out of 
th pyrox ne. rI he renmcrnt~ of th nrigiua1 plagfocla~(' felcl. par pr•~ nt 
~how x • edino·ly ~lip:ht 1n ~•;-;sur rrh alt ration pro ·~~ _,~ would 

1 Priu iple of ortll Americ:.n pr - nml,riun Geology, cit., pp. 706- 707.4 



49 RESU.ME OF .A.IWHEAN. 

therefore ·eem to have been due to the action of percolating water, without 
special mechanical influence. Hence we may date the infrusion of this 
particular dike after the oro()'enic moYement • which affected the granite 
core, rencleriu<Y portion: of it chi ·to ·e, and crushing all of it to a greater 
or le . ..-· extent. These movements are presumed to have taken place just 
prior to or dnrin()' Keweenawan time· and th refore the age of thi dike is 
Keweenawan or post-Kew) nawan.1 

RESl"')IE. 

Ju the above-de ·cribecl granite ma~"if we have a rock of pre-Hmouian 
ao· , (: . hown by it: relation,' to the overlying sedimentarie,. It possesses 
in g ueral a coar: granular, and in places porphyritic texture. Along its 
border it contain-' portions which ar mu h finer grained, darker than the 
re:-;t of_ th mas., and very well bande 1. The boundaries between the 
handed rock and the granite at time... ar "harp, but frequently are very 
indefinite. This handed :chi to e portion is found to be due to pressure, 
·au,.iug th~ gra lual pas 'age from th <Yranular granite to the gneissoid, 
chi~to.-'e oTanite. 

On in:tance of undoubted inclu. ion of gnei oid granite by a true 
o·nmite wa • ob:ervecl. If th <Yll i: ·oicl Tanite wa' derived by pres ure 
fr m the Ar heau crranit , then the parti ular granite dike which include 
th fraament: mu.'t b of later aO'e than the great ma" f granite of the 

r 11 an ar a. 
Th ..Archean i: ·ut by ha:i dike' f two ft<Ye'. The earlier on s were 

r:.wl red chi. to:e, and the production )f thi • ·econclarj tructure wa' 
a ·c mpanied hy ~ total obliterati n of the primary igneou: texture and 
th .. procluctic u of a laro'" muonnt of mica and hornblende. All th dike 
w ,r 1 probably inje ·tecl nt the time of th Yolcauic actiYity when the vol-

:;·ani • of th_, hio-hcr ., ri 1 were ~jectecl but no proof of their connection 
can 1P produc rr h y w-'re, howe,~er, inj ted before the folding of the(1. 

nr H to k plac , a.- .·lwwn by their luwiuo· been r rnlerecl "chi tos by it. 
...\ siucrle dik h I mo·ino· 

~ 
to th, lat r .:erie~ wa: studied. It i" ma sive,

I".) 

an<l therefor wa.· irrupte<l aft r th • folclirw which produced the chi ~to ity 
in th arlier . erieK of dikes. It b 1 11°·~ probably h a Y eweenawan or 
po :t-Yew nmvan p riod of eruption. 

1For a di c11 --ioll of th orogenic mo\·ome11t which ari'ected the Crystal Fall~ di 'trict, the reader 
rcforrcu ti, p. 1;; et s tJ. 

;\f N :x ·xvi--4 
i 



CHAPTER IY. 

THE LO"WER HURONIAN ERIES. 

1Thi· erie is repre"'ented in the Cr:r tal Fall <l.i trict by the following 
formation·, giYen in order from the oa, e np"~ard: The Rand-ville dolomite 
the i\Ian field slate, and the Hemlock formation. At the beginning of the 
depo ition of the Low r Hmonian erie th entire district wa coYered hy 
the pre-Cambrian "ea, with the po "'ible exception of a mall i land in the 
Archean area. 

SECTION !.-THE RANDVILLE DOLOMITE. 

The be t xp sure" of thi • lolomit are found near the center f the 
di h·ict ea t of the weNtern ellip • and in the extreme southea tern part of 
the cli"tri t in the Felch )I untain ran°·e. Both ar a are de crib d b ... 

myth, to whom we o·we th nam and the reader i referr d to hi le ·crip­
tion on p. 406 and p. 431 f r the detail characterization of the formation. 
It will uffice for our purpo"e to .:;tate that it i a medium-O'rained cry ·tallme 
dolomite. 

The few outcrop which I ·hall mention are impo1iant a· ,·howiuo· tl e 
relation of the formation to th underl '"in • rock, but are, p tr O'raphically 
con id red rather xceptional 1 ha· • of the formation. H nc my d s rip­
tion will be bri f. 

DI TRIBCTIO:X, EXPO T"RE ', ND TOPOGRAPHY. 

The ar ( iu ,Yhi h the Randvill-l dolomit immecliatel ... underlie: the 
drift i: a continuou, z n < clja .nt t an 1 ~mT undin°· th Archean r . 
The b lt ,-arie • ·liO'htl in width alonu· the ~ides of the Hip: . t th C> 

ernL it i • two or thr tim s th ,,idth at the ides. T'hi • i. ,lu to the 
1 wer dip of the b di-; at th end,:. Expo ur " ar fomHl m th ar a sturli d 
b ~ me onlv n th northeai.;t and : uthw t flank of the oTanit ore. 

~ • ' 

The we, t branch of th F nee Rh- r follo,Y,_th lim , t n area for < 

hort di tan in the north a t rn part of th <li ·trict, . kirtinO' th 
50 
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<rranit . On the; whole, howeYer, the Randvill dolomite has had no 
mark d effect on th topography or the drainage. 

PETROGRAPIII AL IIAR.ACTERS. 

In g-eueral· the Randville dolomit con ist: petrooTaphically of a fine­
grain ,,cl dolomit , with :ome quartz. Thi · o-rade clown through a calca­
reou: quartzit h • increa. of quartz into a true quartzite. The nearer the 
granite, the mor quartzitic i th~ formation. At the Routhea t corner of 
:ec. 2, T. 45 ., R. 32 ,v., on the west l ank of the \Ye t branch of the 
F nc River, i,• a ,·err (J'oocl expo.·nre of the quartzit . It· deriYatiou 
from th :1 underlying grnuite is her Khom1. The rock i • a very fine-grained, 
almo.-t nonlculiti ·, c1uartzit . It ~how:; ·urrent bedding in ome place , 
thono-h no true be<lcling wa ohsen· ;;d. Immediately h lo"· thi quartzite 
i • a v ry schi ·to:e ro ·k, in which one can r adiiy di ·tingui h macro ·copic­
all y rounded to 1 nticular quartz area ·, \Yith masse of ·ericite flakes 

• b twe ~n them. The contact between the quartzjt an<l. the 'chi to e rock 
ms very , harp ,Y11 11 Yi Jwed from a short di tance, but i • found to be 

indefi.nit \\Th --n clo ·ely xamined. A 1), ·earch ,Ya, made along a con­
ta ·t for pebbl , • from th, <rranite, but su h \\·er not found. Ho"Tever, 
:mall round d piec , of v in quartz, most probably deriY d from the aranite, 
\Y r ob ·erve(l. The Kchi:to e rock in itR turn D'rade do,Yll into a grayish 
granite, ,vhi ·h i: al· J mor or 1..s • schit-tos . 1Ye have here evid ntly a 
tran. ition from th .. granite, thr mO'h th int nuediat schi "t0"e recompo ed 

ranit t the tru : clim ntary rock aho,·e. The meaning of thi tran i­
tion i.· con ·id re<l h lmY. 

n ler the micro: ·op , hi to ·it ... of the rock inter-
m cliat be \\T Cl n the <rranite and th 1 quartzit i • plain. Quartz and ·ericite, 
with som .. f lcL·par, ar, alone pr .)s nt in it. The quartz i co grayi.J1 and 
granulated, and ma. h ,l out into oval ar r pre' ntinu· oriofoal quartzc 

0Tai11'. ariou: fnwm nt: con ·titutino· the area~· ar , h weYer, ano-ular 
and mor or l ·: equi lim n ioual, nncl when not :o never lrnve a d finite 
ri ..ntation of th ir l 11g- .)r ax :. Betw Jen th • . large area', but not bet""e n 

th incliYidual ,·mall fragm ntH con:tituting th ar a·, ricit i abundant. 
\ h ... n tlw , ri it i: 11 >t pr dominant th flak lie iu a tin ma. of quartz 
rrain:, a h of which agr., ~: in l mg clire ti n ,Yith the mica plate. and 
lar~ • oval er iartz ar a. . 'I'h ri ~it flak ~ ar both included in this quartz, 

https://grayi.J1
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and al o lie bet"Te n the grains. In one in ' tance fragm nt • of the oriofoal 
felrl--par were fnund in th nlid:...t l f ' uch an area. These quartz-i'eri ite 
area are unqne:5tionably of :--eennclnry origin, ancl the minerals hav elev-el­
oped in conne ·tion with pre~ ·ure. They wer probably procluc cl from 
feld::-par "·hich exi ' tecl in th orioi.nal gTnJi.ite. 

\Yhether thi" :-;chi"to~e rock \Ya/ formed from a weathered hut not 
transported O'rauite, from an arkos :l nr felc1'.. pnthic ,"and tone, or from the lid 
granite, it i • imp ... :--ible tc ~ay. ... ~imilar 'ericit - ·chi t which developed 
from recomposed o-ranites ha .. heen cle "cribed by Van Hi e a· occurring at 
everal localitie~ in th Mnrqn tt di::-,tri t. 1 In the e ca e' at place: the 

fraO'mental character-.; are still :--ufficiently clear to admit of the ·tat ment 
that the rock· are sedimentary. In the ry-stal Fall ' r ck ma:-;hing ha: 
de. troyed all orio'inal ·lrnnwter~. The rock o cupie • an interm cliat po:i­
tion between a m tamorpho~ d " <lim ntary and a m tamorphose<l eruptiv- , 
and <>Tade · on th nne hnrnl intn the s dim ntar and on th oth r intoT 

the eruptiv . Thi~ mak • it impo~ ..ibl to 'HY whether it helongB ex hviv ly 
to th on or to th other H' in part to both. imilar r lations in oth r 
part· of l\lichigan were e.-plain l by Romino-er 2 a· ca s of pr o-r :-;siv 
metamorphLm of seclim nt::-, th Lrnmit h i110' ·uppo ·ed to he the xtr m 
~tao- of alt ration nf th ~ dim utary ro ·k. Lat r the findino· of l a al 
onO'lomerate: at or near these 1( > aliti s has .. bown couclu , jy ly that thi::; 

explanation i, iucnrre ·t, and it ha~ h en abaudonecl by Romino' r. 
The quartzite, which imm <liat ly verli , th rock of doubtful ·har­

< ter, i • ·omposed of ,mtrnlar ~-rain~ nf quartz, hetwe n \vhi h ar plc te: of 
::,e1i.cit whi ·h hav an imp rfect parnll lism, tlrn, o'ivhw a. c rtain d oT 

uf schi ·tusity to th <1unrtzit po~~ihly enotwh in place, · tn w, rr, nt it 
being all d a quartz-schist. Th rn k ~how:-; no•c<. n hu~ive mi -ro:-; 01 i al 
vidence of a ~edim utary nrio-in: but <liffert-i from the •herts, with \\·hi ·h it 

might b ·•mfusetl in the ~iz J f th grains ancl in th pr :-; n • lf t-. ri it ., 

Thi · ro ·k was originally prol ably ·hi fl " ·nmpo: d of quartz ~and with 
·ome f ldspathi • mat .)rial from the clisintecrrate(l granit . 1

0111 iclent "-ith 
the pres:ur "·hi h pro lu' d th striking: 'Chi:to:ity in th und rlyiuo· ro k, 
thi .·and was al:o ma. h cl r ·ultimr in th pr du tion of ~ ·ri it an<l r1uartz 

1 ).lou. C. . f,eol. nn·ey Yol. X.XYIII . 1 \Ti, p . 2:?6. 
· Th , )far1 u •ttt! iron di trict hy . rl Romio~ r: heol. of .)lichig-:w , Vol. IY, l'.in I , I 7 -1 o, 

pp. 15-52. 
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from th felcl:par and in the cru.-hing of the quartz grain , tlm completely 
de troying the rounded cla tic grain and obliterating all the edimentary 
character of the rock, except the macro~ opic ·tructure of current bedding. 

Ou the west side of the granite elli1re at N. 1750, "\Y. 1550, sec. 12, 
T. 44 ., R. 32 W., about 100 yarclR from the granite, to the north, and 
lower clown on the . lope of the :-:;am_. hill on \Yhich the granite i" found, i 
found a carbonaceou. quartzite or quartzose dolomite. The ,'trike i N. 
25°-35 '"' \V. The :nrface onl. ~ is se n ~o that the dip could not be taken. 
Micro. copical examination showH the rock at the ea tern ide of the expo ure 
to he made up of quartz oTaiu:-- held together by a fine-grained carbonate 
cement. Thi.· grade · up to the we t by increa e of calcite and correspond­
ing <liminution of quartz to a quartzose dolomite. 

At . 500, W. 1550, s <.:. 1, T. 44 T., R. 32 W., one-fourth mile distant 
from the granit , i • ·een another outcrop of a very cle1re quartzo ·e dolo­
mite, :- ppeariug macroscopicall r almo. t like a Yitreout1 quartzite, but really 
" ,,.ith ju.'t enough quartz grains in it to nab le the qualifying term "quartzose" 
to 1 ,. appn priately u:ed. The hrown ferrug:inou crust on the ,veathered 
,·mface: point to a percentao'e of iron in the magnesium-calcium carbonate. 
The ptue lime:tones are to he snucrht slio-htly farther mn1y from the 
Archeau ·hor ... , ,-vhere the condition · ,YeP more fcworable for the production 
of a pure unncln ric H climent. 

JUJLATION~ TO l'ND}JRLYING .A.J. "" D OYERLYING FORl\IATION 

At only th ... one place cit_.<1 ahnYe ha~ n contact bet"·een the granite 
HIH1 the Han<lYille dolomit been found. It i:,, probable that unconformable 
relation.- ..xi ,·t, )ven though 110 lm~al • n°-lomerate ha "" been di:coYered as 
vi<len ·e of waYe action on th Ar ·h •an coast. 

Relation.--. 11 tween the Rm1<frille dol mite aucl the overlyi1w forma­
tion have not h en ob: "'l'V d in th part nf the di "trict .., tudied by me. 

RJliahle clata for ,stimatino- th, thi ·knes~ of the RandYille dolomite 
lu , . .. only h ..11 obtaine<l in that ar n sur,·e:Yed by myth. ( e • p. 433.) 
\. :eorcling- to hi~ estinrnte tl1 \ fornrntion p ;-;:--e~):,e a maximum thickne R of 
1.500 f .. et. 
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SECTION 11.-THE MANSFIELD SLATE. 

The formation of the Lower Huronian, which is next higher than the 
Ranclville dolomite, i"' composed of ... edimentm·y bed , in which a late pre­
dominate . 

Thi formation i • found in its most typical development in a narrow 
valley thTOugh which the :Michio·amme RiYer flows, and in which the Yi11age 
of l\Ian field and a mine of the ame name are situated. The valley and the 
··late are well known in the Cry tal Falls di trict on account f their eco­
nomic importance. For thi rea.... on the name "l\Iansfielcl slate' i here 
applied to thi formation. 

DISTRIBUTIOXS, EXPOS "'RES, AND TOPOGRAPHY. 

The part of the valley occupie 1 by the l\Iansfielcl lates beofo ... at the 
northern section line of ;-ec . 17 and 1 , T. 43 .N., R. 31 W., and extends clue 
'Outh for 3 mile to the outhern ection line of sec. 29 of the same town hip. 
The . late belt i" ·wide t at the north being over one-fourth mile wide on 
the we tren icle of section 17. To t1rn outh it gradually diminishe in 
width, until it finally di appear" in sec. 29. The trike of the :edimentary 
rock i almo'"' t clue no1ih-"'outh, except in a few place where the rocks 
have been gently flexed and the trike varies a. few degrees. The clip i 
high to the we "'t, rano-ing from 65 ° to 80°. 

The influence of the Man'"'fielcl late belt upon the topograph i 
... trikingly shown by the clepre""'ion in which the slates are found, and 
which contain the l\Iichigamme River. The slates are urrounded on 
all side by i()'neou rock" whi h form fairly high hill , tho e to the west 
being compo"eu of ro k of volcanic origin, those to the north ea. t, and 
,outh being inh'll"i,.,.e, and lat r than either the sedimentarie" or the vol­

T.,canic"'. The :Michio-am.me Rh·er flows utb through sec. 1, T. 43 R. 
32 \\ ., and meet the ea"t and west ridge of intrusives in the northea tern 
part of e . 12 of the "'ame t ".n ... hip and rano·e. It cut throuO'h thi • at an 
oblique angle, charnri.ncr it-- cour '"' e t the southea t In sec. 7 rr. 43 N., 
R. 31 W. it leave"' the inn·u '-i-ve • and penetrate a short distanc into the 
volcanic rock·, their c ntact n t beincr able to can e a. chano· in the com- e 
of the river, owincr t . the "light difference in re"isting power between the 
intm ive • and the volcamc". till flowino- to the ;1outhea. t i find. at 

https://Michio-am.me
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the Michigamme clam, on the section line between ecs. 7 and 18, near the 
:ontheastern and northeastern comer , respectively, the contact between 
the three kind · of rock, the i-,ediruentarie~, the volcanics, and the intrusives. 
"\Vh re the water leaves the eruptiY and enters the sedimentary area the 
more ea. ily erodible natme of the rocks of the ]atter is well hown by the 
falls which have been formed, the Yolcauics constituting the barrier over 
whjch the water plunges into a deep ba --in worn from the slates. Crossing 
the slate.· in the , ame direction, i. e., BoutheaBt, the river strikes squarely 
again. t the intru. ive dolerites and i ' deflected to the south, following the 
contact between the two rock: for a short distance, then gradually working 
to the west into the center of the sedimentary area, the river takes au 
almo?t directly ·outherly cmm,e, ,vith only minor bends. In the late the 
river has fairly low fiat banks on both sides. In the southern portion of 
the area the valley is narrower, owing to the pn)O'ressive narrowing of the 
•.,dimentary heh. As soon as the river le<wes the ~Iansfielcl slate belt, 
it ·re ·,mnes the simHm~ cour ·e it had before the :Han "field belt is entered, 
and flows between high banks tln·ough the intrusive ,, out through the sand 
plain. near Lake ~fary. 

POSSIBLE CONTINUATION OF THE MANSFIELD SLATE. 

In se . 10, 'I'. 44 N., R. 32 "\V., about 7 mile · northwe --t of the extreme 
northern ncl of the Man field area nf ·late, tl1ere are one or two expo ures 
of much crumplecl interbedcled brown and black slates. Their "trike is about 
1 .... 1G 0 -20° "\V., but owing to their plicated cornlition the dip varies from 55 ° 
·outhwest ver to 5° northea ·t. The av rage dip, however, is presumed1 

to b to the .·outhwest, which is iu accord with th general structure of the 
ar a. 

rI he . fate expo:ur s are , mTonnded by coarse- 0 Tained basic intru iveR, 
dol rite, •, whi h outcrop within short di ~tance, on all sides. The neare t 
•..cJim ntary bod. are quartzo~e dolomite lecl0·e" which outcrop 1½miles to 
th , st, ins, ,·. 1 arnl 12, T. 44 N., R. 32 W., rather clo ·e to the Archean 
rranite. . ction aero ·s the Lower Huroniau rock ' at thi' point shows 

th · Ar h an f'Tanit overlain by quartz :3 dolomite, which i in its turn 
ov rlai11 by the , lat .•. Th relation · whi h these rock bear to one another 
are tho. • whi h .·imilar one· henr to on ,moth r near l\Iichio-amme Moun-
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tain, 1 and the .·1ates of the two area~ are cowid red to be of the . am age. 
ince the lates corre pond ·tratigraphica11y to the lates of the )Iichigamrne 

l\Iountaiu and to those of the l\fan.:-field area, they haYe been connected on 
the map with the slates of ;ilichigamme Mountain by a narrow belt includefl 
between dotted lines; hut this h It is not ha eel on any connecting expo::;nres. 

These two ledge.· of slate are taken a: the northernmost outcrop, of the 
... fansfield slate formation, although a number of miles north and in <lirect 
continuation of them alono· the strike there ,Yas found a ingle doubtful <,ut­
crop of a gray,Yacke, showing neither strike nor <lip. ,Yhether it represent 
a shallower water deposit contempnrnueou'C w·ith the slates it is impo~:--ihle 
to "aY. HoweYer, nu such :lig-ht eYidence it was not deemed atb-i,m hle to 

v ~ 

continue the :late belt to thi-. pnint. 

PETilOGR.A.PIII AL CHARACTERS. 

A petrn?'raphicnl <le:c:ription of the Mansfield slate belt must nece:­
"'arih~ be Yen~ l,rief, mYing· tc the small area and to the scarcity of the 

.... 1.' (_,_ ...., 

expo"ures. 
The rock. of th., )fan~tield slate belt n.re graywacke:5, clay :,late~, 

phyllite:--, ·iderite-slates, <.:hert-- ferrnginous cherts, and iron ores, ,Yith the 
Yarious rock:-. ,Yhich lun- been de1fred from them by metamorphi:,m. 
They -rnr ~ from cnnrse-grained rock~ to Yery fine grained slaty Ollb. The 
latter predominate, n11<.l for that ren:S<Hl thi: h .ilt is ·allecl a "~late'' 1 elt. The 
olor of the rocks rnri ~ from nn oliYe gr en and purplish black to l rio·ht 

reel for tho~e whid1 are Yen- f •1Tn~. 
'-
6mnM and more or le),;. altered.. 

The onlinary detritnl ru •k-.: nrny he diYirlecl into the coarser and the 
finer kimls. The first are the ~T~ :nnu:ke:-;, nnd the second are the rdinary 
lay .:late and phyllite. Th ·re is, ho,n•Yer, a gradation from th J nue to 

the other. 
GRAYWACKE. 

The o-raywnckes e01r·i:--t lnn.!·ely of grain.., of quartz and feldspar of 
unquestionabl~? detrital (n·itrin. ,_\_s:--nciate1l with these i;: a lm·0 • ~ anuuut 
of mica, chlorite, nnd a 'tin )lite, with innn·iabl~? more or le. • rutil<:. ThiR 
la t i::, iu minut -- oTain:, ns '" 11 ns in cr)T~tal~. Man. T of the crystab show 
fin k{iee t\-dn~, triplet~, and m )l'e rarely heart-~hapecl twin:--. Tourmaline 

1 ~ef" Part II, Chapter IY. ,"' c. I\\ by H. L. mytll. 
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is l--Olll tinws pre:ent. rrhe forro-mru,·ne:-,ian min rab deYelop chiefly from 
th .. alteration of the£ 1<l par, ancl from the finer detritus ,Yhi ·his pre. urned to 
1iav _. .. xistP,l hetwe n the oTains. AF- a onsequence, the ~econclary minerals 
1ie between th~ original <train . l\lanr of the quartz grain:-- are enlarged, 
and h re t}H.. secondm·:· min •rah, ar included in the new areas of the enlarged 
grains. In 1mnierous ·as _,s th, new quartz o ~ upies about as much space 
a · the nrigi1rnl grain-:-; tliemseh· :. Thi~ i'Shows YE'ry 1ear1y the porous 
·hara ·ter of th .. original s,mdRton . All orig·innl grain: of the rocks show 
igns of xt nsive ma~hinµ:. ~ \mw :-;p '"'Cimens contain a large amount of 

tourmaline in loug :l •ncl r er. ·:·tals, ,Yhi h penetrat "1 hoth the felcl par and 
th_. rruartz µ:rains. Tb· presenc • of tourmalin'"' is especially intere ~ting as 
inclicating that these, sedim ,ntari •:-i may lrnY been sn~jected to a certain 
mnount of fmnaroJ.. n ·tiou. ...\cconlin~r to the proportion in ,Yhich the 
varioU;" min rals hav d .. ,·eloped, we obtain sericite- actinolite-, or chlorite-
chi -t,~ producecl from the graymwke:-.. 

CLAY SLATE AND PHYLLITE. 

The clnr :lat ;· nre clull arnl lu ·t rl •:-.:-. arnl ar::. black, olive green, or 
r ..d in color. Th .. y ar • u. ually impreµ:uated ,Yith more or le:--s iron pyrite 
11 lnro-e ma TO. ·opical crystals. On • ·an tfo,tiug-uish in them quartz, white 
mica: a f .. ,y n .. ,,Iles nf acti11olit , rntil •·: h matite, with a , mall proportion 
of a ,lark f •rrnµ:inou: and carbonac ,ous intcr:5titial material. 

'I'h .. an11 nnt. nf iron "~hi ·h th ~c ·lny :slates contain Yaries ·on iderably. 
In .. ome, h •matit l i: pr(ls )ut in . u ·h tiwmtity as to eau:--e the ~late: to he 
approprintely tn11 ·d h •nrntitic slnt •~. 1 'uch, for instan ·e, is tlP one forming 
th foot \\' }lll of the l\fonsficl,l nr bo<l:·· The iron oxide 0-i've ' to the , lates 
a v •ry bright. rc<l cnlnr ,d1 •r, th •y ar • weather cl. These ,Yeathered 
h nwtitic slat ...-.. nre vc.1ry comnwnl - kn wn in th· <listrict H!-1 red .lnte., or 

as ''paint rock ' or 'soapstone," thoncrh rock:-. nf Y .ary <lifferent chara ·ter are 

ah-o at, tim .• <l :icrnat •cl h th s l nnm •~.r 

1 h., ph Tllitc • hav, a :ilky luster nwl n hlni~h-black c<:lnr. They are 
ompo: d ~·...:entiall:~ of white miGn qnnrtz, :-;ome felcl par) innumerable 

minut ·r. ·:tal of rutil ~ and <lnrk f ,rmginnus sp • h. The:-;e :--e _,m to differ 
fr ,m th ro •k.· •nll •<l h •r cln:~ slate: onl:· in that they- are mor ·ompletely 
-ry ·tall in•, th , interstitial mnteri~ll nf the ~lnt '" ImYing dhiappearecl. 
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ORIGIN OF CLA.Y "L..iTE AND PHYLLI'l'E. 

The origin of the clay slate · of the ~fan field formation is probably to 
be looked for in the di integration and decay of the Archean granite, and 
the ·ub~equent metamorphi m of the resultin()' clay. For between the 
granite:-' and the . late· no other rock ma" es are known to have existed from 
which the clay could have been deriYed. The phyllites are pre"umed to 
harn re ·ulted from the metamo11)hi rn of the clay late . 

PRESENT C01IPOSI'l'ION NEOES "'..iRIL Y DIFFERENT FRO}I THAT OF ROOK FROM 

WHICH DERH"'ED. 

It i-. a well-reco{)'nized principle of rock weathering that in the altera­
tion of rocks near the "urface of the emih there is a relatively rapid 
diminution in the quantity of the more "Oluble con 'tituent . Hence a clay 
~how· a lower percentaCYe of alkalie, and alkaline earths than i •• found in 
the parent rock, with an increa ·e in the percentage especially of alumina 
and water. Thi ... relation i • made clear by .A.clam in a ·tatement of the 
compari"OU of the compo"ition of ertain late" and granite,: 1 

' On com­
paring the analy e" of a "erie' of granite"' with th se of a :,erie.· of late·, 
a -- , for in tance,.tho e given in Roth s Ge "tein" Analyzen,' the latter are een 
to be on an average con "iderably higher in alumina and much l wer in 
alkalies, while at the ame time they are lower in ilica, which ha, been 
:::ieparated both a , sand and in combination ·with the alkalie • which have 
o-one into .. olution, and in mo.·t case" contain more magne ia than lime 
in tead of more lime than nmo·nei'ia a· i" u "Ual in granite .. '' Adam, con­
clude, fmther, after a compm·i on of the alkalies in the ·late ancl granite.··, 
that "The ,late· thu., contain on an average about two-third· of the amount 
of alkali pre nt in th averao-e oTanite. ' 2 

...\.n examination f :5erie, of 
analy e-' of )Tanite~ ·how" that while the percentaO'es of ·oda and pota:"~a 
Yary con iderahly, now the one being predominant, now the other on the 
whole in the typical oTanite::; the pota ·:,a i"' hiO'her than the ·oda.3 Thi: i 
th relation whi h w would exp t in the ca.'e of au ideally pur granit , 

• ..i further contril.mtion to our kuow)ed~e of the Ln.nrentinu, by P. D . .A<lnrn : Am. Jour. ci., 3<1 
ser., Yol. L: 1895, p. 65. 

Loe. cit. 1 p. 65. 
3 Zirkel states that iu the weath 'rin~ of o-ranite tbo sotla is much more rentlily removed than 

i th pota a: Lehrbuch der Petro .,r pb i , Y ol. I I, l "9-1, p. 32. 
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in which no anorthoclase replaces the orthoclase. ..A "' a consequence of 
the ea ·ier olubility of the oda, thi • relation between the two alkalies, 
·oda and potassa, i • maintained, and fr often made more triking in the 
clay ·lates. An average of 31 analy e~ of clay lates taken from various 
source :hows two and one-half time, aB much potas... a n soda. In the case 
of the Man:field , late this difference ha " been increased, o that there is 
t 11 times a' much potassa as soda pr ·em . 

.ANALYSIS OF )IAN FIELD SLATE. 

:Mr. George Steiger, of the United States Geological Survey, has 
prepared a complete analysis (r o. 1 in the following table) of a typical 
pecimen of the l\lansfielcl clay . late. Analy es No . 2 and 3 were pre­

pared by vV. l\Iaynard Hutching",1 and numbered by him Nos. 2 and 5, 
re pectively. 

.dnctlysis of the Jlansfield clay slate. 

------~ 
Constituent . I. 2. 

--- -------- - 1---1 

, iOi..................... . 60. 2 59.2 53.o7 
Ti01 .................... . 

22:!~ 1···;~~ ·;·· ···;~:;;··.Al.:03.................... . 

Pe~0.1 ................... . 2. 53 }I ;'5. " O 6. 51 
FeO ...................... . -15 

I 

~lnO .................... . Trac' . 
1 I······-~-- .--···.~--· 

CaO .................... . . 13 . Jo , . 16 

BaO ..................... . .0-1 ~----······ I···--· .... 
)IgO ..................... j 1.35 1.24 1. 1 

l{iO ................ · · · •· · 
::'\a~o ....... ............. . 
ITO a,t 10or, ............. . 
H20 above l O<P .......... . 

P20 ~-.................. -. -
CO2..................... . 

4.13 ·1. 34-

. 5! 
5.73 

. 97 

. GO 
6.25 7.65 I3.02 

. 03 
. ·out>. :::::: ::::.:::::: ::J 

C ...... ................. . I 

9 ::: !..~~:~t·;~:;~··1L'~ot•l. ..... ...... ~~ . 
COl\!D!EN'l'S ON J..:N'A.L YSIS. 

That which i • th mo:t 'trikin,r about the aualy is is the relative pro­
portion of the alkalin~ earths, lim , and ma<)'ne"'ia, the latter being present 

1...'ofo 011 the composition of clays, /:l]ati-~, ~tc., an1l 011 •rnme point)'; in tht>ir contact metamor­
pbi m: <; •ol. ~Ing., Vol. I, 1891, p. ~ . 
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in the greater quantitr. A~ a rule, in all of the igneou rock (and to 
the igneou rock.., all clay late. owe their ultimate origin), exc pt in the 
nonfeld pathic ultraba '"' ic one the reYer::5e condition exi ts, namely the 
rnagne ia subordinate in quantit:- to the lillle. The difference in amount 
of ocla and pota a i • Yery :-;trikino' and should Le noticed in Yiew of cer­
tain point to which attention wi.11 be called in , nbsequent page. . The 
percentage of alumina i higher than is u ual in the clay ,}ate . It will be 
noticed that considerable water i • present, but in consideration of the char­
acter of the rock thi , is to he expected. If an:vthing, the value is rather 
lower than would he expected, indicating' a possible lo" of water due to the 
rock having alrea<ly undergone :ome dyi.iamic action. The carbon pre ent 
i'"' con iderecl a offering tru::-tworthy eYidence of the pre ence of organic lif 
at the time of the depo it of the :--late~ though no lllOre ~ati factory en.deuce 
of the exi tence of life has been foun l. 

Co:\IP.A.RISON OF ANALYSI OF }I.A.~SFIELD CLAY SLATE WITH ANALYSES OF CLAYS, 

Dming the la ·t few year~ there have appeared in the Geological 
"i\IaO'azine, from the pen of l\Ir. \Y. :Maynard Hutching·, some ver .,. elaborate 
and ugge tive article upon the ompo~i.tion of lay , bhale , and late , 
and from one of these 1 I have t;:1ken two analyses of Carboniferou. clay. 
for compari on ~vith the )L n:--fi. ld clay ·hi.te. The~e two analyse · X o . 2 
and 3, p. 59, are from the Y ry fine grained clay·, in which the quartz "~a 
not di. tingui ... hable ,\~th the micr ~cop and are the analys . :hewing the 
h.ighe"t and lowe ' t per entages of ~ilicn. _jfr. Hutching· ay of lfr· 
anal!-se ... that the sample~ were dri d at 220° F., and that th titanic oxide 
w&s not determined but i~ c ntc inecl in the .-ilica and alulllina. Con erning 
the clays, h .. writes: 

From tbe "e analyse it will be seen that the e clays would be capable, chemically 
con idered, of tran formation into very typical • clay-slates. ' l\Iineralogically tlley 
are clay-slate·, having already undero-one all or nearly all, the mineral change ~ 
requisite to con titute the norm. l (unaltered) lates. othing more i needed but 
phy ical changes, Huch a, compacting, arrangement of mica in a plane incr a e of 
i:e of mica, etc.:.? 

rrhe oTeat . .'imilarity nf the:-:;e 1a!JS "·ith th l\Ian field clay slate i~ Yery 
evi,lent. The only mat rial differen ,d1ich exi:ts hehv .en them i._in the 

. • Tote on the corupo itiou of cln~- - , ,Inte ·, et c ., aud on ome points in their contact rnetaruor­
phbw, by W. Maynard Hutching-... : Gcol. ~Ing .. Yol. I. ldH, p. 3 . 

- Loe. cit., p. &: . 
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higher percentacre of water eontainell in the clap;. Thi difference is 
natural, clay: u ually containincr about twice as much water as do the 
·late,'. 

co:HPARISON OF .ANALYSIS OF :\IANSFIELD CLAY RL.A'l'E WI'l'Il .ANALYSES OF OTHER 

CLAY LA.'l'E~. 

Iu the following table there are 0·iyen, for purpose" of comparison with 
the ::\Ian.,fielcl clay :late, anal -se of t. -pical clay "'lates, roofing slates from 
the Cambrian of Vermont arnl ew York. 

.Analy ·es of f.lfpical clay slates. 

Con ·tituent. 

•'j Ql . . . . . . . . , . .- - . . . . . . • 

Ti02 .. . . .. . . . . . . .. . . . . .. 

Al20 I........ - • • • .. .. .. • • 

Fe:2O 1 ... ................ 
FeO. ...... ...... ... ... .. 

~InO . . . .. . . . . ... .. . ... .. 

CaO .. . . . . . . . . . . . . . . . .. . 

BaO . . . .. . .......... ... . 

)IgO . . . . . . . . .. .. .. . . . . . . 
KzO............. . . . . ... . 

Na1O...... . . .. . . . .. .. . . 

HiO at 100 ) . . . . . . . . . . . . . 

HiO aboYe 100 ;:, .. . . . . . . . . 

P"O,, .... .... .... .... .... 

C'O; .......... - ...... ---· 

1. 2. 3. 4. ~ 
60, 2 :-, 62.37 59.70 67.61 67.c,9 

. 69 .74 . 79 . 56 . 49 

22. 61 15.43 16.9t: 13.20 11. 03 

2.53 1. 31 . 52 5.36 1. 47 

. 45 5.3-1 J. I. 20 3.81 
Trace. . 22 .16 . 10 .16 

. 13 . 77 1.27 .11 t. 43 

. 0-! . 07 . 08 . 0-! .0-! 

1. 35 3.H 3.23 3.20 -1.57 

3. 73 4.20 3.77 4.45 2. 2 

. 5-!- 1.H 1. 35 . 67 - 77 

. 60 . 3-!- . 30 a .45 a.36 

3. 62 3. 71 3. 2 b 2. 97 IJ3. 21 

.03 . 06 .16 . 05 .10 

i\Oll \, 1. 40 None. 1. 9 

Fe.'............................... .03 1.1 .03 .0-! 
1c. ______ .... ____ ........ __· !_n___T_ra_c_'·____._4l__ j.... -- ---- 1=~1 

Total . . .. . . . .. . . . . 99. 57 t 9. 0 100.05 I 100.00 ; 100.os 

111-1:0 nhnYe ll0·.11 lhO nt 110-' . 

...To.1. Dlack slat,, 'p. 32-197, N. ,i;-o, W. l'ti20, sec. 17, T. -13 ;'I., H. 31 W., )lichigan. -.\ualyzed by 
c:eorge , 'teiger. 

No. 2. , 'en-green slate, Griffith &Nathaniel Qtrnrr~·, onth Poultne~-, Vermont. \V. F. Hillebraucl. 
~o. 3. Black slate, American Dlack 'late Co1upany, Den on, Vermont. W. F. Hillebrand. 
No. 4. Red late, thrce-fonrtbs mile 011th of Hawpton Village, New York. W. F. Hiilebraml . 
... ·o. 5. Crc ·n slate, thr •e-fonrths mile northwe t of ,Jane Yille, \Vashiugton County, New York. 

W. F. llillehraud. 
No . '.l, 8, 1, and 5 tn.keu frolll Annlys s of rocks nntl nunlytical method , I 0-1 96, Clark and Hille­

hraud: Bull. e.. Geol., urvey, No. lJ 'o . ~ allll ~ ar ·, re pecti\·ely, C and P, p. 277, aud No·. 4 and 5 
ure A and D, p. 2 0. 
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The trong imilarity bet,Yeen the compo ition of the ·e clay .-late, 
at once apparent, and need no fmiher comment. The only marked differ­
ence between the H uronian claY : late and the Carn brian one i the hio·her 
percenta<Fe of alumina present in the former. 

SIDERITE-SLATE, CHERT, FERRUGINOUS CHERT, AND IRON ORES. 

The t,vo mo t intere 'tiu0 • kind· of rock from the Man field slate belt 
are tho e knmYn as the iderite-- or .·ideritic ··late and the chert· ir ferruo-in­
ou~ chert·, accordina to the quantity of iron carbonat and iron oxide 
pre~ent. The -·e alternat "-ith ach other, and are found al o inter ·tratified 
"~ith the fragmental ·late·, and thu~ th r can be no que ·tion a:· to their 
:eclimePtary character. The siderite-,Jate are of a light to dark g-ray color. 
They are well laminated and in some place clean! rather readil~ ~ along 
the lamime, thotwh at oth r pla they break ·with an almo t c n h i lal 
fracture. Th weath red ::-id rite ·lat s ar coYered hy a cru" t of reddi h­
brown hydrated iron se ·quioxid . 

Micro 'copicall ~ the . iderit ,,late are com po ed of ·iderit , or of . id r­
it and exceedino·ly fin grained cherty, ilica. Roundi ·h rhombohedra of 
. iderite compo the pur r ~ideriti portion . If one pa· 'es from th pur 
to the le~· pur ~latet-, th siderite gradually climini he in quantity, th 
.:;ilica orre:spon lingly, and th rock grad into the chert 
"-hich, in hand· i • comm nly a·· iated with iron carbonat in th Lake 

uperior reO'ion. A~ th carh nat alt r • to th~ oxid or h -clrate l oxide 
ferruO'inou h rt ar ~ pro luc d. Th cherL ar white to r cl, clep nding 
on the amount of iron oxid pre· nt. Th manner in whi h th .·id rite 
alter· to limonite and h matite, and th Yariou • :tep • of th .. pr e.·~ haYe 
been ) w 11 de rib d and l autifully illu~trated in Monograph X..( ~, III, 
that th read r i:-; ref rr d t) that Yolume for furth r information. on of 
the brilliant r d ja ·p r or ja ·pilit , . uch a· that found iu th Marqu tte 
district, i • a· ·o iat d ,Yith th 'i\Ian ·fi Id 'lat ,_ Iron nr of c nomic 
importance, however, ar found m, ,o iat cl ,Yith the"~ :late", and are 
des rib rl in <l tail farther on. one of th sideritic :lat , £ rruginou 
chert:-;, or ore ~, althouo-h interl dd , l with the fraD'mental :lat .J10"· any 
eYiden ·e < f fraO'm ntal origin s) far a$ the individual o-rain • of th mineral 
comp .:ino· th m ar e )11 • ,,rued. 
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RELATIONS OF SIDERITE-SLATE, FERRUGINOUS CHERT, AND ORE BODIES TO 

CLAY SLATES. 

O"~iug to the .-carcity of the out ro~) of the sedimentarie, in the l\fans­
field Vall -, it i practically impo .ible to decipher the relations of the 
individual heel . .1 T either th tudr of the mface xpo, ure nor the expo­
,'ure. in the min ,vorking. haY ofren definite re ult.. That the bed repre­
.,en~ interbedd cl strata i: well under._ tood but the sequence of the strata is 
indet "'rminabl . It is of e:pecinl iutere t to cl termine, so far a possible, 
the relation. of the ferrug-inon. rock::, in rder that the po ible iron-ore 
depo:it a. ociate<l \Yith tl1em may h found. A cross section thrnugh the 
Ian:fiel l min from ea. t to ·we t . hov{" the following relations: The foot­

wall of black hematitic . late i • overlain by 25 to 30 feet of ferruginous 
chert aucl iron ore. Thi. 'tratum i f-U ·c decl by "reel slate," so called by 
the miner , whi h 1. probably weathered green._ tone impregnated "\"dth iron. 
Thi i: follow cl by a conglom rate, and this by amy()'daloidal greenstoue, 
of th OY rl. ~ino- -volcanic formation. The ore body extend north and 
. outh, agr cing thu with the . trike of the slates. All drifts end on the 
n rth in mix d ore, and on th outh in mi:s cl ore, with "quartz-rock" and 
''lim -ro k' of th miner· in som place . From the e fact we mar justly 
conclude that the or -b aring £ rnwincnr ch rt exL t in bed in the late 
or a 1 nti •ular ma ·se which aoT e in dip aucl 'trike with th "'unounding 
. L: te:. Thi: conclusion is onfirm cl hr te 't pit along the .. trike of the 
xpr. cl b rt, whi h hase di clos d 'imilar £ rru0 ·inou._ ch rts at ·rnriou • 

pla e.· for a di.. tanc<~ of half a, mil to th north. 

R~'L TION8 OP 1A 'FUJLI> SLATE TO Al>.JACENT FORMATION . 

RELATIONS TO INTRUSIVES. 

'I h -1 Man. fi lcl . lat .... • are smTomul d on thr side '-ea ' t, north, and 
outh-b ~ oar· -grain "'d hasic ~ruptive ro h. The fact that they are so 

, urround cl b ~ th_,:-; rock., which ut them off in the dir ctiou of their 
.·trik ... , point.· to th lat •r origin of th ,· .. eruptiv .s. 1\foreover1 the quartzitic 
chara ter of .-om of th sedimentnri ~ ~ho ~ that they oulcl not haYe been 
d .,rh- cl from th~ ruptiv , whi h ;-tratioTaphicall ~ uud rlie them, for in 
the. e no quartz i.· found. The c1uartzitic haract r ,,rnuld tlm ~ eem al o 
tn in<l.icat that th .. slates are older than th . intru iv-e"'. '\YhereY r the 
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igneou" rocks aud ·late · are in contact or in close a "sociation the latter 
have been rnetamorpho ·eel, and adinole ·, ' l ilo ite ' , and clesrnosite hG ve been 
formed which are similar to those de ' Cribecl a· oceurring in other area 
alo1w the contact zone of ha ic intru ·ive ' . Although no ingle in tance of 
a dike penetratino· the late · ha been found it can hardly be doubted from 
the relations which have b n nutJinetl that the s1ate • are older than the 
intru ive dolerite ' . 

RELATIONS TO VOLCANICS. 

The 'edimentarie • are overlain by volcanics, both lava flows and tufa­
ceou" clepo~it •. In the e tuff at the northea t corner of . ec. 7, T. -13 ., 
R. 31 W. angular black- late fragment have been found , imilal' in e-•tery 
re ' pect to the slate · of the nfansfi. lcl belt. :From this it i • clear that at 
lea ... t ome of th volcanics are youno·er than part of the "late formation. 
In ·ectiou 29 ·imihu- relation~ obtain, the only difference beino· that the 
ma"'e" of ·late and graywack are inclo e :l in rather larger frao·ment· in a 

yvolcanic cono-lomerate, and ... till retain Yery clo"el their normal ' trik . In 
the conglomerate "' near the )Ian ·field mine ar found chert frao-ment and 
in "'ome place" fragment , of iron xide. The 'e latter were vidently not 
included a:::; oxide, but a ' fragmeut~ <f herty carbonate. Like th f!reat 
ma formin the or bo ly the fragment· have since their d po ition been 
altered, formino- iron- xicle 1 1i ~ of .:mall size. Further di u. "i n f the 
relation , between the Yol aui ," and 'lates will b '-' found under th heaclina­
"Hemlock formation. ' 

'TRtI TCRE OF THE .. llN "FIELD ARK\. 

It ha · alreath~ b en :-- en that the )fan, field ro ·k • . trike north and 
"Oltth and laYe a hio·h west rly dip. The two po "ible explanatiou;' of thi 
tructure whi h ar) ·nrnpatihl with the fact· in other portion of th area 

are (1) that th y form n w stwanl dip1 ing- monocline, and (2) that they are 
the we tern limb of au anticlin . 

TlIICILffi ' '. 

A: the ,'edimentnrie. fr rmi1w th ~Ian ,fi l<l. belt now dip w ·tat av ,ry 
high antrle, ~ nd a: ther i • n ,~idence of dnplication of ·trnt, clue to f ltl­
i1w I feel omparafrrnly :--af in giYincr an estimate of their thi ·kue'•~. rr he 
belt i • ,vicl :-;t at th north end, and th re ha.s a breadth of al nnt LH."'O feet. 

https://IRON-BEA.RL
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The average dip of the b d.· i 80°, and thi o·ives a maximum thickness 
of 1,900 feet. Toward the outh the belt n piclly narrow , until it is cut 
out b ,. the intrurling dolerite . A thiclm s of 1,500 feet is probably not 
far from the averaO' . 

To the east of the )fan field late. is a belt, varying in width up to 
about 1,200 feet, in which are found large ma e • of metamorpho eel slates, 
urronncl :!cl by intrwfrve clo1erite. In thi belt the late ma ses still show 

a g neral north-:outh :trike, with ·lio-ht variations to the ea t or we t1 and a 
we:'twanl dip. One mi<tht, perhap~ con"icl r this a slate area which has 
h ... 11 ernnpletcly :aturat lcl with intru h· •. If it should be so considered, 
thi.- thickne:l'j :-;hould he added to the estimated thickness of the slates as 
above given, but a~ intrm,iv ~: prec1c minat in it, the slate being, as it were, 
merely incidental I lrnxe preferred not tn include it in the belt with the slate. 

ORE DEPOSIT "" . 

.Althnno·J L n great deal of xplorino' for iron ore ha, been done in the 
)fan:fiel<l slat~:-:;, only one laro·e b0tl/ of ore ha · thus far been discoYered, in 
vvhi<:h i: the ::\fansfield min l. Thi: mine 
i.- situat ,.(1 on th· we ·t hm1k of the )[i ·hi­
~nunme River, in :e ·:. 17 arnl 20, 'l. 43 
X., R 31 '\V. rrh, min .. was apparently 

lJl'OSfJ ,rino· wlwu 11 the nio·ht of i-1C})tem-
7"' ' t, 

lJ(""! l' 2, 18~J3 n.c:a,v,-iu nccnrre<l, l :..ittiuo-
in the ,va ter.- of the :Miehiganun<? River 
and drowning 28 min 1 r:-;. 

For two hour: after the caving o enrred, 
the 1J ,d of the river lJelow the mine wa ~ bare 
the "rater 1lowi11g into tbe miu workinO'~. 
The ac:compauying figure fig. G, prepar ,l} l>y ,J. 
Parke Cllauui11g, October 1, 180:3, sl10w the 
relative po ition of the , haft aud the river and 
th, cone 'utric crack' ·au ed l>y the caNill!!" of 

..., rm . 0.- Concentric cracks formed by tho caving in 

th (Plan <'Opied from aclclre s of prc ~i- or tho111i11e. :uansfit•ld min e . 

de11t: Proc. Lake nt rrior In!-,t. Ii11. En«., 
\-ol. III, 1 U5, plat oppo~it p. 42. ) The timber haft is near tll center of these 
craek:-:. 

_\ft 'l' the caving the mm remain ·d idl uutil recently. .At th 1 pre ent 
writing tli, D ~ 1 oto )fining 1ompany has htain d control of the mine and, 
I und •r:-:tawl, lmv freed it from water. 
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In May they began the task of diverting the channel of the river to a point seyeral 
bnndred feet south of the old cour e. They have dredged out a cut 2,650 feet in 
length by 100 feet "ide and 1 feet deep. At the upper end of the new channel a 
cofferdam containing 14,000 cubic yard~ of earth bas been constructed, and ·where the 
-waters join the old outlet everal hundred feet below the miue another erubankmeut 
has been con tructed across the cour e of the old bed that has 8,000 cubic yard of 
earth. This task was a, very cxpen ive oue, and it bas been well completed, the old 
channel being perfectly dry. 

The turning of the river' cour e bring"' out with startling distinctness the criminal 
negligence or carele sne s of tllo~ e who were working tbe mine at the time of the 
accident. The upper tier of timber in the mine are plainly seen, as al o the ground 
that had been cut out to receirn the et that wa ' being gotten into place when the 
water broke t!Jrougb. This l10"·s the miners had worked up to within U feet of 
the water of the river. A great crack in the formation s.hows where the water fir t 
gained entrance. The ore made up the b d of the stream-was a portion of the b d 
in fact-and the wall' of tlle mine were nearly Yertical. 'fhe ore deposit bad a width 
of about 20 feet. The water pres"ure mu t llave been cousiderable, and tlle bla tiug· 
of the ore (as it is harll., and explo irn are needed to loosen it) shattered tllc thin 
p10tectio11 m·er the miner 1ermitting the water to find ready and unimpeded 
entrance into the mine. An en(Tiueer could not have been employed and tlle wildest 
sort of gue sing mL1st have been done by tho e who bad the work in charge. 
~ o aue man ,Yould have permitted the OJ)ening of the deposit o near the ri"rer' 
bottom.1 

Owing to the long abandonment of the mine, th dire t sour of infor-
mation haYe been closed. F r a le 'Cription of the ore body I am c m­
pellecl t rely n ~u h data as < r aYailable from existino· note ' ancl plat . 
I am e pecially incl btecl to a rnc nu::;cript cle cription of the min h~ ... 
J. Parke Ohannino·, anrl to )Ir, . T. Rob rt of Crystal Fall , for plat , of 
the mine. Th 8ketch the mine here introduced, PL IX, i. compiled)f 

from an oricrinal clraw-ing f hauniug, r pro lu eel n th plate 
cited, and fn m dnta obtain 1 from ther source . 

GENERAL DESCRIPTION OF MANSFIELD MINE DEPOSIT. 

1:he )Iau --fiell min ha · au r 1 od.~ YaryinO' from 16 to 32 feet in 
width. It i: iu almn.:t Y rti al p ·iti n: it ha w 11- le:fined f ot au l hang­
ino· wall: c mpo d of imp n-i us r ck· it ha, a om what ind finit 1< llO'i-
tuclinal :s:tent. The ore i ': m r nnd ccur • in au iron-bearino- fon ati u 
whi h corr l ond ' in ev .,ry parti ular tc tho.__ e f the other ir n-b rmg 

1 Report of ' ,,n1mis iouer of l\Iiuernl Sta ti tic of Michigan, Georcre A. :rewett, for 1 6_, p. 
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district: of the Lak ~ 'np rior reo·ion. Th, ore wa~ fir ·t found in a te. t pit 
whi h pa, :eel through :) fe .,t of drift. Th:) main workino· shaft ·wa. then 
locat d about 100 f let w ,t of this poiut. It ,ya , put dom1 to a depth of 
4GO f<_.. lt h ..fore ore wa..·truck. From this shaft cro scuts " . :)re driYen east 
at aY ..rao· int ... rrn1.· of 70 fe "t, arnl th or body ,Yas met at a di ' tance vary-­
in()' from 7 4 £ t at th fir:t 1 v 1 to 1 f t at the sixth leY 1. The cro . -
·nts in CY "'ry ·a:e after le::wing the <>T 11:--tnn., pa~s throuo·h :,o-called red 

:lat .. , at th maximum al nt 25 f t thi k h for ore i , reach c1 thi • rock 
c m ·tituting th hangi1w wall. Fr m th se data the dip of the ore body 
may h C'akulatecl to h .. about , 0° ,,,..., agT ing w 11 ·with the ob 1Ted dip 
of the :lat ... , which outcrop 0Y r th., ar a. The thicknes.., of th ore, a: 
.·h ,Yn bv the cro~.- 8ection:, nveraO'E ►' al out 2;> f et. The extr me Yariatiou 
in thi kn•:-;: ran<r •,' from t\Yo ·ets or 1G f et to f mr set·, or 32 fe t. The 
:trike f the .·lat .. .. i: north and .·outh and the trend of the ore body 
ngre ,. with thi. ·. 'I hi: hrino·:-; it.· .-outh 1'1l _.llll und lr the orio·inal cour 'e 
of th .. :\Iichigamm RiY lr a, ' th l . tream l :)ml: slio,htly to the " ·e t, f;Onth 
of th :haft. An examination of th 10110:itnclinal (north-st nth) sedion 
throug-h th .. or .. hocly do~.. not det rmine ,Yh 1th r or not it ha: a pitch. 
'I'Jic.. :outh ,rn houudary i , n arh· wrticnl from top to hottom ,d1ile the 
north rn hournlary le1wth ->lls about 1-J.0 £.. )t 1J tw :.<:n th l fin,t and the fifth 
l -'Y ..J... 

In th .. 11orth 3 1'll rnl of th_. min -'-that i~ in line with tl1e .. trik of the 
,: ,din ,utari :-th) or .. hod. · terrninat -':-- in a nwre or 1)~s irr o·ular way, in 
► 'o- ·all< cl mix __.cl or,. 'I1hi: mix )<1 or continu "'S to the north for OY :)r half a 
mil.. a , , hmn1 1 y th, muneron:-; te. t pit.: "·hi h have been hottomed in it. 
To the :outh of th , min 1 ..haft th or_. hod;· proper xt ml for 200 £ et. It 
t1J<..n chnn<r<:H it.- C'hara •t ..r h -'('Orning a lean non-Bessem r ore. A long' lrift 
(3o5 fr· 1 t) a tlw : eoncl I -'Vel wa.· nm thr Hwh this ore, and after J ..avinO' it 
p •11(-'trat .,<1 a mix ,cl or, th o-enll cl lim rock (siderite ?) and quartz rock 
( ·h •rt.) of th(' mint'r •. Thr _. .. cro.·.·c·nt: along thi' drift ·how th or body 
to var .. fr m 20 to 30 fo lt in thiel 11 ,,.,, with thl' ~am l f ot and hnno'iug ,rnll 
~ : £ r th r ~majucl )r of th , min 1 • 'I h .. :am .. condition ~ist~ al,) low r 
,lown a.- :howu h ,. a clrift from th .. fourth l Y l 260 fe )t outh. The 
figur., • on Pl. I (rh·iug lo1wituclinal and -re :~ B ction~ of th mine i.;how-r 

·l arly th .. climu1~io11.- of th or . body. 
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RELATIONS TO SURROUNDING BEDS. 

The foot wall of the ore i a l lack , late, clw·cribed a" being rich in 
hematite and 1Jearin°· laro·e crystals of iron pyrite. No cro. cut. have 
been driven for any di. tauce into the foot wall,. o that it i. impo. ibl to 
. ay what thickne ,,, of the hematiti • 1 lack "'late there may he before the 
greenish pyriti£ rou slat h a-in~. In pla e ~ a gray ",'oap tone" take · the 
place of the black .·late as the foot wall. 

The clump obtained by sinkino· the :--haft in the material overlying the 
ore how."' laro·e ma ses of co1wlomerate, the pebbles of which are r m1d ~d 
and predominantly of volcani • roeks, with pebbles of ch rt and .fat from 
the iron formation and , late;-; l elmv. r[ h ~e fragm nt are well r undecl 
Th micro:-;cop aL·o shows quartz grain~ with econdary enlargement: so 
that there an b no doubt that the rock i • a true onglomerate. :·1milar 
cono-lomerat :, except that th :- tlimentary fnwments ar wanting, haY 
been noticed farther north along the :--t icle of the river. Ju t ,,-e,'t qf,,? 

the bridge at :\Iansfielcl, near th min , ther i~ also a small xpo~ur of ·on­
glomerat , whi ·h ~hmv~ an alt ...rnminn coar:-;e nncl fine . eclim nt·, ,..-ith a)f 

-· trike nearly north arnl ~outh nnt.1 n dip of ?0° ,v. rro the we:-;t aboY thi:, 
conglomerate, aml not more than 15 tn 20 f et di. tant, ar_. fouud th 1anv 
of the Hemlock Yokanie.-. Accnrcling- to th mine captain th "'U ·e. ~ion 
west from the or"' bo(ly in the hanging wall is 20 to 25 feet of paint rock 
or, a. · it i~ usually all <t re,1 slat , then co1wlomernte, then green. ton . 
It j ~ cliffi ult to diagno~ the paint rock, a~ 11 spe im n fir t 1 ha 1, hut 
it i • hiO'hly prnhabl} that it is a f rruginou ' and extr mely alt r cl twa 
sheet. irnilar rock~ ar muu mly found thu • alt r cl in as.' ·iation "-ith 1 

the ores in the Penoke -G o· bi ' arnl )Iarqu tte di "trict •. L ncling w --iµ:ht 
to thi:-:; conclu 'iou i , the fact that in ::;om places au arnyo-claloiclal oT ..n­
:tone lu: b n xp ~ cl in t ~t pits imm diat ly ab Y the iron-1 ariiw 
forrnati n. 

COMPOSITION OF ORE. 

The )fonsfi Jd mine np t( th pr s nt fon has rai. ed nl ~ B . em r 
or .. , and i._· th only min in the . 11T·tal Falls li ·tri t which ha ~ :uppli d 
any on:iclerabl quantity of r ~ < f thi: chnract r. Au aYenw of ~ mun­
ber of anah~:--e~ gi\· ~ tli~ foll1wi11°· • mpwitim for the B s: m ·r re: 
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l\Ietalli iron, G-!.80; phosphoru ', 0.037; ilica, 3. 70.1 According to Dr. 
~. P. Ilnlst, 2 tho:e ore deposits in the l\I nominee range which. have poorly 

clefin d wall. · carry, minimum of pho, phoru8. rrhis body however, . hows 
that th same condition,· clo not exist at the ~Ian, field mine, since, whil it 
ha.· both ·h rply cl fin cl foot and hangino' walls, it contain"' but a low 
per cent of pho. phoru.· . :Brom au xaminati n of th analy e from whi h 
the a1 ove av rao', was obtained I find that the percentage of pho ~phorus 
. hows a marked iucrea e in th lo,,· r 1 Y 1.-- of the mine , oYer that of the 
higher, ancl th re i. · ahm a slight orresponcling decrea,_ -" in the content uf 
m -'tallic iron. Increa ·e of pho phoru-- ,,,.ith depth i"" also found in the 
a<ljoining l\Ienomine rang , as not d b~- 11 :;; rs. E. F. Brown,3 of +he 
Pewa hie min", and P r La1" ·on, 4 of the Ar::won. It is impo ·sible to state 
wl1 ther or not this distribution i ' due to th action of p r olating water, as 
. ugO'<:d cl hy Hnl.·t, 5 La1" ·on 6 and other 1lichio·an minino' engineers. Only 
a laro· number of g od analy:etl from carefully el cted ore and asso­
ciat d r ck.· and a cl .,tail d study of '011<litiou of occurrence could lead to 
any ac ·urate d ..t ~rminatiou of th rea~on for uch distribution and a dis-
·u. siou of the:e r a:on. i. hy ll< m an.· warrm1tcd by the £ " r and imper­

f_. ·t analy.·es of th l\Ian fi 11 r . whi h I have been able to obtain. Th • 
ore body ·han(J'e: in ·omp .·ition t 1 the south of the haft, a ' hown by the 
drift;-; in thi • clir :1 ·tion. rrh or in this part of th mine contains more pho:-:;­
phuru:, alumina, ancl cakium, and le~~ ir< u. Thi · low-grade lean ore th ~n 
pa,·:c: over i11to the hancl <l chert awl cr mixed with th'.) lime and quartz 
roc·k m ntioned ahoY •. 

MICROSCOPICAL CHARACTER OF THE ORES AND ASSOCIATED CHERT BANDS. 

The or .. ,·ari ,., from a Hnft limoniti h matite to a moderately lrnr l 
h matit ... It i.- for the mm1t part 01 aque und r th micro -- co1 , hut in 
plat,., show~ hrig-ht-r d to l rowni~h-r ,cl color in tran mitted light. In 
in ·id •ut lio·h t]1P ore for tl1 ~ m 't part ::-.h nY , a tlull-brow11 or reddi ~h color 
though in pla es it lrn: a 1 rio·ht m '-'ta11i refle ·tion. In pla es in the ore 

1 An a" rag,· of 62 p r c:3ut m tn.llic iron and .030 p •r c ot pl10 pllorus i reported in Report of 
om1ni sion r of frn nl.l. ' tati tic1:1 of Michigan ( -.. A. :rew tt) for 1 l 6, p. 5. 

•Th geology of that portion oftbe :M nomin raurr eat oftheM •nominee River. byX.P. 
Ilnl. t: Proc. Lak .'up rior fo , t. )!in. Eng., Yol. I, 1 '93, p. 2 . 

•Di~tributiou of pho phoruH arnl system of awplin~ at th Pewabic mine, Iron )Iountam, by 
E . F. Brown: Proc. Lak, , 'uperior Inst. Miu. Bug. Yol. III, 1 5, p. -19. 

◄ Op.cit., p. 3~. c, op. cit., p. ~ . "Op. cit. , p. 53. 
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are "pot~, in which i'"' a laro·e quantity of chert mixed with iron oxide. A . 
.., nch ferruginous-cheit areas increase in <1nantity the ore grade;.., into the 
ferruginous chert and rhert whi his found a s iated with it in band and 
lenticular areas. 

ORIGIN OF THE ORE DEPOSITS. 

The mode of occurrence and o·eneral chara ters of the or . lY haY-
iiw been describ cl, ,Year now prepar <l to determiue the ·au· of con ·en­
tration of the iron at thi ~ parti ular point aud th sonrc . From the 
de. cription it was seen that th appearance of the body of ore wa that >f 
a bedded deposit. The microscopieal examination hows, howev r that 
the ore pre,... eub~ n) evid nc ·: of elastic orio·in. An exnminati n of th 
chert· arnl ro ·ks of the area which are interb dclecl with the ore aml 
also a stmlv of the south rn contact of the ore body, how· that 
the ore i: a chemical dept sit. or the r :3nlt of a repla ernent pror .:.-, 
by which the original rock "~as hu·0 'ely remoYed, and it8 plac taken 
by the pre:--ent ore. It hal-i b ~ n ·hown (p. G2) that th sid rite band: 
l a:--" into hemntitic aml Jim niti.. chert baud·. It ha· b en s en that in 
the "outhern encl of th mine th lean < re mercres into a mass of or bedcl _,d 
"ith ch rt and mixed ,,rith a r k call d 1w the miner,~ lim aucl .]Uc rtz 
rock. I inteq r t thi:- rock tn h haucl cl ,id rit and ch rt, po ibly with 
some quartzite bandH, nll of which are found outcroppino- a the . urf;: • 
The id rite Yid ntly ha:.-1 1 n ehano-ecl into iron oxi l and th :ili a 
replaced by iron oxid the hmdi1w f th original rock not havilw h n 
t1e:·troyed th reby. In~ncr1 nsid r d siclerite to be the ·ource of :imilar 
ore and a so iat d h rt and ja:p r. Yau Hise~ ha " fully xplaiu 1 th 
proces • of the one ntration of th or ' of th Penok e-G crebi • and 
1larqnett di.·tricts, an l ha· appli c1 th explanati n to th th r diHtri ·t.~ 

1 Ori,irin of th ferrnginou hi ' t nnd. iron ore-, of the Lake Snperior region, by R. D. Tn·ing: 
Am. Joor. 'ci., 3d rie , YoL XXXII, 1 ~Ii, pp. :?,-5-:?72. 

: Theironoreofthe:Marquettedi trictof1Iiohigan. byC. R. Yan Hi : Am.Jonr. ·•ci.,3,1 rie, 
Yol. XLIII, 1 92, pp. 116-132. 

Iron ore of tbt> P1 nokee-G-og bic • .ries of )!ichigan and \Vj ousin, by '. R. Van Ili. ,. : .Am. 
Jonr. ci., 3d ·erie-;, Yol. XXXYlI, lc<.:9, VP· 32--1~-

Tbfl Penokee iron-b aring erie of )Iichi~an and \Yi con in, l>y R. D. Irving and n. R. Yan Hi , 
Tenth Ann. Rept. . S. Geol. urvey, Part I. 1 co. pp. 341-507. 

The Penokee-Goc,ebic iron-bearinrr erie of )Iichirran and Wi cousin, b~- R. D. IrnoA' and '. R. 
Yan Hie: )fou. C . Geol. nrvey, Yol. XIX. 1 '92, pp. 245-290. 

The )Ian111t'tte iron-b arin~ di ·tri ·t of .'.\!icbirran, hy . R. Yrm Hise antl \Y, ', Bayley, with a 
cbapterou the Repul>lic tronrrh, by H. L. Smyth: )fon. r. S. G ol. nrvey, Vol. XXVIII, 1897, pp. 400-405. 
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in the Lake ► uperior region. I hall not clo more, therefore, than to add 
that the inve tigatiorn; in this ar a hav hown the probable correctness of 
thi. • explanation. • 

It is very intere. ting from an hi. torical tandpoint to note that a9 far 
ha ·k a. 1868 Creclner had made the ~ugge ·tion, with reference e pecially to 
the }Iarquette cli. trict, that the or s ,,-ere derived from an original iron 
carbonate. The following- quotation will .. how his idea of the proces es uf 
development of the ore: 1 

phaerosiderit wurde an. kohlen iinrereicheu Gewiisseu abg-esetzt, <lurch eine 
theilwei e Oxydation des elben entstand l\Iagnetejsenstein, durch weitere Aufnallme 
vou Sauerstoff da Gemenge von l\Iagnetei...en tein und 1-{otheisenstein und endlich 
reiner Rothei en tein; au die. em sporadi ch durch Zutritt von Wasser Brauneisen­
' teiu. 

1i·edner': sucrgestion eem. to lrnv been lightly con idered by other 
worker in that ar a. In 1886 Irvin°· 2 uggested the theory of replacement 
of an original £ rrug-inous carbonat to explain the Penokee-Gogebic iron 
ore.. This th ory ha: . inc then b en laborat cl by Van Hi e, and hown 
to have a wicl r applicat10n to the oth r Lake Superior ore district . He 
ha. al. ·o trac 1 th iron to it " . ourc ~ in th ro k removed by denudation, 
and . how.' why it o cur in th 1 o~itions in whi h the ore bodies are at 
pr ,' nt found to occtu. iior OYer, Van Hi has al'o ex1 lained the process 
of d v lopment in cl tail, and, what iH perhap far more important, the 
rea on c rtain r . <1 v lop and not oth r . In it ential however, the 
I roce,'. i. • the 8am a. that .·ugcr , t cl by 'r cln r in the line quoted above, 
th uo-h in thern no uo·ge:'tion of the r 1 lacement to which i. due the 
michment of the ore hodi s is ma 1-. 

Mu h of th iron of th Uan,·fi ld r i pre nmed to have r ulted 
directly from th alt rati n f th f :}rrua-in us carbonate in place, but a large 
amount wa. brou ht in from al OY hr infilh·ating water . The ferruginous 
matt r, which wa tak n into .·olution durin°' th denudation of the area, ha 
1 n carried down hy I r olatino· ,mt r. nn<.1 clepo, ited at place favorable 
for it a umulation. rrh b cl.· ar no"· n <.lg offi rino- the mo t favorable 
• nclition t l r lati n. rrh _nrlu i n i obviou that the e deposits 

1 Die vor iluri. chen l>ildo d r "Cher u IIalbin 1 mu Michigan '' in Nord-Amerika, by H. 
Creclner: Zeitschr. <1entsch. g<'ol. Gesell., Vol. XXI, 1 69, p. -11. 

n th<> origin of the ferruginous schi ts ::uul iron ores of the Lnke 'nperior rer•ion, by R. D. 
Irving: Aw. Jour. 'ci., Vol. XXXII, 1 6, p. 263. 

2 
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were formed after the beds \Tere tilted. and the iron deri Yecl from the 
upward exten ion f the rocks, \Thich ha ~ been remoYecl by ero:-,ion. 

CONDITIONS FAVORABLE FOR ORE CONCENTRATION. 

The conditions favorable for the accumulation of ore deposit. lmve 
been a certained b_ ~ , an Hi e • from ..,tuclie, in the other iron-b aring dis­
tTict" of the Lake uperior region. He ~ummarizes the e re ult a £ llovts:1 

[l ] Tbe iron ore i confined to certain definite horizons known as tlrn iron-be:ufog 
formations. . . . raj .All ore bodie have been found to be distributed very irregu­
larly in the e iron-bearing formation . Thi ' i due to the fact that they are secondary 
concentrations produced by down ward percolating waters, and the ore bodies therefore 
occur at the place where water i concentrated, in accordance with the laws of the 
underground circulation of waters. [b] These places are just above an impen·iou 
formation, at the contact of the -Cpper Ilnronian and Lower Ilurouiau and wllere the 
rocks are battered. [cJ The imperviou~ ba ement formation may be a . urface 
volcanic, a sub equent intru ·ive, an argillaceon stratum, or any otber impermeable 
formation. [dJ The e impervion"' basemeut are most effective when they are iu the 
form of pitching troug;h , tlrn ~ concentratin o- the waters from the sides along a well­
defined cbanuel. The e pit hing trough may be formell by a sing1e one of the abo,·e 
rock or by a combination of two or more of them. The horizon marked by tbe nu con­
formity between the ..,.pper and L wer Iluronian i a great natural zone of percolating 
water,. Here oftentimes the ba ement formation of the Upper Huroniau i it elf a 
lean ore, having deri\'ed it material from the Lower Huronian, but in tllis case a 
secondary concentration ha~ occurred in order to produce the 1nesent ore bodie . 
[e] Finally, a a re ult of folding, the iron-bearing formation barn been battel'ed 
thn producing natural water-cour"es. )lore frequently than not, more than one of 
the e cla e of pllenomeua are found together where the great ore bodies occur and 
in many ca es all are combined. The original ource of the iron ores ha been a cer­
tained to be in many ca. e a lean carbonate of iron, often with a good deal of 
carbonate of calcium and mao-ne ium, forme<l. as an ocean depo it. 

Van Hi e add to th ab 1ye statement that generally th or l die.. 
a a re u1t of their m th d of concentration, omewhere r ach th ro ·k 
mfac. 

The Ian ·fi 11 or b dy ha:, "\Y 11-1 fined :f ot and hano-ing wall--. of 
normally imp rvi u~ rock. The iron-h arin°' formation is mu h fractured. 
\\~e thu have ce1iain of the c 11 lition;-; faYore bl to th:. cone ntration of an 
ore body. ,Vhether a trouo'h i , c mplet cl by a light cTo K fold in th_.. 
formation, or po ~::.;iblr l Y an inter: ting· dolerit'-' clik., has not h n 
determined. 

1Fonrte uth .Anu. Rept. C . ,eol. urvey, Part I, 1893, pp. l0i-108. 
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EXPLORATION. 

Exploration ha: developed no other clepo it alo1w the Man. field slate 
belt.1 If oth r d posit - exi,· t, it i~ highl~~ probable that they extend to the 
rocH ,· urfoce-that is, ewe coyer ·cl by the drift mantle alone. 

The inter al: 1 twe n posRihle or botlie along the strike of the , late, 
a:•c: probably occupied hy mixed chert c"mtl ore or fernwinous chert. Explora­
tion, .·hould "Xt :;nc1 from th ::. imp 1Tious .-,late b low the iron-bearing fonna­
tion t the jmperviorn, rock abov th irou-beariiw formation. In order to 
explore the belt thoroughly, row.· of pit , cros~v·ectioning the formation ought 
to be mad at iutervnL· not oTeater than 100 feet and e-.;-en with. uch inter­
val: au important deposit might Le mi~ e 1 for it frequently happens that at 
th , ·urfac of th r k an or <lepo. it is :mrnller than it i at a moderate 
depth. 

SECTION III.-THE HEMLOCK FORMATION. 

rrhi, formation, the most int l' . ting- p trooTaphically in the Crrstal 
Fall.· cli.· tri t, ·on:i. t.' aln10, t ex lu2iYely of typical Yolcanic rocks, both 
1 a:i • arnl a id, wi.th cry ·tallin , hi. t d riYecl from them. Sedimentary 
ro ·k.· play a very unimportant rol . \Yith one exception they haYe been 
f rm .,cl <lirect] , from the volcanics, and oc .ur int rbedded with them·. 

'utting tlu·ough the ·rnlcanic. ar intrusiv rock: , which likewi e include 
both ba.·i and a ·icl 1 irnl.'. i}i mi ally the intru._i,·e and extru h~e rock 
.·h w v ry ·loi'e r ,lation:hip.. Th name H mlock ha been given to thi 
Y 1 ·ani formation h cans th riv =-r f that name flow through it for a 
nurnh r of mile.·, and in plac •s afford.· ex e1lent xpo ure . 

DISTRIDV"'"I'I0 ..1. , EXPO 'GRK"', .AND '".rOPOGR PHY. 

B ginning in . ec. 3G, 1.1 
. 4 .e., R. 3:. "-- the pla e " 'here the Hemlock 

f rmation .,nt r.- th part of th .,, di:-,tri t ,· tucli d by me, th formation ha a 
width of ne-half of a mil . Fr m thi;-:; place the formation ha.· a north­
vP.· t rn ·om"" • for aLout 5 mil . , graaua11y wid ning. It then bend to the 
we..t, ancl aft r n. .·hort clistan • , to th , S<. nth, ,Yhich com-.· ., it follovt for 
ab ut 9 mil t. In tow1vhip 45 -r. P~. 32 and 33 ,\ . th h It ha a maxi­
mum wi<lth of 5 mile,'. At th en<l of th" ' uth l rn ourt'i the formation 

, inco tlie ahove wa. writt n I bnxe he n informed that Mr. ,eorge .J. l\Iaa , of N gaunee, has, 
with a diamond drill, locat d a body of be .:-.emer ore 30 feet tllick ou lot 6, sec. :w, T. 43 N., R. 31 Vv., 
1 mile son th of the fansfi •lu mine. 
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bend"' to the ,outhea8t, and continue· with thi o' neral tr ncl f r about 16 
mile· into T . .J:2 ~ ., R. 31 \\. "her mv fi lcl tucly of it n led. t the 
north the belt run' into the a tern half of th di trict described by ~'im ·th, 
ancl :',Yings south, "·hich course is followed for ome 15 mile:-. The 
entir h lt tlrn., forms an oYal :-;mT uncling the climentnries, exc pt in th 
:-;outheastern part of th clistri "t ~\.noth r ar a of II mlock Yol auic:· i:· 
found in T. -13 Rs. 32 and 33, ju:st no1ih of ry~tal Fall . Thi· area i: 
about one-half a mile wicle just north of th city of ry tal Falls but rap­
idly ,,·id n: as it i • followed t th ". st until at the w , t rn limit· of th 
area it i.- about 3~ mile.· ,Yi(l . ...\. third ~mall i:olated ar a is foun l in se s. 
17 L, 19, and 20, T. J:., .}._ ... , R. 32 Y\'" ancl 'ec. 24:, T. 42 i:T., R. 33 ,V., 
about 4 mile,· -.outh of Cff ·tnl Fall~. 

The topooTaphy of th IIemlo ·k formation i • exc clingl.,. rou 0 'h wh re­
ewr erosion lm uc e cl cl in utting tlu-ough th drift mantl . ur:' 
only aclja ent to ·om of th :--h·eam •. 'Th rough top graphy at the: e 
place:· i • dn to differ ntial ro i n ,Yorking' up n r ck approximat ly 011 

edge and of Yarying lrnrcln :-;,'. The Yalley-. mmally inclicat th lo ation 
of heel· of tuff arnl th high r groun 1,, are almost univ rsally o upi cl 
by d n rock: forming th laYa flo,Y • <r of th c an,e-oTain l mas. iv 
intru"'iYe rock--. In a fe,y 1 la ~, how Yer th thorouO'hly c n olidat cl an l 
indnrated tuff~ form hi 0 'h hill:,;. In traY r:in°' th Hemlock formati n on 
make an abrupt a, ent f llmv d by a ·harp cl sc nt into a narrow ,'W~mp, 

then anoth r a" nt and so n. Expo:-;ur : app ar for the m :t part in 
mall area. alono· th do· ... of th "wamp and atter ,d over th far : of 

the hill . The-· are fairly 11um r n" but o mall ancl cli c nn t l a to 
prevent the tra ino- out of th individual flows althou 0'h thi' might l I . -
·il le if the traver~ wer ma 1 at v ry :,;h rt int rval and th ar a mapp d 
in great detail. 

TUI K... rn . 

... • ha" b en ..'. n, th l 1t cf ruptiv • vari . 111 "~idth fr m ne­
half of a mil to n arly fi Y mil ~­ Th <lip of th ro ks i. about 75° W. 
The enorm u thi kn • • of :..5, -o f t whi h th s data would o·i-.;; 1 

prol ably illu:or ~. 
In th as of th a: ·umpti n f th thiclme of a ene of lava fl w 

and h1ff • it i ~ important that th initial dip whi h the cl po. ii: mu:t hav , 
be on ·ider cl. Thi ' li1 Yari s 0 T atly cl p n ling 011 th 1 l f the 
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cone, which in it turn, i. dependent on the Yi co ity of the layn, and the 
pre ence of Yaryiug quantitie of fraomental product". If w a , ume the e 
pre-Cambrian vol anic product to haYe had an initial dip of 15°, I believe 
,ve are within limit.· for product c n ·i tino·, a"' the e do, of ·what was prob­
ably moderately vi.·cous bmmlt and Ya t ma e<.: of frao·rnental material. 
Thi. :....timate i: ha 'ed on the a ~umpti n that the ,·olcanics here represented 
,vere d po. it cl for th mo ► 't part upon th ·we. tsrnrd • lope of a Yolcano, or 
a. eri ,, of Yolcanoe . Thi, initial tlip of 15° i then to be deducted from 
th pre:ent clip, 75°, of th flo,v., . Takin • this into consideration, we get a 
thiclme: • of 23,000 fo it for the volcanics. 

It i:; hiO'hly probable that the rock · hnse been ~ubjected to close 
folding, ancl for thi. • rea on al ·o the a1 parent thickness would be much 
<rr ater than the tru thickn l-:i8. The schL to e character of ome of the 
rn k: ~how.· d arly that th 'Y h:w J be n :-:eYerely nuvhed, and thi .. ma hing 
,va: probab1y prodnc cl in onnection with foldi1w. It iR prol able that this 
pos ·ible maximum thickness ~hould b ~ Yery materially re<lucecl, po sibly 
t on -half r oue-tl ircl of th amount. How ~ver, ,-eu the maximum 
nbov calculated i.· probably parall l cl l Y the Ya::,t ma '" of volcanic 
mat ~rial accumulat cl in ·ertain volcani areas, such ns tho e of Hawaii or 
[r.,land. 1 iki ,Yrite.1: 1 

The bottom of the e Iceland rr rtiary ba alt i ev r,rwhere concealed under the 
e, . ,.. t their vi ible porti 11 , hows th m to ue prouably more than 3,000 meters in 

thickne . 
n pecial intere t belong. to thi, le landic plateau becau e ,...olcanic action is 

.·till vigorouL upou it at the pre ent day. 

REL TION,' TO AD-J.A EXT FOR~I.ATIO::N . 

In th n rth rn pc rt of th ry.·tal Fall distri t th volcanic overlie 
th qnartz ·e dol mit formation kn 1,vn a the Randvill dolomite. In 
th ntrc 1 pc rt of the di trid, throuo-h ,vhich the De r RiY r runs, a howu 
m ,:.i •tion G-11 Pl. I, outer p · ar~ :o scare that it ha " been found 
imp( s:-;i11 t tra th boun lari H >f th fr rmation" with any deoT e of 
~ urac '". ◄ on: rru ntl thi: part l f th di~tri t i mapp l a Pl i tocene. 

from th f w outcrop of ,'lat prol abl .,. )quivalent to th l\Ian field 
. lat whi h haY b n foun<l in th DJ r PiY r ar cl it ha. be n thono·ht 

1 Tho T rtiary ha alt-pla,t an: of uorthwe ·tern Enrope, by ir A. Geiki ; Quart. Jour. Geol. 
.'oc. Lonclon, Vol. LII, 1 < , p. !:!95. 
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highly probable that thi: lat· in an extremely pli ·at d ondition may 
uncl rli ~ the Yolcanits of thi~ ar ..a, and it i:-- . o r •presented in , ction r;-JL 
Plate YI. _._.\_ • eYid ,n ·) of thi-.,, in T. 43 P. 31 -YC the Yol ·ani ·..LT., 

OYerlie the ~Iansfiel<l :;late unconfornrnbh-. 
In place"' te t pit~ haY diselo • cl an amygdaloiclal laYa flo-,Y imm •di­

ately nYerlying th )Ian~fiel<l ·late:;. At on plar , at the 1101ihea. t cum •r 
of :--ec. 7, T. 43 ... T. R. 31 ·w. angular fragm nt • of th underly-in~: bla ·k 
late haYe b en found in the tnfac ms depo ·it ' of the H mlock Yol ·ani<-.· . 

Fai1her :;outh, along th onta t ju~t \Ye~t of the l\Ian ·fi ld mine, a ·on­
glomerate i • exposed, whi h contains fmgments of late, la-rn, and round ~,l 
grain, of quartz with ,·econdary nlarcrem nt'. The rock i: e-dd ntly 
water depo:it cl. Th re i: aLo obtaiu d from the worhno·s of th min a 
conglomerate tak n fr m just ab ,- th r ,-drich con ist.· of laYa frag·­
rnent"' and pi ce of ·h rt a~1d ore n. rn ntion d on pp. G4, G< . From th .: 
o • mT nc -, it i. cl nr that som f th .. ·edimentari • are uuquestional ly 
old r than :4ome of th Yol ani •:; and y t the conofom rat , b .,aring th 
fragm nt. of or arnl , lat ont~ in al ·o fragment· of lant, ·howing the 
xi--tence of ..;om of th Yol ani ·:-- b for, the de1 osition of thi, co1wlnm­

erate. The only xplanati n of all f th fa t which ha occurre 1 to rn 
i~ as foll ws: fter th ore-bearing· ... Ian. fi lcl ,·late wa d po:it cl au ro--inn 
interrnl occurr d. Th 11 foJlmy 1 a Yo1 ani outbr ak. It i: high1 ,. 
probabl that thi,· outhur:t 1 gan for north of the )fan. ti :lld mine in icl ..nt 
·with the upheaYal whi ~h r :--ult cl in the ro. ion of the :\Ian.·fi 1d --lat . 
The Yolcaui je ·tam :lnta " - r mix .1 ,Yith the s dim ntary fragm ·nt and 
all tna: ther ,Y r round ,l and l dd d formin°· in placeR c01wlom .,rat "· 
In place· along the Hhor, laYa flow:s d, ·c .nd d om r ,)aching into th., . •a 
and •oy ring the sedim •ntari :l,_alon~r the :-.hor wh r 11 'Ongl m rat Juul 
be n ft rm d. ... t )th ·r pln • ~ ... d pn it-- ( f :;, ·orim, t '., in ·lu lino· fragm "'l t. 
f -._}at .. ,., from the ~ _,<lim .ntari .._. throug·h whi h th) Yolcano bur.-t w ..r :l 

mad , arnl thu.: cl pn--it of tnff ar found OY rl~~ing- th .• J lim ,ntari '"· 
The variou~ clep it:-- thnudt r --ally ... eparat d hy a Rlio·ht phy ' i ·al l r ·ak 
ar pra ·tically conforma hl , ,Yith the , n • h low all haviwr a n rth-._outh 

, trike and a hi 0 ·h w • twanl di I . 
Th formation ,yhi h urnl •rli • th Y lcani ' in th :i north •rn an,l 

t-nuthern 1 arts of th • ,li tri ·t ar, f diff ~rent charaet )r. Thi cliff r 11 • • 
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may h , lxplahwcl by uppo:ing the Ynl ano0s broke out in th northern 
part while th• )fonsfiel,l :lat was ._'till being d po jtecl in the , outh. 
Onulnally, how :iver, th vol ·anic activity pread toward th south, proba­
hl y followincr a fi:. ·ur along th pr - ambrian ·hor and jg·11eous materials 
lmri ,cl th l )lamdi 1lcl .·late. Ilene ·whil on the whol :i the ' e volcanic.· are 
young-c~r than th 1 :\Iansfi l<l slat . , som of the lmv r of th m are con­
temporau -'otls with 80m _. of th upp r :Man~fielcl b cL. Th• volcanic 
invariably OY<'rli th<:' Panch·me <lolornit and ar unquestionably of later 
a:.t, than that formation. 

Th Hemlock volranfrs ar • OY rlain throughout their extent by the 
l''pp ·r Hnronian seri "S of graywaeke:-. and ,}ate ·. ... .,. ear the contaet line 
with th .l volcanic:-; wh -'l'CW'l' th IIuronian outcrops, or has b en exposed 
lJy exploration, it has heen fonrnl to b --haracteriz cl by a line of magnetic 
~tttra('tinn. BY m •nns of nrng-11 •tic oh. E:rvatiorn" the line of contact ha.... been 
tracecl wh 1r, o,\·ing to lael· of expo:--ure • it would haYe heen otherwi ·e 
impo.-:ibl, to ·onn et thP iimlate,l out ·rop '. 

Ilig'h rich1,' ,s cornpo.- ·cl of dol }rit, ar 1 fournl xt :lnding in a general north~ 
we~t nwl south ai--t clir 1 etio11 thrnu}..dt the Yokanics. 'I hat th se ma:-;:-;e ' 

·~ 
\n;re forced u1> throuO'h tliP I-I 1 mln + fnrmntion is indicat ,d hY th folcli1io-

~ ~ 

wl1ic·l1 they c·nns .. in certain plc1e '~. ► \1ch nH:k:-; ar uuque:--tionalily ynung<:r 
than th , n,lc·ani • :-,erip~·. Them may h, s} 'll nl:-.n 011 th map, in 'I'. 4--1- ., 
H. 32 "\Y., a 1111111her of i:-mlnt<:cl knoht-. Th ~ ar '.> also doleritie arnl are 
pn:~un1e<l to lw, like_, the larµ: •r ri,lµ:c:-. intrn:-,i,e in th l Yoleanics. 

'1 he ,lol ·rit •: lwYe in th ir turn h, •n cut by a ·id clik s. The:-:-e are 
eoar:-- .. 'micropegnrn ti tic µ:rnni t<>:-.. ► 1 imilar a ·id dik s luffe be n found 
c·uttiw,· th, .-mTnm1,linµ: \·ol ·,mi ·s. 'l hi.- s ,t nf acid clik s may be looked 
up m m; th, yomw ,,t intrn.·iy, io·n ,nus rock · ecmTino· in the II rnlock 

V< >l<'mtie fornu1 t.ion. 
•ntting tl1 • volC'm1ic-.· ar 1 nlsn ba~ie ,lik ~ ntrying from fin to mod lr­

a t ·l,? coar.- ,,,rain. It is well known that durin°' a Y kani poch the out­
pour, l lava.· awl clm;tic ol •ani cl p ,~it · ar • p '.}n trat d hy dik "'S coming 
from th, .-nm mao·1Ha. ·w1i ,th ,r or not th'.}~· dik s ar of thi • origin and 
ai· .. h •11c, cont •mponmcon.- with th, Int •r volcani .. , r aP of lat ,r a:,re, and 
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c01Te pond to th coar~e dolerit ", it i , impos ible to determine ,,--ith 
certainty. They ar pr '"' ume l, howeYer to form an integral part f the 
Hemlock volcanicN, a no conne ti 11 between the dike and the unque ·­
tionably intru irn dolerite could be traced in the field. 

YOLC-" ~.,.I ORIGIN. 

In pite of numerou occmTence f ancient volcanic which haY 
recently become knmvn the late Profe~sor Dana makes the foll,ywino· 
tatement: 1 

It i not yet certain that a volcano ever e:xi ted ou the continent of ......orth 
America before the Cretaceous I eriocl • for the publi ·heel fact relating- to uppo ed 
or alleged volca1iic eruptions iu the cour e of the Paleozoic ages are as well explained 
on tbe supposition of outflow· from fi' 'me and tufa, ejections under ubmarine 
condition·; and none of tlle accouut pre"ent vitleuce of the former exi "teuce of 
a volcanic coue, that i , of au elerntion pericentric in tructure made of igueou 
ejection . 

The pre ence in the H mlo 1... £ rmati n of a quantity of pyrocla. tic 
great in proportion to the "' Olid la-ms and th absen e of any gr at . h t 

f laYa imp rtant a pr du t if oT at fi '~ure ruption 'eem t p int t 
the derivation of the Hemlock r ·k • from a Yolcano or Yolcanoes ituat cl 
near the border of th ont 1111 oran ou · Huronian ea, rath r than from a 
, imple fi ure. \\11ile om f th eru1 tiYes may haY b en submariu 
the nITeuce of large quantitie" of cl arly ubaerial lepo it ho'\\ that th 
eruptfre , were lm·o·ely n the lan 1. Thu · it appear ~ that n ith r a fi:;~ur J 

flow- nor a ubmarine Yol au Vi7.ll wh lly xplain the Hemlo k f rmatiou. 
H weYer, it i • hio,hly pr babl that thi: Yolcani outbur.·t, ,Yhi h 1iled 
ma"' e of volcanic material upon the land wa • accompanie 1, a h. Y 1 n 
all r nearly all th OT at utl ur:ts of r cent tim , b ubmarin laYa? 

fl w and tuff je tion . ·u ·h cl m· eYiLl n of th pre n f aTo 

oz ic or pr -Pal oz i ·rnlcano n th rth Am ricau ontin nt ha. nT 

adcluc d a · that ofren bY th loo·i 'ts for rtain Yol an .... 
in the Briti 'h I le·. But whil of a ntral 11 w·ith l ri-
centric an(. ngem nt in th Heml i not con lu iv 1y 1rnYen, 
the pre umption in favor of u h a n or ' n ' h, vino· xi t cl i. ertc. inl v 
trono·. 

1 Mauuul of Geol>gy, by J. D. Dnua: 4th eel., 1 95, p.93 ' . 
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An attempt wa, marl t lo ·at the Yent or Yent • from which the 
material We: l riv d, hnt no vid nc ould he found unles_ \\'"e con ider 
the v nt. to hav be n wh re th accumulation were the greatest. The 
·oar ·e-grain cl rocks ,-vhi h w r first uppo eel to repr . nt the plug of 

anci nt vol ano :l n ·areful and d tailed xamination appear to be later, 

intru iv . or l.'e ar indet nninat . 

CL 'SIFICATION. 

The gen ral character and di.'tribution of the Hemlock formation hav­
in ,, b :.n giY n, Yv may no'"~ pro • _.. cl to a petrographical c n ~ideration of 
th rock· cornpri ·ing it. Thi ,vill 1 ofren in mor d tail than for the 

ther r ck: f th Uichigamm di ·triet be au e thi ·~ <>Teat pre-Cambrian 
v 1 ·ani • fom1ation po.,~ s: p culiar int rest. 

T 11 ro ks of the II mlock formati n nre chiefly of direct igneous 
origin. ~ 

10m int rleaY d , _..climentary rock. occur, which, ho,Yever, with a 
ingl xc ption ar _.. ·ompo ·ed of fragm nts f the ign ou ro k . For the 

.-ak .. of •a,·y r fer •n ·e, th u ual clas ification into igneou • and sedimentary 
ro ·k • will 1 e u.. d. The ma,·:iYe io·n ous r ck are subdiYicled according to . 
·h mi ·al ·ompo ition into acid and ha ·ic ro k . rrhe acid rock include 
rhy Jlit -porphyries,1 aporhyolite-porphyri s, aml acid pyrocla. tics. The 
ba.·ic ro ·k • in ·lucl .l alt r cl nonporph~Titi' ba alt , porphyritic ba alt , and 
ntriolit an 1 l a.-ie pyro ·la:tics. The s c.lim ntary rock· are diYided into 
th" Yol ·ani • .• ~dim:.intari ,.. and th~ n mYol ·auic climentarie or normal 
,· ,lim ntari :. '1 h ~ fo-.,t include tuff: and a~h b d -th <- :.iolian depo its, 
au 1 YOl ·ani • ·ongfom rat s-,'ubaqu ou~ d :1po it". Th normal edim n­
tctri • ar r pr , nt cl by slat , mul lim ,"t ne •. Yariou' chi t are locally 
pr lu • cl from th).. • uum lrous kinds f n ck throu0 ·h m ta ornatic change 
and dynamo-m ,tamorphic a ·tion. :\lan.\T of th ~~e s hi t re 'emble one 
anoth r Y"'l'Y do.- ly, thou<rh a. will 1 n later, they ar deriv d fr m 
b th th l nn-. iv rn k and from the ·lastic . n de cribed 
m 01111 tion with th ro ·k, fr m which th ·:-- h< Y n d riY d. 

ccor<ling to a late ruling of tbe Director of th Tnitcd tate ur~ y, based on the 
r colllmenclation of a committe ou norn uclature for ,reologic folio ·, ''porphyry'' is to ue u ed ouly 
with a t<•xtnral ignificnnc"· Heu "<Jlrnrtz-porph~ ry ·, :t<'cortlinrr to thi rnlinrr honlcl no longer be 
tL d as a rock name. 'l'h rbyolit -porphyri h r cl . cribed are what ba,~e be n kuown as normal 
quartz-porpbyrie . 

1 
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The following table will .-how the arrangement outlined above, which 
will be followed in the de" ription : 

Classification vf the ;·ooks of the Hemlock formation. 

( L \ Rhyolite-porphyry - ... l S h' t •a 1rA.cicl .. J a,as. - - - • • • • Aporh~·olite-porpbyry . 5 c 1S ose ac1 avas . 

I ( Pyroclastics .................................. ··-··· ______ -··· 
Igneous ... ··· Nonporp_b:yritic ••••••1 \

. Lasas ........ )1eta.ba,::alt .............. l Porphynt1c ........ . 
Basic . ( Yariolitic .......... . 

PHocla tic .. Eru.ptfre breccia .... .... 5J~ruptive b~eccia • - • • Crystalline
• { 1! low breccia . _.. . . . . chists. 

. . . Eolian deposits ........ { Tuff'······ • • • - • • • • • • \ olcamc secl1IDents .... , Ash heels ... _....... . 
eilimentarv . l ubaqueous l1eposits ... Conglomerates . __ .... . 

~ { X ormal ·ecliments ..... \ l_a.te • • • • • • • • • • • • • • • • • • • • • • • • • • - • - • • • • • • • • • • • • <L1n1estone........ _................... _...... . 

ACID YOLC~L-XICS. 

The acid -volcanic are comparatiYel~~ unirnp01iant in quautit They 
may be conveniently ubdivid cl into the lava and pyrocla tic . 

ACID LAVAS. 

The acid laYa"' occur in ·nch ,"nrnll quantity a to make it impo. ,'ible 
without very great exago'eration to plae , them upnn the a cornpanyi11g 
-rnall- "' Cale general maps, though th y have b en introduced upon the 
detail maps ,vher ver the 'Cnl p rmitt cl They usuall. ~ form i.·olated 
rido·e • and their r latiow to the "mrouncling basic volcanic"' are oh:;cured 
by la ·k of expo ·me·. Th trend of the irnliYidual ridge. a0Tee" with the 
general 'trike of th handino· in the ha ·ic tuff •. l\IoreoYer in nearly c 11 
ca:es the i ·olatecl expo:·me • whi ·h nr do · st too· ther lie in . uch r ...Jation: 
to one another that when onne t d the lnrg • ·heets thus fnnuerl folknY the 
·h-ike of the tnff handi1w, a:,;; clo th incliYidual ridges, and they are there­

f, n'e confident!y a:-:smnecl to 1 . the i:.;olated portions of acid flmy.., inter­
heckled "'ith th basic vol ani • r cks. 

The rock type~ repres ut l are th t"rto closel r relat d ro k ·-tl1 

rhyolite-porphyry and the ap n-h~ Tolit -porphyry. nder the rhyolit -
porphyrie, are included th p rphyriti • acid Jaya , which have far a: 
an be determined an original holoery,'talliu grounclma . nder th 

aporhyolite-porphyr r, following . Ii~, Ba ·,com • u e of apo, 1 I inc1uc1 tbo:--e 

, :--tructnres, origin, and nomeucla.tnre of tbe acitl Yolcanic rocks of outh :)fountain, Peun­
y}\·anin, hr )1is Flor nee 13a ·com: Jom·. Geol., Yol. I, 1 .93, p. 16. 
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acid lavas which are nov{ likewi e holocrystalline, but which owe this 
character to the devitrification of an oriofoal glas y ba e, s~pposiug them 
in their original vitr ou condition to ha-ve corresponded to the modern 
hyalorhyolite-porphyries. 

H.HYOLITE-PORPHYRY. 

The rhyolite-porph;y1:ie on fresh fracture are dark gra~d h-blue to black. 
From thi, ' they grade with aclvancin , alterations through chocolate brown 
to purpli.'h. The weathered , mfo v~u-ie from white to reddish. The 
weathering has in one case brought out Y ry well the fluxion banding of 
the rock. 1.,heir texture i very pronounc dly porph_ rritic. The quartz and 
feldspar cry tals tand out plainly from the crroundmass, which i usually 
den e with a ,'omewhat re, inou luster. The porphyritic quartzes average 
perhaps the ize of a ► 'mall pea, and hence are macroscopically very plainly 
vi,·ihl . They fr queDtly taud out on the weathered surface and show 
th ir er :-tal form.·, and in other caNe ,-ve i:-;ee the angular cavities out of 
whi ·h they have fallen, like the k rn l from the nut. 

Und r the micro cop the rock ar een to be t ~pi.cal rhyolite-por­
phyrie, . Th ph nocrystH are chiefly corroded dihexaheclral crystals of 
<1uartz. 1r:vstals of plagiocla:,;e and orthoclase are less common. rrhese 
lie in n, very fine-g-rainecl holoer)rstalline groundma s, compo ed largely of 
f _.ld:par and <1uartz with some zir on in ~mall crystals, and here aDd there 
magnetit 1 

• 

Thes are pre:u111e,l to be the orio·inal oustituents of the groundmass. 
A.... ociatecl with thorn ar • con. idem ble quantities of 'econdnry chlorite, 
"pidot , bi tite, mus ·ovite, calcite, and re lclish to brown alteration products 
of the magu tite. Included in th gr uudmas are here and there oval 
ar •a► ' of finely cry,·talliue seconclar).- quartz, probably filling former 
am ~gdaloiclal a iti ,'. 

In thin ,'ection the cry t< 1 contour;-; of th quartz phenocry ts are 
rn r or le,. round ..a, with h r au l ther mba, 'ments of the groundmass 
proj ·tincr into them. rrh cryst.Jl form i -, however, ahrny clearly 
1 arke<l. In,·( m eas H th indiviclual haYe been broken before the cool­
iu r of th magma, th 1 fragm nt: f au indiYidual, though now separated, 
1eing 'een t nform t on anoth r. That the. r hav been ubjected to 
pre, ·ur i . h wn by the mH.lnlatory xtinction and al "O by the eparation 

MON XXX I--0 
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of the black cro. of uniaxial mineral '"' into hyperbolre. Embayments of 
groundma , and liquid inclu ion in which a dancing bubble may be een, 
are in place rather thickly di"tributecl thrnugh the quartz. The liquid 
inclu ion haYe Yery commonly an hexao·onal form, corresponding to the 
contour of the inclosing quartz. 

The e liquid inclu ion are c rtainly in "ome ca es secondary. This 
character i well hown in ome of the cry tals, which are broken aero , , 
giving alon

0 
the line of fracture a Yery wavy extinction. Along thi line 

of fracture the grrnte t quantity of inclu ion are een, both with and 
without bubble . As the di tance from a fracture increase , both the undu. 
latory extinction and the number of inclu ion diminish. (See :fio-. A, 
Pl. XIX.) The e fracture " in the quartze ' ar but continuation of tho e 
which extend in many ca e all the way aero s the section. The fractmes 
have ince been healed by econdary quartz. This secondary quartz ha 
al o in ome ca "e • healed the fractured quaiiz phenocryst , and then agre 
with them in orientation. The po • ·e ·ion of an imperfect rhomb hedral 
partinff is very noticeable in a number of quartze ', and e peciall ... tho e 
which beina- on the edo·e of the ection are very thin. (See fig. B Pl. 
XIX.) imilar partin°· in the quartz occur in -variou rocks studied in thi • 
di trict. 

The pheno -ry-- t of the porphyrie" are traver eel by fracture , ome of 
which are more or le ·, circular, and imulate very imperfe tly perlitic crack . 
\\ ith the exc ption of tho 'e in p rph:·--rie • in t~rn localities, the qumiz 
phenocr:~"t " are 'UlToundecl by zones larO'ely f quartz, of Yarying width·, 
ancl on iderably lio-hter than th remaincl r of the groundmas ' . Iuch of 
the quartz of the ·e zone· ha , the ame ptical orientation a' the ph nocryr·t. . 
In tho ·e section ~ in which the zon are b "'erved they occur around ever .,.C, 

e ·tion of quartz. 
The feld ·par phenocry t are orth cla~e and plaofocla e, th latter 

apparently preclominatino'. Th y cm u ·tmlly in round cl, badly orr 1 d 
err tal . with indentation ' fill cl vd.th OTOtmclrna . They are alwa n altered, 
an 1 have a " O iatecl with them a condary pro luct calcite, epi lote 
mu covite bi tit and chlorite 

~ o larcre oriO'iual f rro-maO'n 'iau phenocryst appear to have be n 
pre ent in the porphyry. Their fonn r pr " nee i at lea t not indi ated 
by any agoTeo'ate ~ f econdary produ ·t:-;. 1'-.-hatever ferro-magne ian min-
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era] were pre:--ent mu. t have been catterecl through the groundmass, and 
have been completely altered. Th . c ndary mineral contained in the 
grounclma • are chlorite, calcite, epidote nm covite, and biotite. 

TEXTURE OF TIIE PORPili,RIES. 

The textur of the den e grounclma " vaTies according to the mode of 
a, ·ociation of the two chief min ral ~-quartz and f eld par. The commonest 
variety i8 the rhyolite-porphyry with microoTanitic grounclmas (po11)hyre 
granulitiqu of Michel Levy). A , econcl variety is the rhyolite-porphyry 
,vith micropoikflitic O'rounclma . 1 Th microgranitic texture is too well 
known to warrant a description of it here. 

The micropoikilitic textme pre ents certain character which render a 
further de criptiou de irahl . Thi p culiar phase of the micropoikilitic 

?textur wa.• brie:fl T de· Tibetl by th writer and illu trat cl b microphoto­
grar h • in 1 95.2 hortly after the er arate of thi article were distributed, 
I r c ivecl from H. Hed:trijm, of the "Tedi h Geological Survey, an article 
pul li ·heel in 1 94 containing a d cription of what appear to be very 
n arly th sam texture.3 If I b.av under tood th description correctly, 
however, there Reem.· to b on e utial difference. In orcler to explain 
clearly thi, difl'. r .,nc , I 'hall de:crib th textme in detan. 

In certain of the rh '"olite-porphyrie , a alr ady mentioned, the quaitz 
I h n cry t. · ar . mTournl cl by rtain z n '. Th 'e zone , in the rocks 
havincr c micropoikiliti t xture poF- .xactly the ame texture a doesi,;; , 

tl e TOtmdma::. The zon , ar compo. el of mineral ' ·wllich are of suffi­
cient . ize to I ermit r a lily th ir det rmiuation. Quartz and feld par are 
the :ential ·omponent , with om chlorit epidote, mu covite, and iron 
oxid . The fir t two ar the important mineral·, and will alone be referred 
t in th forth r d ripti n. Th hi f peculiarity of the zone is in the 
c rrangement of th tw mineral. , and this haracter i be t hown on the 
a • om1 an '"ing mi ro1 hotograph . Thi .. texture can be een even in 
ordinar lictht. It i. br u<r] t out bett r wh n the field i partly haded, so 

1 Eruptivo rocks of El ctrio Pcrtk and epukhr ~fountain, by J.P. Iddings: Twelfth Aun. Rept. 
. . Geol. urvcy, 1 91, p. :i 9. On th u of the term poikilitic a111.l mioropoikilitic in petrography, 

by G. H. William : Jour. G ol., Vol. I, 1 92, pp. 176-179. 
2Volcanics of the J:icbigamm district of ~Iichigan, by J. ~!organ Clement : Jour. Geol., Vol. 

HI, 18 5, pp. U- 16, figs. I aucl 2. 
:i ,'tnclier ofver Bergartcr fran )loriin vid Vi by, by H. Hedstrom: Geol. .r\iren i Stockholm 

.Forhancll, lltl. 10, H. 4, 1 9-!, pp. 5-9. 
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a to exhibit the difference in relief of the minerals, and, best of all, betwe€n 
cro eel nicol . (See fig. A, Pl. XX.) The zone are seen to be made up 
of reticulating areas of clear quartz, in which lie embedded irregular piece 
of feld par. Where two or more f the quartz tringer or needles unite, 
one ee broad areas of limpid quartz. The network of quartz i be t een 
when it exhibit. it hio-he t polarization color, a then the feldspar i for the 
mo t part dark. The piece of feld "par in uch a quartz area for the mo t 
part have irregular orientation, a i hown by their varying extinction, 
although a number extinguish ~imultaneou ly. This quartz net is c nnected 
with the quartz phenocry t , a h wn by the continuation of the quartz of 
the phenocry t and that of the zone, and the consequent agreem .nt in 
orientation. The lack of a uni£ rm optical orientation of the feldspar grain 
i made e peciall., - apparent when the quartz i cut perpendicular to the c 
axi , and con equentl., - remain dark uncl r ro sed nicol . T nd r the 
above circumstances w ee certain feld 'par grain' polarizino- in the zone 
around the quartz, and a, the . tage re·rnlY , other particles lighten a · th s 
which polarized in the pre·dou position of the .:tc ge become dark. From 
thi de:cription it i" evident that the t xtme i not micropegmatitic accorclin • 
to the generall. r accepted definition of the term, but corre pond tn the 
micropoikilitic, cl, de ribecl by Iuclinw" and 'Williams.1 

gradation t ~rnn1 a pheruliti texture was noticed in one in tan e 
where a number of long quartz :-.tringer were arranged pei1 endi ular to 
the periphery of the quartz ph noery~t. (Fig. B, Pl. XX.) The textme 
of thi • micropoikiliti mas·, it will he oh:,e1Ted, i finer than that before 
de cribe l. 

The ~rrounclma f the poq hyri i~ formed of irregular rounrli ·h 
area°' haYino· exactly th . am micro1 oikilitic texture a the zones ,'urro1m l­
ing the quartz phenocry ' t . An -·planntion of the origin of the z u.., 
houlcl therefore al o xplain th textme of the ground mas . ertainly in 

many ca es, probably in mo:--t :.. th gronnclma '.] ar a, re. ult from 
tano·ential 'ection , throuo·h on f the micropoikilitic zone lllT undino-
the quartz phenocryst . 

The de:cription o-iven by H d trom 2 of thi , ame , tructm a· oh-.erv d 
by him i." e 'entiall th ·am a · th ab Ye if I have under ' too l him r­
rectly. Th £ llowino· differ n e i • h wev r, to b not l. In I akino· £ 

1 Op. cit., pp. 5 9 and 179. 
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th .·tructure wher the quartz i:-:; 'lllTomuled by thi, micropoikilitic zone, he 
call it the crranophyrir Rtrn tur . As I haY alreacl:v mpha ized above, 
th feld. par: in th .. network of quartz have Yaryiiw orientation and the 
.·tru ·ture i ', .·trictly ,·p akin<r, micropoikilitic, aud in no en e granophyric 
(mi ·ropegmatitic). )loreov .,r, h l , ribe~ in addition to the aboYe type 
one in which are founcl pheno -r~~ t: of quartz lying in a micropoikilitic 
0 To1mclmass with th a hove r ticulnting t xture, hut the phenocry:.;ts abut 
..harply again:t the groundma • ', in.·tencl of being- connected ,vith it by 
m an.- of thei-;., zone:.;. 

Th mi ·ropoikilitie t lxtur ha::-; be 11 h 1d in some ea e • to h .. of Hec­

ondary origin ancl tho re.'ult of d .vitrification. "'\Yhile recognizing that 
th •r, may b, c .,rtnin unqn Htiouahle ea:.; .)~ where a micropoikilitic :.;tructure 
r •.-ult· from the d ..vitrification of a o·la:ssy groundmass, I can find no evi­
den ·e in th .. rode: her.. described that points to thi origin for the micro­
poikilitic t .1xtnre nnd -'r dis 1rnsion. On th other hand, there is an ab ence 
of •Yi<lenc that indicate: it.- unquestionahl~· primary chara ter. Rather 
than to r garcl the quartz as :cco1Hlary arnl intlnenrecl in its orientation by 
th l pheno('ry. ·t.,, a,' in th) nlargement' of quartz grains, it s ems natural 
to .·upp .- :. that wh 1 11 the lava wa )xtrud d after the crystallization of the 
ph ,noer ·.·t. ·, ther 1 hega11, cons :1<1uent upon th diminished pre , ~ure and 
t mp ..ratur ancl th r factorR, a rnpicl <.Tystnllization of the mineral lement 
from th .. r maini1w magma. This r 1:mlt d in th production of th f kl 'Imr 
in Y rv imp rf .. ct anc1 , ·mall <T r .. tal inc1iYic1uals. At the same time the quartz 
of th ph .111ocr :t.- ·ontinuecl to grow, an l in ::;o doin°· indo, d the ·e small 
t-·lcl·par: in its m ,,.he:. 

In certain rh ·olit ... -porph Ties th mi ·ropoikilitic t :ixture i' omewhat 
cliff r nt from that ah< v (l ,,.crib 1 d. In th • 1 the quartz ph nocr ~ ts are 
-;"lllTOUIHl cl h r zon ,,. whi ·h ar • illu:trat .id in figH. A and B, Pl. XXI. 
rl h ,,. ... app .1ar to corr . poncl very elos ly to th) oneH de 'crib ld hy :\Ii ·hel 
L {vy 1 and \ illiam. 2 arnl :-;inc de:crib d h~ ~ many ot.h r writer:.;. The 
zon s hav a, mu ·h hi<rh r irnl x of r ,fraction than th quartz of the 
ph ~no -ry.·t.', and h •n • contnvt strong·l. with it. Examin cl clo,' ~Iv,y 

th •y ar ,. , n to h l ·ompos ,l of ·hlorit.. piclot , and black or r ~ddish 

1.Amiales cl Mine:-., \'ol. VIII, 1~75, pp. 37 , 3 1. 
• Die Ernpti Vl-{C~tt:iuo 1lcr cg<'11cl von Trill r~ im schwarzw-al<l, l>~ G. H. \Villiarus: ...'. ,J ahrb. 

fiir ~liu., Bel. II, 1 3, p. G05. 
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ferruginou grain , which lie in a white matrix. This matrix how the 
following character·: The greater part of it extinguishes and lighten 
imultaneously with the quartz phenocry t • "hi h it urrouncl and i 

con equently believed to be quartz. When the matrix and quartz pheno­
cryst are dark, one . ee" "Catterecl throuo·h the matrix, making up a -very 
small proportion of the total zone, certain irregular areas which ,_,how 
polarization effect . The 'e are belie-vecl to be feld par grain , though this 
could not be determined. \Yith the highest magnification no radial 
arrangement of the quartz and felcl ~par could be ob erYecl "hich would 
warrant the inclu ion of the'"'e aureole" under ~Iich81 Lc-vy's term '. :pluJro­
lites c't quartz globulaire.' 1 \\TJ.iere two quartz cry tal with differ nt orienta­
tion are in juxtapo ition each pos~e 'Se it " own zone corr ,'ponding with it 
in orientation. The way in which the zone" about the quartzes ar c nfined 
to the_quartz i cl arly hown in one ca e in "hi h a Yery much alter cl 
feld par phenocry t "a found one portion po e "' sing a typical coar e 
micropeowatitic textme. In thi. case where the quartz of the microp o-­

matitic intergrowth ton he th oToundma~ , it grade into a mi rop ikilitic 
area, wherea" the fe]d par doef-. not do o. 

The textm·e of the zone alnut the quartze" i, apparently but a fin -
grained •variety of the mi ropoikilitic t xture, the coar.'er l ha .. of ·which 
are illu 'tratecl on Pl. XX. 

The o-roundmas of th rock .. "howing the texture is comr eel of 
rouncli ,h area of exactly th .:a.me composition a the zone. around the 
phenocry t , with a feld·par of mall dimension here and there bet,Yeen 
the e area.. ( fig. B Pl. ~'"XI.) The texture approa h Yery lo.~ ly 
if it doe· not corre pond xa tly: •to the quartz {pongeu e I ha e of the 
quaTtz-o-lobulaire textm • of the French.~ In on part of a . ecti n f rh:-­
olite-porphyi-y the quartz ph 11<. r. -,t, lrns ameol and the 0 1: un<lm, ft' 
ha the textme ju t de ·cril ed. In :moth :.r portion of th • tion the quartz 
phenocry t have n aure 1 • and the 0 Toundmas" po. e ·ses an imp '-'r£ r:. 

microo-ranitic textur (strueture micro0·nmulitiqne of :Michel Lery). Thi. 
how~the pa" •ao-e d' a 1nicr p 1kilitic t xtur cl ro k into one "·ith a mi T( -

gmnitic textme. I explain th aure 1 • and th roundi ·h area in the 

1 trnctures et cla ~ification de roehe' crnptiYe by A. :\Iichel L~"'Y, Paris, 1 9, p. 21. 
zIt i found to how exactly the ... , rue textm, a Qeeu in a s ctiou obtained 1rom Pali and 

labeled "Porphyre a quartz 1"lobulair t1' la t-arth ,:· 
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grounclmass as original, in exactly the ame way a ha been suggested by 
Williams 1 for tho e which he de cribed. This is es entially the same expla­
nation which I have given on a previou page for the le "Common, coarse 
micropoikilitic pha e. The cau e of the formation of the microgranitic 
pha ·e appear~, however, rather difficult to discern. Its development seems 
to depend upon peculiar local condition . 

..A.PORHYOLI'.l'E-PORPHYRY. 

Intimately a. ociated with the rhyolite-porphyries are rock very similar 
to them in mineral con tituent , both macroscopically and microscopically, 
so that the de cription of the rhyolite-porphyrie will largely answer for 
the aporhyolite-porphyries. Flow texture, however, i well hown by the 
aporhyolite-porphyries. A beautifully developed perlitic parting, fig. A., PL 
XXII, i: tak n to indicate the pre nee of an original gla ; hence the rocks 
are classed wlth the aporhyolite. . The perlitic crack are well brought out 
in ordinary Hght by the chloriti flake along them. Between crossed 
ni ols the. e di. appear, and the grounclma fl re olve itself into a fine-grained 
mosaic of quartz and feldspar. (Fig. B, Pl. XXII.) Thi groundmass has 
all the character of that of a microgranite. 

Jo evidence which would p int to the devitri:fication of a glass could 
be :een other than the pre ence of a perlitic parting, as described. For 
recent excell nt de. cription of ,imilar de-dtrifiecl lava in which various 
. tructure: charact ri. tic of vitreou,' hwa haYe been identified, the reader is 
referred to the artirle.· already.., rn ntion cl and the one b,. Dr. Bascom,2 in 
whi ·h a mo,l 1rately full hihliograph:~ i~ found. 

SCIII T<>SE ACID L.A.VAS. 

The re ult. of the ordinary alt rati n of the acid laYa , chiefly meta­
omatic in ·haracter, by which the phen cry t ' and the matrLr ha,·e been 
·hano· cl, haY beeu 1 riefly l :-;crihecl. rrhe re ults procluc d by dynamic 

action arc mor inter , ting and p :irha1 s lll< re striking. The mashing, result­
ing in h mi al hang . an<l s ·bi:-;tos 1 

• tructure, ha in many case · almost 
olJliterated the porphyriti • texture, and in extreme ca e de troyed all inter­
nal evidence of ign om, origin. Enn th fluxinu l ancli1w, as i well known, 
at tim ,' :imulat s y )ry cloK ly s dim ntarr b dclin°·, and thus increa e 

1 Op. cit., p. 607. 
ZAcid volcanic rocks of outh :Mountain hy Dr. Flor nee Ba ·com: Bull. C ,;: . Geol. urYey No. 

l 3u, 18UG, p. 87. 
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the difficulty of determinin O' the igneou haracter of the rock. In the rock~ 
to be de"'cribed the phenocry t may till be ob erved, though more or le.':-; 
deformed, and the fluxion bandino' ha. been in one ca e exceptionally well 
pre ervecl, o that no doubt i' £ lt a. to th ir iO'neon, character. D 'llam­
ically metamorpho ·eel rhyolit -p rphyry flow have been found in two areas 
in the Hemlock formation. In the followiiw each area will be de cribed 
separately, the one in whi h th orio·inal chara t r of the porphyry i" lea t 
in doubt being con icler cl fir:-;t. 

The Deer River chi~ to ·e porphyrie" ar found in the SE. l ec. 36, T. 
4--1 ., R. 32 W., beginnino' at 400 ........ , 250 ,Y., and continuing to 600 .1.. .,.1.. 

3.~0 ,V., of the ·outhea:t corner near the hriclO'e on the Floodwood r ad. 
They occur in --veral outcrop.- ,vhi h are pra tically continuou,, being 
separated by very short distanc .---, and nre s mu h alik b th ma ro. copic­
ally and microscopically that th r i" ·ufti i nt r a on for th con lu i n 
that they belono· tog th r. Th ir field relati n" to other rock hav not 
been ob· rved. .... o data lrnse 1 en found whi h offer any clue a t the 
time of eruption of thes ro ks oth r than th fact that they are urround cl 
bY the ba ic volcanics f th H mlo k formation and have underO'Oll the 
·ame d ,iamic action. 

The porphyrie" ar den· bhfr·h-black ro le, with porphyriti ry, t:: 1 • 
of rel fell "par. fluiclal .·tru tur i:-; not pre· nt in them. 'I'h hi.-t • 
'h'ucture i.~ apparent to th eye :pe ially upon the weath red urfa , and 
the cleavaO'e of th ro k al~ indicat , it. The cl avage foe f th r ·k 
ha: a ilky ln ter, du t the ti ri it and biotit flake' parallel t it. Th 
r ck hr ak readily in variou:-; dir ·tion • at an°·1 " to th leavag , , that 
it i, impn:-; "ible to obtain well-~hap 1 hand ·p imens. The :,chi ·t sit .,. in 
these p rphyrie • i: 1 arly brought out by weath rino', the w ath r l r ·k 
. ho"·inO' perfe t ·chi.-t ·ity whil fr h :-.p im n., from th sam expo ·me 
alth UO'h plittinO' a. ie:t in on dir ·tion app ar p rfectly ma ·:ive in hand 
:p imen • wh n brok n a ·r s: th , hi·tosity. That th dynami • a ti 11 

was crreat ..:t alniw rtain z< n s of th rock other portionH 1 ino' mor 
or les. x mpt is shown by th fa t that of .- v re I pecimen~ 11 ... ·t Jd 
with th view of obtainino- ditf r nt "tage, f alt rati 11 from cliff r nt 
l rtion of the am ~po nr ~om ar mark dly th 1 a. 
alter cl approa ·h a fairly ma.-siY ·ham t r. 

1 :,hall D'iv n l ri f d seription nf this l •a~t alt r d pha. , an 1 th n 
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con ider the change which have taken place and the character of the 
rock which has re. ultecl in the more alt red phases. _ 

The slightly schi. toso rock, like all the porphyries, is VeIT fine graineel 
and black, with a more or le ilky lu ter on fresh fractures parallel to 
the schi. to. ity. The porphyritic character i not very strongly marked. 
:\laGro copically, comparatively few small £ ldspar phenocrysts are visible. 
Under th micro cope the rock i een to be a micropegmatitic rhyolite-
1;,orphyry in which the ilica has not cry. tallized a quartz phenocrysts, 
bNt has remain d in the groundma s. The f eld "par phenocrysts are both 
ortho ·la.'e and plagioclase. The latter ... ho·ws its u ual characters, but is 
not pre ·ent in well-formed cry tals. The orthocla ·e on the contrary, is 
,n~ll cry,, tallizecl, o curring in Carl ·bad t"Tin ". While ome of the feldspar 
cry. tals are brok n, they as a rule do not how many signs of pressure 
Th fiuc-grainecl micropegmatitic o-roundma s i made up of the quartz and 
£ ld par intergrowth and of se onclary mica, both mu coYi.te and biotite, 
and remnant: of iron oxide. Micropegmatitic intergrowths of quartz and 
feld 'par oc ur in irregularly shaped areas ,vhich frequently have a fairly 
larg quartz at th center. Very . imilar irr gular area which eem to be 
·ompo, d altcwether >f un ·triate<l f kl ·par al:o occur. The e two kind of 
areas compo ·e the greater part of the rock. The mineral particles fre­
qu ntly ,'how undnlatory extinction. B tw en the micropegrnatitic inter­
gro th · oue fincl: her an<l. th re granular ao·gregate of quartz and striated 
and un ·triatecl £ lcl,·par. The felcl par ()'rains, and likewise the feldspar 

?int rgrown with th .. quartz, are ·on iderabl altered. Sericite and biotite 
are pre ·ent in n ·id rabl l quantity. Tl~ £ rmer posse e the better crys­
talloo·raphi • outline , the biotit) b in()' u -ually found in rag0·ed fragments. 
Th two mica: oc ·m· in the fel<lspars ,.mcl li b tw n the quartz grains, but 
not in th m. The T app ar to be s ondary products from the felcl par. 
Th mica.' lie with th ..ir long dire ti n appn ximately parallel, and impart 
to th rock itH schiHto. charact r. A f w automori hie cry tal ' of apatite 
wPre found. rrh r o •cur nJso a. few irr gnlar o-rains of a dark reddi h 
brown mineral with high ino-l r fra tion but which is i otropic. This 
mineral i. pr . um d to b allanit , though oncln..•iye te.· t eoulcl not be 
lll, de. Some cry. taL· of zircon w .lr .l also <h~ 1rY <l The iron oxide is evi­
d ·ntly titani£ rou , pr Lably tirnnif nm· magnetite. econdary calcite is 
, ·( tt reel thro 1gh th c; ro ·k in • n ,jcl rabl} quantity. 
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In a more altered pha e f th porphp-y exhibited in a number of 
pecimen ·· , the -· chi:to e ~tructur i • much better marked both ma roscopic­

ally and micro copically. The macro c pical appearance i othenvi e 
quite imilar to the one ju._ t de ·· cril eel. -Cnder the micro cope the pheno­
cry. t how up well. The e ar rounded and shattered orthocla e and 
plagiocla e felcl par:. They lie u. ually with their long directi u in the 
line of marked hi. to~ity of the rock. The laro·er cry. taL have been 
much more generally fra tur c1 than have the maller one , and eem to 
have obtained relief from 8h·ain in that "~ay, the individual fragment: not 
~ho-wino- very trong dynami effe ts. The mall cry tals are mor or le. 
rounded. The cru hi1w to ,vhi h the r ck ha been ubjected ha ev red 
the frao-ment. in a number of ca~es. Triano-ular areas on two id of the 
broken or unbrok n felc1''par~ in th clir ction of ·chi to ity ar filled with 
what appear to be econdary quartz and flake-- of biotit . The feld -·par 
a a "Thol liave und rg·one con~iclerable chemical chanO'e the fre. he:t 

C 

beino- r d and very lonely. Th s more altered how econclary mu covite 
and biotite scattered thr ugh them. Th charact r of th triclinic feld ·par 
could not be d termined. It appear howev r, to be very ri h in calcium 
a. in ome of th badly weather.} l section the feldspar fraament • may 
almo t be ·aid to li in a al it matrix, re ulting apparently fr _m the 
alteration of th feld ··par nn l not fr m infiltration. o quartz ph no ry.~t 
retainino· th ir n wmnl ·hara t r nr found. There occur h re ancl there, 
however .mall round l m :--aic • f quartz, th incli\-idual grain · of whi ·h 
·how undulatory e.·tin ·tiou. Th s ar Yidently the re, ult f the o-ranula­
ti n of quartz a-rain__, , , u h a· oc ·nr in th .} fr he ' t . pecimen,·. It i: w 11 

?known that the quartz i. mor • ..a:-.ily nff 'ted b pr s. ur than £..1,Lpar, 
?and Futterer 1 ha · i--hown that they may h found in a ompl '.)tel ru:--h d 

condition in th • :-,ame :,ection ,vith fold par · ,d1ich till retain their reo·ular 
crY tal contour:--. 

Th gToundmas: of th l rph~v-ry i:-. mad up f quartz and f ..lch;par 
in and b tween, hi h li leaflet" 1f bintite nncl . eri it The holncry tallin 
granular mixture of quartz nrnl f hbpnr i:, Y ry fin grain cl, and th pr . -

' en e of the feltl:-.par wa:-s nuly cl t •nnin :.d by differ nc ~ in th r fra ·tion of 
the tw minerak ...~ o ~trint cl feklsp·w gTaiw-- \\' r l ob e1T d. Th .. se ·oncl-

1 Die "Ganggrauite '' ,·on Gro~ ·sucb -·eu1 nnd (lie Qnartzporpb~·re von Thal im Thlirinn•erwalcl, 
y Karl Futter •r, Heidelber0 ·, 1 90. Pl'· 31. l:.?6. 



91 ACID YOLOA...TIC OF IlKULOOK FOR~[ATION. 

ary mica appec1r rnmally in rago· _.cl flake:-; thouo-h the ,lightly greenish­
yellow , ericite flak : approach cry tal outline,' rather frequently. The 
biotite i: brmvni.·h-o-reeu and trono·ly pl ochroic. A few . pots of brown 
iron hydroxide ancl small heap~ of o-rain • of phen probably indicate the 
former pr enc of titanifer u iron or . The few ry tal of apatite present 
are broken and , eparatecl, but othenYi:-;e retain the u ual characters of thi 
mineral. 

The groundma.. ha a v r marked chi tose tructure, brought outT 

e. p cially ,v 11 by the parall l arrangement of the mica flake . The way 
in whi ·h the lin of. ·hi to. ity fl ,Y around the ma hed phenocryst , one 
line never r al . incr ,vith another, . hut r maining continuous, may he . een 
with gr at cli tinctn , ,' wh r the lin abut "harply again t the cry tal at a 
Yery ohtu, e mw1 --'. A. th~ angle b ome" le-- and le.. obtu e, the ends of 
the e liu : hernl up Rlightly in the clir tion which would enable them to 
pa.' ►• the cry 'tal, and then nd, o that al ncr the face of the cry tal one can 
fo1lmv them, a. it wer , in a . e;·i : of tep: until tho e lin w·hich trike the 
cry. tal n ar ,nough th edg to flo,Y aronncl it bend slio-htly, and pa sing 
around continu on the oppo:-;it __. . id . Th~ fa t notecl by Fi.itt rer 1 that an 
incr a:e~l amount of , ricit occurn on th two ._ ide of th feldspar ry. tals 
parall 11 t the ,' ·hi:to.·i( ~ i,• very pat -•nt in these porphyrie . The diminu­
tion in <rrain of quartz and f llcLpar . ems to accompany th incr ase in the 
amount of th : ri it . rrhe , 1id __.~ nr -ro ,~ d by narro"~ fracture cuttino­
the plane of : ·hi:to:ity, which m· 1 fill d with ::;ecouclnry quartz, showing 
marked strain ffects. ARHO ·iat d ,Yith th quartz wer ob 1Tecl ome 
ry:tal: of hrown rutil . In on of th more alter d . lide the e fi. ures 

<I 

haY, h en filk·d with ·alcit , wh th --r or not a:, a repla • ment of th quartz 
c ulcl not h told. 

~ 'chi. tos 1 porphyri ,' sh wing the extr m alteration phn e; are fonncl 
from 300, ,v. 300, to • 400, ,r. 2.->0, in the E. l ,~ . 4, T. 44: K, RT. .1. 

32 "\V. Tlwy form a n ugh e ·cm1)m nt upon the ~outh ast :-;id~ of and near 
the lJa;-e of a larg 1 hill, and ov rln< k U \1t ·h ou , .. Lak . Th~ expo ·nre i 
not continuou.· throughout, thouo·h prn ·ti ·all r :--o, but the un xpo. cl parts 
ar .. .-uffi.cient to pr v --'llt a p •rf ct '<JU n e being tra 1 cl. rrh appearancei--i 

of the rock i,, ,·trongly lik 1 that of ,· dim ntary rnek . Different band 
11 arl on do· .. may- h l •n clipping' G0°-~J0° 1 "\V. and trikiDO' .... 30° ·w.T • 
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At a point about 100 feet higher ancl three-fourths of a mile distant, on 
the very northwe t flank of the ame hill at . 1725, W. 775, from the south­
ea t corner of sec. 4, T. 44 N., R. 32 ,v., ther is a small ledge of chi to e 
porphyry, macro copically and micr ~copically . imilar to those to the south­
ea t of it, and with it~ clfr,to ity h·ikinO' :N. 20° W. and dipping 80° S\\r_ 
The triking agreement in trike clip and general character of the e two 
eparatecl outcrop8 point· to their being m rely isolated portion, of the 
ame ma •. There eem t< be no di"cr pancy between the clip anc1 , trike 

of the "chisto ity and that oiven al ve for the bands. 
The mo t 'triking ma ro copical characteri tic of these mash cl por­

phyry flow i • the occunence of ph nocryc·t in a chisto e ancl beautifully 
banded rock. The e phenocry:'t tand out learly from the grounclma ~s 
in all ca e . The general appearance of the rock· i" that of the well-known 
Yery den e banded hi:illeflinta , of Elfrlal n, wed.en. The band vary in 
color, ranginO' on the weathered ,mface from light creamy white, thl'Ou;h 
liD'ht greeni h, to red and almo~t black. The r cks .which have very li!)·ht 
colored weathered 'mfaces are alway blui. h bla k on a fresh fracture, ancl 
Yery den "'e, an 1 tho"e weatherin°· Teel are u ually cream colored on fr ,'hly 
fractured face . l\Iany of the ar a' which appear macro copically t be 
ingle phenocryst are re"olv d under the microscope into tangl cl oToup 

of individual , th ugh in rare a • the individuals show the imp "rf t 
radial anangement rather frequent in medium-grained micropeo-matitic 
rhyolite-porphyrie 1. 

The fekl ·par ha::; underg n ·on icl rable alteration. In the lea t­
chanO'ecl grain· there i' a cl ucline • • au ·eel by mmierous inclet rminabl 
peck', probably of iron oxide, whi h o·iy a reddi h tinge to the min re 1. 

Further change re ult in the proclu ti m of muscoYite and epidot ·wi.th 
biotite in rare ca ·es, accompanied b ~ th bliteration of th twinnin 
lamellre. The great r l art f th ph nocr. ?"t eem to b orth la 
thouO'h a" ociatecl with th m ar fi uncl pi ce"' which how indi ·tinct trace 
f the poly ynthetic twinnin°· of plaO'i cla feldspar. Th fel<l:"par • 

exhibit marked train ff cts s1 e i(. 11y in their flattening int long val 
and "'pindle- hap l ar a~. om ry"'tal have been broken (. ncl par(. t cl 
perp ndicular to th <lire ti u f th 'Chi"to ity. The pa bet,, n th 
fra<Yment" are fill d with .. e nclary nuv vite quartz, and feld par. m·­
r uncling the pheno ry ·t ·-that i • b t,v u th phen er t" and th r uucl-



ACID VOLCANICS OF HEMLOCK FORMATION. 

mass proper-we find a mas of mall angular, finely triated, limpid grains 
of felcl, par, associated with similar grains of quartz, the two having in 
places between them sericitic flake . In one especiall:r clear case, this 
secondary aggregate fill half the ..,pace formerly occupied by an individual 
feld par, the other half being still occupied by the remnant of the appar­
ently imply twinned feldspar from which it was derived. (Fig. A, Pl. 
XX.III.) 

While no large quartz ph nocry t::,j were obsened, a mosaic of quartz 
i.• found iu , mall round or oval area in variou ection . The individual 
fragm nt exhibit the u ual strain eft ct of cru hed minerals. (Figs. A, B, 
Pl. XXIV.) 

rrhe groundma:s con, ists of the ame preponderant mineral as the 
schi to porphyrie., which have been pre-dously de cribecl. The acce ory 
mineral. are ,tpatite, which i pr eut in very mall quantity, and rntile, 
which in one of the slide is pre ent in Yery con 'iclerable quantity in the 
form known as "thoushi fer-n~id lchen. Calcite i found in all of the 
.,licle , the amount varying very much. Tho e which contain a great deal 
have a scoriace0us-looking ,·urface, du to weath ring' out of the calcite. 

'rlie flow Htructur mentioned a lrnxiuo· been obserYecl in the schistose 
porph Ties of the H mlock fonrnttion i, perhap , of :mfficient general interest 
o warrant } few comment·. This i. well rnarked only ou one haud speci­

men. In tl1is th r ... i au alternation of pink and dark gra)Tish-blue baud_ 
which are rarely 11 ore than n. fraction of an inch thick. Some, e pecially 
the thicker baud·, ar remarkabl r p r, i tent. Even macro copically on the 
weathered :urface tho pinki h bandR ·an 1 di ._ tinctly e n to wrap a.round 
the pink f lcl..pai· p1rnnocry ts and oval area of the grayish-blue part of the 
rock. Under the micro ·cop th band ~ which macroscopically are the 
dnrke:t are clear arnl transparent, whil the pink band are much le"s tran -
par nt. 'l'h micro, cope shows th differ n in the color of the band... to 
} ., due.. chi ,fly to th finenes. of grain and bring out the flow stru ture 
eYen more ·learly than th_, weather cl ~mfa e. (Fig . A and B, PL XXIV.) 

ccompan ·-ing tl1ii-; variation f oTain th r i also a differeuc in mineral­
<wi ·al ompo ition. Th dark bandR are compo ,ed es utially of quartz 
grain · with feld par, ,'eri ite, s m ma()"n tite, con id rable calcite, and 
rar er '"Stal.· of a1n tit ancl rutile, th quartz including man '" black and 
indet 11nin bl l 'P cks. Th l pink ban L are very fine Tain d, o mu •h 
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o that the clear white mineral oTains composing it can not be determined, 
though probably both quartz and feld ,par are present. These bands are 
darkened by innumerable black indeterminable specks and long rutile 
needle , with a :mall amount of biotite. It is possible that some of th 
minute biotite flake haYe been mi ·taken for rutifo needles when viewed on 
edge, but it i certain that, the e ban l " contain a great deal more nltile 
than do the otheT . Whether or not there i" a till more es ential chemical 
difference between the band than that indicated by the increa ed quantity 
of rutile, was not determined. 

It ha become more or le " common of late to attribute the banding 
found in metamorpho eel eruptive"' altoo·ether to the pressure to which they 
have been ubjected. In the pre · nt -in tance I can not but consider the 
bandino· as being an orio·inal fluxiou tructure, with the slight original 
di:fferences b tween the band mpha ized, as it were, b .,.. u b equent 
pre '"' ure. It app ar hio·ltly Ir bable that the rock wa ori()'inally more 
or le ·::; a-las y and howecl a flowag , tructme, and that the pre ent miner­
aloo·ical character of the grounclma,, i du t the process of devitrification 
which did not de troy the ban lino- of the orio·inal o·lass. 

' ,I 

ACID PYROCLASTICS. 

The only acid pyTocla ti r k f uncl wa formed from the aporhyolite­
po11)hyry. Thi i a true eruptiv br ccia. The fragment are ano-ular to 
r uncled in hape, weath r to a pur ·bite col r and have an exce dingly 
r ugh mface. Thi roughne , i , due to a great extent to perliti parting~ 
which are macros apically Y-i ibl an 1 0 iv the rock an almo t coria ·eou 
appearance. 0th r inequalitie • on th ,urface adding to it rou()'lme ,.. are 
cau~ed by the leaching out of f ldspar and b r the fact that man f the 
quartz phenocry t have fall n out f the inclo ing matrix The fragment 
are all aporhyolit -porphyTy • ntainin()' a Yery large proportion of quartz 
ancl feld par phenocry t . The c m nt f the bre ia i aporhyolite. Thi' 
contain far le. , numer u ph no ry ' t • ancl i therefore, on th h l much 
:finer rained than the fraO'ment . The weathered mface of the cem nting 
aporhyolite a1 pear , a bluish crray and i Yery mooth compar d t the 
c riace u ap1 earing mface f the fa o·rnent ah· al r de"cribed. Thi dif­

ference in weath ring :h W "' the br c iat cl hara ter admirably, a th fin r­
grained matri • tand out ·barply and d limits th contour f the fragment . 
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l\fovem ut of the macrma are ·hown by a flowage . tructure in the 
matrix ancl by the fracturing of the quartz and feld par phe1:1ocrysts and 
eparation of the pieces in 1oth th cem nt and fragment . (Fig. B, PL 

XXIII.) 
This eruptive bre cia can h , en iu itB be t development in the .r W.­

~ 
1E. trenclincr ridcre, ju 't we 't of the -mall lake, cros eel by the Chicago, 

Milwaukee and ► 
1 t. Paul track in ·ec. 3:2, T. 44: N., R. 32 "\V. 

The ba:ic vokanicK are con idered under the main headings of lavas, 
pyroclastic, ·, and Bone Lake cry talline . chi t . 

BASIC LAVAS. 

GENERAL II.ARA TERS. 

The ba:ie lava. ar ~ ·o very chara teri tically developed that no one 
c uld for a moment doubt th ir true nature, even upon the mo t superficial 
examination. One ,)f th n )arly rreneral character i the presence of a 
,vell-mark •d amygclaloidal textur . (Fig.. .A, B, Pl . XXY and XXVI, 
ancl fig. A, Pl. 1rXYII.) ome of the Ia-nl ,"' are o full of amycrclule that 
the - ma - he orrectly aid to hav b n -coriaceou . The amygdaloidal 
pr rtion. • )f the ro k mas' -which mny b con8iclered the surface parts­
grad >Y •r into other portion , the int ri r · of the lava flow,, which are, 
macro,·copicall:... at lea,'t, nonam)rgclaloiclal. Owing to the homogeneous 
cliaracter of th., ba:ic magma:, a fluxion stru ·tme i rarely hown macro­
, c pi ·all ~, thmwh mi rot-i ·opi •ally it may b more or les well developed. 
' lunmar jointino· ,va.· nowhere ob:'·erv-ed. .An ellip oidal parting, on the 

oth r hand, i • ·ommon. • 
Nm\ffiN LAT RE. 

In a prelimiuar r arti 1 on th II ml k volcanic , 1 I made a brief 
m 111ti n of th, o ·urren on th Up1 r I enin 'Ula of :\Iichigan of the 
ba:ic pre-'I ertiary equival ut of the po 't-T rtiar "" and Rec nt family of 
ha. alt·. Following th Dan:::, "\ ad:-mrorth \\ illiam~, Idding , Kemp, 
Darton, and Dill r, s m :1 of the m "t influ ntial of th men who, in the 

Th vol ·anics of )lichigaruu1 trict of Iorgnn lement : Jour.the <li )1ichigau, by J. Geol., 
Vol. III, 1~93, pp. 01- 2~. 

1 
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United State , have advocated the implification of petrographical nomen­
clature, I u ed the term ba alt n w ordinarily u ed for the Tertiary or po t­
Tertiary basic rock . Thi term waN, however, modified by the prefix 
"apo," as indicating their altered ondition and the presumed pre ence of a 
gla sy base.1 Thi wa a logical continuation of the use of the prefix as 
propo~ecl by Dr. Bascom 2 for clevihifiecl acid lams. 

11ore detailed "'tudies up n the Hemlock volcanics have hown the 
pre ence of r ck which were apparently originally holocry talline, and 
therefore do not belong with the altered Yitreou ba alts, the apoba. alt , and 
other" in which ome of the gla i apparently unaltered. Con~ equently, 
ince the apoba alt compri e only a I ortion of the Hemlock volcanic , the 

replacement of that term a a general heading bY the older, more general, 
one of ba alt ,va" con. iderecl. 

The u e of thi term i , however, not altogether satisfactor , for the 
rock", while learly recognizable a' ba ·alt derivatives, do not po e, the 
mineralogical compo ition of th la alt . 'I'h term "apo" having been 
re tricted~ a above indicated, an not be applied to them, for their altera­
tion i in many en ff ' meta"omatic and dynamic, and in mo t ca ·e. not 
devitrification. If we adopt the prefix ''meta" to indicate alteration of all 
kind·, then the e rock could b call d ' metaba alts." 

The term · "metadolerite, ' 'metaclia base, ' tc., were pro po eel by Dana 3 

for metamorphic dolerit ~, diaha'"' ~, etc., and first used by Hawe:* in the 
de ·cription of the altered rock: around .....,.ew HaYen. Recently the ·e terms 
have been revived, hut with a Yery different , ignificance from that with 
which they ,vere fir ·t u~e l. It i • proposed to designate b u h term.T 

rock now "imilar in mineralogi al compo ition and . tructme t certain 
igneous rock , but derived by metamorphi m from something el e. 5 Fol­
lowina- thi · , ug(J'e •tion, an malitiz cl dolerite (diabase) would be called a 
rnetadiorite. ~ u h a u ·e of the term do s not eem ju ·tifi cl ancl the 

1 Loe. cit. p. 03. 
2 The structnre , orjgin, and nomenclntur of tbe ocid ,·olcnvic rocks of outh Mountain, hy 

Florence Bascom. Jonr. Geol., Y'ol. I, 1 3, p. '2 ' . 
3 Chloritic formation of Tew Haven, Connecticut. hy J. D. Dnua: Arn. J our. Sci .. 3d ser., Yol. XI, 

1876, pp. 119-122. 
◄ The rock of the" chloritic formation' on the we teru horuer of 1be ' w Baveu region, byG. W. 

Hawes: Am. Jour. ci., 3d er., Vol. XI, 1 7 1 pp.122-126. 
0 On a series of 1>eenliar chi t near aliclu; olorado1 by ,Yhitrnan Cro s: Proc. olo.. ci. oc., 

p. ~. footnote. Paper rearl Jan. 2, 1 93. 
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objection to it can not be gjven bett r than by quoting the words which 
Zirkel u ,·e.· in the c1i:cus8ion of th m tamorphi m of rocks: 1 

, 

Bei solchen metamorphi ch verii,n<lert n Gesteinen i t e nicht zweckmU,ssjg, sie 
mit dem ..L amen de, jenigeu Typn zu belegen dem , ie <lurch die Ver:inderung ii,hnlich, 
oft blo • ,•cheinbar iihulich geworcleu siucL Eine olche Bezeichnuug werde nur zu 
mi.· ·ver tiindlichen Auffa ·nng <ler von elem Ge tein gespielten geologischeu Rolle 
fiH1ren, welche niemals au•. er .A.cht gelas en werden darf. Ond so ist es denn ent­
.·eliietlen vorzuziehen, der Beneuuung- olcher Ge teiue eiue Form zu gebeu, in whelcher 
zuvi;rder t auch zum Au clruck kommt, wa ie friiher gewesen sind, und nicht eiuen 
..1.Taruen zu wiihlen, <ler sie in erster Linie zu etwas "temp,It, mit welchem sie genetisch 
keine Gemeinscltaft bal>eu. 

r.·iug the.·~ term.· in the wa '" suo·gestecl by Cross, attention i • most 
pointedly clirecte<l to that vari ty of rock n~hich the secondary product now 
re ·embl , , mineralogieally, rather than to the type from which it wa cleriYcd, 
and which in all likelihood it ·till resernbl ' most closely in its chemical 
c·on,· titutir 11. ,vhether or not a petrngrapher will use the term "metadio­
rit ~ ' nr the t Jrm "metadolcrite" (cli,lha ·e) for a metamorpho ·ed dolerite 
will depend on wh ~th 1 r or not h ~ prefer:.;; to emplm ize the present miuer­
a]ogiral compo.·itiou of the rode or it:-; nri 0 ·inal characte1", and thereby its 
·h ... ntical urn8titution awl genetical relation::;. In the pre8ent n :port the 

t ~rnis "m talJ,t:alt' arnl '' m ta<lolerite' are u 'eel as induding all tho, e 
alt r---d rock. which demonstrably weP originally ba alt. and lolerit s. 

'I he. · .. ·ame strfrtme: 1101<1 g-oocl in the ea:-;~ f Giimbel s term "epidior­
it , ' when UR ~d a:-; it i • very commonl~ '" , in the literature of the Lake 
} 

1 uperior •.,giou and .,L-ewher , for rock' nvoweclly cl rived from tlolerites 
(diabas ,:), and ·haract lriz ld h r the pr • n of fibrous ·econclary amplti­
bol . It i: preferr ... a, in ac('ordan ',(' with th above statement, to u ·e the 
t •rm " piclol ::1rit, ( 1 pidialms 1 ) in ·t _..,ul of ' ~pidiorit " for such altered 
doleriteK. on of theHe rocks, nnl \ss 1 xtr ru ·ly- changed, woull resemble 
·1t ... mfrally a diorit :i, an<l w hav ·mu >f late year to rely mor anJ more 

up< n the ch mica.I c·ornpo.1ition, ·01nhin cl of coun,e with the min raloo,ical 
·ompo,·ition awl t ,xtnr ,s of the roc:b t s parate the Yarion, kind"' from 

one another. A.· Ktat ,<1 ahov , th 1 t )rm •• pi,' a "' 'vriat d ,vith the ro<.:k 
WlllH' has c m :1 m re a11<l mor to b r ,stri ·t cl in it::; u e Kolely to a rock, 
th,, "pirliorit , ·harad •rir, ,d b. a Hpecifi • nlt .)ration pr ·duct, th amphibole. 

In n,.-pe ·t to thi.- r •striction to sp 1citi • alt ration, th term corre ponds to 

1 Lehrlmd1 cl •r Petrographic, F. Zirk,•1: 2d ed., rot. T, p. :-i7:1. 

~ IN ~· "XYI--7 
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' apo' and it i un£ rtunate that thw·e two terms hould lrnv-e be 11 ,... nar­
r wly confined. A-, it i th epi- antl apo-ba alt would be ubordinate to 
and therefore included under the m tabasalts, a this term i u ·ed in thi 
report. In the fir ·t th producti n of e ondary hornblende i charact r­
i ~tic· in the second the pr c ... of d Yitrification, and hence th ori inal 
pre ence of a vitreou ba th chi f hare cteristic.1 

ME'l'A13A ALTS. 

All of the ha ...alt bel ng to th phwio la e type. Th .~ may be m t 
conveniently clfrid d int n np rph_ :-riti and porphyritic kind ', ace rcling 
to their mo t obv-iou ~ macro. pi al chara t r . Ther ha' al ·ob n f und 
a ·inO'le occtu-rence of a ·pheruliti ba:,alt which will b de ~crib d under the 

head ' Yariolite." 
· o~PORPH YRITIG '.\1ETABA ALT. 

The n n1 11)hyritic ro k, p s, , , a :fiue-oTain <l. or aphanitic tru ture 
and are amygdal idal or nonamyo-dal idal. There are iuolud d un l r 
thi • general nam tht micr . phiti -t xtured fin -grain d pre- ambrian 
ba ,alt-· ( diaha • " in pm-t) th Yery amrgclaloidal form of the ba ·alt , 
( pilite "') 2 an<l the m laphyr in I art. In the e ro k the form r pr . en 
of a on iderable amount f ri inal ofa i probabl and th . T how th 
variou t xture known a ' na,itic int r e1ial, pilotaxitic, and h al piliti . 

'\Vith the nonporphyriti ba~alt" th r have b n includ d , m r ·k. 
wbi h ar to a ·on iclerabl :dent l vitrifi. d gla ·e ', and oth r. · in whi h 
only a fi w micr lit , lrnY d " 1 p d. Th la t two vitr OU , tsr . m 
m re e p cially in fraO'm nt in th tuffr' and are quantitatiY ly unimpo1iant. 

Petrographical characters .-In } r the ll nporI hyritic ba alt 11 fr h fr tur 
h w variou uniform , had • f gr en dark frrn gr 11 u ·uallUr pr ·rnilin . 

Mu ·h 1 ct, omm n (er puq lLh-bla k r k , and th are mu h m r vari-
abl in c lor. In on of th m i e n lio·ht r- ol r ~d , hlier n, whi h 1 a 

ver int th rdinary dark • 1 rs. 'I h li0 ·ht r-color d portion. ar , n 
on micro opi al xaminati n t b du t a mall r quantity f th ir n in 
them an l to a O'l' at r quantity f hl rit than curs in th r st of th r k 

1 The ahoy <.li •u ion wa. writt n and the determination to ns • tb terms porphyry-witlwut 
t extural ignificanc , a iu rhyolite-p rpbyry-metaba alt, ek., was reache<l, in 18 6, hefor th , c ru­
mitte on petrographic nomenclature of , r ol oiric folio wa appoint tl h.r tlH• Director of th l' oite<l • 

ta.te Geolorrical ,"tuYey. 
2Micro copic character of ro •k and mineral of )lichigau, by A. . Laue: Rept. tat B ard of 

Geol. ur.ey for 1 91-92, 1 tl3 p. l ~-
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ma.:. Where weathered, th rock are u ually covered by a thin crust, in 
which gray, brown, and pinkish tint prevail. 

Thero ·k vary in texture very much, from the den e aphanitic kinds 
to medium fine-grained varietie . The latter are usually le amygdaloidal 
than ar the aphanitic form., and appr ach in appearance both macroscopic­
ally and micro, copically the coar er-grained ba alt or dolerite represented 
in the Michjgamme district by the coar e-grained intru ives. Owing to the 
ba ic nature of the r ck·, they hav gen rally uffered much alteration, and 
a a result the oricrinal texture i in man ~ ca::ie poorly pre erved. On the 
whol , how ver, it i remarkable on iderino- their age and basic character, 
ho well pre. ervecl it is. Wh re it i pre~erved it varies from the micro­
ophiti to the variou, mi ·roliti texture", , uch as inter rtal, navitic, pilo­
taxiti , and hyalopilitic, and lastly 0 -la r- In place. a flowacre structure is 
beautifull r hr ught out by the po,jtion f the £ ld"par m.icrolite , e 'pecially 
around th amy J'dule.·. 

rrhe con ·titu nt: pr • nt are plaofo 1as , lio-ht-green fibrou hornblende, 
epid te-zoi 'ite, chlorit , calcite, mu ·covit apatite, ·ph ne, quartz, magnet­
ite, and pyrite. Of the. the feld ·pm·, apatite, and iron oxide alone are 
ori<rinal. In . m pla the hornblend i wanting, th d1lorite then 
appearing in ·orr ponc1ing1y o-r at r quantity. 

1 h ;> f lcl. par ordjnarily oc ur:-; in lath- hapecl cry ·tals ·bowing twin, of 
the albit typ , but wh r th textur i8 fin th feld par ' ar microlitic, and, 
while ,•h wing th ir promin nt lono- xt 11 ion, the ed0 ·e of th Yariou cry -
tal: interf r , and th l utline • • n: qu ntly· are l ::s sharp. 

In Homo of the ro ·l which appear to ]uw be n vitre u the feld, par 
form: f:iath r an l ,'h af lil ago-r o·at ' (fio·s. ..A.., B, Pl. X] \ I), appm·ently 
quit ,'imilar to thm; de..crib d by R n:nm in roclc from Point Bonita, 

1alifornia.1 No r liabl Am a ur rn nt~ could be made up n the microlite , 
and on.' qu ntly their ehara 't .r coul l not b determined. 1'he feldspar is 
more or le. • ompl t.,ly alt r d to acnTr ~rnt s of epidot -z i.it which hav 
chlorit a., ' i t d with th m or ar alt r d to ' ri ite. In a number of 
plac ,... minut limpid ,'pot.· of , c ndar. " quartz and albit are I re nt. Th 
Y ry mall quantity f apatit _., pr • nt ~h w. it. usual charact r ". Titanif­
~r u.· magn 6t or i apparent! th ;l only . id pr sent. It cur in crys-
tal: aud in i11: o-ular g-r::iin. whi ·h in a f w a" ' ar not ntirely alter 1, 

1 Eruptiv ro<"k of J>orn Bonita, by 1''. L, Ii Pan om : Bull. niv. of Ca.I., Yol. I, 1 93, p. 84, fig. 6. 
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th ugh in mo 't cases they are r plaeed 1 y sph ne. In some ca" : the 
alteration product is not w 11 enough indiYiclualizecl for one to cliagno ·e it 
a. sphene, and it should perhap • h ·alled I Uelrxen . In 'Ollie of th fin -
o-rainecl rock.· the mat rial in th awrl :.s b :.tween the feldspar cou:i ·t: pre­
dominately of <rrain: of ma<rnetite. Thi· abundant maguetit r nd r: the 
re ck Yery dark, giYing the rar:. purpfo;h-hlack lams. 

The mo ·t of the hornbl ml has a lio·ht-oTeen color. A les~er portion 
~how.., a decid d bluish tinge, and gfr ' fairly :--troncr pleo ·hroi~m. Thi:-:; 
re emble:; the lwrubleml , whi h in th ·o,n ·e <loleritP' i' undouht dly :e ·­
onclary after the ,rno·ite and it i:-; e m ·id :.,r cl tn be s 1conclary after th ori<ri­
nal auo·ite. in the~e rock:. 

The orio·inal mwite wa~ pr .1:umably in UH.1st ca 8 pre. nt in '" cl ,_ 
~hapecl pieces fillin~· the :--pac., h twe .,n th feldsp,us, and con. qu ntl~· the 
hornblend pseuclomorph:-- n ,y :.r :-.how auo·it outlines. Jo unalter .,<l au rit 
,v::h ob::-erv cl amoncr...;t the lwrnbl nd fibers. 'l h fin:. fib n, fr .,qu ..ntly 

form a fringe beyond the oriofoal boundaries of th pi c ' ancl p :.n .,trate 
the a ljacent felfbpar. Quit., fr ·queutly the Heconclary horubleucl ho"·:,; 
partial alteration to ·hlorite awl .. pi<lot . 

'"fhmwh car ful s "'arch "·as mad .. for oliYine or indieation of it pre. -
en ·e no traces of it wer, fournl, n1Hl I h,n e eoncluded that th e ba. i' Yol­
canic: w r:. e. ·entially uonnliYin beariw,· though it would h ra:h to :tat., 
that :u ·h ro ks <lid not ·ontain nm , olivine. 

rr1he eal ·ite i: u ·ually found in irregular seconclary gTanular agcrr O'at : 
~ ·att red through th" rod:, and .,Yid ntly r .,pla • "'S th oth __.r minemk L 
commonly it is n a: an iufiltrntion prodnrt alono- tis ures. 

~\. ·econ<l form of th:. n •'UIT 11c • if ealcite in the nonporphyritfr m ta­
ba..,alts, and on not so ·ommon a~ th .. granular ag0 Teo·ate, i: that of large 
pnrph_vriti • antomorphi • rhomlioh <lrn and :cal 'noh >c.lra which li ., ,mlJ ..dd d 
in th eruptiY .. oT undmn:--s. 'u ·h a rock as for in:tanc '-\' . p. ' 2--1: 72, . hmY:l 

macro: ·opi ·ally lnrg., rhornlwh 0 dral ph 'llOcrysts in a gr n <,Tomulma-..s. 
On th w ather <l .:urfa<' • m· .. f .,rruginon~ rlwmbohedral caYiti.,: on • o ·eu 
pi <l hy the ·nrhonnt .. ..,. The gTnmHlmnss consj:--ts of rather fr sh plao-io ·la~ 
mi ·rnlit s h .1tw ~ ·n whi ·h ar • oh:-. •rY ~a s )lll quartz, fresh nuwn .,tit., ery. -
tah, and la. tly ·hlorit., flak(.. :-- as alt rati n product~ of originally pr·. ,nt 
bisilicate • or o·lass, or both. Th t :.:xtnr is undc ubt clly that of an "l'llptiY . 
1 h ·arbouat i: more or le·' f ITU!.6nnns, hrO\Vll iron hnlroxicl r •. ultino· 
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from it. alteration, and as it fferYe,·ce quite readily with cold HCl, it is 
.·uppo ed to h f rruofoous calcite. 

Sericite i8 found in minute flak , r placing the fold pm•:, and it is also 
found in large porph Titic plat ,' occurri1w in the eruptive grounclmaf as, o­
ciat d with th porphyritic carbonate abo,· cl cribed. In ome ca es we 
find epirlote fr1 the. e alt red h<1. alts, in oth r.' zoisite. In a great number 
of in:tan • ., the ,'ame individual exhibit.· th high interference colors of 
pidot and the low 1Ju int rf renc olor of zoi, ite in different part . 

Th cliff rent portions, form cl re. p ctiwh· of the epidote and zoisite mole­
cule ·, are m :t clo el. ,. int r(Y'rown, and I haYe therefor u '"'ed the compound 
term '' pidote-zoi. it ,," indicating thi. fact. \.s ociat d with thi , ne find 
in many of the . p cim n. :mall min ral aggregate • , "hich merit . omewhat 
f 1rth r notic . Thes Cl aguTeO'at s hnse a browni h-y llow color and possess 
a v ry high 'incd and al:o a 11icrh double refraction. In the 'e masses the 
. ino·l anil <louhle n•frartion of the grnnu1e.: com po. incr the aggregates 
app ar to be hio·h r than that of piclot . In .hape the aggr o·at s vary 
from l ~rf ctl ~ rournl, zonally anang d .-pher " and irregu1ar, Iongated, 
rounded agoT gat . to form .· giving obliqu quadratic section . 11 of these 
agcrr gat ,' are fouml at tirn ~ in<'lndecl in the pidote-zoi, ite ry ·tal . In a 
f ,w ca· • th blic1u c1mulrati<'. etion: \Y r se n too cu1 y the centers of the 

pidot -zoi:it cry.-tal.-, having xc:1 ·t1y iclentical outline . It is believ d that 
th y ar cornpo.' c1 of an epi<lote nm ·h richer in iron than the common variety 
with wl1ith th y ar as. ociat d. This incr a · in iron explain: th darker 

lor an<l th) inerea. in .·ingle rmd donhl J refraction, as . hown by Forbe ' .1 
l 

\ hy it ,·]wul<l app ar, 1:-,JP ·ially· in th ,1ggregate , can not b J e, plained. 
Th, ·hlorit _. doe.- not appear tn h Cl ntirely an alteration pr du t of the 

: <'on<lan~ l1ornhl --rnle with whieh it i~ as~ocint d. Th re i" usually rather 
1 H>r chlorit) than it would Hf'ern ('ould possibly hnYe h n form <1 from th 
alt tati 1 of th hornhl -'11<l, alone. In :ome of the rocks the larger angles, 
a. wPll a. · the -'Xtr .. m )1 y fin , ar 'as lJ 1 hve -'ll ndjar nt f ldsparB are oc>eupiecl 
by· av -'l' .,, fine f lt-like ('h1oritic nrns:---. 'I h ·hlorite which i , not ,'e ondary 
aft 0 r homblt'n<l is ·ons1<1 •red as the prnduct of an alt r cl gla8sy bn. e. 

To o,la. ·., wa.- oh· •n·<:<l in tlt 1 nonporphyritie ba~alts oc urring in Iaro·e 
ma.-.- .-, but in 01w of th , fragm )nt.: of hn~a1t in a tuff a dark cho o1ate­
brown ofai-v form. · th matrix in which ar) lying well-cl v loped phwioclase 

. 
' Epiclote alld its optical propert it's, lty E. lT. Forl>c~: Am. J onr. ... ci., 4th ser., Yol. I, 1 96, p. 30. 



102 THE CRT TAL FALL IRO:N"-BEARI G 1H TRIOT. 

microlites. The g'la~, wher thi k app ar., isotropic, but wh r thin appears 
to 1 e full of globuliti cl ,·itrifi ation pr lnct whi h . how light polariza­
tion effects bet,Ye n cross cl nirol~. 

Th ori 0 -iual pre.A?nc of glass in nth r ha ,alt i. ronsid r cl to be indi­
cat cl hy th occurren of am:-g,~laloidal ·a,·ities with Yery sharpl r defined 
wall· marked ln- accumulations f maO'n tit . 

The chara t r of one ha ·alt p i1it:-; tron<Ay toward it" glas ·y c ndition. 
It i amyo·claloiclal th amygtlaloi lal aYitie~ b ing harply cl fin d. The 
o-roundma'"'s ontaius at pr ' nt no indication of the xi t nc of any orig­
inally cry tallin 1 ments what Y r. It i now a cl n • mass of felty 
hlorite and minut pi dot oTmn •. Thr -lwh this ma ·s and around the 

amyo-daloidal caYitie. wind lines whi h ar .. m what cliff'. r ntly col reel 
from the r .·t of the matrix an l s m to indicat th clir ction of fl wao-e. 
Th amyo·dul • ar not all lnno·at d tholwh m are and th aQT m 
dire ·tion of .lo110'ati< u. It is r ally imp s ·il 1 to cl rib th gr undma 
:-;o as t do ju.·tic to its app aran an l 01winc one who ha n t s n it 
of it~ cleYitrifi cl charact r. Th a- n ral impr ~sion it mak ' i • that f a 
cl ·dtrifi cl a-lass and th photomi ·noTaph (fio·. B, Pl. ../XY) a-iv . • a 
fairlY o-o l i<lea of its app aranc m1<.l r th micro cope, and wm pr babl. 
proYe mor conYincing· than any <1 • ription that mi()'ht be D'iY n. Fio-. A, 
Pl. .1r:XYII repr : nt~ a p lish cl fa e of th --=Pe im n in it. natural ·iz . 

noth r kind of g·lassy basalt is r pre nt l in thi. di.·trict. Thi: ro k 
r .._ mble::- th on ju:-;t d s rib d l ut <lift'. I" from it in that it wa not alt -
O' th r O'la ' i-1.y. In it n " ~ ._· l no· sl nder much-alt red fel 1--par mi -r lit 

<tter .,d throurrh th matrix. Th R f lchpar , o • ·ur in n clle • whi ·h 
frino- out at the mk Th ~- do not g-iY th o-r nm lmas ' t xtur . t1:·trnlly 
founcl in th basalts but oc- ur in ~h c1ws and imp rf ct . ph rulitic form • 
the ro ·k thu~ approa ·he: in textur • th Yariolit :. Th bas in whi h the 
f l<Lpars Ii i~ brownish gray, and ·c 11:ists fr coo·nizahl rhl rit Ii l t , 
.. om .J ... ar min ral in minut parti l s prnhahly quartz or f lcl par r b th 
and ao·o-r a-at s of y llowish oTnuul : whi ·h ar appar ntly of a sino·l 
kin<l and ar s ) rniuut < snot tn I •1'111it of cl t rmination. 'I h oTanul .. how 
Yery slio-ht p larizati n ff~ ts uml r cross ~cl nicols nncl th crroun lma-... in 
many plac -':-- wh r th y n • ·ur in (l'r at quantity appear, alm >st i: h·opi . 
It ,., m: hicrhly prohabl that a 1ar0 ' pmtion if not all of th 0 T un 1-
m~ :. wa: orio-inally a o·lal-1:-.. Furth ~r .. \·icl 11 of tl1 orio·inally crl,. :y 
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nature of the groundma., is afford d by the groundmas. , which, under the 
micro.'cope shows variable lighter an<l. dark r shade of brown, and the e 
portions jnterp netrate, forming an im1 rfect eutaxiti structure. uch 
·tructure.' are .·p ·ially common in the gla The photomicrographs 

followino· complet analy "'i for I a.m 

(fi()' . A, B, Pl. ../XVI) how very well the O'eneral micro. copical characters 
of thi,· ro ·k. 

'Chemical composition.-The which 

ind hted to Dr. H nry ~ t ke , of th nitecl tate ., Geological urvey, 
·how the chemical ompo. ition of one of th se l re-Cambrian nonporphy­
riti • metaba:alts. The rock i v ry fin grained an l microophitic, with a 
mark ,d am gdal iclal character. The amyo·daloidal cavities are filled with 
chl rite, into which project ry ta.I of epidote-zoisite and calcite. The 
alt r :I. ondition of the basalt i. v r3 clearly hown by the hio-h percent­
a()' s of wat r and -arbon dioxid . The oth r oxide how nothing 
r markahl xcept that the p r ntag f titanium oxi<le i quite high. On 
the whole, how v r, the anal i. 1: v r ,. Bimilar to tho, of recent fresh 
rock of th ~mm haract r . 

.:lnaly i8 of 1rre- a,mbrian nonporphyritic 1netabasalt. 

F " 1 ••· •········· ···· ··· 
J?eO ...... . ............. . 
~InO .......... . .... . ... . . 

~Ig-O . ................... . 

'aO . . . .... .............. . 
Na .C .......... .. ..... ... . 

3. li5 

. 9G 

.0, 

6.56 

7.90 

3. -! 

1. -6 I 

~·:I .. ~ ~ ~ : : : ~ : ~ :~ ~ ~ : : : : :: : : : : : : : : : : j 
II10 at110° ...... . . ....... .2 

1--LO a.hove 110° . . .. . . . . . . . 3. 9 

Total ____ ---- --____ --ioo.111 

PORPIIYIUTI ~lETABA ALT. 

rrh porphyriti • ro('k: ar fine nTain ·d and may b or may not be 
am Nlaloiclal. rrh ,. i11clud diabas porphyrite ' and porphyritic form. of 
th m 1aph rP.·. T'be ," lm-;t in th textur ~ _f th ir o· ·otmclma.:. orre. pond 
to th .. labrad rit -porphyrit ,· th uival ut of th aid it -1 orphyrie , 
th ugh mor ba.·ie than th Th) ph n ry ~t li in a fin 0Tom1clma 
whi h .·how. th :mm kindH of t xtur c1r adY m ntion l as havinO' been 
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o1rerved in the corre ponding nonporphyriti ha alt", the microophiti , int r-
ertal, navitic, pilotaxitic, and hyalopiliti . The various basalts are conn ted 

by tran ition pha e . The clo e conn ti n between the differ nt varieti 
is "~en ho,vn ,Yhere one pa .. from the fine-grained amygdaloidal ro k 
throtwh the :fin -grained n namyo-dal idal over to the porphyritic macro-
copically nonamyrrclaloidal type. 

Petrographical characters.-...-\ tat 1 in the O' 11 .ral de.·cription, the e ro k do 
not differ e~ entialh~ from the nonp rphyritic ba alts just de ribed. The 
mo t important differenc i in th pre en of the feld par ph no ry "' t , 
givrno· them a porphyriti textur . 

~Iea urement • up n the ph n ry t ·, made ao·ainst the albit twinnina 
plane on z ne _l_ to 01 accordino· to the jiich 1 L vy method, giv an 
aYerage extinction ano-le of ab ut 1 ° which point "' toward it chara ter 
a._ labradorite. H w v r ano·l :· htain l lower than thi "' indicat th 
po. "'ibility of th a ociation of ande:-;in with th pr dominant labrad rit . 
The feld pai. how th · usual alt ration pr duct-"' . On very infrequ ntly 
:find augite phen ry t. whi h have b omplet ly uralitizecl a o iat d 
with the feld "'par.:. 0th r J)hen cry ·ts ar 110'\Y repre nt cl by ma . of 
chlorite with r ,Yithout l i :lot eYiclently pointino- toward the ba ic and 
magne ian nature of th orio·inal min n 1. ' uralit i: th 
ondary pro luct of pyrox n in th • Y l ·~mies th alter d l heno ry ·t.· 
repre.. entecl by chlorite ma "' :·e ., ar mt h li vecl to haYe been pyrox n . 
Tbe oricrinal mineral wa.- p rhap ' liYin . The Y ry uotic able 
augite pbeno ·ry"t • in th ba -,alt .. stamp." th m a ~ different from th 

arcity f 

majority of ba ·altic rock and as 1 ing· Y 1')~ ~imilar to th ba alt · d • -rib l 
by .Judd,1 from th Brito-I lanc.li l :.tr oTaphical provin e1 in which p r­
phyritic cry.-tal.- f auo·it ar 1 .. ldom if , r ' en and in whi ,h the ph n -
err ·t.- are f ld .,par an l ,'ometim s oli'"jn . 

The oToundma • in wbi 'h th ph nncryst· li ha, o· n rally th . ame 
min ral gi al compo ·iti m arnl t )xtur a: th nonporph/riti • ro k -- air.,, d_r 
cle ·cribed, <u l th tw Hnds ar ~uppos l to haY b n originally .·irnilar.2 

•On the gal>bro::::. , dolerite.::. and b n-lt of Tertiarr ag in Scotland and Ireland, by J. \\'. Jtuld: 
Quart. J our. ,eol. .:'o<'., Yol. XLII, 1 ti, J). W . 

· The o-roundrua of one of tlil' porphyritic form differ · omewbat in one important r, pe t . 
In it were ob enetl numerous round ar •a of ,-mall ize occupied b,v n cl ar wb1te aggregate, polariz­
ing in low (Tray c lors. The c nter of ~om of th nr a w r o cupied by clump, of y llow grain , 
with here and there n. minute Hake of chlorit . 0th r:- contain only th white mat rial, which i. 
apparently ecou<lary. The ronn<l ar a ar not taharply 1l limitecl, u111l hence ure mo-.t probably not 
microaruygdu]e . Their n-eneral app :uan tril-ing"ly like ti.lat of hmcitt• in ti.lo e pl,winela 
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1\1 a. urement made on the feld par microlites of th groundma s gave 17° 
a the maximum xtinction in zone perpendicular to 010. Thi angle points 
t ward the microlite • b ing acid labra<lorite. The microlites thu. eem to 
aD'ree '. entia1ly with th ph nocry t in ompo 1t10n. Flowage , tructure 
around the phenocry ts is mo t di ,. tincth~ hown by the arrangement of the 
£ lcl par microlites. In one a in "·hi h the porphyritic texture and the 
fl wage struct ne are very O'ood : condar~~ actinolite cry tal haYe devel­
oped parallel to one another aud parall 1 to th flowage direction, giving 
the r ck under the micro cope a di tiuctly chjsto ·e appearan e. 

Chemical composition.-ln the pr limiuary articl upon the e Hemlock vol-
·anic, publi ·hed in 1895, 1 the o cmrence f ande ites a well a basalts was 

mention cl. This d t rmination ,vu. ba. cl ·olely on th micro copical tudy 
of th rock:, and th ro ·k.· which "~er pre;-;um cl to be ande. ites were those 
porphyritic formH which ]rn,y ju t h lescrib d. ince the publication of 
that arti le the followino- analy eB (N . 1 and 2) haYe been obtained of 
the porph Titic ro ·k. 'I'he n k: l ct d for anal i were tho e whichT 

appeared to b KP ially ri h in feldspar and, havino- a rather lighter color 
thau th oth ..r, ·, f-ieem to be om what more a ·ic.1 than the aYerage. The e, 
it wa: thought, mio·ht have the comp ·ition of and site. 

'rh compari.-,011 of s rie ' of rock~ derived pre umably from the same 
magma i.- mor profi1abl, than th 'tucly of i1wle analyse . Thi line of 
inv tio-ation, a , follow d by H nbn ·h,2 lddin°", 3 Lano/ Broegger,5 

B ck ,6 n,ncl l\Ii ·h 1 Lcvy,7 has he n v rr fruitful. 

ba alts iu which it is proseut iu very small quantity filliug irr gular lmt in general rounded areas 
betw n the otber constituents. lt woul<l, of cour 'e, he impo ihl to base the determination of the 
former pr• en ·e of leucit , in these pre- arobriau rock upon such scant evidence as ha been obtained. 
Still it is worth while to notice ven uch a douhtful inuication of its former presence as has been 
mentioned abov . 

1 J our. Geol. cit. pp. 03 06. 
z eber di cheruischen Bezi bung u <l r Eruptivge teine by H. Ro enbu ch: T~ch. Min. u. Pet. 

~fitt., Vol. II, 1 89 pp. 144-17 . 
3 Origin of ign ous rocks, hy ,J.P. lclclinw~: Bull. Phil. ~oe. Wash.. Yol. :XII 1 92, pp. 8 -214-. The 

eruptive rocks of Ele ·tri • Peak a,11d epulchre l\lountain, br J.P. Iclclings: Twelfth Aun. Rept. U.S.i 

Geol., urvey, 1892, pp. 571-664. 
◄ Ordnung der ErnptivgestPi11e uac·h ihr m bemi • ·hen B , tand, hy H. Otto Lang: Tscb. Miu. u. 

Pet. Mitt., Yol. Xll, pp. 199-252. H •itrn ro znr i--y t uiatic <ler Eruptivo-e ' teine, h;r H. tto Lang: Tsch. 
l\Iin. n. Pet. l\1itt., Vol. XIII, lfi92, pp. ll5- 1G9. 

• lJ1e Erupt1vgc teiue cl 8 KrisLianiag hi t . hy W. . Bro( gger. I. Di esteino der Grormlit-
'l'iugua1t aerie. II. Dio Eruptionsfolg-e dor triadi ch u ErnptiYgcsteine bei Pr dazzo in Stidtyrol. 
Yidenskali sel kabets .'krift •r, I .. Iathernatit:1k-uaturv. klas~e. T o. 4, 1 91; ro. 7 1 95. 

ti C'estcino de1· Colnmhretos, by F. B eke: T:-icb. :)1in. u. Pet. Mitt., Vol. XVI, 1 96 pp. 308-336. 
7 ... ·ot sur la 'la. s11ication <le, Magma d Roch £.ruptiv ·, by A. :Michel Levy· Bull. de la 

oc. G ol. de Fran e, ~tl . r., Vol. , ' XV. ro. I. .Tnl~. le 97, pp. 326-377. 
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The value of such an inYe 'tigati n laro· ly depend. on the fre. hn .. of 
the rocks examined and the amount of variation. The H mlock volcanics 
are all more or le ' alter d and the variation in character is sligl1t. I wi h, 
how·ever, to call attention to th lose relation,J1ip xhibited by the type of 
"bich analy e;· wer made, and t that end the analy i~ of the n011por­
phyritic Yery ha ic appe~uirw ba alt ( To. 3 of Table I) i. repeate l and i 
placed by the side of th analyse , f the p rphyritic one.. The compl te 
analy e made by Dr. Henry )I. L t lke~ of the uited tate Ge loo-i al 

luvey, ar found in the fir~t tabl . In the s concl table there is o·iv n the 
molecular proporti n of the hi f oxide , tho which ar not her repr -
·entecl havino· been fir t proportioned amono· them. From this table, 
follornng Ro.,enbu, ch, 1 ther w re btain d th fio-m· s m the third tabl 
ho-win • the atomic I rop rtion. of th m tals pre ent.3 

The analy e"' are arrano· d a • ording to the increa ino- p re ntag f 
calcium. 

Analy es of porphyritic metabasalt. 

TABLE I.-CO:llPLETE A.NA.LY , E '-

2.I_ f'on~titnc_nt_. _____1_ _ ~ iO-: ..... .... .... ........ .J.7.2 52.59 46.47 

TiO~ . .... ..... ... . ... .... 3. 30 1.36 1. 2 

Al:O 1. •. . . ... . ..• • . .. . . .. • 15. 36 1:--,93 16. 2' 

Fe"O-1 .... .... ...• •••• •••• 3. 06 6. 12 3. 15 

FeO .... ............. · ···· · ~, 3.96 . 96 

MnO . .... .... .... .... .... .20 . 25 . 09 

CaO...................... ~.05 5.55 7.90 

~I er J . . . . . . . . . . . . . . . . . . . . . 4. 20 5.0-1 6.56 

:Na~O. . ....... .... .... .... 4. 72 5.79 3.64 

K:O . . . . . . . . . . . . . . . . . . . . . 1. -1 0 1 • 67 ...1 

P~O; . . . . . . . . . . . . . . . . . . . . . . 3G . 15 . 13 
Cl ........... .... . ..... .. ... ...... ..................... . 

~ :1 .•••••.•••••••••• - .••••••••••••••••••••••••••..•...• 

C '! ... - ......... .. - - .. - • - - - - - • - ..... 3.34 Xone. 1. 26 

H2O at 110=> -.. - .. -.... ----- ..... . 16 .16 .2 

H,:O abo\· 11 'J ... - - ............ 3.0-t 2. 16 3. 9 I 

Totnl ... ................... .. 100. '.?6 99.73 100. 11 

a ..•o. 3 i the analy:i hy Dr., tok of the nonporphyritic basa,]t and is given for compari ,:on. 

1 Uber die clteruischen Bezi llun1Teu d r Ernptivg- st in , by H. Ros ·nbuscb: Tsch. )Jin. n. Pet, 
Mitt., Yol. XI, 1 90, p. lH. 

~ Ta.ble 1 To~. II au<l III were al '.Hlated form l1y ... Ir. Yictor H. Bas ett, a i tant in ,·bc·mi..,try 
iu the Gniver ity of Wi con in. 
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TABLE IL-MOLECULAR PROPORTIO OF THE CHIEF OXIDE ' . 

~ :::::: :::::::: ·::::: 
AliO.l -················-··· 
Fe.2O.1 ................... . 

FeO ..................... . 

CaO .................... . 

}f (YO .••••••••••••.••• - ..• 

~ a~o. -................ --. 
1{.:0 ........ -··· ........ -· 

L l'otal ............. . 

50.55 
3. ·4 

16.J:i 
3.2 

9. 72 
5.41 

4.50 
5.05 

1. ·o 
100.00 

54..07 
1.4-0 

16.3 
6.29 
4.33 
5. 71 

5.1' 
5.95 

. 69 

100.00 

49.15 
1. 35 

17.22 
3.33 
fl.57 
8.36 
6.94 
3. '5 

. 22 

100. oo I 

TABLE III.-ATOMI PROPOPTI X OF ~ .ET.AL . 

, i .•...... ···- •... -··· ..•. 46. 97 -1-9.49 
Ti . ____ .... .... .... ...... 2.4 . r1 

Al . . . . . . . . . . . . . . . . . . . . . . . 1 . 07 17.73 

Fe....................... 9. 7 7.67 
'a....................... 5. -t2 5.63 

Mg..... . . . . . . . . . . . . . . . . . . 6. 25 7.09 
a ......... _. _. . . . . . . . . . . 9. 16 10.61 

100.00L ~~:.;··:::: ::::::::.1~ ~ -~--

45.41 
. 9-1 

1 . 0 
9. 74 

. 33 
9.58 

6.93 

. 27 

100.00 

A tne cal i um in r a;· ? th r ii-; a eorr ..~ponding increa e of magne-
iurn and a diminution in p ta::-;ium. ~ d r ase in odium i al o shown 

if , . 1 and 3 alone are compared. Th perc nta. e of odium pre ent is 
rath r high and with th pota . ium indi ·at ' a maowa family ri h in alkalies. 
Th magn l, ium i n tabl hi. ·h • ·uch hiO'h p r entage a we have here 
u.-ually compau ring mu ·h low r I re ntao· "' of alkali. I ~a r al o be 
n t cl h r that th pr , n of th nuwn ..:ium in uch amount indicates 
th £ rmer pr .• n :) of o1i ~in or th l r ·enc .. till of it alt ration product , 
a point to ~ hich attention wa, lir ct <1 in th mi ro"copi d ription of the 
r k . T . 1 i,' r markabl for its p r • ntag'e of titanium which i very 
high v ..u wh n ompar d witl1 that c mtained in th oth r ' , which are 
tlwm.- 1v . con:icl ral l y a,bov th 1 ay rag . 11 f th r ck contain a 
larcr amount of wat r of h. rdration. 'I h p r eutag f C \ contain d in 

o:. 1 and 2 iucli ·at al. that th y ar much alt red. . . . 
The anal -: . :h w that th r ck. ('.JU not be ct" d with th typical 

an it , . hould th y b call d an 1 , it . at all th y mu.. t b la,~ 'eel ,,,ith 
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the augite-ande ite. ·, and placed n the borler line between them and the 
plagiocla e ba ·alts. It i preferred to include th m under the basalt:, thouo'h 
it can not be doubted but that if analy 'e • of 1 1fectly fr sh rock could be 
obtained there would be found ·ome which would incline more decidedh~ 
toward ande ite._, than do the ab v specimen~. 

VAHlOLITI )1ETAl3A:ALTS. 

Variolite, are pherulitic ba ··alt • u ' nally verv vi.treou . ince the tend-
ency to cry. tallizatiou i"' , much "'h·ono·er in the ha ic than in the aci l 
rock ' , it i • not .·mpri ·ing that they h ulcl be far le -- " common than the tor­
reNponding acid kin l. MoreoYer th ba i gla e are very susceptibl to 
alteration which naturalh- oh cure · th orio·inal character: of th r ch. 
Thi probably partly accounts for th fact that they are -very mfrequently 
oh errnd. Thi ' pheruliti phas f tl ha alt i well kno~~n in Eur l 
but there ha thu: far been foun l only on reference to it· occurrenc in 
the United tate. . Ran ome 1 ha· des ribed a variolite from Point B nita, 
Californja. To thi ther may now be ncld d a ·i1wle o currence in the 
Cry tal Falls di.·trict of fichi 0 'all. Thi ' Yariolite expo 'Ure occur· at "T. 375 
,V. 9 0, .·ec. 4 T. 44 ..._'., R. 33 ,Y. in lo; proximitr to the remnant of a 
ba:alt ·tream ,vhi h ·how~ 11-nn rked flowao·e 'trn ture. The relation," T 

of the two r ck., are not determinal le from th exposure,. 
The rock I re nt , a Y ry rouo·h mammillat fl . nrface, due to cliff r ntial 

weathering. The Yariol ' b ing rnor r istant than the grounclma ·-· .ur­
rolmdinO' them, form the protub ran ~- The~ protuberances var r in hape 
from r und to ovaL and Y ry rar ly ar irr 0 ·ular. The Yariole: Yary al:-­
in ize from minut on ' to those ab mt one-half in h in diameter and on-
titute by far the OT ater pa1i of th rode o·eneral character.· ma 

be een nth photooTaph fig. A. Pl. X tak n from the haml pecim n. The 
color of the w ather d urfa f th ro k i8 gTa? r li0 ·ht brown, ,Yhil the 
fr ·h "urface i , in o·en .,ral a dm+ oT n. "T p n the poliRh d ,;·urfa • f a 
fre ·h rock th variol s hnY < n ( liY -0 T en • lor, ,,·ith, in the majoritr f 
ca · .- , a di ·tin ·tly dark r ·ent r f purpli 'h olor. Le , fr quently thi.' 
enter i • lirrht r O'reeu than th remaind r of th Yariole. Tlie Yari I . ar 

u uallv parnt cl fr m ach other 1y narr w area ' of o'rotmclmas: rlarker 
than the vari 1 ... th ms lYt::s, ,Yith a pmpli. h r very dark oliv -gr n 

1 Th , eruptive rock of Point Bonita, 'n.lifornia, by F. Le lie Ransome: Bnll. D pt. 'f'ol. ~niv. 
of Cal., Yol. I. 1, 93, p, ~39. 
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PLATE X. 

FIG. .A.. 

p. ~o. 3:2273. 'Xaturul size.) 

. Photographic reproduction of the weath reu urfoce of a Yariolite. This brings out Yery clearly 
the rnammillateu nrfac of the rock, which i due to the differential weathering of the vuriole and 
of the (Yrounumas ' between them. The roundel character of the Yariole ' , an<l tlrnir gradation irom 
those of very small to tho ' e of much larger ize can readily be seen. (Dose., p. 10 .) 

FIG. B. 

p..·o. 3:.?:.?73. 'Xatural ·ize.) 

Reprouuction of the poli he<l urface of a variolit~. This is de igned to show tho circular 
character of the Yadolc ·, anu tlie fact that each i eparnte au<l distinct from tho oue adjoining it. 
It cau he ·et>u that ome of the variole h:n·e very dark and others much lighter center . (De ·c., 
p. 10 .) 

llO 
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(A ) 

(R} 

CA) Weathered surface of variolite. 

(B ) Polished surface of variolite. 
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olor. In pla ·e th variole • ar in juxtapo ition. II wever, they do not 
coale, c , but ea ·h i: : parat and di tinct (fio·. B PL ../). 

'I h ro k wh n xami1. l uncl r th mi ro"' p i e n to be extremely 
alt r <l. Tb only original min ral pr:. nt ar feld"'·paT, apatite, and pos­
ibly ,'ome magn tito. 

The grom1dma ' S n 'i?t of a fin ly rystallin condary aggregate 
of flake of chlorite, a . o ·iat d with minut limpid 0Tnii1 ' , om of which 
ar pr bably quartz and oth r , £ ]cl. par. -1 att r l thr ugh thi aggregate 
ar grain f epidote cal it , a few cry:taL, of orio-inal a1 atit , and mao·­
netite, and num rou: dark r dcli:h brown and hla I~£ rruo-inou peck . 

Th variol s , r r adil di ,,fowui ,}iabl :. fr m the matrix. From thi , 
a.- w 11 a: from ea ·h oth r, th Y ar., invari,1bly : parat db y ra k, alono­a 

whi h reddi.111-brown f rru<Yinou~ matter ha,' b n infiltrated. The vari le 
ar in en ral mu :h fin "l' 0 -rain d than th gn umhna and at time 
exhi it l h 11 Ty,•t.' of f :.ld:par. rrhe con11 ·ition of th vari I he 
arne a · that f th .. gToun<lma,· ', e. c pt that apatit i mor e\ common in 

th .. m, and that in acldition t th , min ral: mentioned a" occlll'rino· in the 
groundma.'. a , mall <1uan6ty of orio-inal f '.) ld ·1 ar may b r O'Uized, both 
a: ph no ,ry t: ancl 'L ' part of th ~ o-r uu lma:--: }f th variul . ,, her 
th ,' £ ld:1 ar: o • ·ur, th --y ar, t< a gr •at -'Xt nt r pla d by a ma ·· of pi­
d t , ·hl rit , ; ri ·it , quartz, and f 11 ·pai·. Th ph no 'l' "St ~ ar found 
n ..ar the c nt r of th, variole: aud th .. • ·a.-i( nal light- olor d nt r 

hi h b: rY '<l nucr: opi·ally cl' du tc th pr ' n of th 8e 

alt r d f ld.·par phf-'110 -ry.· t. ·. Th m n- .. fr qu nt dark c ut l " ar du to 
au ac umulatiou f th .. darl f 11:uo·in u: ·pe ·k.: in Yariol s in w-lii h the 
ph u r , t.· ar wautiiw. 

t xtur ., · uld be cl<_.. t ;)rmin ,,1 from th r mnaut ' f th orio·iual 
min ral •. In on ariok ag<>T lgat : of , <:<.mdarr pidot 0 Tain"' :u cl f r­
ru<J'in u. , p k: lie in ,·u h a po, ition a: to pn due tt di ·tin ·t radial 

.With ad aneing alt _. rnti, n, ·ph :.rulit ,' in a -id ro k ar 
fr 1u nth,. f u1 d t hav _, h .. t, n th ·ir ra linl fi r · c n lar ,.. d p it - f 
pid t and £ rrucriu u.- mat r, whiC'h mark • r ·l arl~ ,.. th ir radialy 

mTauo· lil-'llt. Th imilar radial arrauo· m 0nt in h " vc1ri 1 ' f pid te 
and£ ITU ~in u mi t ~r ,' m: to p int to th nm l ,s h:rvin°· p ' ' d th 
ph ruliti • ·hare ct --r though it iR now imp :-..'il l tu l .. t rmin the natur 

of th fib 1" f: rm i1w th .. , ·p h •ml iteH. 
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THE ELI..lP..,Oll>AL STRU T ' HE I. ' THE ~lETAlL\ A.LT ' . 

..,.pon examining the flat surfae : of man:~ of the laYa" one i:- irnm di­
ateh~ ~truck l)y their re:emb1anc ~ to a cnng-lom ~rate forme<l of round 

... 4/ ' 

bmYlderB, all of the ::ame kind uf rn ·k l:7110- in a matrix of very . mall 
quantity anrl nf Yer:~ flitferent color. 

FiO'. 7 i:- a ~ketch :howin~: a pnrtinn of ~uch a lant flow. I find that tlw.--e 
ellip ·oi lally parted ro k - haYe been ·alled ··ma '"iYe ·ongl( merat ~,,, an l th 
block , haYe been spoken f a · 'bomb~· in th manuscript uotei:; of som • nf 
the men who haYe worked amnnrr them. The latter t rm wa • undoubtedly 
due t the resemblan e of the ellip:oid, to the I indle- haped piec :· of laYa 

f "1<,. 7.- 'ke tch of the urfaco oft-he outcrop of an ellip,vi,lal ha:;alt, howinl? thl• g1•neral 1'!1arnrtl'r of tlH' (•llip,oid • 1u ui 
rnatrix . 

whi ·h on find aroun l th~ rnod rn yo} ·an e~. Ellipsoidal h1 clt i:-. very 
comm n tlirouO'l10ut th Hemloek Ynkani • nr • a. It i • found m t:\t fr ,quentl:'· 
in i..;olated ledge~. ILm· ..y --r, it i. al..,. 1 a-.;snciat l with aud 0 Ta<le~ int nou­
ellip.· idal varietie~. In on toocl .•1Hhlll', it i.., tff ,rJain l>y a fra 0 ·mental 
't H"iaceou • ma·: whi h :--ep:.m t • it frnm ~moth r urn~s nf similar llip~ idn1 
ba:--alt. ,Vbil th , coria ·eons pnrtion may r pre;-; nt th br c iat d :urfa •.. 
of a lava fl w, it is not :--o ·on ·i,ler <1. but i. presumed to b a tnff d } 'it .d 
up n the flow repr , nt "cl by th~ ~llip idal bn~alt. ·<.:ordi1w to thi • Yi "\ 

th ellip...,oi lal basalt i • on tlw surfa • c). In tllloth r :xpo1-1ur" an ellip • i lal 
ha... alt oYerlie • a 1 d < f wat "r-d •p ). ite l ·la ti • r ·k. Th r i • n pa • ·a~·.) 
b tw n th two kincls of rock. Th ·onh ct h t\ e 11 th tw is an m du­
latino- one an l i,• mark cl by a, ma:s of sc:hi~to.' .. mat rial about 2 in ·he· 
thi k and Kunilar to that w·hi ·h i~ h .. twi; ~nth .. ,llip~< ids. Thj~ 1 articular 
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basalt j.._ "<'lT , l ·nse, with only <H·en,,imrn 11 y ~mall ehlorit c;,-fill ~<l Ye~il'l<:>.· in 
.,/ r,i ~ 

it awl thc;n• ii; nn true How- :;trn<'tnre oh~t1n·ithl '. T'lte facts c-itetl eem to 

.·how that thi: ·llipsoi<lnl portion wns the surface of n liffa flmv, whdher 

th top or tl1' lJott,>m is inm1clterial. In t· ·rtnin ea~•: the ellip~ni<lnl fo ·ie:-; 
lllHY constitute an entir(! flow. '\Vlien• tlie clir ·ctio11 of flow <'ou1<l with auY 

1l(:gree of <·ertaiut)' lw cletermi1wcl, it was seen that the two Ionµ: -'l' axe:-; of 
tlH~ ·llip:-.oi,b c1r .. iu th) plane of tit• tlow. 

Th<:: ellip:--ni<b ,·ary in sizti from a few inchP:-- to Gor £,·tin diameter, 

awl ar • u ·tmlly spok ·n of as ~pheroid~. ...\tt •11tinn lws cllready 1wen l·,llle(l 
to tl1<; iucrnT _..et usag(: of this t ·rnt l1y V _Le~~ie Hnn:-;ome, iu his i11teresti11g 

pap1•r <lll "The <:ruptin· ro<_Jo, 
of Poi11t Bonita iaHforuia.'11 

TlL1.! outli1u•;-; "f tlie lmcfo~:-; aro 

<'ir ·11h1r 0111y i11 l'XC'<•ptionnl 
ca~,;-;_ < )11 thn oth<•r ltancl, 
:-it>di011.· 111 :ill clir ·dion:-; 

tlirnll!.dt tl1e11l ~-in! aln1<,:-;t in-
<.... 

Yilrin 1,l .,· 1·1lip:.;e.- mu l tlwr i_ 

for • tlH!.'. ar, 111, >l'<' prop ·rl y 
dlip:--oid:-- tl1c111 sphurnid~. < 11 

th<.: :--urfa(·t•:-. <·X]H>:-.<'d tl11~ lu1w 

clX<;.' of tlw c..:Ilip:-e::; lie in the 
.-n11H~ c1·<~11C:rnl <liruetio11. 

TlH..: dlip.~oi,l.· arc form )cl 
of a n·rr fin '-0Tfiin •(1 porphy-

rm..- Skt>teh !lhuwing th1 coml·Ut1~ttiou of the amyg1laloidal 1•nvilit-!l
ritie ()]' }onporphyritic· rock. UII Ul)tl ,-i<lo of au l'lli11soid, thi,, -.i,I<- Jlrlll);lldy r1•pn',-l'llli11.r tho 1,itlo 

r 

l 
Thi;-; is am ,·u.·,laloiclnl or non-,,,._, 

mn_,·~·,la1oiclnl. \Vli ,r • :u11yµ;11'ilni1Lil, tlt • ,1111~·!.t<lultis nr i a~ a rnl • tli~-
trilmt<!<l tlinntirhont the ·11ip:.;;oi,l:-; tl1oug·lt on tht> whnl • th· nw:,.;se:,.; are more 

:c;ori:w,--ou: on the p<ffipli •r~· than 1H~ar the <· ·11tt,r. In ex('q>timinl ca:-- 1 :--, 

the amyg-tlttl<•:-,; ;in.; 111nc·h Jllol'c llll111<•rot1:-- on tlH! \\ e:--t sicl' of tlt ~ ,1lipsoi,1~ 

tlrnu 011 tl1e ◄ '<t:--t. :-.idc (fig. ,} Iu :--nd1 <·m.;<•.· thu "t·:--t si,le:-; ar • towanl th 

top: of tlu.: l;i v~1 How~. 'I lie •llipsoicls nr • n,ry ·ommon1y :-iplit up 1)y 
cm ·k...:. :'rnuc of them lwve ~1 ron°·hh nicliilt<' ·arr:tll!..!_' )nient. Th :-,; , nun~ h 

n • • 

due to tli,· dfo<·b of' <·m1trac·tio11 i11 th· ·arl. • :-.tag':-- 1l th~ PX.i~tell<·e of tl1c 

• clp. cit., p.. 7G. 

https://tlirnll!.dt
https://VOLCA~.,.10
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ellipsoi l:. ther • and by far th crreat ..r uumb r, haYe on . et of lin ,' par­
allel and another parallel . et whi h in differ nt c( , ut the firt ·et nt c.lif­
f r nt angle·, Yery rarely at a right mwle (fig·. ( , 9). On of thes 
ut-nally tmnYer~·e to the long axes of th lli1 soid, (fio·'. 7, 8). 

The blo k: are .·eparated from nne another 1Jy a thin layer of a hi~to,:e 
matrix. rarely mor - than 3 in ·hes iu thi kne:-. ·, though exceptionally nearly 
8 inche.-- thick. ( if :fig;-;. 7 and ,--. of thi: pa1 r, an l fio·. 1 by Ran:;om .1) 

-·ince th · aboYe (lescription of the Cry.·tal Fall" Jlip;·oidal laYa, '"' • 
\\Titten iu L'96 there has appear_.1 :-,ir ~\.rchibald iki ': Yalual le wnrk 
on the Ancient Yoka110 ,s nf r at Britain,'.? in ,Yhi ·h '"=>ral ·imHar occur­
rences are m ntioned. His illustration uf this structure on page) 1/.J. a: <·au 
readilY be:-- n on cnmparisun, would answ r, hut for the ah._ nee of a well­

defin cl :<·histo:;;, matrix l etw =-n th llip~oicl • Y ry w ,1} fnr 
a sketch of a jiichig-an pr - )aml rian ellip:-;oidal laYa. 

rl he :<'histn;-;e matrix h .,tween th llipsoi<ls upon th 
w ath r ,d :-;urfae .. i • :-- =>t-n to l • mad_.. up of la:·er • ·one·. -ntric 
\Yith th_. _,llipsni,l. It j.,_ pn-.;. ihl, that th s lay 1-.· ar n t 

Fw. 9.-Ellip oi<hl ah;--olutelY ·ou • ..ntri • in th .l third dimension. Howey r no 
witL,;et. ofparallel 
line· cutting eaci. .·posur • permitt ~cl of the ◄ 1 t nuination of thig 1 oint. Fr -
other at an augl •. l ff }queutly eertain la:· .. r=-- =-- mt< grar e into ot 1 1-.· of a som -

what diffi r nt ·hara ·t r. rr h matrix 1 etwe '11 any two Jlipsoicl: u:ua11y 
. eparate.., u ar the c .,ut •r; where appar ..ntly th great -'St moY m lnt haYing 
occurre,l the :chisto ·it:· i: 111<.H,t cl Y l p - 1. ( >n, can often ns .. a. il:· kno ·k 
an ellip~oi<l <rnt of it~ PU ir ling 1rn trix a:-.. on .. <'clll th~ kernel out of a nut. 
In om ·a: •s ther .. i~ 110 absnlut lr .·harp lin, of 1 •marcntion l>etw n 
matrix nnd ellip~oi,l, hut a rrradati u frnm on• into th nth r. At th:. plac ., 
wher thr • ~ hlc ·k • ar) in juxtapo:--ition on· fr •<1uently find·, in:t acl of ,. 
triau(J'ular spa· ntir ly fill cl h:- th· 1 rntrix, in the c ~nt<:r of th matrix < 

trian<rnlar ar__.a of infiltrlt·d Y ~in <1nartz (fil"T~. 7 ). 
In ertain c·a~t'-' th__. mineral:-- "·hi ·h compo~ th : ·hi "tos matrix ar 

n t th rouo-hl ,- m ·nt •d ancl o·iy} it a , om ,what fric bl:. ·hara ·t •r au ·uw . 
it >ll w ath r d surfc ·., to app :\ar o-rnuular. 

In Yery rar ·a: l., a matrix with <l listinctly 1 r" • ·int cl 
o1 -,e1Te 1 hut in this a, w 11 a: in th, ca, • al w l ti ·rib d a 

p. Cit.. p. 76. 
~ Ancient Yol<·auoc of Great Britain, hy . •ir .\rchibahl ikie, ,-01. I, 1 97, pp. 26, 1 -t, 193. 
I 



115 



J>J~.\TE XI. 

Thi,; colored plate r,·pre e11b tlw poli!ih~tl •mrface 11t" an cllip-.oi•l wit.it a. portion of the matrix 
which ·urrouu,ls it autl :-ep:trate-- it from th• a1lj:wcut •llipsoi1ls. ThP ,lcnse charncter of the cc11h·r 
is uie1•],r ~howu. ..\.ronn1l thi:-; ontl area Wtl g"l't uanow eouccntric zone:i of al1crnaling li~ht-grcc11 
au•l <lark-green material. The light-green makrial cone-;pund-. tn that in tho ePntPr, arnl n•prcst:11h; 

the lt·ast-altered ha alt of tbe dlipsoi1ls. Th~ 1lark<n•e11 areas are the chloritizctl hasnlt. llcyornl 
ti.ii:::, forming- lb, ontcrmo-.t grePnish-!.!tay zone, 011e fi11t!s tho matrix, "·hicl1 po.ssesscs clistiuctly 1'ra:_:-­
m.-nta l character-.. tho11!.!;h i11 .--pite of tbi.;; with a 1narkP1l ,1·bistosc charnetcr. The schi-.to ·ity of the 
matrix conform -. to the contour of tho •llip ui~L 

1113 
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of '-,(·hi ·to~it,- j:,; uotic:eahlv. Tl1' rnntri:\. l><.-'t\\' -' t'll tltt' ernp~oid:-, YnriP:-; n•r:· 
prnd1 in ,legTP .. of :-w11i:-,trn-,it:·, olnr awl ctmlpo:--ition. 

T']1<; rno:t s('hi:-;to.·(-', alHl 1>:- for tlte mo;-;t ('()]lllllOll Yarietr, is the ,lark 

gn· n rnatrix which coni--ist. · •:-v 111tiall: of ('h1orit ", epidnte, arnl zoisite. 
Tl1i:-; mat ~rial i: cl arly tlH~ n..:-;u}t of tl1 • <·hloritization awl the epitlotizHtion 

of tlie original ha:a1t <"on:--tituting the ellip:-.oid:. for w '..I H"'e it alternating 
with 1mrnl.... of awl gTa<lincr 111to th leH;-; altl~r d lmsal t. (PL _._ .,. I.) 

A :e<·ornl fa<"iPH of tl1e matrix i.· that whil·h pns ·es~e:-. only a nwdernte 
cl<•gr .. • Jf r-- histmiity aml app ~m-. · Ht times almo~t mn._~iYe. rrhi .· matrix may 
lii, light color--'d almn:t white> or gT<"PlliRh, or ~1 dark hluii--11-hla('k. It ii-; 

' "1•,limn grai11e<l nr aphaniti<'. The 1igl1t-eolnre1l matrix ton~i:--tK e:--sentin1ly 
( ,f cprnrtz aJHl <·aldt .,_ ,r11 ·11 a lit1le chlnrit • or "pie lute is present, ·it lrns a 
gTP<--ni. 11 tin,,.... Tlw Y ry <lai+ YHri<1t~· <·onsisr-., of qnartz and :-;icl'.lrit '.l , cnl­

orecl \\·Jth miunte parti<·k-s of iron nxirle. Th" <1uartz-t·alcite or <1uartz-Riclerit 
ag-gTe~n tes ow<• their origin to e:s __.ntial1:· the ~am pro<.'eK~es cnlcifi('ntion, or 
.-i,foritization r ·.:p .1<'fiYely, follow .. ah:· sili ·iti('ntinn uf the original hasalti<· 
1i1at •ri~1L Th ·:var· tlierofon, hrit,fly des('rihe<l to~· 1 th "r 11 1 re. Their chanw­
t ,r,· and origin will lw fonrnl <liscnssp,l in cl -'tail on page 130 et se<1- i ' nrne 
of tlt • 1wenliar ('}Jarad r: of thi: nrntri.· Hl'' • illn~tmt--tl in ti 0 • . B Pl._._.,. .._TYII. 

The l ·a. t <:1nn111011 Yari -'tY of rniltri .· fmmcl b •t\Y • ·n the )llipKoids is of a 
liO'ltt r,-rueni .·h-oT::i Y or lml\n1ish color, :mcl 1)ns;,,; •:--:-. -':-, a notirenhl Y hre<" ·int •(1n r ~ . . 

cliarnct(,r (fiµ:. li, PL ... .,. 1,.. .: I\~, all<l Pl. XI), hut ,,·ith nt th• ~ame tim _, a et~rtain 

dt~gTe • r!f :--chisto1-,Jty. Its d1nn-ct'c:!rs Hn' h •st:--, --n uwlPr th _. mil'rO:--<·np .. hy 
11u>1lPrat • l)Jag11ifi<'atio11. It: bree(·.iat -'11 c·hnrn ·ter i:-- th ...n \Y }ll slwwn. 

rl he frai.rn1e11t: of su ·h a matrix ar • of all :--izt•:-, and ar-, an~.rular. ] hev-
~ . 

:--how quite; <·om111<m}y n :--eparntion into ZOI\ •~. T'he fraµ:m ·ntK now l'(Hh,i~t of 
<'hloritc~ mH1 <;pidof <' mHl in thl• fragnwnt: \\'1tl1 zonal arnm 0 ·enH:nt ehlnrite in 
<•Xt(:, ,cli11g-1y fiw· flak:· }1g-gT --ga1<'H oc~c·upic: th, l' ·nt ·r and epidot _. th• nm-

. i1lc•. .,_ .,.ow anrl tlien tl1 ·re ma:· lw :--.vn•ra1 alt •rnatin~· znn ·~ of chlorit ~ all<l 

Ppiclot!;. 111 all C"a~ •:-_. lH>tl1 <~pi<lo1u nrnl <'h1orit' ;1r • pr•. ent in the %011 s, hut 
th<· 011 ; 111<:-11tio11 ,,l i.- in gr •at <1ua11tity, whil • th' ntla)r is Y •ry :--nhonlinat ,_ 

The ·pi,lot, i: v<:ry ccHrn11only tlw clnrk frrruginnn:-. kirnl m •ntio11 •d c1n 

}Ht'''(; 1 Ol, awl wark: off t11e nut •r limit:-- of th, fntgm 'llh. ... ~ ow mHl 
1!1<; 11 th<~ limit. ,tr· ontliued l)y a zorn• of 11rnw111 h ft11Tuµ:i11ou:-. mnt :1rial, 
whose <~.-act <'l1arnct ,; I' coulcl lH>t be cletcrmin ·<l. Thl: fr,lg-ment~ )f th. 
IJr • • ·ia :-.11ow 110w 1witlH;r origi1rnl min •r~tl: nor t ·xnu•p . rl o jrnlµ:, from 

• 

https://gTP<--ni.11
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the uniform character of the znne-.. in th fragm nts, the original material 
wa~ Yery homogeneon:, mo:--t prnbi:lh1y n hn..;nlt glass. 

The ·paces h :.tween the frarrm ut-., nr 1 nc ·npiecl hy a finely ery:,;;tnllin 
aggreffate nf, <1unrtz arnl ·hlnrite, ,Yith a ..;mnll amount of epitlote. Thi~ ao·gr :,_ 
gate outlini1w th .. original fmg·ments o,n..s it~ origin most prnhnhly to th .. 
prnct>-..s nf infiltration. Th., long ax,.., nf the c11rnrtz grains and chlnrite flakt·s 

in this aggre~rate usually :.;;hmY ,1 geuera1 pnrn ll I arrangement. Mnrem·er tli 
long tlire<.:tions uf th~ fragments cm.. in gen :.rn1 parallel with each other, arnl 
with th· quartz-ehlorit • ag-gTegat h )twe --nth •111. T1hi1-1 parnll li8m results in 
gh·iu:..r c111 imperfert sehistnsity to th) matrix. The ;-;thisto.·ity of th matrix 

i in ~·enernl parnllPl tn the enntnur... of th• ,J1ipsoi<l8 which it :·mrrournl:--. 
Or-igin of the ellipsoidal structure.-E1lipsnidn1 structures :-.i1nnar tn thos ; .l n~·t 

enn:--iclere1l haYe h n ,lesrrihecl lff YHrinn-- authnr:4.1 

1 On colnrnnar, ti:---.ilP, a11tl .·pberoi1l:ll ,triwtur •. h.v T. (~. Bm1ut•?: Qnart. Jonr. Ueol. o ·., Yol. 
XXXII, 1 7tj, pp. l l0-1:;-1. 

l'elier meehanischc (;1·steius1uuwandlnn1., u hei Ilaiuit:hen in ",1<·1ls(Jn, 1,y A. Rothpletz: Z1•it,chr. 
dent. 1.:eol. C:e--ell., Vol. XXXI. 1_:79, pp. 374-3(li; Yol. .·.·xu. 1. 0. p. ll7. 

Heport 1111 the geolo!!y of northern Xew Urnn,wick, hy R. \\'. Ell : Ann. Rept. Geol. nllll .·at. 
!li,t. ,:ur.ey of antH1a, 1 78 ·o. D. p. :?-L 

E. Dathe: .farh. K. prens . geol. L:uule,an-,talt, 1 ,-.3, p. 13:?. 
K. Dalmer: Cf. Zirkel Pct., ,·01. II, p. ti50. 
Heport on the g-eolo!.:"y of th• LakP. of tlu• Woo(l re~ion. by..\. (;. Law on: Oc>ol. arnl Xat. Hi,t. 

, nn-ey of 'nna,la, 1 5, CU, pp. 51-:;:~. 
The !!reeu-;tone-:-i('bi ·t area of the }I uorni1we an1l :Mar1p1 'rt rettious, by (L H. Willin111,-: Hull. 

l;. . C,eol. Sn:·vey, Xo. 6:?1 lcfH), pp. 137, 16ti-16 , 17:\ ant! 203. 
Ou the variolitic rocks of Moot Genevre, hy ;. A ..J. 'olParnl.J. \Y. Hreg-or~·: c~nart. ,lonr. (;eol. 

:--oc., Yol. XLYI. 1 !JO, pp. :!!J:>-332. 
On a ,·ariolitic <linba e of th Ficht l!!ebir!!e, hy .r. \\·. fyre~ory: (~uart. .Jonr. Oeol. :-.oc., Yul. 

XLYII. l 91, pp. 15-62. 
The Kawishiwin ag!!lomernt at E_ly, )liune,ota, by X. H. Winchell: Am. (;eol., Yol. IX. 1 !l:?, 

pp. :,59-:J . 
The ernptiv11 roek • of Point Bonita, ali ornia, hy F. L. l<nn,ome: Bnll. Dept. of Geo!. l'uh·. 

ot' Cal., Yol. I, 1.3tt:~, pp. 71-114. 
Editorial note on the ahon~ pap r, hy X. IL \Yinehell: Am. '1t>ol.,.Yol. xn·, 1~9-l, lL :t21. 
The rteolo(J'y of .\.U,!!el I land, by F. L. Ran ome: Bull. Dept. neol. eniv. of 'a.l., . ~o. 7, 1, !ll, 

p. 202. 
Yariolite of the Lleyn nnd a~ ocia.te<l volcani•· ro k , hy '. Rai in: Quart . .J our. Geol. :--oc., \'ol. 

XLIX, Lfl3. pp. U5-1B5. 
Ou a r::uliolariau chert from ~Inllion I lnnd. by H. Fox aml .J ..J. H. Teall: Quart..lour. Ccol. 

~0{'., Yol. XLIX, 1· H3, p. 211. 
On green tone as o iatecl with ra<liol. rian chert, liy ,T. .T. II. Teall: Tran~. Roy. Gt•ol. .'01·. of 

Cornwa11, 1~94: Cf. Ho enbu ch, ~likro-;kopis b Pby,itPTa.phi, ~(l etl., p. lOGL 
The volcanic rocks of the :\licbigamm t1i-.trict, hy J . .M. lem uts: .lonr. ft ol., Yol. III, 1, !15, 

p. 

The g-eolo~y of Poim sal, liy H. "~- Fairbank,: Hull. Uept. ,eol. niv. of 'al., Yol. IT, 1 .flt,, 
p. 40. 

Geolo~y of the Fox I. lan1L , ~lnine, by 1;. 1). :--111ith, l ~, ti, pp. 16-1 '. 
The .\n ·ient Yolcanoes of (;rt>at Britain, liy :--ir Ar hibald Geiki ', London :mil Xew York 1~!1;, 

pp. :?6. l,.A. and 193. 
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Varion:-; att 1 mpt.' lrnT b ,en macle to xplain this pe uliar sh·u tur . 
Bonn y, Dathe awl nai ·in r ganl eontra ·tinn as th :l force whi ·h p1wluce<l 
the ronnrl ,cl ma:-.:-; •s. 

Dnthe Hll(l Dalin •r ~h(nv hy the pre:-. ne., of th· concentri ally arranged 
arnyg<lulc;:-; that. th, ellip:•mi,l: wcr, nnih ancl w ,r, form d before solidi­
ti ccttiou of the ro ·k. Thi: HIT,mo·ern ,nt nf th· amntdnlei--, as \Y ,11 as th,

h • ,~ 

arrang- ·rn 11t illu:-.trate,l in fig-. ,' 011 paµ:, 1la, pr-'elwl<>s at nn ·•th, idea that 
th ... struC'tur, <>\\" ·:-- it. origin to the w ,11-Imown weath =-ri1w proees:; whid1 
hy ex.foliation pr()(hl<"(•:-- spl1<•roi<lnl 1,loc-ks. 

H ,thplet:;r, and \\'"illia1u:-; look npon the ·1lip~oicls as cln to meclicrnical 
forc<.;s wl1ich o-rc,nwl down th· mwk•s nwl • •do·l· nf a fractur ,,1 laYa Jown ~ r"" , 

th• id ' H of both author;.; apparently l, •ing· that tl1 fra ·tnres w 'l'' lnnµ: .·ub-
·qm.:nt to th<; mo,·c;111<mt of th· fl<>w. 

Ell:-- HJl(l Lawson lll<'lltion tli • :-;trndnr • a::- l'ouer ,tinnary. 
\\~inc·lidl consi,l ·r: th• ea:es <1 ':-i<'rihc,l liy him a:-; 

nccunmlnti< m:--. 
J 11h; awl Gr gory :c.,;, in th) 111r1.-i-- •~ •Yid •nc • of lcffa, rollin? on:-r 

nmouo· tlwm~ ·h- ·:-:-. In the lat •r papc;r, pnhli:-'11 •d alon l _he 0 ·ory <l ·finitely 
. tat,_, tliat the lnYH fir.:t c;o11tracte1l into :Sph •rnicls, which th ln roll •d OY :1 r 

011 • an11tl1 ·r. 
Ha11:om, xpl~iu •cl tlt l I'oi11t Bernita oecurr lnc' n:-; a ha:--alt whil'h 

flow •<l • a: a y( ·on.· paho<;l10 • 01w :hwgi h nntw ,llin~r of lam. heiwr pil •d 
upon anotlwr to form tli • whol mass of th I flow." 1 In th' (1 .. :-;niption of 
th• lm::-n lt • h • writ<;.': : ...\. <· •rtnin :11nmmt of crush ·<l and ~hcared mat rial 
fill. th<; inkr~tic •: lwtw • •11 th<' ~phcrnicb ,m<l s • •ms tn h' mad l up of com­
rninut .. d fra<,·rn •nt.· of tlw snm • ro<'k. It i:-:: ho,Y 1 n'r, too ·rumbli11°· arnl 
too foll of . <:condarv- lH'oclnd: for a :atisfact<H'Y d ·t 1 nninatio11. ' 2 In th 

( ~ 

.· •·owl oecuri· me•, in < four<"hit • (aug·itit ~ !), th l r 1 lntio11: of th 1 rnek:-; nr 
, u ·h a: to prov~ "c·011el11,·i vely that such .trnctur an not h rig-iclly 
n;~tricted to :--mfnco fiow:, although it is . till h ·li •v --'<l thnt laYa · lxhibitino· 
it urn:-,t ltan; h, ,n •ntpt •<l mHll·r n•ry nearly . nrfael, '<mdition~." 3 

Tc:nll ~wree. with Hau:om • in ·01nparing· the ,Jlip~nidally pnrt ,<1 
m:i.-~. •: of lrn . alt to paho 1 ho, laYH. T •all ·onl'lnclc:~ tlwt ::-u ·h e11ip:--oidally 
part ,d lm:nlt. ar • suhmari11 • flO\vs. 

In ,l rc; c•c.,;Ht paper ; 1 111it h lta: cle~<'rih ·<1 from ·ertnin Ynl ani 's 1 ndi, • 

I Op. cit .. p. 11'.!. ~ c>p. cit., p 7X. 



Fig. 10.-Reprodnctiou of illnstrut1ou of an ltn-a, aft r 
Dana !Charact •ri tic~ or Yokimo, 1. 
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whi ·h iu eru • • ~ttiou giYe lliptical fi 0 ·ure.-. hut vd10:--e indet ,nninate dmn1-
ward exten.j n show:-; them to h • column ·. The rounding of th column. 
which were presumably urio·iually prismatic, h" a ' tribe:-; to dynamic action· 
He al 'O ·uo·o-e ·t:; that ellip:oiclal ma~--e~ eonld r .}:-;ult fr m a similar lynamie; 
mo lification nf a nu:,.' < f laYa part ..a int) shorter prism· or eY 11 

ellip oicL 
In the de. cri1 tion of the ruptinn ut :'antorin, Fouque1 menti n:-; a 

Yi corn; Ln-a exuded in th forq1 of a ma~:-; of blocks. The ~ blo k,, tum­
bling o,-er one another ab the ma:-;. · is pu:-;h tl fro1 1 behind, ha-ve acc·umu1atecl 
in a rough pil , Pl. XII. Fonqu: ·limhetl the:,.;(: pile.~ fl l c-k lam ~hortly 
after their production, and untie d the br akinµ- off of pi • •i:,; from th.} :,icle: 

due tn the oolino· and C< ntrn ·tion of 
th , irnfo-idual l locl s.2 

In µ: u ral thi. • ·hara ·t r aoTe '=-­

\Ye11 ,,-ith that of the an lam of Hawaii 
a~ de:-;cril _,d bY th ... lat<: Prof. .J. IJ. 
DiUlH.3 II d '~ ril 8 the formation >f' 
th, hln •k.' a8 due to th ·, t:(low for-
,,-.w l nHn- m nt ancl co11temporan ,ou. 

breaking up of th., Yi~cc u • laYa. Th urfa ·e ontra h, with th., rupy 
urface of th rnor liquid pal10 ..JH e. 1 h =- na rn a.· a ru] ·om1n c-t a. 

compared with th paht ho tho1wh th ext ·ri r ·i~ n ughly eaY ·nwtv--, 

honibh~ j, o·o·ed with 1 roj tiow oft n a font nr m r long; that nr, bri:-;t}ed 
all OYer \\ith 1 niut~ and mwl • . ' Fr m th· illu~trati 118 of thi.- laYa (s ... 
fig-. 10; tak n from Dana) the bl( ·b ma:- 1 , :-.een t > l while irrciµ:ular still 
iu o·eneral di. tin tly round d. Thi. i-.. th, ~hap ~, hieh Yi:--colv mat ri, l 
"~oulcl natun lh- t •n<l to tak wh •n ~u1 i .. ·t -'il to th• rnllino· n ·tiou att •mL nt 

or in •-..rtain ca"' th ntfr, thi ·kn""'=--· rhis is 'lenrh- ~hown from tl 

. . 
upon the nwanl motion of th :-.tr am < f whi ·h th y f rm an out r portion, 

"s 

follmdng- 1u tati n fron ana\ 1 ... l'ription of th' constitution and cuw1i-

antorin H de: 1:.ruptiou , hy F. Fou,pH-:: Puri-.. 1 it ( hap. II. 'ompnr P pecially l'h. VIII 
aml XIII. 

~op. cit., p. 5-1. 
3 Characteri.· tu•' of Yolcauo ~. hy .J .1 . D, na: _• w York, 1 '90, pp. 9, !?11, and Am. Jour. , ci., :t,1 

er.. Vol. XXXIY, 1,, 7 p. 36'.!. 
"An aa or arate hwa str,·am coo ·i,ts of tlt>tnch •il rna ' of lava, as far a-. i • vi iule from th 

ont ide. The mus,e nr' of ·very irregular shap .., an1l oufu e 11~- pilccl up t0 m·nrly n comlllon ltn"el, 
altlion,;h oft n l'l1,·eriiw nit-a-. llHlllY n11le Jon!.!: awl llulf: mil• ton mile or moro wide. The iz, of 
tbe rn ·es in the coar er kiu1l nll'i ,,. from a re,v llll'll ,.., aero~. to several yarcL ." 
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,,OUNT GIORGIO$, VIEWED FROM ITS WEST FLANK, IN APRIL, 1866, ILLUSTRATING THE CHARACTERISTIC BLOCK LAVAS. 

Reproduction of Pl. V ,JI from ·• Santonn et ses Eru;mons," by .:-. Fouqu-, 
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tirrn of tli, aa stream wlwn in motion: 1 "(1) ....\.. lllcl.'s of rough block..•outside, 
. precj~el:· lik<> the eonle<l aa i-;tream; (2) th_.. motion 0xtremel:· slnw, jn,li­

(·ating a :emitluid <·owljtio11 hen ,ath; . .. (5) th · hlncks of th, upper part 
of th .. front, a:-; th :--tream c·reep:-1 on, tumhlino' tlmvn th ~ high .·lnpt:, owing 
to l'-'tarclation at hottom from friction and thn;-; •a rolling action iu the front 
part' 

Dana <l 1,<-rilw: th., :.rraclation of pnltn ,}w • into aa la-rn. He writes, "a 
l,n-a ;-;tr •am lWt:· chawre from th .. ~month-flowing or pahn hoe ondition to 
the aa ancl hack again to thP smooth-flowing."~ 

Platania 3 cl "'strih ... • from Aci-Trezza awl ... ci- 'iastello ha:--alt~ with 
globular :tructur •. The int<:r:-;pnc •s h ,tw .. "'11 the glo1 :-; are fill ,<1 with silt, 
or . ilt awl tuff, mHl tlw •xt "l'inr of some of th:.:-; ... globes pre... ents a tl1in Yit­
r ,on:-,; <·ra ·ke,l ·rust ( tf. p. 117). Tl1<·se ~dobular lm~alt •ar appnr ntly- but 
a Jll()(lifirntio11 of tlte hlock or aa ]ants de:-.c.:rib ,tl hy l◄ nnque and Dana in 

"'l1iel1 th • separat' portion.· of tlH· lnYa haY:) a. :--nmed ,l :ufficient1)- rounded 
<iharnct<·ff to lw called globe:. 1-ImveYer, Platania\, further des ·ription: ;.,how 
thi~ t ·nn to lw dearly inapplicahle nnl 0 th., word ' glob .i' i: us .. <l ·with:-.:--

eowiclerablc~lati twlv. 
The ► 'autoriu 1,lo<'l· bn-a, tl1P n~rn-,liian an laYa, and th ...\ti-Castello 

g-lol ular la,·n nr, all proclnc·t: of a :-;lm,·l>·-fl<l\\-ing- cmnparatiYely Yi:cou. 

ma :--. rI h >' will in tlw further <le•:,; ·riptjnn h:. inchul c1 under th :l g "'11 "'ml 
t ·rm • cW lanu·, a: this is th<.:1 most common form of o ·cmTenee of sueh 
Yi:c:ons lava:. 

1 h _. •llip:oiclal hn;-;alt: of th<> Cr>·Mnl I· alls clistrict npp ar to h com­
para11, to tl1 .. Hawaiian aa h Ya awl h1o ·k hn·n:-. of th kind <kq·rih 1 d b • 
F'omp1 ~. rl lie 1a,·a.· lw,· , snh:-; •cp1<·ntl.Y h 1 •n expn:-- cl to gr "Ht pr ...•:-;ur and 
ar, c·011;--i<l .. ral 1y alt •r •<1. Tl1 mo:-;t oln-ions chaml't ·r of the:-;e ma:-::-.,,:, th :.1ir 

romHlc:cl outlill ~, is lrnliPv •cl to lw dnP to eon. icl ,rable ext nt to the mwanl 

111C.1ti m of tl1, . tr "'Hlll a,-; cfo:.;crih ,tl l>\· I >nua. 
ContraC'tion c·clU: •cl by c·ooling·, acC'on1pa11i ,d hy fallintr off of fragm uts 

fro111 tli • ontsiclc~ a ohsC>nl'<l hy Fm1~p1t~ 4 in th .. i 'antorin hloek laYa, wouM 

al:--o hmcl to rom11l hlm:l·~ \\·hid1 w •r' origina1ly clllf!'Ulnr. (Pl. .XI.) In 

1Charar:t, •rL tic... 11f \'olcano .s, 1,y .J. )J. I>anu, i w Yml-, l'-HO. p. :?4:?: :liltl Am. ,lour. Sci., :1<1 ser., 
Vol.XX \'I , p. 100. 

l: i\111 ..Jo11r. ."ci., ail ser., \'ol. .'XXlV, }'· ::r;:}. 
3 (; olo!..pr:al uot • of Ac·il'l!Ul•, l1y <,act:mo Plntnnia: Th• sonth•ru Italian \ ' nlcauoe ·. H . .J. 

Jol111stou-L:n+•. l'tli 101·. :-;apll'!->, I '!11, <; hap. II.. 1'· 41. 
◄ ()p , I'll . , }I , jl, 
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ome ca~e.· the ·eparat portion~ of the hrni may have heen originallv 
nearly globular, .·imilar to the one deRcrihecl by Platania. The ellip­
"oiclal ba. alts, how Y r are :--o common in th C1-y 'tal Falls di. trict and 
uch globular ba. alt., are ~n rare that thi p uliar forn\ is not con icler cl 

worthr of mu ·h con.icleration in the further <li ussion, the fir ·t two kirnls 
beino· chiefly the form~ from whi h the~e wer deriwd.

C ~ 

The lava hlo ·ks rolli1io- over one annth r a-.; th lavn , tream ach-ancerl, 
would lie with their axe~ in all po~itinn. , but pr '"'~smc and th omYanl 
movement of the flow would in th J lmY r pnrti< n of the ::-tream at l ... a~t 
he s1ue to produce from th hlnck:-, ellip:--oidal hndie:-i with th ir hYo lnwr .. ,.t 
axe:-; cnrre··pondino·-th ' one to th • , lir ·tiou· of flm,t and the other to the 
lateral ext~n fon of th -.;tr am. After th str :.am eaR d to flo\v nrnl th 
la ,-a ~< li<lifie<l, th re wnulcl he a o-railatinn from th:\ ellipsoidal into the 111 in­

ellip~oidnl portion of th tlow . 
...ill aa ·tr am, -.,u ·h n. le--<'rih ··<1 antl --hmn1 in fig. 10, ,Yhen ~uhj t ,.I 

to great 1 re..,.._ur, :-;ul s 'lt1uent tu bm·ial h ·n lath thick ,leposit~ ,Yould b 
compa ted h.'- th:. breaking up of th • jn~·g· ..a nut r pnrtion., which fallincr 
down, would fill the "l ace~ h ·t,Y ~ •n th, hlo ·h. This broken material 
filfow the :--pa ·e • would h mo:--t expo:-- d to 11H>Y 1ment an<l t 1 the action of 

Percolatino- waters. It \Ynultl con~~ 1n .. nth- h \ Y ry n ueh altered a. ju th
I:, ~ ., 

material deseril ,fl ab,we (p. 119) hy R.m:--mu '. uch nlteration • won1d 
re ult in J)roclu inn· a matrix of xaeth- the . nme cren ral com1)0Hitio11 a:-:; th 

~ ~ 

altered llip. oi,1~. It is th., cnmm, n en~., nf m ,tamorphit action prrnlne11w 
from r ck mas:e.· of s~ ntinlly th., --am h mi nl comp 1 ition, but of 
clifferent character, :-.imilar ..wl prndnet~. 1 hi: hr rejat d c harnct r nf part:-; 
nf thi matrix i' well :hm-n1 in part~ of Pl. XI. and fig: B Pl. XX ... ~IY. In 
thi • ca. e --ili a ha· h n introduc d fillin~· th· spa<: • m d marking out tlL 
outline-.; of the fnvrm nt:-.. ,, h ..re nw:--hing has h .. n •x ·e 'sin~ th outlin .~ 
of the fraow nt:-; nr:. oblitemtetl and th:. me trix r •nJ r <1 ;,;chisto ·e. r

C 
Tb 

may ,-en l e a o·radation from th :--chi:to:-- matrix intn th alterecl hn ·alt of 
the ellip. oid which a th ut ..r 11'-i ma---:-.i" . 

Let m r call the ::;tat ment ma<l on pr 'Yinns page: on erninµ; th 
di 'tributiun of th amyg-dnloidal caviti s iu th 11ip,oid2. Thi:-; i.· n of 
the characteri.sti' f atme of the la,-a.'. ""'" .. haY (1) , myo·tfoloiclal ca·dti : 
di:Stril ut d ahout Y nly throughout th elli1 --ni(l~, th cnviti K b ing Rom -

"-hat rnaller in th, • nt --r tlu n up n th · p riph 1ry: (2) the aviti :-; ar 
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com: ntrntt1cl npon th y riplwry with f '" or only micrn~copical nY1t1es in 
th· • "llter; (3) th y ar conccntratecl nn one --ide of the ellipsoid, thi::, .~iclo 
repre.·entin°· apparcntl-v that si<l(.. of the ··llip~nid turned toward the upp r 
~mfn ·e of the hwa ~tream. The fo1low-ing xp1anatinn i~ offered for this 
,liffer nc, in occmT -'llCP. 'rhe ,li~trilmtinn nf en,~ities i~ determinecl Ly 
t]m~e fiH:tor:: Thl... Yis(·nl"iity of t11e lr1rn: thl' ,lifference in ~p cirie graYity 
l><;tw ~11 th .. lmhhl<>~ filling th(• ('aYiti .,~ arnl tlw hffn • awl th:.\ -expansiYe 
action <1f the g·a:-;. Ia tl w rn:-:e of (1) the )llipimi<l:-: are cnn:-;icler '1 tn haYe 

con:-.iste,l of laq1 in n Yis<•mt:-; eowlition thrmwh which the ~·.1:-- l)Or .. ~ formed 
~ l ) 

hnt in which, nwiug to tlw J1ig·h d -'µ:re, of Yi~ensity, the~ renrnine<l nearly 
or <1nitP iu the po:ition.· iu which the~· w •re formul. Here Yi:-;cu. ity was 
the clc;tennining- foc~tnr. In ,·ns' U) tltc µ;,1;-; por •:-- i11flne11e<.,1l chiefl~- hy the 
expnnsinn of th gw.;, coll 1 cte<l upon th· }H:riphery-jn:-.t a:,;, for in:-;tance, in 
tl1e tee;] i11µ;()t while, the C'{'llt ·r is compact th onter nrfoce i: pnrnus. 
Th• ]aY,l ill this tasi! was prolrnhly l 1:--;-; Yiscnu:-- tlrnn in tht, former. In the 
la.-t d ·s<'ril><;<l co1Hliti011 of <listrilmtinn (3) , ,Yh re the g_'cls caYitic. · are on 
011 si<l ·, whidi i"' tl1<1 upper. nrfac 1

, th 1 lcl\·a \\ H=-- still k·s~ Yi:-.cous t1rnn in 
th1.: pre< '. ,ding· c·asc~s. II('re :--p(' 1ific grin-it~ wa • th rnntrolliug· fac·tor, n11<l, 
a: a rnsnlt of tho spt~citfr µ.-rn,·ity ,rn<l th( },~"' Yi:--c<nts nature of th :i hn-a, 
tlu· g,i:-. lmhhl •: ni;-; • ,11Hl eoll<·ckcl upon the upper :--urfoc •. 

Tlw explanation of t11e •11ipl"ioi<lal hasnlts "l1ich hn:-- he 111 <•ff n·,1-,·iz, 
that. the~· are c_;o11tparahl 1 with n,1 <H' h1ol'k laYil--- 't1 m:..; to offer n r -'ndy 
Jxplanation for all of th, ohso·,· •cl charnet<•r~. Un th· whnle th ('llip­

:--nirl. owe; tlH;ir origin ancl c·ertain p 1cu1iariti •::, tn th) Yil::it'ous natur of th 
lcl\· }1. Th •y posst·ss aLo drnnl('t rs ,Yhi ·h <ll'C clu • to ('ontrnction others 
wl1icl1 are ,ln • to original flm,·a!1', aiul :.;till oth 11-. · which are th re:..;ult of 
·ubH'<1nent orog·c·nic moY ·nHmts. 

In <·ertain pla<' •: w, mn y fiwl th, c1lipsni<l~ only half fnrmed-thnt iR, 

attad1 1 cl h~r 011,. . i,10 to tho main nnl1rnken par nf th laYa flow th oth r 
._id, . ·11mYing- ,1 ronwl •cl ontlin . rl hi:; prnha h1y n•pre~<: nt~ a plac, \Yh 1 r 
th ; na gTrnlc·: into a paho •ho, or smnnth-tlowiug· form. Sueh nn instan • 
i: po:--. ilJh· that illu~tn1te1l hy HmvomP.1 

Both Hm1 ·0111 • nrn1 rl <>a1l <·omp,we th• 1llip:-.ni<lnl hnsalt~ :--tndic<l h)~ 
th "ll1 wit11 pahodt<H' l}1 rn. Th• 1Htt )r a1.n ~ug·g·t· . t--- a ~uhniarin" t rig·in for 
th, ha alt · .-tmH •cl h>· ltin1. It slwnlcl h not ,,l that pnhophoe 1n,~a in it:-; 

r Point Ho11itn. op. cit. , fi~. '2. p. ii. 
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typical oceurrence in Ham1ii: i:-- fomHl <>lllr iu dr:· places, wher a.~ the aa i:-­
confiued to tho.-e part~ of the laYa :--trealll-\\·bich ju oth ~r portion;-; of it~ 

cour.:,;e i.- perhaps deYelopetl as pnlw hn ·-·where it rro~Re:-; moiRt Yalley;-; or 

other d pre ·:ion, pre:;mnecl to haYe t·nntclinetl a eo11::1iclerable amount of 
moi~ture. 1 

In the ca'e of som of the b1ock la Ya of ··antnrin del4eribecl by} <rnc1uJ.~ 
with which thi: may b _. compare(l. th~ conditinn~ were such that th , laYa 
practically "·ellecl up throuo·h the 1Ynt Ar. 

From Dana's de8cription it app ar.: that lnn1 iu the pahoehoe form um 

not exi:--t in the pre ·en<:e of moi~tur , b ing hnnrred to the aa form. It 
would tlm: .-eem that 1 eall':-- ~tat ment of a ;:.uhmarine ong-m for th_. 
pahoeh•>e hn-a i.- unt nable. . 

\YlH~re,· r the ellip,· id' hnse b ~en studied in the Cr:n,tal Fall· di:tri ·t 
they h~n-e been found tn ..xist a:-; separnt J muh, tlm.~ im1fr8tino' the extrem ly 
vi ·cous character of th .. lnsa. It woul<l s -'em that the analogy l> hYeen 

the e l asalt-., :m~l the aa ur hl< l'k laYa i:-- mnth greater thnn that whid1 
exi ·t::; b • tween them arnl th .. palm ·ll<>t' or snwuth-tlm\'in~r lan1 . 

.A:\IY1;I>,U.c11[>.\I. sn,l"C'ITRE. 

Th~ amygdnle:-; in the hnsnlt:-- nr .. l'nmpo:--ed nf nearly tlw same 111111-

eral • a: th 1:--e which rnTlll' :--ecnrnlarih· ju th ro ·k mns:, it· lf. .,\.rrano·l'cl. ~ 

in cnler uf freqneu • of ol· ·mT .,11e . th .. ~- nre a::; follow:-.: h1orite :.pi<lote-

zoisit•~. c1uartz. ·ah-it,, fe1<lspar: inm nxi,l ·: nwl hiotit '. ...\11 amygdnl, ma>· 

con:--i4 entireh- of on nf the aboY • min ..rnJ-.,, or, as i:-; mnst ·omm011h· the. . 
ca:-.e. of t'11·n r,r more of them. In thr 1ntter tn~, the mineral:-; an~ 11:-;u~dlY 

mTnn,~recl .in concentric layers. Th • 11<n1nct·U1Tem·, ()f zeoHtes j,, y •ry 
(_. '- .. 

notic: ahle. Their ah..; 'lle.. from th •.., • linrnnian Yokanit·: i:-; P~p -'tinl1r 

~trikin~r since th ·y ar ... :--n conmum in tlH'ir c1t r ,d mod -"1'11 ·quiya} •nt:, 

arnl al n O<·<·ur iu ha:-.alt.· a .... old a-., th(h .. of tht· K )we ->nmvau of Lak .. 

k up .rior3 and of tlw ~outh i\Inuntai11 , f l > -'lllL·ylYania. 1 

1 ' f. ' bara.ctt·ri tics of Yolcanl)e,-,. hy .J. n. naun: X w York. l1'i!.10. p. 213. 
~op. cit .. <'hap. II. 
•11'aragene,-.i an1l <lerh-a.tiou of copper null ib a,,oLi.itt,s vn Luk, ~u1wrior, by Rapha I l'nm. 

1wlly: Aru . .lot.r. "c·i., :M scr., Yol. II. I 71, p. l ; t I,o <;col. nrn~y! )lid1i•~nn, \ ul. I, part :2, I. ,a, i,p. 
Hl-1-ti; (; ol.of \Yi c011'in.Yol.lil,l-'- .p.31. 

Tlw copper-ueariug ruck, of Lake Ntperior_. b~· R. I>. Ir"in~: )Jon. l'. . Geol :--11r,·ey, Yol. v. 

1-~3, l'• I 9. • 
TLe Yolca11ic 101·k-, of. ontli :\lonntaiu 111 l' •11u-.yln1nin aiul :'.\lar~·lau<l, hy n. II. \Yilli:1111~: .\m 

Jour.:--ci..Jcl:,,•r., Yul.XLI\·. L.., ll:.?.p .•Hll. 

https://c011'in.Yol.lil,l-'-.p.31
https://l1'i!.10
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It i:-; also of int ·rc,.·t to 11ntic, that there i~ a total ah:-;ence of indicc1-
tion~ of rnp1wr in thes<1 Hurunian Yoknni('s, as w ·11 n::; in those of the Penokee­
}ogc;hic althnnµ:h it j;,; <1l-js<wiat<1d with .similnr r<ll'ks in the area · above 

r ,f rn•cl to a::; w 1 11 as in many oth r.·. 

The amyµ-clnl<;~; with th, c1xeeption of thns"' of rhlorite awl of biotitc 
are of rnnc·]1 liµ:hter <'olor than tlw h()(ly of th., rock and from a . hort tli:­
tane • gfr" the r<>C'k t11e app 1 ,u·mH·<· of ~t porph:TY· "\Venthering o·iye: th, 
roc-k ,a cliff rent ~l]>p(•aranc·e a<·<·ordinµ; to the nrnterials filling- the Ye. icle~. 
W'lwre th .. ,... weHth ~r reH<lil y the) Hr• r )m1we<l arnl the rn ·k:-- h .,come 

. c·<>rHweou:-;. ,r11Pn~, on the ot]wr hand, as. fr •c 1u ntly happeni-;, the Yesfrle: 
ar • f-ilJ,.,l with quartz, tlH1 rnntrix weath 'l':-- mor~ rnpidl:· nrnl the rnurnl ,fl 
qiuirtz c·on~.- :-.t~rncl ont on tl1e face of th· rock like the <1trnrtz pchhl "'.' from 
the :--ofter Jllatrix of }1 ('ong·l0111(1rate. 

In a few <·.aKPK 1H·nmtit<· i:-; di:•t"<-'minHtt.:<l thrnuµ:h th) qnnrtz of the 

:m1yµ:dn}c~:.; g·iving it tlw lffif.dit-n:d rnlor ut jn~per nrnl hy :--mue these 
cllll :·g-ib loida l tilling·:-; liaY ~ hl'('H takc·n for in ·lwle,l jasper pehh1eK. 

('an•fol :--tnrl:· wa:,; 1wl<lP of the filling- of th, Y':--l('1eK, ·ith tht> object nf 

d(•tc_,rn1i11i 11g tlw ore l<·r nf <l<'lH):--i tirn 1 nf t lie mi1wrnl:--. Hnwen'r it \\· ,ls fumul 
tlmt tli1; HlllY"·rlnl<~;-; iu n sinuk Klick c·ont,tia n·n· <liff •r lnt tillin~rs on,. . .~ ~ • 

<'hl11rit ·, anotl1n c·,dc ♦ it1• n third ('pidotc arnl ,(1 nn; and that en•n in the 
~~1111<• ~lidu tit<; n•t1tio11:-- arc ll()t c1h, ,l, s the :--nnw, ,1 rninernl which here 
rnTtq>i,-d tli • <·<~11tc·r oi' Hll am_Y;.tdnl<· hcin!.!,· fnnwl thPrv on th<.> peripher~~­
Jlon;m·,,r, ·th<· ~,1111c rni1H·rnl sp<·<·i<•s wa-.; fonn,l at tim, ' u(·<·np~·ing th, ont­

-.,idc· alld tlH; c· •Jltc·r nf tl1 ~ S,lllH' ,l.lllY!,!.·rlul • . 
• f 

It i~ dear tl1at t11c fillings nn: 1tot t]w n•:--nlt of n solution common tn 

a11 tlie lrl\·n.-- lmt tl1at tlH• :--,llll<' kincl: of s()l11tio1h w •n' activ in th, Yarinus 
la\·a~ ar rliffonmt ti111C·s m1<l u,<111 in t1H· .·.1111 • l.n·.1 at <litf:.r,nt tirn •s. 11,nY­

en.:r tltc.; eti11c·ht:-.io11;-; n 1 ,td1l'cl w •re tl1nt the d1lnrit' waK gen ·rnll.' th ii.r:--t 
pnHln<:t d,~po:it<·d awl tlw qnnrti usun1ly the la:-.t. Frnm th 1 stucly of the 
r •lated ;1111:·:.!.'claloicls 11p011 ] • PW<>l'lW\\ c111 Point, Pumpell~· 1 ln11°· nµ;o reneb ,d 
the c·o1H.;l11 iou tlrnt d1loritc \\ m, the cnrli :-.t prnrlu ·t of alt •rntion-helH', w 

rna y <·011c·1 w le tlw fir:-;t to lw <lc•positt•d in the amYµ:1 ln luicln1 <'aYitit-•s; and 
tl1nt tl1u lnt ;:,t miw.:rnl ,lc•posit ,I] in thl' ·,tYitit·:-., omitting· copp 'r from 

•·th•~ parai;cue-.i~ 111111 tl1•riv;1tio11 of !'oppt•r anti its a~:-111· iat , " on L:tk 111i>rio1·, 11y Haph:iel 

l'uuqwlly : Aiu..lour. :·1·i., !Id :-,1 : r . , Vol. IT, 1 .71. p. :.!!l. 
)fotn. 11111:it i1· 1l1:n•lop1111•11t of th, : 1·11pp1•J'- h(•:iri11~ nwk-. of l.nki• 'llpt·rior, h~ l~aphn •l Pumpt•Ily: 

l'ro •. Am. ,\(·ad . .\1 ·1. a11.J ...;('j , Yol. XI rr, llS7 ·, 1'· ao,. 



con ideration, was quartz the tendenc:- naturally hein°· to r pla e more 
alterable with le~ alt rabl min rak 

Flattening of amygdaloidal cavities.-In ::--mue of the amygdal< ids (fio·. B Pl. 

XX-\J the caYitieb retain their ·ircular ::--lia1 e, a · though th rotk had not 
flow cl to any oTeat extent ~fore colllluonly the aYities are drmn1 out 
into irrerrular (fig·. A, Pl. X ...~y) or lenti nlnr :shap :-;, the lcnw ax s agreeing 

" -ith the dire tiou of fl ,Yag in ca: :. th ir 1 formation r "ulte l from thi.- or 
with the direction of : hi tositY iu th> ·e <:a ·e: \\·here the r >cks ha Ye be --11 

e:xten. iYely ma"h d. In :·om ca ' :· th taYiti ~ haY b .,en s extr _.meh· 
flattened that the amyo·,lnle " ap1 ar almn:--t the . hap of a melon seed, 
howino· a mere :treak of ehlorite in the :--ection:-; cut perpendicular to the 
chi ·to.::iit:- and in th plane: of • ·hi~tn ·it:· lnrg·e lu.:tr rn:-; oYal areas. 

In some few of the ha:--alt.- the nTnumlnrns: inune<liately :-;mTouwliug· 
the amyo-dule8 i.- characteriz <1 by an ac ·tmrnlntion of f ·rrno·inou:, matt r. 

In mo~t cases h weY r thi: part f th gn un lm, :s tl c • n t differ in any 
r "'pe t from the rest of th ~Totm lmas:s of the ha ·alt:-- and point · tn a Yery 

gradual ·< >oling. 
ALTER ,\TIP~ OF THE B.l."AfT-... 

The de ription~ giYen nre of the fn..:--hest and mo~t ·haracteri:ti 
be , alt::-. alrea•h- xplain cl, th , mineral c:011 ·titn .,nt in -'Yen the;-;<, 

fre~he---t one: lut\·e underg•n a Y ry far-r•n hi1w alt:.ratiou. Th ... roc•k-.. 

whi ·h sh.- w a more adv_ance<l .· ta~· of alter" tion exhibit merely a liffer nee 
in degree rather thau in kirnl, an l th, min ..ral: which r -':-;nlt are in all ·as :-. 
the ·mue. The~ - ar uralit, a tin lit J pid 1t .. -zoisite hlorit ~, whit aucl 
br "-n mi ·a cal ·ite, . ph ne f1unrtz and felLl::--par. 

The amount of th s ~e • 11<.lan- min rals Yarie: 0 T atly ·h wiug that 

th alteration pro lu t: resulting- fr nu th same kiud >f original ro ·k may 
differ Y 1-Y materially a' '< n.li1w to th· pr >ce:: >f m tam rphi ·m. 

In a o-eneral way the alt ;>ration f the ha~alt • a.: obHerY d und r th 
mif'ro. c:op , ha: tak n the follmYing tour~ : EY .,n in th, ro ·ks 11 ar -':-it th ..ir 

orio·iual con litiou th:. atwit lu s lar 0 ·ely ·hang ,<l to umlit ;>. 'I he Yitr •ous 

base if , ny wm, pr ; nt ha.· be ·om leYitrifi :.d. Ho k. · in thiH :tau·e of 

change ~till :how th m r imp rtant xternal eharn ·t r:-1 of ig:n OU/ ru ·k~. 
in ·ludino- in many ass tho;-;:i " ·l1i ·h ar haraet ri ·tie lf ofa:--.-. ►:orn., of 

the ro k~ at thi: . tag~ aP light gray tn °T '11 arnl •x ', -'<lingly t ugh. 
L ny , f th , e l reak with a rin! . .6ng . nnml almost 1ik • phonolit ,~. ...\.t a 
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forth ~r .- taa-.. of eh ang , th , f., l<l:-i}Hlr • are partly altered to a <Yranular 
a<J'crr ,.(J'at _. of Yariou: minernL. In ordinary lio·ht th t xture: of io·ueou , 
ro ·k. • are . tHl prc:-;e1Ted, hut in pobriz <l light non are een, with the 
ex· ption of amy 0 ·dul ~.· whi ·h may he preseut. In , om ca ·e • even the --e 
are obliterat d aucl th .. orio·inal ni:ltur, of th ro k can only l e cl t rmin d 
from it mod .. of >C ·mT ·nc·, aud it: ai-- ·o ·iation. 

} mih ,r ·lwng- ,.· may procln<'<--' rn ·ks ·which con~ist practically of calcite, 
aucl may h n ,arly whit ... 

.._\gain from th ... ·e lrn. ·i • ro ·ks th '1' muy b., produced in xtrem ca ·e., 
b.,- a prn ·,.,, . of ,·ilicifi ·ation, a ro ·k vd1i h <·011:-,i ·ts pra ·ti ·ally of pure :ili ·a. 

Description of some phases of alteration.-A.· illustratin~r some cnses in ,Yhich the 
;am .. alt ,ration prnclu ·t. ·, hut in different proportions and arrmw~ment giYe 
r ·k:-,; difi'. ..ri1w Y .. ry •:s ntially, th ..r :\ an.1 gfren th., following; brief <1 ·crip­
tiou • of .·onw of th· ro ·k: . trnli ·cl. 

rl h., flow .·trnetur' wa: notecl n: lPing ex ·ee<.1ino·l:¥ w _.11 deY lop d in 
th .I mi<'.rolitic rock.-, m1<1 in ::,om , of tlH_•m th , pr )(luction of amphiLol., 
11 .. ·dh·~ all(l c·hlnrit • flak, ,. has tak _,n pla • .. parall ,l with th lo1w dir ction 
( f th, folclspar miC'rn}jtc_,,· (th• fiownge clir, ·tion) thus deYelopiug in com-
1 iuatinn with tl1 • mrnlt •r ,d microlit •s a ,Y 11-mnrl· •tl . chisto~ity. Th :i 
f •1(1:par: are .·till fairly w ,n pr 'Ht'l'Y ,cl. 

In auoth ·r ·a:-;p tl1, fe1cl:par miC'.roliteH hnYe h .,C'Olll complet ly "' ricit­
iiP<l th· jut ,r~pa<· "H lwhn•<•n tl1 '111 lJ ,in,u· Ol'Cnpi ,d by •pidote, chlorite, 
au l ir 11 nxi<1,. Th, 1m·~wn·atim1 of th, f •lch,pnr ~lwpe:--, slurn·iug in rdi­
rn1ry licd1t t11 • icru -'OU:-i t •xtnr., of th, roC'k gin:s th, only du_. tn it: riµ;inal 
rnttm· •. (Fig.- . ., I arnl JJ 11. X./\ III.) In :--0141 .. )f th _. hasalt • the f ·ldspar 
i.- r 1 pla<;<~d thi ,fi ~- h • t·pi<lot '-1/,oi:-;ite mHl. n~ in tli ' ahnn.1 ea~e, such rock.· 
,·lww th •ir ign •mt.· c·]wrn ·t<1 r rn ly wh •n <::rnmin •11 in onlinary light r by 
uu ·ro .. "'(l 11icol. ·. (l➔ ig. · . A awl II, Pl. .,'XlX.) 

In . till oth •r nwk. · c:-ilc·it .' i:-; y •ry nl mHlant. It:-- o 'lllT •n ·e in por­
ph~-riti<; rhomlm11 ·dra mu l .·cal •nc 11 •elm wa: m •ntion ·cl in th cl .,~cription of 
. onH~<lf tl1, rod.::. Th _.s porph~Titic ('akitc·:-. h:w • tlrns far be n founll only1 

in th• fin ,_,,.rain -'I l mi Tnliti • t:-q> ,_. of grornHhua:-:- ' th '<Hll'H ·r ophiti • r t k • 
ha ,·i1w i ouly i11 th .. wmal g-ranular ;wgr •µ:at~.:. )Iustm·it:.1 occnrrino· in 

lar<r, porphyritic plat .. M conform.' ia o(· ·tnT ~n • to th tnkit . ,Yheu 
nrn.-coYit i. · pr,,. •nt <'al ·it, i.- founcl ns.-<H·intul with it in :.1y ry a , 
thowrh th• ·alc·it, 1wn- o<·<·tu· alou ,, mul thi~ latt ,r i:-. nl:--o hy far th., m r 

https://YOLUA.l,.IU
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common. The ·e crystals gin:• a secnrnlary porphyritic character to the h ·rn=-­
ancl the micro ' copical appearance of the rocks Yaries . omewhat a • ·ordin<>' 
to the occurrence of the calcite. ~uch rocks for inRtance where the 

rhombohedra occur, look on fre:-.h ~urfoce h:- rnpicl examination like 
porphyrite:-; in whi h the feldl'\par :-.. <:tion~ ar ~ all quadratic. In the other.· 
the . alenohedral -:,ectinu:-; r .. ~emhl ~ in g n ral lath-shnpecl felch,par pheno­
crY:,;ts hin![ --cattered in all dire tinn. un the :-;urface of the rock. 

~ • LC 

Another case of extrern alteration i , -.,hcwm in a light greenish-gray, 
much-altered :-schi:--to;-;e rock from .-e •. 21, T. 46 :X., R 32 \V. Gp n tl1 
,veathered :--urface lnng gTnoYe~ ar nnti ·e'1-nne me,:u-mring 60 mm. lmw 

bY 5 mm. "icle-which on th fre-.,h -.,urfac nr filled with calcite. On 
face ~ perpendicular to th l01w ext 11.::,ion of :--nth 0 Tooye:-; they nppear n:; 

narro"- -.,lit~. with the lnug- dir lction nf the slit, that il4, the ,Yiclth of th, 

grooYe, agreeii~g with the ,..., ·histn:--ity. These nre dearly fiattene(1 amy 0 ·<la­
loiilal porb, and hut for th ·m the ign ·nu, natur ~ nf th" original rock (·on1<1 
not lun-e h en determined. Th xtr •nH~ tln.tt -'ning of these amyo·dalni<lal 
caYities }nHl the schi.-to~e nature of thi-., roek prndueel1 from an oriµ:iual 
Yolcanir pnint~ tmvar1l 1w1 ·hing ,b ( ne l)f the ccrn:--t•~, if not the main ·,m-.,., 

of it::- pre--ent chara •t.lr~. It is nnw e(rn1po=-- •1l nf fairl:- large nntomorphi • 
actinolite irnfrddual-.,, a Y •ry small amount 11t' hintit aml chlorite finkt•s allll 
ma. e-- of grain:-. of quartz, ·akit '. ·pidnt -'-wbite, nrngnetit ·, with ilm ·nite 
and hematite in thick platp,-., filling in th • "'}Hltes h •rween th:. a('ti1wlit<-- ..... 
If nny felcbpar wn originally pr·~ nt, it i:-.. n(nY t>ntir.,1:· cone nle,1 hy th., 
calcite and piclote-zoi:,it . 

The cal ·ite ph no r:·:..;t:-; are frnmcl in th, fnirlr fresh lnnts. Th--:- are 
beautifully automorphi •awl ill' ·ertaiuly not repla • •m ~nt p: mlnmorph nf 
some < ri 0 ·inal pheno -ry--t '. hut repln ·, th· Ynrinns mi111:ral:-; of tli fin •1 

-

Q1.·ained mas:-.. ~Ior 0Yer, it i:-; clear thc:~t th)y " • ,r:, fornw<l :--uh:-;<:c1u•nt tn 
all dynami • action, a: th ..fr Ty.~tal (rntlin .._ ar, p ,rfoct awl th "Y 11 "''" ,r 
·how any eYidenee of pr •:,;sur ~ . . Thi j.., -.,n •Y "'11 in tho:-..e eai--es wh •r • th ~ 

amy~clu}e:3 whi ·h httY h n mark 'tll:· •ln11~·atetl ar, filled with C'al('it 
'I'he pre Ce:-- of repla • m -'lit could 1H t h .. f< llm,· cl, hut it i:-; PYidentl:v ('011-

ue ·ted -with the d Y""'lnpm nt nf ehlorit, tho~, rnrks in whi<'h , gr •at a.. ,11 
of the ·al ·it nc m having ·hlnrit ! d ,,.; ,lop )d inst.,acl of a ·tinolit . 

In oth r ..,e ·tions iu whi<'h th• nnwuut ( f porph. ·riti<: cal ·it or ·al<·it • 
an<l nm--eoYit i • much 0 T at ..r than in th, n_)ck • jnst tl scrih ·<1, the arnmmt 
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of chlorit , iron oxhle, rutil , and quartz i;-; al o gr ater. The quartz i in 
·ery fine grain.·. The pre ence of the feld --par can only be determined 

with difficulty, and u. ually only on tho c1°· • of the section ·, a, the large 
amount of ·hlorit in the cent r con ·eals it. The texture" caul;ed by the.., 

feld ·,par an l the amy()'dule still indicate th rigiirnl character of uch 
extremely alter d :tage.-. Figs. A and B, Pl. ... T./ """'", illustrate ·uch a rock, 
·hawing the . • Cl ondary porphyritic mu"COYite and calcite, and al --o the 
oricrinal , m ~ "o·daloidal character. 

A ;;till further tag of alteration giYes a rock whose groundma is 
comp .-ed of the fine:t-<>Tain ~cl quartz and of oTain:-; and neecll :,;; of l rown 
rutilc (auata. ?). In thi;· lie rhombohedra of £.lrnwinotrn calcite plate, of 
mu· ·oYite an 1 irre1rular flake.- of chlorite. Th ro k i" llHlcn ·copically 
gray, hard, and quartzitic, has a £ rrugin Ut-1, l row11, w atherecl cru t, 
ff rvesce.- with cold IICI arnl y t ·hows it · Yolcanic hara t r b. the 

numerou.· beautiful amygclul s. Th • r;taud out on the urface like 
p ~bbl • in a cono-lnrp rate. In :om case::-; th " ·eatherino· brillD'S out the 
·011 • ,11tri • cham ·t r of th;;. fillinO' Y ry ni •ly. For example ·om may 

b .• eu in which th ·or i • qnartziti ', and i.· ,. tandiiw surrounded by a 
ri1w-lik, <l ·pr '. 'ion, .·howino· hy cliffer nee in th weathering the different 
ehnraetm· uf th, mineral filliucr. Und r the mi nr ·op th only ann...g­
dul ... ., whi ·h happ n ,<1 to h , ·ut by thf' ~ ctinn \Y Jre found to b fill d with 
fin ·-grnin ·d <1uartz with hlorit in nutomorphi • flake · .. t the cent r of the 
amycrclnlc , mul lying in the c1uartzitic ma .•. The rnacr ~copi al app ar­
an ·; of .-orn ~ uf th· am Tg<lul : .·how.' that ju:t th, reYen:.e audition al o 
exi:ts that j., that qunrtz forms th l •nt 1r.- and ·hlorite smTound ' it.• 

rl h, ..xtr 'lll' :tag of ~u ·h an alt ration j.._ ,1 rnck "·hi h sho,y~ no 
nniyc,·clul .. ., mH;ro. ·opi ·ally or micro: ·opicall Y but i: )therwi. lik:. the 
gronu<lma--.- of th ahov • la:t-cl :-i ·rih d rock. It would l e impo "'sibl to 
clet<mni11 • th~ oric,-inal <'hara ·t 1 r of 1-nwh a, ru + x ·pt by it~ n ·~o int.ion. 

rlh· --xtr:1me. of t·xtur obtained in th· altjratinn pro·e. se " are on 
the nu A hand a porphyry witli eruptiv, 0 Toundm, ~. and i--e omlary pheno­

1·ry. 1.~; 1Jn th, other a porphyritic gd1i:-1t in whi ·h all ..lement: nr · • ~ ·onclary. 
rr h ...- •.·tr .. lll • • ar .. conn .. ·t •rl by gradation vari ti . in 8l m of which the 
·al ·it 1 , ml mu: ·ovit .1 approach mme t·lo~el~· to th· :-;ize of th~ elem :1ut 

eo111p11. ing tlw gT1nmclma:,.~ awl which ·inv ·,qu ntl:· appn. n ·h th ordinary 
,. ·hi ts in .~trueture . 

. IO.' .• ·xvr-- -U 
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In these rock;-5 the por1 hyritic ·haracter , T nnqu tionably du to 
the proclu ·tion of ·econdary phenn ry ·t· of mica (mu 'COYite) and ·alcit , 
not by contact metamorphi~m but by d:nrnmie nction.1 

It ha: not b -"en fr urnl pn~jhl tn d t rmine definitely fr m a tucly of 
the pecimern,, in many ·a · : from ,Yitlely ' parated exposures, on w·hi h 
the ab(Jve obi::ervations wen-= mad , wh ther th proc ·s Y1thich ha~ taken 
place in the produ ti n of . u ·h ro lrn has he n a rnbination of calcifi ation 
and ilicificatiou. or a proc ' by whi h carb nat i·· bei1w· r plac ,l br 
silica or the rev n,e. Th r plc rn nt f carbonat by "ilica n, shown hy 
Irvino- and Yan Hi.: ,2 ha~ tak n pla • exten +rnly in the a f th ferru­
ginou~ carbonate~ of the P n k - '0°'ebic and )farquette iron rang : of 
Wi con._in and )Ii hio-an. Th autom rphic eharact r of th carb nat 
would seem to point to,nwd al ifi ation a .. th ·ontrolling pr ce • in the 
Cry ·tal Fall: ro k •. 

Thouo-l the pr nc of qua11z a. th last filling of th amyo· laloi l, 1 
caYitie~ p int · tt war l Aili ifi ation a h in th proc : • ,vhich w· ulcl 
eventually predominate it is mt :t l r ba1 1 that b th pro e e of ral ifi­
cation and 'ili ification ar a tiY ; I ut ,,hetb r th on or the ther i th., 
controllino- on l p ncl~ upou th d I th cf burial of th rock" whi h ar 
alterincr. 

Thi .. -tat m nt appear.' to b . upp rt l l y th fa tc. to be d "Cril d in 
the foll wino· 

0 
1mo·e.·. Th fr 11 "~in!! 

~ 
lb::; rn1tion whi h w r ma l u1 m 

section · taken fr m an ellip~oidally-parte l ha~alt currin°· on top f th 
hill · to th we. t of and Yerlc kino· )L n"n kl, illu::;trat th lumO' , whi ·h 
take place in the la,.., g fr m th ma~~IY l'<- k f th llip id ' into th 
chi t 5e material < f the mahi.x. The hano- ~ i.· n of in ·r a "ino' alt ra-

tion. Thi alt rati n i. larg ly n follow tl 1 r ili ifi a-

1 )1etamorpbi m of cla tic feld par in con°·lomer. te chi t, hy J.E. \Yolff: Bnll. )Ins. Comp. Zool.. 
Yol. XYI: 1 91: pp.173-L:~. Pl . I-~·r. f. al ·o \Y lff on ~re u )fountain , 1\1011. l"'". "-"• G ol. ._ utYey, Yol. 
XXIII. 

Principle · of North American pre-Cambrian ~ ology, b~· ' . P. Yau HL : ixteenth Ann. Rept. 
~. . Geol. uryey, Pt. I1 1 ! 6 p. 692. 

Pbas in the metaruorphi 01 of the chi t nf n1th rn B rk hir , hy W. II. IIobh : Bull. ol. 
oc. Am., Yol. IY 1 94-, pp. 169-lTi. 

• ri"in of the ferruirinous chi t nJHl iron orl:l., f the Lake nperior ro 0 'ion, by R. . !M·iurr: 
Am. Jour. •ci. , 3tl 'er., Yol. X. XII. 1 . pp. 255-2i2. 

The fron ore of the PPnokee-Gorrebic s ric of Michi,.,au aml "\Yi<;con in, hy . R. Yan lli e: 
Am. Jour. -~ci .. :3d....; r., Yol. X.X:XTII, lt,l _ , pp. 32-1 . 

Tbe Penokee iron-bearing rie · of )Ii bi an. od "\Yi con in, by R. D. Irvin~ nn<l C.R. Ynn Ube: 
TenthAnn.Rept.U. '. ,eol. ·un· y,1 ,pp.3-H-- i; )Ion .. Yol.. · rx,1 l2,1>p.2-.t-ri. 
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tion. It may h charact ri tic aL-'o of ba 'c lt with no ellip, oi lal parting, 
hut it has been po ibl .. to follcnv th "u s~iYe hmw nly in the llip­
soi lal ha 'alt·. Thi j,. due to the fact that ach ellip~oicl Bhow all tage 
fr m th comparntively fr :1, h mat rial of the center to th much altered 
met rial on the periphery, and to the m ·t alter cl ba altic material forming 
th '0- all d matrix HUrrom1<1ino' the llip~oiclal l odieR (p. 11.J:). 

,.. h fr . h :t part f the int J-ior of an ellipsoid from thi' occurrence i 
a v ry fin -gTain l mi -ro-am)Tcrclaloi Jal l a 'alt, in which in ordinar.,. light 
L. th- ·hap .,d feld:par mi ro1it . ·an b readily cli--tino'ui "'h d. pon clo e 
examination th £ Id pc r,· ar f uncl to 1 nm halt red and in many ca e 
th ir -r tal utline ar almost com pl tely fill l ut by 0·rain of calciteT' 

an I flake.· f . ericit and hlorite in a JlUtrtz-albite (?) ao'O'l' gate. The 
·paee.. 1 ..tw en th felcl. par lath ' ar n \\r O upi cl by larO'e TY tal f 
epicl t -zoi. it., grain f iron oxicl , a fi w flak : f chlorite and innumera­
abl .. ·mall round y llowi h-brown ancl gr ni ·h incl t rminable 1 di . The 
epiclot -z j, it ·ry:tal: al.'o in lu le lnr1re <1uantiti . f th brovm and areen 
,1o1 ular 1 c li .-, :b \Yino· that th y ,Yer pr ln • J pr viou' to th epidote­

zm. 1t . TlP ·uh:tan in whi ·h thi;· ao·gr a-at i" mb dd cl c uld not be 
d ..t ...rmi1Pd a · th_. au·O'r a-ate j., -'ith r s cl ir· that n thino· ul<l be di -
•"rn d r 1 • • uncl rlain by f 1L-par. In th last •a._ ... th , ub ·tance i :•-...,en 

to h ·l ar whit . "I h .. min .rals m nti u ... 1 with th ex pti n po... ibl ofT 

th_. iron oxirl hav vi l ...nt1y 1 e n produ I sec nclarilY from th ub­
>r . u , tan • j., originally filHno· the .~lac 2 b tw n th feld "par . 

I int: t war<l th., rigin·,l .rnl . tan or :-;ub~tan e haYinO' been 
ery:talliz d, and am iuclin d to 1Pli .1y that it \YH,' o·ht "". 

oward th.. xt ri r of th lli1 ,·oi 1 th) r 1 k i~ m re alter d. rrh 
zoi:it < n 1 ·al it_. ar-.. 11 r j lrnnclant. rl h al iP l" tu.:; in th . lac ", 

1 • w., •u th_. f ...Jcl.·pai-., : w •11 a: ocrnpying part· cf th ir outline". (FiO' . 
A and JJ PI. ..:r ./ 4'.rl.) All of th oth r pr lu ·t • tl.r p int the back­
g-rouncl owiug- t< th• fad f nonpro<lu ·tion ur :on' )nlm nt by th zoi ite­
cnki .. aggrevat •, . 

i 'till n "'31' r th .·t •rior f th 1 Hip· id the ·nl it fr qu ntly fill the 
, pc c "·' onee • ·upi cl hy th f ld ·pars \\·ith l 11°· ::- ·al llt h lral ry tal" 
whi ·h iu , w, y 1 H i11tc in th, ori inal ign) ll.' ·tru tun.:>. Th cal it I", 

how v r uot ·cmfin -cl to th :e f 1<l 1 nr ar a· alou but a , tat d ab v 

c 1 ·o c· ·nr. l ·tw • "'11 th •m. 
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The matrix, r l)re ·entin(r the most altered lJhn. ·e, is a QTanular ao·oT -
'- C 

crate of calcite in "\Yhich 011 nm:~ her and th r tlis ern Bmall ·l ar limpid 
grain of secondary quartz an 1 fehLpnr C) and flak s of hlorit . The 
calcite include;"' in con~id rabl 1nnntity the o·lnbulnr bodie • m ntion <l. 
The:e are found at ·o in the ·pace::; h t,,~ n th ual --ite oTain • a: th uo·h 
pu hed away from th oTain • a· th y Tystallized. 

~ 'ome of th cal ite in the fir:;t :ta 0 • of the alt ration of the ro ·k nrny • 

have been deriv cl from a b:l ·i fel<lspm: It i • dear how Y r, that the 
gTeat ma::; an not owe it:· orio·in to thi ' pro ·e::--, but must h the r ·ult of 
infiltration. The al it grain: d riY 1 fr m. and lying in the f lchpar 
acted a nuclei around whi h th intiltrat ,1 l'nl it wa,' o·radualh~ ·ol­
lected, producincr p~ ud01rn rph: aft r th:. feldspar ]ath:;. Quit r • ntly 
Dr. ",..· ;·. Bayley 1 ha.· n ted in th 1lnrk ·bnro· sul marin vol ani forma­
tion of the )larquette di:tri ·t l\Ii hignn, th n ·mT nc of tuff • in which 
calcit ha.· been intr due d in :n h quantity that they may almo 't h enll 1 
lime ,tone·. 

In another a.·e in. whi h th alt mtion nf th llip. oicl (Pl. ,,., ... I) appar­
ently pro eedecl along th lin .- of .-h , ring-, and produ cl the kind f 
aggrecrates of hlorite in lu lino- cry:--tal~ and a<r0 T crat : of piclote­
zont whi h were 1 ~ ri1 ed (p. 11 7) a~ the u. ·unl matrL· of t--U h ellip:-.nicl , 
one can .-ee iu thin :ectiou th~ ·al ite nt ring· th chlorit a0 '<>T .10-at • < 10110· 

minute fi :me line:-; Th ealcite lit rally at-; its way into th ehlorit 
and pr flue s by an int r hano- 1f 1 m ·nts a mas: of cal it (mao-11 -.cian ~ 
and epid te be ide~ in huling pidot whi --h )ri 0 'inally occurre 1 • att "l' ,cl 
thr _ucrh the hlorite ao-o-r g-at ... 

'I h m·bonation f the orig-iual ba--alt r f th ' ornlary hlorit 
ma .- rc~ults in pr ·)du inir , ma s of c< rhc.nat which ha:s aH. o ·iat cl ,Yith 
it ~om on,lary quartz hlorite. and ··pi<lot . 'I'hi • carbnnat ~ mas: ma • 
be alruost ma... iv or it may b d i 1 "dly . ·hi.-to:-- . ·wh "ll :-:chisto. e, th 
grain. ,)f al it and quc rtz haY a unif 111n lnngati n, an<l th : hi t 1. ity 
i mat riallv ·nh, n • d bv flak :-- nf hl rit whi ·h ar 11 t un • mm nl~-

~ ~ . 

found in thin .. treamer' or thick ma. . in th .. ·nrl,onat ng0-r crat , at tim •~ 
m .. uffi ien quantity to !riv it ma n s I pi ally , d~citl 11 oT u ting . 

I have u-- cl the t rm • arh nat ·,' altlwngh haYin • cl ' rib d in <1 •tnil 
ab Ye th cal ~ifi ·ation of the l a:-;alt for th r "Uson that at tim and for n 

1 Mou. . S. G ol :·nr, •y, '\ ol. XXYIII, J>. 473. 
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di. cernihle rea:on, th fron cnrbonat (. id rite) may replace the calcite, in 
which ca, e we o-et a dark hlui.,h-black -variety- of matrix (p. 117). The 
:icl rite ma.·:, . do not. cliffor e~:entially from the alcite, though in '0me of 
th :im a y:.;ry. mall quantity of a tinolite i-- found a nociat d ·with the chlorite . 

. ' i1lu:trati1w the purely lorn1 cl ve1opment of these hvo carbonate I 
w ul l mention haTing ob: 1Tecl in one , ction a 1and of :iderite eparated 
from a ban<l of arbonat , which from it.' color appeared to be quite pure 
calcit . On may aLm 8ee commonly in expo~ure" area of pure white 
calcit , almo ·t in juxtapo;·ition with area~ f :--iderite. 

It i: a fact gene::rnlly r ·rogniz ,1 that carbonation i' a proce " confined 
to th outer ·ru8t of th arth, :o that w- may perhaps be, t explain the 
l< ·al o ·mTence f th : ·arbonat s repla in()' th :i ba:-mlt a product" of 
carhonate-heariurr wat 1". That . ueh carbonation of the igneou rock 
thro1wh whi h th .• wat.,1-.· perrolate i' nmv taki1w place . eem certain. 
The carbonate crrain., in the ro('k:-5 cle.,rribed ar~ shatter cl and elono·ated, 
or at l a:t , how· urnlulntory extinrtinu. Th :,. thus gfre eviden e of having 
b} ·n mor" or I,:: ma.'h <l ·int~ th ·ir prnclnction: nnd thi:-; ma ·hinO' probably 
took pla ·e aft .,r they hacl h _. :.n more or le:-; d, 1l~,. buri ·d and wa , a. a 
matt "'l' of fa ·t to . nm_. extent clu, to th pr ssur:. of the .·up rin umbent ro ·le. 

Th probabi1itv that the~~ rn ·k.· ha-ve be n tlm~ de .,ply buried sub e­
q uen to th ir formation i.· t he born , in mind with :-:ip cial reference to the 
ll -'Xt prnc .. • to which they haYe been . ubj ·t c1 th~t of silicification. Thi 
pro ,. i: mo. t cl m-1-v :-,h<' wn in th l Jid "rites an l th phase ... of alteration 
notecl in thefr . tnd_,. will h hri .1fly cl,., Tih Jd. 

The mi -ro • ·op a c ar 1 ... granular 
acwrr ·gat .. ·ompo. d ,.-sentially of ·rush ,l ~iclerit gTains. Between the,'e 
grahv in a f ,·w plac ,. ar, .·ma.11 oTaim, of quartz, flake: of chlorite and v Jry 
rar lv u, ..dJ : of a ·tinolit . Laro· qmmtitie: f black f rruginou p ·le 
ar, in lucl .. d in ancl ali-;o li b ~tw •n th quartz nTain~ and ~u h p ck nr 
al.<> to 1J • :·e n in lu<l cl in . id rit, ar a.--, hut. ·l< ~ in:pe ti n h ·w"' that 
th ~y ar, nl. o a. :ocint •cl with h1 •b.· of quartz. Th~ h1orit • fin}~ • and 
quartz {!_Tc in ·· ar • g 11 •rall ,. elongat cl iu th 'am dire tion, and the quartz 
:how.- wavy ..xtin ·tion. 

m r aclvan ed :tao· in th proce • of ili ification "·a • tudi cl in 
th ca. e of a r ck which i blui h-bla k in olor x e diiwl} fine oTained, 
awl minut<,Jy .. ·hi. tn:c, the :chisto ·ity ,terr incr "Tith th contour of th 
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ellip oicl from around which it was bn ken. Thi" i , ntiallv an exce d­
ingly fine-grained quartz rock, with chlorite flake" and bla k fermgiu U." 

peck-· ~cattered throno·h it, antl her and th · r - an irr o·ular oval iclerite 
grain remammO'. Y ry few and unimportant grain" f epidote ,, re al:o 
noticed. This rock repre' nt.· nearl:~ th last --tao· in the pro e :3 f ilici­
fication by which the iderite ha ·· been replaced and a part, probahly th 
oTeater part of it ,.. iron content oxidiz cl. ome chlorite and epiclot ha 
been procluce<l, clearly fr m the lime arnl mag·ne ian impuritie" in the 
iderite. E ,.. entially the ame proce ·;, of ·ilicification has b n de.·cribecl 

by Yan Hi ··e in bjs vari u~ article" on th P n k e- oo·ebic and "l\farqu tte 
iron range ,.. to \\"hi h referenc s have b en so frequ ntly made. I liave 
de8u.'ecl e:pecially to ·all attention tc. it h re, how Y r, on a count of the 
fact that it . how the po~.-il ility of the producti 11 of an iron ore from an 
oriD'inal erupfo-e rock by th combin d pr ces.~ . f arbonation and '"' ilici­
ficati n. It i ' true that th nd product in th cas deRcrib cl cl e ~ not 
contain enotwh iron to b an ore de.p !-,it. 1 ut that i ~ a m r detail. )lay 
not thi:-- erve at~o to om ext nt to xplain the nmnenm, .!early mark d 
belt of magnetic attra tion whi 'h o ·ur thr ughout thi~ ar a of altered 
ha, alts in which little _f the orio·inal ma0 ·neti remain~ unalter cl to exert 
an influence upon th mao·neti needl ? To explain thi" we must .~·upp 
the influence to be exerted by s condary ma o-netit ac unrnlat d along· c r­
tain line ,.. . The mao-n ti 1ine~ trn eel nut rwr in n Y ry marke l way 
with ,Yhat ha~ h en ,letermined to h the trend l f th laYa flo-w • and tu.ff 
bed . The condition ,vhich wnuhl d t rmin th pr "en >f su h a line 
of carb nati n1 if w may :n 1 nt it, may b th pr ::-. nc of a scoriac u 
laYa flow or a b d f tuff whi h off .. r~ xceptional fa iliti .. for th pa·. fiO'e 
of car onat -beari1w water·. It i: tlrn. intimated that th re is po sibili(.,. 
of finclino- purely local er l dies _f , mall i,ize PU in th mid. t of thi 
vol anic area. 

7I he })roce. s of ilicifi ati n i" Q;en rally on id re 1 a: a deep- eat cl 
one oc urrino· far b low the out r ,Yeatherin{)' z n . 

"\\lien th ro ks exhil iting the:-.~ Y< ri u~ phc:;: s of silicification ar 
expos d in th z n f "~eath ring • rtain int r sting r ·ult ar o1 tained 
whi h are worth noti ·inn-. Ro ·k~ ~ r produ • 1 fr m th 'e whi h upon the 
mface . trona-ly r -.. mhl mnycr lak i 1~, hut in whi h th P"' ud -amyo-cla­

loidal caYitie-, are of l ur ·ly ~ eondar~~ origin. For in ·tan , when th 
~iderit mc.t:--~ ha becom:, 11( ~ l nrtinlly r ~pln =-<l by silica, weatherincr 
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ao·en ies 1 ach out the remaining 'iderite ar a and leav-e the thin film of 
ilica which li b tween th m :tanclincr up thu .,, oiving th ro I- the appear­

ance f a Yerv dark pumic . ' th :ili ification progre e the iclerite is 
very much r rlnc ·d in c1nantity, the int rYenincr :-;iliceons areas increa. ing 
corr p nrlino·ly. Th pre. ·.:ure exerted np 11 the rock ha cau ed the 
isolat rl .· id .,rit area· to take 011 an wal harncter, the lo1wer axe in 
g 11 •ral agreeing and hei1w perp nclicular to the pre ure. \Vhen uch 
id rit < r a: are lea ·h cl .ut, the 'ilica band~ r main, and pseudo-mnyg­

dc loi<lal caviti ,' are prorlu • d O'ivino· a v-ery 1erfect p eudo-am ~a-claloidal 
truetur, to the hanrl . pc •imen. Thi: il'\ the origin of that character of 

matrix which ;·omc of the g--olo 0 ·i sts luw cl . ril d in their field notes 
as liker tten, worn -eat :111 wood (fin·. JJ, Pl. ... r ... -YII). 

.t lthough < t pr:>,· ·nt the mat rial b •twe n th ellipsoid~ cliff rs ~ o 
mark ,,lly frum th:. ro<'k formino' th elli1 ·oicl~ th m elvc ·, nevertheless 
ther • i: no r a~mt for .·uppo. ing the orio·innl rn1po"itiun of that pmt of 
th rode ma. .- to hav b -, ,u s, ntially diff r nt. The chang iu the 
·harncter of tlw ba:-mlt in pas."ino· from th, ,llip "' oid • t )War l the chi to e 

matrix i: in mhiernlogirnl character mu h a-, ha~ be n <lesrribed for other 
hn ·alt;-; from thi: :am .. distriet. 1 h ) r ,ason for th mor) 'Omplet cl gree 
of th .. r ·plnc •m ·nt pro·.,._. in pa::i1w awny fr m the ellip 'Oicl ' may be 
r ·::Hlil y- un l .,r:too<l from th fli: u. sion of th origin of the ellip.-- oi lal 
parting of th · ba.:alt • wh r, th 011 ln. ion wn~ r ach d that the matrix 
lJ •tw • n th •llip ·oid. r :--u1t ~d from th Cl mminution of ba:5altic material 
of the :::-am :,renera1 ·haract r :1: that of th:) I1ipsoid "' . This matri .~ wa ot 
cour.· m ,r, pornu:-; ~md probably mor vitr •nu: than the ba ·alt, and h nee 
m >r • liabl • to h • alt r •d. 

PYROCLASTICS. 

Th, majority (>f th la. ti· roeks hnY h :.n clerh· d from th ba ic 
Ynlca11ic; ro ·k: n1r •i:Hl ,, <lc•:-;erih •d. These cln:-,tie.' nr very charact ri ti of 
th II ... mJo ·k fnrmntinn ancl con. titnt , th 0 T at r part of it. Th y 
·nmpri.- ~ ._ ,y ,ral da ·: . th, mor important of whi 'h are th ruptive 

1hr, ·c;ia·· Y 1 ·auic ,' 1 <lim utary r k.-, and ~chi:t :-s pyro hdi • . 

ER PT1' E DRE(' 'LL 

Th t •rm •ruptiYe hr • ·in' iH h ~r • u:-;ecl tu includ th ~ clasti r ck 
in wl1ich ;;11wn1Hr frao·m(!llt · f an igneous ruek cr, ~urn muled by a matrix: 
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al o f io-neou • nri.O'in. In au eruptiY .. br • ·in the fnwment" may b like 
or unlike. Likewi ·e the matrix may b lik r unlike th frao-m nt,_,. 

·where the frao·menb haYe b en r mnd d during' th moYem nt of the erup­
tiYe magma . mTotmding th m th re:-.ulting ro ·k may be called an ernptii·e 
pseurlo-co11glomernte. 

Erupth- bre • ·ia:-. ar not Y IT mmon in the 1ry.·tal Fall' di ·trict. 
Wher they do occur th .. fn10,ments, ,Yhil pr --dominantly angular, are to 
om extent m re or le . .;;s rounded nml ar ~imilar in 1uitm·e to th matrix 

in "hi ·h they lie. :'in :. the ro •ks whi ·h form th m pr . erYe th mam 

character:-; of the mas:-.iY laYa flow~ "·hi ·h lu Y just h, n cl crib d, they 
·will not be cli:-.-ctbs d in 11 tail. The •xn ·t meth< ,1 of th l formation of th •se 

bre ·ias toulil not be told. 
In one :: . e, in whi ·h both fra!.!_·111 ·nt anrl matr~- nr amyg·dal,,idal

~ ,v 

it ap1 ear::i prohabl· that th., Ot-cmT "11 • r "'Pr s nt~ a tru flow hr, ·in in 
whi h th brok ·n surfa ·e of a lant flow had 1> .. n r :,c m nt ld by ~ lat r 
laYa flow of tht• sam kiwl )f ro ·k. n· that it r )pre~ nt: a Y 'l'Y po~:ihle 
ca in ,Yhi h th .. htYl.t welled up thrnn!Yh nrnl flow cl ov r p rtimv of iL 

own -rut • m nting· th fragm •nb. In :--u h bre cins a flow .:tru tur 

around the fnwment:, i:-. quit :i plainly ·hown and th, matrix po~:-; :--. s a 
p •nliar rnpr npp .. m·an • . In ._ ne in tan·.. in ,Yhieh hnth th• frao·m •nt.: 

and matrix w ..r _. m1.H'nb(•opi ally nnnamy(l'clal1 i<lnl it is probable that th •r 
wer fo1:med nrnl ..r ·n11"-i1l ·rnbl pres:-.m· awl that thi~ wa: a ens, in "·hi ·h 
lnYa wn • fort ),1 up thrnn~d1 n pr Yionsly ·on olidnted mn~~ )f ro ·k of lik 
chara ·ter. and in it:, pnssng, ·arri • 1 "·ith it Yarious fra~rm nt~, f( rrnino­
an erupti,:e .: r,>i1J1n1r; .. -lJrr?c,·iu" m· ,/i'ictiun brN'Cifl. 

' ~nd r th t rm .: tnff•, ·• haY • L, .. ·n Y r:· ~- ·n ·rally in ·lml ,1 all kind. of 

Yol ani • dasti • r•J ·k •.1 Thi· i:-. prnbnl>l:· du· t, th fo ·t that th r i.· fr -
quently ·nn~iderahle <.liffi ulty in <li~ Timinnting· h-'hYet1n nlinn d •posit 
and th ._ whi ·h lrnY b ... -'ll <l ·po:-.it •l in ,mt ·r. Its em~ d ,Kind 1<? wher •Yer 

it i.· p s_i} le, to mnl· • thi:-. li~ rimi11ati1 u. rl that rnl I Khall in th, fnl­
] ,Yino· png- ., r :strict th, t rm :tuft' tn ·olian d ·pc~it:. '1 he term Y 11 ·ani 
cong-lomemt ,'' or, fnr th .. s;al· ~ ,f hr ·dty. jmpl~- " ·ong·lom rnt :),' ·will h 
u:-- •11 f r th ," ·oar~· ,1 posit. whi ·h hnY h • ·n sort tl by and d ,pojt •<1 
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in w·at ,r, arnl ,vho. fnwm -'llt. · :how a rounded character. Should the:i 

frao·m ·nt: h, angular the rock.· may b all d • Yolcani • br c ia ." 
It ha.~ b ,n found pra ·ticahle to maintain this di~tinction in earlier 

. tudi • • on T ,rtiary volcanic:, 1 and it i.· al ·o maintained in the present . tudy 
of pre- \unhrian ·ml ·anie:;. I am conficl nt the ._am cli ... tinction could be 
made mor o· •n ,rally tl1an it i:,, and ,vnul<l in that case tend to a greater 
pr .. ·i:ion in th, :-, pnration nf roC'k:-; of cliff ..r--nt hara ter ~. I-Imvever, it i .. 
rath ,r diffi ·ult to separat, tru:. , 1ian cl posits of Yolcani frao-mentary 
materials from tho. <· in whi h the fragm nts licwe b en clep ited rapicll ~ 

throlwh wat ,r without havin? mh ·dcled. organi remain: and without 
luwi1w under<rone .:uffi ·i nt nttritinn to h, much rnumled. )I re or le·· 
rounding, it i.~ w ..nund ~r:--tooc1 n,:-;ult:-; from th ~ attrition of the volcanic 

eje ·tam •nta <luri1w tli ·ir a:-;c •nt awl d ~c ·nt through th l air, so that they 
may in thi . r :peet r ·::- ,mlJl , many of th-. :-;edimeutari ·~. The ·xact mnc.le 
of origin of nrnny of th, Ynlcnnic frngm ntal depo:--it:-. of th )Iichigamme 
di~trict i: not .J .. ar. rl h :, gr<'at ·r portinn a1 p ar tn b:. of true eolian origin, 
aud wh •r th .. origin nf au~~ i • in <1nnbt it ha:-- been put with those of oliau 

ongm. 

1 h -, ·oar • tuff.- in ·lu<1 • rn<'k:-; c;nmpn:-. •cl of frau-ments of all ,·izei4, from 

th• large vol ·anic hloeh to tho fi.11 ·-grain <l parti ,} ,:,; of :--and and du:--t 
which fill in th int •r. ti ·<~ . 'I h ·je ·tamenta may h, mor or le:--s rounded 
by attrition during tl1 ·ir progr •:;,• tl1rough th· air: ~o that if a r lfin nwnt, nf 
th• 110111 .-11 ·lntur .. . hould h .. ll, ·<l ·d mw llll!.d1t Y ·r~- prop rly be jn:-itifi c.l in 
'}). ·akinrr nf tnif ln~ ,ccia.- all<l tuff c;m1°·1om( ·mt•:--.t 

rl uff ar, V<:ffY c·ornu1on ancl characteristic for th distri ·t. 1 h •har-
a ·t ,r of tlw h •cl:-, i. h, t . hown on th, ,,. )ath r ·tl surfa' ~- II r ·, the 

: ·nria<' •ou. awl cl ,11 · ., li<rht-,,.r, •n frn°'rn ...nt:-- ~tnn<l out w 11 frnm the . C r:, i:, 

hrownbl1-r ·cl rnatri ~ of mon: alt •r cl fin ·r fra,,.m ·nh ancl • •ment. On a 

fr 1 :--h .. urfaee th ~ int<;r:,titial rnn.t<:rinl usually ha:-- a lark ·r g-r ,n ol w than 

the fnwrn nt:--. Th, fn,gm ..11t: liaY • c1 pr ·Yniling 0 T • n lor, but man~-, 
•. p •<;.ia11y· in •etions, ar, hrown much dark •r than any of th rntk.· 

formi11g th· lava flow:--. Tli .. larg •r fr:wm ·nt. ar .. lbnally .·lrnrply an!..?,·ular 
hut in numy ·c1::-- ·S ar • mor • nr l •ss roun<i •cl h c-ans nf attrition clurino· 

1 I>iu (, •. t "illt ,te.. L>llppan •r ,ehirgt•~ in ... · onl-Biil1111 11, hy ,J. )Ior!!nn h•m uts: .Tnhrhu •h K.-k. 
geol. R·i"11,n11 .tnlt, , · 01. XL, 1 !10, p. 3:!-1. 
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their proQ're.. throuo·h the air. (Pl. XIII.) They ar for the most part 
not ·coriac ou:-; though rnther ommonly amyg·clalojclal. Th macro· opi­
callv dens fra,rment e m t pr lominate, thutwh th arnygdaloidal one ... 
do ccur in ~ome pecim ns in nearly equal qnantity. 

The frao-ment:; of th tuff: ar d ·riY 11 fr m the Yariou • kind f ha ... alt 
alremh~ de ·c1ibed as f rmino· th lant flo"·:-.. 

Ame ng the frao·ments ..,om .. of the mo::;t t~q>i al of these rocks have 
been found and remarkahl ~ a:-- it may seem, ~ome of the thin section· from 
them :--hmY th lea t-alt red h, :--alts. 

In addition to th .. kirnh m ntioned uml r th .. basalt~ there are a numher 
which differ :lightly from th-'m, and appar ntly repr s nt more o·ln •,y· mo li­
fication" of the ba. alt magma. In on of thes the amygdul ~ ar more 
·hm1Jly outlined by the a • nmulatinn <.>f iron nxi,1 around tbe do·e: of th 
amygdule than i • th •a:-. in th Tystalline fll w rn •k:-;. An e~p ·ially 
well-pre'."'en· d fracrment :-;how:-; p rf) ·tl>. fr :-sh plag·i cla~e mit:rolite • exhib­
itino- \\""ell-rleYeloped fluidal stru ture lying in il clark-brmn1 apparently 
i ·otropi o·las.·y ba.-e. \Yh re th· ~ _. ·tion i::, thin, o·lt huliti • <l~Yitrificatiou 
product· can be een and tliere al:--o th· ha:-· no 1 ng· •r app )m" i:•mtropic, 
but Yery f bly clouble refracting. 1 h r i~· Y,ry fr .. lll1 ntl:· found nmo1w 
the ·e tuff._ amyo·daloi<lal frao·m ·nt~ whi ·h npp ar to haY be ~11 cl riY ·d from 
what wa~ originally a compl t ly a-la:-- y ro ·k. 110 incli atinn of th pr . en·) 
of any riginal -rystals l11.1Yi11g h) ::.n pre:-- -'lT ,,1. Th:; hwk<rrnuml of th :.. :) 
frag·menL ·011::,i-.ts if n fin f It nf a !!.T ·n ·hlnriti • min ral, clotted with 

'-' 

innumernbl oTain. nf ·pidnte, in which on, mny 11i:.;tinrt1:· 1li:-ir "'I'll ·011<.:en-

tric cir ·l ~ an<l ar • 1f ir },s outlined h~· H!.f!:fl' "'g'H t _.~ •uf •pic1nt.. oTaiu-· . 

The e ircle-- probably r •pr .. 'ent p rliti • parting.. (Fiµ:. A, Pl. ............. XII.) 
The dark-hr \\·n frno·m nh m .inti n .. i1 ns n ·urrin11• with th• lll' Yailin,r OT-'ell 

~ ~ 

on :-i ar Y r::; · .-lense, app ar tn l , y .. ry ri ·h in irnn, arnl ma:T p):dbl." 
repre~ nt a Yery basi • d •Yit1ified gln:-...;. Shnnl1 l a • ·unmlntion:-i ·omp :-;~ l 
e--:-;entially of "'u h g-las. y fragm nt:-- 1 :. ic ,nnd. th "'Y could pr li :irly be 
calle l :: palagonite tuft's." 

Iu a ldition to th~ rock fmgm ·nh a f--w rar nu •s of lar()' pla 0 ·io lm;e 
cry:~tab wer found and al~n in nn ta~ a fragm nt of a Yiol t-hr wn 
aucrit , th cnly -P cim n of fr~ h pyr x ·n thu:-; fnr found in any of the 
,Tol ·ani . 

The tuff-; how in pln ·:. fnirlY ". ·11-1 Y ·lnp, 1 handing, au:--e<l hy th 
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PL.ATE .. ~III. 

1 Sp. Xo. 2:31H-i. Xntnral ize.) 

This illu-.tration i: n faithful repre"entation of the appeamnre of the poli hed surface of a 
pyrocln tic fMm the Hemlock formation. It is ·omewbat doubtful whether or not the fragment 
compo,iug the rock baYe heen rlPpo-,ited through the medintion of water or air alone. The larger 
fragment. · are rather den-.e. ,·esicnlar fragment are more common among the smaller particles. 
Pyroela,tic, iwilar in appearance to thi :ue·of Yery comruun occurrence in the Crystal Falls <lbtrict, 
antl bug cliff · of it are ren.<lily acces ible from the railroad. 
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interb ~c.ldino· of layer:-; in which conr:5e and fiu r fragment prevail, illu -
trati1w w 11 the varyinO' int n ity of the Ynl ·auic cli chargei-,. 

Owi1w to the frag·mental nature of the xpo,'ur " it i impossible to get 
a c rre ·t iclea of th maximum thickn .._ of any of the tuff deposits. 
Expo=,ure • were seen in the north half of sec. ;\ T. --1-3 ~ ., R. 32 ,Y. 1·d1ich 
gaye a thi kne. i' of over 500 feet for ~ome nf the ""e deposits, but a ' their 
farther continuation had h n cut off by Yall Y" mo:--t probably ..,roclecl in 
the tnffr, no mean. was afforded of d terminino· th ir total thiclme ,_·. 

It is almo.-t ne dle ·.- to .·ta,te that th mo~t of the tnffi have undergone 
a ()'re'" t am unt of alteration. The alt rntion • w _,r _, apparently due to an 
intc,r han,r=- of the variou.- lement' without am. ~ s~ential vnriation in the 

~ 

ch mical natur _, of th rock as a whol . inr mlt :ir i:- the chief agent 
throuO'h whi h alterations occur, thes nlwny~ h !611 nl01w the interstice . 

' L 

In the a ·e of th fragment , th alt "ration accor liuo-ly proceed ' from the 
ut:ide inward anrl ordinarily· flt an Jqual rat all around the frao·ment , 

fi llowhw it · ·ontour:. In thi ' way zon :.; of snme"·lwt different mineraloo·ical 
compo:itio1 are form cl ,·urroumling tlw le-v alt C)r d part of the fragment. 
ThiK . econclc ry zon< l . tm ·tur .. ma~~ h ob~e1T ,cl m1we or lei--. imp rfectly 
in almo;;t all of the .- cti 11:-, made frnm th c\ hre 'ins, hut i • much better 
, h l\'ll in the fi ld, wher th_. cone ntric zone:--. are w ";11 hrought out on the 
larg • w :.ath red urfa ., • of th, howlcl r~. 

In ea ·h ca, e th .. ontsi<le, lighter-color d zon " is chiefly mad :. up of 
chlorit ", frnrn whi ·h proje ·1 lirrht-<>T "CU 11ornhl ml' 11 •edle:--; intn the matrix 
b ~yoml. L •:-;: comm<mly w ·, fiucl it <·nrnpos •cl nf epidote g-rnin~ an<l chln­
rite. In. i<lc of this zon -, th, min •ral :. l 1 ment--- c·ompo:-3ing th frng;mcnts 
·om tim, , ·an not 1J • d _.t •rmined with mw ~T-'nt de~rree of l'ertnintY. 

'-' (._: .. 
w·1i r, d t •nninabl , th nlt ~ratiou product.- nr, found to h the .:am · n~ nre 

product~d frnm the cnn_.spo11di11g rock:-- in th· laYa flow~. .LL al::--n in the 
lnYa flows, ·om of tl1, fnwment nf th • c1 •us •r rneks luwe heeurn • ,11mnst 

opa<1ue fn m th <1nnntity of minnt, ,·ec·rnulary ,pic1nt • and :-,phen • grains. 
Th ;.~e ha Y .. a lighter "T"' •11 colol' thnn th .. 1 's.~ altl'r ·,d frngm nts. 

In ·~rnmiuino· llHlllY nf th tnffs, OllU is l' ··p -'clt •dly ._·truck hr th. larcr. 

anwunt of. pace oceupi d l y th, ccm •11tin°· mnt ·rial. In :--0111 1 ·ns •s enYi­
tie: of Y ·ry ·on ·i<l rnb1 , , iz , w •r, ] ,ft h ·tw • ·n th frngm •nts. It npp •an .. 
that th J fnwm nt. mn.t Jiay-> he:en lying y ·ry I l :-, ly. rrhis fact t-'lHl~ to 
c 11fin11 th~ .. oJian oria-in nf thP rock.· Rine· wat ·r cl 1njtion tend ~· t bring 
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the fragment in clo • couta ·t and al:o to fill th interveuino . pace;· with 
fine detritu . Tho:;e ca: .• nrn~t f c mr~e h xceptecl wh re the material 
fell upon water o deep that after ·iul-ing to the 1ottom the action of th 
,vaYe wa ~ not felt. nder "uch cir um. ·tances one au imagine the 11 k 
being partly :upported by the water, 11lllllg' to re t in a more un tal le 
po"ition than they would in the air. 

The cement differ · in different ;,,peeimen. . The minerals constitutiuO' 
it are quartz felcl par, calcite chl rite epidote, and hornblen le. The 
mineral are fournl iucluclincr one another in ·uch a way a ' to make it pr b­
abl that they u ,ually formed ·imultaneou ly. Th calcite i.~ an excepti n, 
a it i •• u ually pre ·ent in oTeftter quantity near the mface of the expo ur ' , 
and i therefore a weath rino' pr du t. It wa" n tecl aboYe that the h rn­
blende ancl chlorite frequently ext ml from the rock fragment into the 
clearer elem nt , ·ompo ,ing th c m nt. He rnbl nde needle in mm y 
ca e-· con titute a large l art f th ement. \Y11er two fragment are Y r~ 
clo~e t o'ether, a l erfect n twork of n clle ' may e tend from the on aero 
the intervenino· .:1 a and peneh·ate th th r and the fragment thu, prac­
tically crrow tocrether. The aY'itie"- ·pe iall,. the large one menti n d 
aboYe-have quit frequ utly b 11 fill d with concentric growth of vari­
ou mineral . In ·eneral chl rit m • t) b th fir t mineral depo ited, 
ancl quartz the la. t but in weather d "pecim 11 " alcite i the la t. 

FINE TCF.F, OR A ll ( Dli~ T) BEDS. 

The fine tuff • or a h l eel oc ur plentifully in the 1ry tal Fall· di trict. 
In many ca e they po · •e:-,s a Yery ,y ..]l 1 Y l p d cl avag , and w r Y ry 

puzzlinO' in th field 11 , unt of th ir :-.trikin°· re emblauce to tru edi-
mentary late . They ar f int re:t cl· ernpha ·izino· th r ·emblan e 
between pre- 1ambrian j tam nta and Tertiary and Recent one . In ne 
re pe t they differ from the mocl ru f rm ., . The du t from Krakata in 
1 5 and fr m th r Y l ·ani xi 1 jnn c n ·i t mainl of frao-m nt • f 
mineral .. and rrla • . Th u tituent$ f th r - tal Fall' b d • , r u ·uall T 
fine lava and o-la::;. · frao·meut • an l le.: ., 111111 nly mineral . 

The rock frao·meut· ar auo·ular ve ·i ular and compl t ly alt r d. 
The O'la • • fra 0 ·m ut: ar . lik ·wi , mwular1 and hav the haracteri tic ur\· d 
hape • from which th y ar u·uall. - cl l a· ~i kl - hap db di ,'. ( io·. 

B Pl. XXXII.) uch are formed \\·h u a pumi i br k u up an<l a h 
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r pre:ent: a portion of the µ;las 1 onnJin°· th Ye ' i ·les. Iler and there i 
a fragment with a more or 1•8s perfect ve.'icle remaining. The few mineral 
fragm -'llt~ fournl-fr•khpnr-wer angular, l ut quit fre ,}1. The rock · ·how 
no int ,rmixture of rnlmrh•d fragm nt: an<l th .. y are con.· queutly r o-ard d 
a· Yol ·anic clu:-,t d 'I)O,'it cl through the air. Thes ash b (L' ·how a delicate 
hanclin(J· of finer an,1 ·oar,' r-graiu <l fragm nt~. lu a si1wle ' lide a 0-rada­
tion ·cm 1 ' tra • l from ~ rnod rntely- fine µ:min d 'and 'ompo 'ed of di tinct 
-volcani • fragm ..ut: into a v ry fin grained ma~s ompo·ecl of hornblende 
ne dl <' 1 iotit _, ·hl rit , ,pi<lotc and . ph ne cement d by ,v-hat i prob­
alJly c1uartz p -'rhap: haviiw a: ·o iat _,d with it ~<m feld par wl10 --e ehara -
ter. • could not h -1 d ... t •nnin lcl. 

Relations of tuffs and ash (dust) bcds.-Th p ri·ocla ti ;' em to I redominate in the 
northw ... ·t :,rn part of th .. di. h·i tin the n igh1 rhood of th mall town of 
.A.ma ·~. , pc, ·ial opportuniti :>S £ r oh 1Ti110· th r lation "' between th tuff 
an 1 th a. h b ..c1., ar offer d hy th third ·ut of th hic~wo, Milwauk e 
a1Hl ► 't. Paul Railwa r we:t of BaL am l\Ii hiO'an. Gradation can be tra ed 
fr m r • tuffi t d licat l r band d fin tuff8. The ~ff rao·e thickne of a 
1'inµ:l :rh 1 ll prob,d ly lo • not x J 5 f et. In th am expo ure~ the 
tuff 1ed· ar • from 50 t 1 0 £ t thick ancl n•n mor . 

,·oLCANI CO~GLO:\IERATK' (TL' l•F GEXE ~EDDIENTS, REYER). 

hat • rtJ'.lin of th• p rrocla ti • • have l 11 brou 0 ·ht together and 
rearrano- d lJy th an·enc-y of wat r i • ma l cl ar by their characteri tic 
tructur ,. ► u ·h r k.· ar, th Yol anic co1io-l merates. In v ry- many 

r :p -'f't ' they ar .'trikinrrly lik th vrm n. lian depo, it , tuffc, t ., 
cl 1 :cril ,,l alJov . 'I h :.y aoTe with them in 1 r. Th ...ame Yarieti of 

'1 l'"'\ 

v l auic rn ·k • <r r pr :.; nt d that ar found in th tuffr. The ar truer 

l aRalt ·on°·lom rat•:. 
'I h .. pc~1Jl k· • ar.. v =-ry e mm nl ,. . harply outlin d by accumulati n 

of •pi lot .. 0 Taiu.- on th• p -1riphery. ► 1 m .. of th fra 0 ·m nt " have a r ddi h­
bn wn to purr li. h-1 lacJ~ '< lor and ..tarnl nut ,'tr 1wly from th T n 
matrix. ,\1 h p "bl 1 ' i r :1 ~ un,l to r.ontain lar0 • 1uantiti of mao·n tite 
th.. ~ ide l ..ino· in l autiful ..harp ·r ,. 'taL, and in ab 'Olutel r fr h c ndi­
ti 11 fc rmirw , ·harp ·01 tnvt to th alt r d nditi n f th frao·m nt in 
whi ·b it o •m". In on_, ea:~ in whi h th main ma ·~· 1f th frao·m nt 

ur in laro·e quau titY 
.. ' 
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and in chain-, of ry ·tal • forming· dernlriti ~ ~?:rowth~. The oxide 1s clearly
• L, L 

econdarY in the:e altered rock.·. ~in e it -ah) oe ur: ecomlarilY in the 
cement it appear-- highly pr bable that it i an infiltration product formed 
durino- or after the meta "omati proces .. 

In the e cono·lomerat _,s fold ·par fragment.-- ar • for more eommon than 
thev are in th tuff • ancl they :.;hmY a well-d •fin d round "~atcrwurn ·hara -
ter. Fig. A, Pl. X... ,. .L.,..III.) Lik wi • mns~e:5 of uralite are common! ,. 
~s ociated "~th the rom1<led feldspar. Th uralit ·i, taken to be altered 
pyroxene fnwment , thotwh 110 proof of thi:-- b yornl it:-; m,·· ciation could be 
offered a· the fragment: :hmY no ·hara ·t ·ri:ti • pyroxene outllne •. The 
well-rounclecl nature of the Yol ani l 1 l les makes it certain that they 
haYe been depo. itetl through th., mediation , f water and enable· one a-·ily 
to di ·tino-uish the _typi al example. in th fieltl. 

In ize th fnwm lnts differ from one an ther ju~t a:-, they do in the 
ca ·e of the eolian depnsih (fi 0 •. B Pl. ... ,. .... .,.. .. '"III). )fan)~ f th larO', ·t 
are ·eyeral fe t in liameter but mur • mmonly th y Yary from a cou11 
of feet in diameter tc) ·mall p bbl s. Partly filling th int r·pa e.· and 
aidino· in cem ·nting the larger fra 0 ·meut with ,Yhi ·h th y ar n:;"ociat cll 

are very fine grain cl frng·m nt' l riv d from th triturati n of the wat r­
worn lapilli an<l blo ·k . The coar~ l nwM "'r ·011µ:lom )rate"' oTad through 
fin r cono-1 m rat,·· into v n· fin material. Thi: fine mat "rial ·how· 1eau­
tifully marked fal , lpdding. (Fig·. 1, 11. . ~ ... ?YII.) 

In on uf the fin ·r-grain cl r ·k--, in nd,litinn to the u:ual ·edimentary 
bandi1w there ar, bands whi ·h npp ·nr to hav, been rau el 1 r a further 
·ortino- of the materials som of th ·"~ • 1 ands b •ina: eompo::1ed almo:t e.· ·lu­
iveh- >f urnlit •. Th )y ·on· ·quentl: r ·pr •·nt bnmh; whi ·h w "l') ori<rinally 

comp -.ed mainly uf pyr x )ne fragm :.nt._. In thi:-; en· wh nth fin Je ·ta­
rnenta ettled through the welt •r they wer -, s •parated a ' ·ordi1w to i-;ize of 
oTain and ::,pe ·ific oTavity, a· iu tr·- lr • sing pro •es~ s. 

' ~n ler th mi r >!i ·op) nth )r points uf diff r ·u • • in atldition to tho::,e 
ab Ye mention ·,d ar 11 t )<l b ·tw • "11 th ·1 nglom ·rat :-; and the tuff. < r 
eolian d "powit:. Th fin -0 Tnin ·d n) ·k ·1nT •s1)nmliw.t n arlv t, th vol-e w ~ 

canic san 1 d not ·on ·i t of di~tingni::,habl ' roek fra 0 ·m nt ', hut of ·learly 
r und l fel,1 ~par <rrain • whi ·h haY b -'11 ·nlm·Q.· l by p ,riph ral addition: 
of felcl-,par ·nh tau • bun ·h ,~ f uralit ··, om ·hlorit ·, arnl of ~ph ·n 
ec ndary after titani • iron. 'I h} ph, t mi 'l' gTaph } i0 •. A Pl. ............. ~ III, 
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i1lu..trat . the npp arance of th thin section of nuch con oliclated and,
•which po.-.·e.,se.· in n plac th~ tructur of an i0 ·neou:-; rock aud which, 

mnreoYer grad : into a finely bancl cl rock cornpo 'e<l of minut =- n edle of 
hnrnbl nde, chlorite, and <>Tairn; of epi<l t lying in a clear minut ly crys­
tallin crrounrlma.-H of quartz or of feld ·1ar or poRsibl r of both. 

Th finer material rn nting th r coo·nizahle fracrment iR the ame as 
it i • in th tuff.·. 'rhe lnrge howlder,' and p bble,_, li in a matrix of maller 
pebbl ,', and thes in turn ]i clo.· too· th r iu a pi1 ' t which ha" been com­
pl t l ... alt reel, and clo s not in all ca ho,v cla tic haracter . The 
c m nt i. ompo.- <1 of hornhl rnle, chlorit , g ricite, pidote, felcl par, and 
c1uartz, and in one ea.· laro•e porphyritic rh mlr of a f rru0 ·inou carbonate 
are ·catt reel throng·h th fin r-grnin d mat rial of th cement. 

In the c m nt of th tuffH hornbl :incl is pr • nt in lar0 ·e quantity and 
fold:par i.- 1 ot .-o •abundant. In the c ment f th "'ono,Iomerate felcl ·par 
.,e m: to be rath r pl ntiful, homblencl l i~ pr --- ent in n c mparatiY ly mall 
quantity, and ehlorit is mor 1 abundant thn" r "Y r ·ing the order of the e 
min rel.· in th c01wlom 'rat .•. 

,'CIII. '1'0:-<E PYROCLA.,'TICS. 

.At Yariou." plae :1, i11 th) II "'mlnck formation ther occur la"ti rock 
which haYe lJ, ·om' .• ·hi.-tm; '. T'wo i. ·olat 1 xp m· • of pyro la tic are 
kuown who: chara ·t •ri:ti(': hav b 'll so ·hang' l that whil reco<rnizable 
a.· dastic.- it iH impm;:jhl :.i to , a r wh 1ther th y b lon°· to the eolian or 
th wnt "r-rl •po:it >cl ela. ·:. Upon w nther cl urfa the rock is c y redl 

with lmn ·11i.-h ochre, arnl on fr .--- Ji fra •.tur it i ~ dark gr en and v ry ·chi. -
to.- . X ith r in exp .·un•. •nor in lmrnl :pe ·im lns do:).~ it o·iy auy inclicati 11 

of it , )J'i<tin . 
~ 

In thin s • ·tio11, hm~.r v('r n ma 1rn r . c picall ... the fnwm ntal 
hara ·t(-'l'.'. rrh fragm )nt: c r, ~1 ngat <1 antl r llll 1 d. Th am r o, la]oidal 

t ,xtur i.- al:o .. c~ ln, ,·hnwjng th , vol ·ani natnr f th fnwm nt ' th uo'h 
th maj rity of th frag-nwntK ar • cl ~n.' . ndcr th mi ro 01 th frao·­
m ,ntal natur of th 1 ro ·k: a: a whol' an 1 th Y 1lani"' hara t r f the 
fnwm nt: formi11g it ar ~ :till nwr ·1 nrl .. ~ n. In th c nter the fracr-
111 ·11t. • ;:lre ~ n t h ·ompo: •cl of chlorit :i flak :- in su h 0 T at quantity a 
partly to • n -'c 1 th eharact }r >f th c1 ar whit ' m nt which js :-;n1 I · d 
t< •msi-..t for th med 1art f q rnrth, thouo·h lath-.-hap l ar as with l ol -

J!O:N" - 'VI--10 
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ynthetic twinning, ...,ho,,ing the pre en • phwioclastic fekl ~par were)f 

seen in place· on the edg of the "'ection. iu the chlorite and quartz oc ur 
large oTain ·· of fre h titaniferou iron ore, alt rin°· on clge to sph ue, and, 
mo~t triking of all, large porphyritic, beautifully automorphic cal ·it:. rhomh: 
and nm coYite ph te,' in i 'Olnt d indiYidunls a~ w 11 a' in heap. of cry ·tals. 
The carbonate, ,Yhi h predominat ..s, ..fferYe~ces readily with coltl IICl hut 
i • eYicleptly ferrut.riuou a· it i.l'l y llmYi:--h when altered, and from it resnlts 
ome of the o ·hre which color, thew .lathered ~urface of the rock. In other 

section· the calcite phenocry ·t, ar:. SC'al ;nnh clra, with Yery fe"r rhomho­
heclra. The terminal foe :-- are not sharply d :.fin ..d. The e ·tion::; re~ulting 
from the calenoheclrn are lon?, lath-.Jmpecl nnd hm·e pointed or irregular 
end parallel extin ·tion, and ohliqu d anlge. 

In pa..;:,ino· from the c nter • t(n-rnnl the e,lges of the fragment·, ,, e uot _. 
a marked diminution in th :1 amount of <:arl>onnte, mn:-;cc Yite, chlorit • arnl 
irnu oxide, ('HU~inO' a on~ •t1nent fod1t ,ning in color of the peripher:~· rl hi: 
giYe • the zonal tructure nnti ·eahle upon th 1 rncroseopical "Xamiu, tion nf 
the thin sec:rion. The schi--to.·e ·hnrn ·t ..r of th· fnwment • i • c:au • 1 d l>Y the 
parallelism )f the ·hlorit :. flake~. 

The cemeut b ,tw .. '11 the fnwrnenh i:-. cnmposecl of quartz in rat1wr 
coar~e u-rain : ·hlorite in larger fink· than in th fragment~. and ·nrboHHfr 

in lnrg·e I orphyriti • cr_\-:--tals nnd ab in minute rlwmhs inelud _.<1 111 th ... 
quartz c'.Tain~. .._\noth .. r pha~e tnntains ·oni=.id •rahle Rec01Hlnr:- plag·io<·la:--ti<' 
ftlchpnr ~nmciated ,Yith the qum'tz in the eoar:--er-grained portion of th_. 
cement. ....\._..., in ~nm:. of th· eouglom ..rate' ancl tuff:.;, the fragment .. are 
oh•,erY •d lying in ju:xtc pn:ition: th • only cem nt hetwe .111 th 111 h •iug the 
·ecnndarY int ll'l)-8netrati111r min ,rah,. Iu ~ome C'H • : the ,.d 0 ·e:-; of th .. fra,,·_, n ~ 

ment haxe be 11 so welded that on .. rnny pa:-;:, from on .. pehh]., tu th) 
adjoinin,,· one aero-;;-; an int 1T ning- fodit -'1' znn "·itlwut t1etu ·ti11? the 
trau:--ition unl .. -.;: ·hang-e:-, in th~ amount of ·hlorit • iron oxi<..1:. and c:arhonat -­

are notic ,l. 
~ ~ thin°· tlm.- far m ~ution ..d ,n,uld iu 1ieat' the jo•n Oll:-i orio·iu of th

0 ~ 

fmg·ment-- but that i: in<li. pntnbly proY ·n lJy tlP amygdaloiclal textur .. of 
the , I ·imeu~ tlwn ,Yhich I haP s •n non· h ·tt r Y '11 in th fr ,~hl•.:t 
y kauic . Th outline of th" ·aYiti __.-.; h mark :1,l hy an nccumulati(ln of 
gram f iron oxid, an 1 th ·aYiti • th llb ·h- ·~ are fille l hy fin ..-oTain •d 
quartz haYirw n ~mall am mut of ·hk rit ... a:---.;< cintetl with it. (Fig:-,. .A and B, 
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Pl. ../ X./.) The;-;e »'peeimen: ha v th_, character;.; nf the porphyritic ::;chi:-;­

t<:n .. liffa • clc.--:crilwd aboYe bnt :,;how d '-'arlr that they luwe heen deriYed 

from ig·u Oll.' da:tie roc·ks. 
OtJic.. r :-whistos<.. chvtic·. · n<-cm· in larµ.·e quantities in • e. 2-:1, T. 4() :X., 

R 33 ,r. Th -'Y HI'_. 1wnetrnted hr a ho:--:-; of ·oarse poikilitic dolerite 

whi<-11 ll1ay haYe ai<lecl in r ·rnleri1w them :--ehi:--to:-; , thong·h their :-;chi ·to it:,· 
agr • ... with the g·ew,ra] :-,rrike of thnt of the re:,:;t of the di ' tril't and i:-; 
prolJnhly d1i)fly dn .. to th 0·•1wral fol<ling-. 

)[aero. c·opi<:nllr their da:-;ti<- ;.;tructnre may h • ckarl~- .--een. The peb­

hl .. ~ c1n· c.1 •11:--<.. g-r .. .. ni:-:;h gray in ·olor all<l oYal in outline. 'l'he matrix is a 
llltl<'ll cb1rh·r green. Tl1v ;.;chi:tn, ·it~r of th> l'() ·k is marked. rrhe pebble ' 
ar • unifurml ~,. u1ongatP<1, micl the_.>~ 11an~ th , nppearam· .. of hnsiug been 
nrnslwd. Tlw .·d1i:--tosity HµT 'l'S in <lir >t•tion with th l do11~·ation of the 

lH:hl >1<•S. 

Tl, .. 1r1i<·r1 ,scopP ~lwws tl1 • p ,bh1 ..., to lJ, ba-.nlti<', \,-ith n t:q>e of struc­

tur .. internwdiate hctw<~u11 th • 11,1Yitfr awl j11t •r:-- •rtal :-,;h·uctnre~, arnl another 

wit11 approa<'h to th, trncliytfr Ktrudur •. Cnnsitl ·•rabl , lmrn n miea i. · 
pre::- ·11t in both kiw1:-;: and oc·c·m·:-- in tlak ,:-,; which nn: proh:\bly seec.mdary, 
tl1oug·h tl1c~ pc:hlJk:,; :--how fc•w tnwcs of nlteratinn. The.' matrix nmsists 

•s:e1ttially of ac-tinolit<~ in rather c·oarsl• 11c.•e(lle--., laqt • grains of fre--h 
magw·titc, lmt \" •ry little lllic:,1, and that :--ll ·h as is :--<: -'ll in th· pPbbles, 
all lyi11g- iu a ce111cnt nf qnartz mirl <'Hl<·itc. Th1.: p~1ssng-e h "twe ,n th•• 

cem<::11t. awl tl1 • JH;lJb] "S is :i n10n; or 1 •s~ grndu.d (Ill<'. thcr • heinµ: ~l ·h~m 0 ·, 

~1 :,:;. w • pa .- from tlw <· ·ukr of tl1e p )bbl, wh •r, i:--nlatu,l nt'tinnlite lll'e<lle:-­

uucl 1.!pidot<_.! ;£rain-- rn;cur, 10\ntrd il1 • <·<lg,. ,dH·r , tlw:-: • rnin ·rnl~ iucrvcl:--e in 
amotmt until 1H.:twe-·n tli ·m l1cre arnl th •r • ar ' twiim '<l f •1'1spars. Iu thl, 

111atrix prnp<~r tli,~ qnart1, is th, )ff •<lomiwrnt wliit<.~ :--ili<·nte, thnuµ:h h 'l' -' and 

th •r<; 1impicl f •lcbpr1r i. <dso s • •11. Th • p<•hhle~ ar' grn< lnn 11 ~ 1>eing- ·at .. ll 
1q1, . o to :--p<~ak hy th l actinolite, awl we can imaµ:i1w tlw tinnl re.·uh to h, 
an }tctiw lit<!-:chist :liowi11°· 110 elastic ~trucrnr ', arnl u·iYi1w 

' 
ahsolut ... h. ~no 

incli<'atioa a: to tlw rock from whi<:h it origiwlt ,cl. 
Tli ·n, i: 110 rnic·ro:c·opic·,d <Wi<l ,11<·<.· nf ma:•-l1i1w in the.· min 'rah,, ancl 

, inc<; tlii:-; i.- ;tl,.-e11t from th· cpwrtz iu tlw cem •nt~ I <·onc]ll(h• that no orig·inal 

da:4ic <;<!rnent i:-; 110w pr •sent, awl tlint tl1 • <1nartr. i:-- a :--Peon,lary ery~talli­
~rnti n prucluet <l •riv •<l frorn infiltrnt ·d material arnl frnm mnt 1ri~ll ohtaiu~d 
from th. cHlja •-'llt p ·hhl •s. ,v1i ·th "'l' th. l'ol+ i.- llll ('()liau d ·poi'it .ur a 
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waterworn --ecliment can not now be cl finitely t1 t rmin d, th UO'h that it 
b 10110'°' t th firt appear: mnr prol < bl . 

~ 'till another rock v IT 
~ 

irnilar in 
<
g· n ral hara t r l ut diff rirw in 

<letail. and ·howing· a . lig·hth~ cliff r nt r ::;ult h< 8 b n examin cl. Th
' ~ 

pebble· ar 1a. alt and in th m th " nnclc ry natur of th biotit whi ·h 
ha., hlorite a .~nciated with it i • d arlY .h wn. T ar th nt r • f th 
pebbl . very littl i, pre· nt hut it rapidly in rea • ~ in am unt toward th 
periphery, until at th dg nnl y h r an l th r th £ lcl.. pai· =-- m y b :.; n 
betwe n the mica and ·hlorit flak ..... Th m nt b tw n the p 111 , 
con. i:t of angular fragm nt:-; of alt r tl , rthn ·las f 11 ·par quartz an l a 
oTeat quantity of ·hlorit awl " m lit tit . Thi: m nt i • 1 r ' nt in 
larrre quantity. 

In both of th ~ last th .- ondaiT min ral • ar parall 1, and prmluc 
roch 1,t m -.t <l id d • ·hi-.,to • ·hara ·t r. Th s ~ hi8to' p,To la ·ti 
may he ·ompar d ·with th rnek: d erib d by '\Yilliam ' 1 and Bayl y 2 fr m 
th relat cl ro k., in th adj ining' :\Iarc1u ·tt ,li,tri t. 

THE BO_ ~E L..: Kl} CRY, T~\.LLL. ~ ," III T ' , 

,..ncl r thi' 11am ar in ·lml <l • rtain •1-y·talliu ·chiM: ·whi ·h ar b 
devel ped in th north ru part f th• 'rystal Fall· di tri ·t, in th vicinity 
of B n Lak •. If on •xamin d i~olat ·<l ·p im :111 • of _ rtain f th . 
rock . it w uld 1 imp . :ibl t _ d ·t rmin th · ir origin. ► 1 tudi din c 1111 ... -

tion with th alt rati n f th· alt r ,l an l • ·hi.·to:-; la-n1:-; an l pyr) ·la. ti : 
alr a ly d ·crib d th prol 1 m h ·t m ~ OT ~atly ~implifi l. Th : 
chi:t, a::- will b , h \\~l n th ±< llowirw pag ~ ar but xtr m h m ta-

morpho f th H ml ·k Yol ani • f rmation. ► in· in th 
limit 1 area in whi ·h th r k~ o • ur th :-- • ndary hara ·t 1-. · ar 
nant. while th primary v I anic hara t r • hav n arl • all di ·app r 

r
a

bri f -.. I cl.n t <1 . -ripti n th m. warrant d, l ut th y a)f 

<l l y a .• parat :ymbnl n th nlt'tp. 

DISTRIBUTION. 

The cry tallin, , ·hi~t • pr d minnt in 'l1. 4H . R 3:2 "\Y. ar th 
we-.t rn limit of thi • tow11 hip th, h 1 lt ·upi l by th • ro ·k • i: ab ut :., 
mile-., wide. ... • it i ~ follow l tn th a. t pa~t B( 11 , L k and th n t th 
~---------

1Bull. •.. •. U ol. ~urv y, 1. 
• )Ion. U. . eol. ur,ey Y . ., . 0-169. 
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.-outl1<•ast it gradna11~· 11:"llTOW:-- until in ~ l'. 3G, T. 4G X., H. 32 ·yr., th~ 

ea:t ·ru limit of tlw ar ,a :--trnlie<l hy m , it i~ onl:· ahout half a mil -i wide. 

Exe •pt in th, Yici11ity of Bon} Lak •, wh -'l', erosion ha · un •ffYered i-;ome 

of tli ... kn b:-,, ouitrop.- arc y •ry .·car<",, ~inc, th, drift i .~ Yen- heaxy, 

awl tli • clrainnµ:e iH poorly dvvelo1wd. 

FIELD EVIDENCE OF CONNECTION WITH THE VOLCANICS. 

If nn • (:!,· arni11 'H attcntiY<>h· tlte llernlnc+ formation in it typical 

ch,n:lopmcmt l, ,ginuinµ: :a~· in :<•<·. :?7 'I. 4:'> ....... H. 33 ,Y., and follmYing 

its 11orthwar<l ·xte11.-io11 through ~ec·s. :?2, 1,; arnl 1n of th , f-allle · tmYrn-d1ip, 

h • will olJ ... rn· ini-;tarn•p:-; of lJan<lilw in th~ tuffs awl uf ~chistositY in th" 
h • 

amyg,btloicbl laYa~·and pyrcwlct:ti<'.-. '1'11<• ~tri1 ('" arnl <lip: of the• primm·y 

awl . "(' ·owlary :·trudun· appro.· i1na t •l:· coin ·i<lt>, hoth l1c:1Ying: a g: 011eral 

north-~onth . trik<~ a}l(1 <lippillg ltig·h to th, w ,:-;t. Throuµ:lwut this ,ll'l'ct, 

how<ff .. r, tlw muni.-takal>le ma.-:-;iH• Yolc·anie. • ar • th • predorniuant ro ·k:--. 
1011ti11uing th' examination farther north b1to s l H4, r1. 46 ...... , n. •3 ,r., 

rock, an.. fouwl whi<']I pos:; •s.- :ilruo:--t iin-nriahl~· a :--tronµ:ly m.ukL,d . chi:--­

to.-it,· lmt with t]1 ·ir Yolrnmi<' orio·in d •arh· ~hown ll\· the flatt '11 '<l amy~·-r:,: ._ ... L ( 

dul '.'. 'I hi' i: al.'o trn • for th , cxpc istn· •:-. t• ..hr of this plac, on th m1<.l •r 

.·icle of th· II ·mlo ·k 1) •lt in ~c·c·. 31 ' [ . 46 ~ T., H. 3:? ,Y. T'h(• i-;triJ· • of th} 

.-cl1i:to~ity >f th_· nmywlaloi,l.· Yaril'. ' from ,. T. 3( > t() 70 '.) E. and th' dip i • 

high to the north,\·<·:-.t. Fartlt •r ,1l01w thi:-; l,dt tn th, rnnthea:-;t, in :-, .. <•. ~-l, 

T. 4<i ... T., H.. 3:3 W'. H·liisto ... <' pyroda.-tfrs wer · oh-.. •n-ccl striking- ....... , () > E. 

'11w .orio·iual el1arnd •r.- of thl's<• p_,r,wla:--ti •-., ltaY • hl •n almci...t t•u:-irel:· 

1hlit ,rate<1. TlH~ expo.·nre~ 11<·xt to the <•a:-;t in ... ·t·. lG, T. 4G .J. .... H. :t~ W'"., 

po.. c•. .- ~i11 tl10 c;]1arnct<·1-. · of <'ryst;tlli11c• s<'hi:--t~. ~' nm ,,,·hat forth 'r <:,ht, 

ltm\·(; \'(; J', }t:--. ·o_c;iate<l with the:-:<· :-;c•hists an· i. ofot<·<l nntcrnps in wl1i<·l1 tnw .. :-­

of flow . tructurc,! nncl n ~mw1nt: of ,1111, o·dule • ,,. •n· nh~t)JT )(1 arn1 in ~om_, 
L t°" ' 

trac<.;.: of ig11 ,!on:-: tt~Xtlll'<!S W<·re :--<:ell U)l(l •r the 1ni(·ni--copl. Th' :-:clii-..tn~itY 
.., < 

of tl1<•. 1_; ro<:k ... trik{.:: for tl1e 1110:--t part :-:out11 nf t•,1St Y:ll':·in:,r frorn ... ~. G5 ° 

to , o0 
". ancl dipping to the llort•l1eaHt. Follnwi11!.!· th<· 1, •lt a~ it ll<rn- turn.' 

to tlic :-ontlH.:a.:t the <'ry.·talli11 • sd1i.·t C'lwrndl•r~ pn·Y,11L thl' ,ol<·m1ic cliar­

nekr. l><.;i1l!.!' oh1it ·rntc,l. Th• . c·lii.~t sity at 1h<· -..am· tirnt• hl·IH1s forth ..r 
V ~ 

arom1d to th· sontlH•ct:-.t 1>oi11tiw,· tmvanl th<· <·ontimwtion of thi:-. :m.·a of 
~ 

, ~ol<"nlli(•: t() the :ontl1 ',l. t, outsid<; of t11<· an·n :--tn<1i<'<1. 

From fi<•lil !111:-;ervati011. tlic <'011<·lu:--io11 :-. 'l'llh lll.!<'l':-.s;n-y that thL•:-., 
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<'hi~t. are m tamorpho;-ec~ Yolcanie rocks, and thi:5 ·onclu:ion is f-treuo-tl1-
ened by detailed petrographi ·al examination. 

PETROGRAPHICAL CHARACTERS. 

The crc'tallirn· ~ehi.:--t. ar :fiw tn m •ilium ~Tain cl f-chistns nwk~ 
which Yary in color from ,1, moderat •ly light green for tho more l'hlnriti 
p1m:-;e:-, tn a Yery clark. 11Te ,u Hl}(l purplish-hlack for tho:5e in ·whid1 th_. 
hornblentle, mi a and iron ores nr • pr nnin •nt. The minenll:o; of which 
the rock:::- are compn:;e,l arrange<l in nnl •r of importance, nn' l1ornhl ,ml 
bintite felcl-,par, chlorit , epi,lnt • 11rnsl·1n·ite, t1nartz, magnetite hematite, 
~lmenite, and rutil . .,.rnfor th· rnfrTlbl'<>IW the :--chistose stru ·ture J:-, :--e ,n 

to he prn<lu ·eel hy the ~'ell ml p,lral1 '-'fo,m of the hi~ili('ate con. tituents. 
The pm1)hyritie- t ,x_ture 1-.: ~<' ,n in a f ,·w --p 0 <'irn ·11.-, arnl h1,H'n hlend • form· 
th· phenocryst:,. 

Hornblende o' ur;-; in fo1e ll ''<.lles arnl al:-.o in ·oan•,t er -~tell:-; ,d1ich 
are automorphic in th_) pri:-:nrnti<" zn11t•, hut on which no termination:-, ha,. 
been oh-.,e1Te1l It al:,n o(· ·m·:-. rath r eomm, ml:- in 1-:,h af-lik' hun lle..; of 

rago·ecl cry-.,tak Th markP<l orthnpinat·oidal <1eY h pment i-io common for 
a ·tinolite i-, quite noti('enhle. Th· ny~ta].._ -4how th· usual stroncr pleoc-h­

roi~m: c= hlnish-g-r<' u, ll=nliYe ~T 11, a =y llow ·wh r ·by .c>ll>a. 
Th, hornb1 nc.le ·ry:,tals fre<1u ntly c, 111tain larg-t> <1nnntiti •s 1>f the min ra1: 
of the oTournlma,::-- many nf th m in =--lH:h f1ua11titr that ther arp r •a1ly 
onl:- _·keletou hornbl rnl ny:-;tab pr•:-, ·nt. 1 h • g n .1ral c·haraeter of the 
hornl l rnle in all th s ro ·b i:-. that nf n -.,ecmHlary pnrphyntic conMit 1 •nt 
all(l :-;eem. t be analognu::-; tn :,U ·lt min •ml:-- a-- g'arnet, :taurnlit 1k. whi ·h 
are prodnc ·cl in cl arly metamorphi • nwk-.,_ 

Brown hiotite i. rath r • nm1on in "'c nl-' nf th ro k:-;. Though u:n,dly 
uhonlinat tu th 1 hornhl ml , it i • at time th pr ·dnminat, 1 i~ilicat •. It 

is light 1mnn1 arnl .·how-., th lhual dw.rncr ,r:-; of hiotit 1 
• It j:-; pr .- ut in 

mall irregular tlnkB~, arnl al--n in larg· r irnli,·idnal~ whi h :-;how po r 
1pina oi lal 1lev _)lopm ::.nt. In on, ca=-- wh a mica in(fo·i 1nal in p •rf •tly-.. 

fresh c0rnliti_ n may l ;-.. • "'ll with ih ra 0 ·u· ,cl lg·p:; iutcrlo ·king with th 
fringe 1 periph ry of an alt •rino' f lcl-,par ery. tal. 'I h hi )tit, app •ar • t 
have derh-ed me of it--. ne •e-.,sarr ·1 m .. nr. from the folclKpnr and to b 
eatino· into it awl con. q11<--mtly t1 h, n s ·• rnlar:· produ ·t. 

Fe1'1; par i, uot f1rnrnl a" an urig·inal min ral in any of th ny~rnllin 
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chi:t . It occurR a. a . eroncfory onstituent. It iR found, how ver, a a 
primary constitu nt in a, few rock whi h R' they ·till pot,· R. r mnant~ of 

oriuirnd i<rn ou: t lxtur :, trictly speaking, should not perhap" be induc.led 
·with th, cry. ta11in, sc-hist:. rrhe,v r pr sent mor prop rly the tran. ition 
:ta<r ,_. to the crystalline sC'hists, but th, pro ::.ss of the alt ration of the 

t Id"pm· i: so w 11 shown in th s that it i:-i con~icl reel exp di nt to mention 
it at thi. 1 pln ·e. Th, original folcl:-,par o ur~ in thi' transition phnRe in 

the lar<re tangl 1d int ·rgnnvth.- C'nrnm nl:· : in andesiti arnl 1msaltic·ln 

rock.·, a: in,livi<lunJ phenocrrsts, ancl ns mi 'ro1iti(j lnth-~liaped incliYiclua1s 

in the gronndmri:.·. TIP gr at ~.-t inter •st e nt •rs in the plPnocry~t;-;, a.· in 

T1th --m th ·hang,.., whi !h tnk • plnc 1 ar • mnr cl nrl:· ~ n. he feld~par 
pli ,nn T_\" ·t • are alway:-, domly dne to numb ,r1es~ hlnck ferru~>-inom; indu­

.:1011.:. 'Tlt 'Y al:o i11clo:e the Yarion: seem1<.lary <1nr1· 8ilicates composing 

the <1Tonncln1a~: grain: of 1 piclote, fink 'S nf biotite, nncl t-rystal: of horn­

lJ1eivle. The..·, ar u.·uall r .·mTotm<ll'cl h.,. Yery- narrow clear zon ·, appar­

ently f --l<lspnr. 1. J 'c r th 1 dge~ of such alt r d rystal ·, and espe ially in 

th nwr~ nlt refl irnliviclual:, thcs(.' in ·1u~ions ar 1 mor 1rnmerous, and arc 

a ·N1mpnni ·d by g-rni11s of quartz arnl n )w f ,}dqpar (alhit !). Th 1se la~t 

two luw 1 ·rtainly lH; ·n d ,riv 1 <l from th 1 alteration of th felcl par, but• 

that min ·ral nrn,y po:sihly nl:o hnve contrilmt 1{l :om 1 thi11cr to the produc­
tion of the elm+· :ilieat •s. 

rl h 1 
• <'ornlar ,. f 1,1.-par, that of the .'('hbt: prop r is found in grain. 

u nal1y un:trfat cl, thon<th ht a f •w <'n.·e: .·triati 11.· w r) oh~erYecl. 'I hi" 

fc.~1,1:par wa. not d 1 t ·rmin ..a, 1ut i.- prohc1hly alhit Th chlorite i in flak :is 

• att<;r '<1 throuo·h th, 1-wlti:t:-i, .-ltmYi1w th • w,trnl dinrnct rs. 

Epid< t ·, mn.--·<·o,·it ,, <1nnrtz alHl rntil 1 app }ar cl:-i u:nal. 

Ilm ·nit i • pn•K •nt in on cm; • a:-, mi a· •on:,; titanic iron oxicl arnl i 
th '11 in •xtr •mel .,. thin platp: which ~hm ~ a, h •autiful h ixacr nal d y lop­

in •nt though mor .. frecru •ntly tlw plat it-, <ll' • rotm<l The)· nr tran:par nt(l. 

with tl1 ·barn ·t 1i·ti • Jow-hrown C'olor. Th thi k r plat • ar thin 

·nnugh t< b ;> tran ·p< r nt only :dong· th .. edg :,;. 

Th iron oxicl<.•,', 11uwn •tit•, nn l 1i matit ·cur in s )111 of th , :i rock. 

in lar0 ·; <111antity. In c •1tain part: of th ar n un 1 •rlain by th s . chi ·t 

c·nu:idc•ral 1' c_;x<·~ vntion.- lu.n- h n mncl in ar ·h of iron, th . pr :ence 

of whi ·h wn: irnli :at cl 1 y th) mag·n -'tic nc )dl j' ancl mod irat ly larO'e 

bn<fo•: of re haY, lJ en fouwl, though in 110 ',:.. in ~uffi ient quantity to 
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admit of ;:u ·ce-, ful minin°·. \1 ·h or l odies probably o".,. th ir pr ._en e 
in O'reat part tn pro ·e.~ _•.' a tiYe subsequ ::.nt to th" formation of the hi ·t .. 

Cee p. 13J.) 
Accordino· to th_. quantity and a~soci< tinn of th mineral, cl:.: -rib l 

aboYe a~ occurring in th :chists, th follo,ying rock: may r ·ult fr m 
the complet metamorphism of th 1 a. ic n 1 ·anic. : mphibolite., hlorit -

chi:--t:--, epidote-:--chi:ts, mica-. chists, mica-:m ii-;· , ancl po" ibly ._iliceou. 
hematite and magnetit or . Th:. comp] te m tamorphi. m of cl n: ba i 
lam flow'i into cn-.:talline chi.·ts has b n d ~:crihed 1 y ,Yilliam , 1 f r th. . 
Menominee and Marcin tte di8tricb and al, b:· Yan Hi.' and Ba. .,.1 .,. 2 for 
the Marquette cli.:tri t. ,Yilliam. J ha < 1 • tl crib :id th production of 
chi t • from the igneou~ clasti • • in th l\I nomin cli tri t and l'-imilar 

product.~ haY he n de~cribed from th Marqu tt di 'tri ·t both by W'"illiam 4 

and by BadeY.5 
. . . 

'I he al OYe-cle.-; ·ribed .- ·hi:--ts •oy r a n ·id rabl ar a with only iso-
lated exp ~ur , of rorks a. so iat d ·with th m in whi h Yolcani r.hara t r. 
ar re gnizahle. They ar <:onfidently h li ·Yecl ~o r pr ent xtrem }y 
metamorpho-:; d Yolcanic._ of the .-ame gen :.ml ri 0 ·inal haract r a:, tho:-­
con~titutino- the Hernl ·k formati n nn l l 1 ngfo~· to the . am r latiY, 

period of extru ·ion. 
The same on lu--ion: lun- b en r .,ached l y ~ myth for . imilar .·chists 

along the F 11 RiY r to th .:ontlH:< st of thos d :-- Til d. It i • noti a1 1 
that the most int 11:-; _. m tamorphism f th YOl ·~mi • hn. taken pla in th ,cl 

northern an<l northeast rn part )f th.. 1ry. tnl Fall· clistri t, thn t part in 
which the -ry:talliu:. : ·hist~ haH b en pr du cl: tht u 0 ·h th xplanation 
for thi. can not 1 :. off red. 

The normal e<lim ntari ar in ~mall quantit:?· It luv 1 ) .,n seen 
(pp. 64. 7,) that th l\Inn :fi ,.Jc.1 .Jnt:. i-- OY ·rlain l . • a mg·lom rat in ,-rhi ·h 
y 1 ·ani • mat rial pr dnminat "s, but \Yhi<ih ·nntain • partly round c1 frag­
ment· of ·h rt arnl slat nml rnurnl <1unrtz !.,!'rains <leriYecl frorn th und ·r­
lvino· s 1lim ntari . But for th, int •nning:li11Q· of thi.- nornial chvti debri. 

.. t, -

I Bull. r. . (Teol. tll v-ey .i.'o. fi:?, cit. ◄ Op. cit., p. lil . 
'=)Ion. 1-.. (rt>Ol. ,.:nn·ey. Yol. xxnII, cit., pp. 15:!-15<. II p. Cit., pp, 160-169. 
:i op. cit., 1'· 1:-J3. 
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with the pyrocla.-tiC':-; the c·ongfornerat ~how. nothin~· diff ""rent from the 
:\·o1canic conglonwrnt .. ahen<l:· <l-'sC'rih :)<1. It i a transition rn k between 
the tuff~· alHl tlw normal sc.. clim ,ntarie:--. 

.1. ....► 'imilarly in .- ""('. 34, T. --1-[> R 33 " ... ·: a gradation o • ·nr:-; in the 
upper horizon of th, I-I ,mlo<'k formation from the Yolcan-ic ·m1glomerate 
to th ... tru ... normal . • clim nt:-;. The s<.''1im -'llts ar ;. slat ;.i :,; about 175 £ t 
thi ·k, ccmtainiuµ: 1 11tin1lar ma. ·:-; ... ,. of lime:--tnn . The:-;, h d.~ dip 0° to the 
w ... .,t g· --u •ntll:· strik north but Yary in plac ,' a f ~,,· cle 0 T e:-; to the we. t. 
Th y }re uud ,rlain by ·onglomeratet-- c011tainino- w 11-round cl Yolcanic 
peblJle~. This Yolc·anic ·011:.dom -'nlt =-- oTad ... frnm the coar:---' ·1mo-lom rate 

1 
up into what might he; t rm · ..a a wat 'r-d ")posit ..aYnkanic :-;and. Tlw peb-

hl ,_, ar _. all of Yol ·anic mat ,rial. B ,tw -'ll th :. ·onglomerate.: and .'lat ;• i,' 
a . mall ar ,, without out -rop. On·rlYiwr th_. ~late~ is a ~U('<. s~ion of tuffr 
awl 1anl flow:. 

Th, ::-late.. in <'nlor rano·, from li~2,·ht oTaY and oTeen to purplish rel,~_. b .._, 

arnl th• 1 ns .. ., of 1im<-1.-to1H.. Yary from er •am ·olnr to purplish re 1. In thin 
.~ ,tti u th~ . lat,., arc., H· :in to h<.· Mmpo:-- ,1 of a f :.lt of~ ricite chlorit , and 
<1uartz with a.-.. o ·iatc;<l inmrn1 "'rnhl l n1i11ut nail .. rrystah,, and h r and 
tl1 ·r .. ~ laro- .. spot of limpid <1uartz. .A f ,rn1<,.i11on::- carhonat ") i:-; pi·e::- nt in 
all >f th ,m in porpl1:\Titi • rlunnh·. \\.,.h "'1' ·hlorit, iJ-- abundant, the :-:;lat"':' 
ar a light <rr., 'IL "\Ylt •r, iron oxid • is almuclaut nnd the ehlnrit l ·· pl nti­
ful, th ... lat : ar, pnrpli.-h. 

Th .. 1•n:· ... of lim • ·ton ar ·; rnth •r pnr ~, t·nn:--istinQ' mainly· of ·akite 
with .~ome f w .- ·att(:rr·<l ar 1 }l.' of elwrtY sili ·a. (_ n the ec1°·e~ of th l :)n::; =-. 

.- me of th• slat mnt rial i.- fonncl formi1w
0 

l>cmtl:-- in the carbonate. The:-- ,. 
int •rm .. cliat , pha.- ... • gT,Hl nu th .. on , hawl jntn th · pur .. arbonat .. , and on 

th• oth<Jr lim!d into th • slate h 1 cl. . Fron1 th .. nnst nf lim nit , which may 
lJ • ..; ) n 011 th, w<:ath ... r cl :urfa • • of th , rcwk th .. r nlcit l is vid :,ntl:· rath r 
f ·rrnginnu. . Tb .. 1>roc· .. ,., of alt rntion i~ clenrly ::-e "'ll nnd r th .. mi ro­
. ·op·, wh ·r, numy of tll(~ grains are snrnnmcl ·<1 hr rims of h:·drat cl oxid 
of ir n ancl 11 •nwtit •. 

BUILDING AND ORNAMENTAL STONES. 

Th .. ro +. of tli .. II •mlock formation ar, not lik I~· to b mu •h u~ .,cl 
for bnil<liug purpose. . T'lt u c·nmpnd l a~a1t ., po -~"'ss in cl high d gT , th1, 
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two e~.,ential featur :, of str n<rth an<l durability. For trin11ni1w in contrast 
with lighter "' tone: they mio-ht 1J found ,le"irnhl and it may he . ugge ,t ..cl 
that they ar e ·p ially ,·nitabl for mnsair.· in "·hi h ri h greet;. · are 
cle~irecl. They are of too somb r n ·olor tn b ~ ns cl in large quantity for 
anything else than fnmulationi-\. ~ for 1>Y •r, th, <liffi ulty and ·ons 1 qneut 
expen e of quarryinir th ..m, and th :.ir r )mot ne~-; from ·itie • of laro·e . iz,. 

will operate tron!.dy a~plinst their lh . 

The pyro ·la~tics are natural mosaics, arnl " om of them ha-v a YJrY 

.plea:ing- app aran (Pl. XIII) arnl are uitabl for tabl tops, wam:-
coting, etc. 

ROAD MATERIALS.' 

Tl1e impi'ntan • of g·, n, l rrnl<l:-- in ai1 linQ· in th mat rial clevelopm -'llt 

of a reo·ion can hardly b .. ov 1Pstimnte(l. and in th huillling; of o·ood road:,. ' 
esp ·ially in thinly inhabit d re,!.dnn:-., th pnlximit:~ of ?nod roa<l mat •rial 
i • of prime imp,n'tan • ~. 

Thu.., far th• 15 mil-':-. of o·no1l roa,l b •tw "11 1-ystal Fall:,; nnd th 
acljacent mini1w Yillaµ- :.::; hav h .,n t·1>Y ·r ·d ,Yith th 1 f }rnwinous• ·h ..rt and 
,late::- from th dump of the mines, arnl umoll th ·ms_ 1-v s to th tran~J ..r 
like r <l ribbnn-., laid through th gr n ,rnntb. 

....,.o rock is h }tt •r . nited for use in hnil,lin°· ma ·adamized roa<l· than 
the basalt ancl of thi: th , II mln<'k formation off r:-:; nu in xhauMihl 
. uppl:·· The fin .,-<rrain ,,l ·cnnpa ·t h~Ntlt:-- nr • by for th l :t rork 
obtainable: and, other thing: h ino· qnal, ~houlcl of conr:.; h cho:-- -'ll 

rath r than th ·cona ou • arnl (Hts •qu ·ntl:· w ak r fari s hut th .• 
weak r kind~ and also th pyrnelastil's m·., pr ..f :.rahl to th ch rt: and 
.·lates which lurv • l ·n u~ ,d. Th ·h •rts ell" v ry hard arnl clurnbl :.., bu 
the c1ust and --and fr m th m pn:--s s.· but -.,}i~ht capacity f r mentation. 
Con , qu ntly th roadway np n ·which (1uartzit and h rt have h nu.' ,l 
are mor lik h· tn wash nt1t than ar th., roa<L- ma aclmniz cl with l a alt 

:-ince the du~t in thi • latter ·a:-- ·en··~ a~ a •-'lll nt whi h hirnl.- th laro- ...r 
fracrment mor firmh· to<r •th r. Th road cnnnni~:--ion r"' ha.v thus far 

•' 

u eel v IT littl ha.:alt ·hi ..fly fnr th· r •cl"'Olh thnt 110 ·ru:h r wa:,; at th 11' . . . 
di ·po. al, and the ·h rt and :-.lat s w r • at hand r a<ly for u 

https://tron!.dy


CHAPTER V. 

. 
The upper :eri s nf thiH <listrict i: <·onn ct <l in the northeastern part 

cf the ar .)a with th Upper )fan1uett:) 8eri :.:-; nf th .i }fan1uett .. di:--trict 

nlrect<l)T cl ':erih~<l in tl1e Fifte nth Annual H ..port and ~Iono 0Tnph X:X\'lII. 

In these report: th~ l pp r )larqu 1tt 1 
: -'rie~ i::- r 1g:arcletl a8 part nf the Gpper 

Iluronian. AH ha:-; h 1en :tat d, tho Cry8tal Falls <listrid iR the ~onthweRtern 
·xt 1 n:inn of th Mnrqu tte (fo;trict, and con:-:. quent1)T we 8hou1cl expect the 

·hief fnrmntions of the two <li:-;tridH to h, cnntinunu:--, as ther are. B can:--e of 
the~ ,lrift an<l hecans ~ of~ chnng in th 1 clwrnct ..r nf the rock:, in nrnppinO' 

th W<Jst<;rn part of th 1ryRta1 Falls <li. tri t it has not b .n pra ticahl 1 to 
divicl<; tl1 • pp r IIuro11i:,1n into :-; veral formation~, ·orrespnndin°· to tho e 

in th • jfarqnette di:.;trict. 1 o irnl<1 p nd nt nmm wi11 he 0 iven to it, but 

it will . imply h call d pp lr IIuroninn, with th tmder 'tanclino· that it 
orre.~pon<ls . trntigraphically to th 1 pp 1r Jfarqn th: s ri .s. 

BPginning in th l northea:t -'l'll part of th ar l a tlisclt.'8 :id by m (, e 
Pl. Ill) thi: ,' .1ri •s {'(.)V :ir: th, ~outh lJ'll part. of rr. --1-G .i.: ., Rs. 31 an<l 32, 

wh P it is only 4 mil<:-': in wi<lth. It i: 1i •r--' a nurtlrn· sh·outh ast synclin 1 • 

From tlii: pla it :tr 1 teh s lw ~ornl th north -'l'll limit of tli • map. \Vith 
:light int ·rrupti n: wh •n~ intru:iv •: o(·c·ur it .~t ,rnls in a broad ar n, to tli 

\Y .... t awl . outh al ou th, H mloek Yol ·nni •:-; t n, point lying l •yoncl th 

limit of th, map. On tli:i •cvt rn Hi<1 of th ,listri ·t it abut ,wain t nn<l i" 

fold cl in .'yncliu ,, in tlw Ar ·h an µ;nmit . 
Expn:nr :>: ar : ·nut r for th nT<•nter part of th ar }n, in th ry, tnl 

Fall.~ ,Ii. tri(' underlain hy tlw Upp r Hnronim : ri s. Thi~ i.~ du 1 to two 

mdition., tir:t, t >th· :oft eharnet 1 r of th· n k: eon:tituting- th s ·ri s arnl, 
:-.peon<l, tn the pr,· _.nee i1l p1a ,_. f th \uuhrinn . antlst n , nnd mor 

·.·p .! ;iall.: t th d \ •p ' v .rinrr of o·}a ial drift whi ·h i: found Hpr ad oY r 

th 1 •11tir .. ,li--trict. T]ip Pl er IInronhm is ·01n1 o.~ d in gr at 111 a:ur of 
Ei5 
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late , which are interbelldetl with much small r quantiti s of graywacke;'"'. 
and chert. The slate.- are ero led nm ·h mor readily thau th as ·ociated 
harder bed , ancl therefore, :s:c pt alono· Yall"ys, '" rarely find the :oft 
slate e:x:1 osecl The 0 Taywacke and ·herty ro ·k~ are the one which form 
the h'iking topocrraphical f atures of the larnl 'cape, the .·late" formiuo-
oftly-rounded hill:. The <.lrift is nlsn an im1 ortant fa tor in th arc:ity 

of outcrops. In the northern and we:;tem part~ of the di trict ., , pe ially 
the drift i:-- very heavy. In thi • portion the yuuthfulne s of th topournpl1y 
i empha~izel lymunerou ., ·wamp~, lake ·, and gen rally imp rfect drain­
age. In the . outhern and outhw ;.,tern parts of the di "' trict, owing to the 
pre en ·e of laro-er ·tream: and cons qn ntly more advanced ro ion, the 
drift ha: been remoY cl to a oT ater or le _. ext nt ~o that the t pooTaI hi ·al 
form · approa h much near r to tho ., of an ungla iatecl r o·ion. For 
in tance the o-eneral ,' trike of the gra,wack au 1 chert, fernwinorn, 81atJ 

C ~ • 

bed in the , ntbern portion of the ar c T. -:1::? X. Rs. 3:.. and 33 ·w. can 
be clo~ ly- followed by· th north-:--outh t( nortlnY ·t- ' uthea. t ridge which 
they form: the inten~ ning Yalley., being in all prohahjlity underlain by the 
ofter rarbonaceou • cla, late "' . Al ' O in thi: Yicinity from th Chic:ao·o 

L • r 

and J..~ orthwestern Rail way astwarcl t tl )Iichigamm J RiY r exp :ur s 
of intru. iYe: with ome seclimeutarie -- stan l out from the 
rounded knob . 

MAGNETIC LINES. 

'and 1 lains a: 

A c n ·iclerable amount f 1 tail magneti -work ha· b n don in 
the Yi inity f the or -1 earing- area-., iu th J 1 np J that with th a.-si.-tan e 
afforded bv th mao-n ti • ne tll the iron b lts mi~rht l b tter traced than 
they could be by m ans of th Y ry ~ ·antr outcrop.. I shall h r le:crib 
tho e line f ruag'n ti listurban .. ,d1i h haY l n trn • cl for ·on.. id ra ble 
di tance . Th :..y ar indi at Jd on th map I 1. III, by ·olid blu lin :-;. 

Magnetic line D.-Thi:-; liu of maximum magn Jtie cli turhane l wa' trac cl 
northwest from near the .-<mth "ast corn 'l' t f 'I. 4G ..._ ----., R. 32 "\Y., annmd 
Bone Lake; th n ::i lUtlrwest < n l s nth tlm)l1id1 '1 . 4G ..,. ., R. 33 '\Y., until 
finalh- 1o ·t near the :outh . id of ..., e. 34 of the ~ame t ,nrnhip. Th 
tracino· of thi.: line wa • h gun wher out<.TOJ s w r:. wantin°·, and it wa.· 
not 1 ~::;ible to connect it dir ctly with ~ ny m< g-n tic fonuati n until ::, c. 
34 T. 4 ~ ---- .. R. 33 "\Y. was rea ·h:. l. Her it "·a-.. C< nn:. t 1 with outcrop.' 
of magn titi late and 0 TaYwa ·k "-hich OY rli the II ~n1lt ·k formati( n 
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but with no c ntact xpo::,ed. Throu()'h ut it "' xtent the line of di turbance 
i::; : parated from the lin of outcrop,' of the Hemlock Y lcanic " by a hort 
interval. It i. , howev r, alwa ·, di tin tl parat cl from them. 

Magnetic line E.-Thi: mag-n ti\ lin I as ·e..: dir ctly throuo·h the open pit 
at th Hem1o k. .• the liue i. trac d north from thi I oint it pa e ju t 
w st of an amygclaloidal lavn, on -half mil north of th mine. From thi 
point until it i.· lost in : c. lG, T. 4iS .e. R. 33 ,v., there i no evidence in 
r garl to th natur of th rock causin°· th attraction. Tracing the line 
:outh fr m th H ml k mine it is found t swing- about 200 lace a t of 
the }Ii ·higau mine, n ar th north lin of ,' •. 9 T. 45 ., R. 33 ,v. 
A quart r of a mil fm·ther :outh it , wino·s ba k a()'ain, a1 par ntly in t1e 
Hne of th ·ontinuatiou of th• iron-b aring formation, which it foll w for 

ne-half mile farther ,Yh r, it is lo 't. Th only pla along thi • lin where 
it ha · l en p ... ·ible to <l ;,t rmin the ro ·k cau.·ino· the attra ·tion i at the 
Ilemlotk mine. Her 1 it wa: fournl that it i • n t th or formation proper 
which i ma(J'netic, but that it is the f ot \Yall. 'I'hi is a, magnetitic ~late, 
ab ut 42 £ in thi kn H,, a: hown b r th diamond-drill b n-ino·s. 

h above are the onl lin '.l/ of maximum ma 0 ·neti di turban ·e fr 

thi. p, rt of th 'ry:tal Fall. <li ,,trict which it ha:-; be n foun<l po" ih1 to 
c·nnn -'Ct in any wc r '.lo. 1 r with th irou-h arino· rock '. A. Iarg numb r 
of lin 1 f di.· tml an· , how V'-'r, w r tra l within the limit of the•• :1 

I mloek fr nnati n, hut n a· '< unt of th ir $1ig·ht onorni importance 
th ~ ar not in: rt d on th l map. In th ~ ca " the inflw~nc n the 
n c11 i: viclently ,x rt d by th} nuwn tit f th Jaya ancl pyr lastic , 
and iu pr cf of thi.· the line.· ·an v r c muuonl ~ b conn t cl ,yithr 

xi o.-ur : of th:. vari u.- v Irani • r k '. It i:-; f i11tere ' t t n t that the 
tr nd f th lin ,· in th volcanic invarial ly a0 T ' with that of th tuff 
1 <l: and wi h th <r •ll "r, I ·trik of th forma i ns of th district, and the 
r acl r i: r miml (l f th .·ugcr :ti n alr ady off :.r <l (p. 13J) that th y may 
b can · ~<l h ,. rnagu tit a· umnlat <1 by : mlary Ir ,,. .... '"'""''-"·', e I ·iall 
a tiv, in th_. tuff h 1.- an l , ria ou: p rti 111 • f th lava flow . 

. 'in • th .,.Pl r I-Im nian • di1 v r a l r al ·:1.r n th ir thick-
n . s nm:t be Yf'r ,. ·011:i l •n 11 Owin°·, ht w Y r, t 1 th ' ·arcih,. of 
expo. ur . it i.- impo::ibh• t o·h~ "'V n an approxinrn.t Minrnt 
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FOLDIXG. 

The exh·eme northwestern part of the ar .a ha., not been . turlied in 
such detail as to nable the minor fold~ to be determined. In general, the 
serie • may he -.;aid to fold around the Lower Huronian, following- th~ 
general outline indicated hy it:-, color, as sh m11 ou Pl. III, :rnd lun-ing a 

steep dip away from it. In =-- . •. 20, 1. 43 ..._~. H. 33 ""\Y., large outcrop~ of 
chert are folded in a mo~t ·mnplieated fashion and are locally 1r ceiat ·d. 
South from thi._ point the eYi11ence of :,;nhor linnte cross folds is marked. 
A· a re ult, the line between the Low r Huronian and 'Gpper Ilurouiau i: 
unclulatory. The indentation: in th· Low ..r Huronian repre~t·nt minor 
cro •. ·~n1cline ·, aud the protuh .,rmwe:-:- repre:-;eut minor eross anticlines. 

CRYSTAL FALLS SYNCLINE. 

.i.: ear 1ry.~t'-1l Falls is the mo~t important of these sn1eline8. Thi::; 
town au l a number of small outlying· mining· Yilhwes ar ~ situated on a_ 
,·yncline. The ··lmract r of thi:, syu ·line j~ -110\YU hett •r hy the distri­
bution uf the Hemlock volcanic than l Y th .. :edimentnrie~, o\\ i1w to the 
._·arcity of the outcrop;; of the latt \r (11:-.. XYII a1Hl XYIII). 'l he broa<l 
belt C)f northwe~t- ~outhea::;t tr ,nding Yoknnic~. ~ituat ·d 3 mi1 ls northeast of 

\y:-;tal } all-:;: bends in ~ '(.';,. 11 I:?, Hlll l rn r1. -13 ., R 3:? w..., to tl1 ....i. 

south, an<l gracluall~· chan!.te~ to ~1 t-light sontlrn~ J:;t tr •ml. In th· r -'lltrnnt 
angle l;f thi~ Yokani • formation i::- th' 1i·_\·:--tnl Fn11~ s~·ndine, its course 
being that of a ·ontlnv -':5twanl-openiug- U. The axi<ll line of thiK U prohahl~­
bas a w~stwanl pit ·h, corr ·~ponding with th, !.!' ·n ·ral folcling of thi~ part nf 
the di~h1.ct. 

.... ~ e~ r the cent ,r of the U arnl ju~t a littl, northwe:-,t of C1rrstal Fnlb, 
in ~ec:-:-. 17 and :.0 T. 43 _._ ~. H. 32 W., i.: au area uIHl ,rlain h~~ Yolcnuic::-; 
,vhid1 trencb ea~t and w •:t, a11cl ·au h follnw ·<1 west,nml into :ec. 1, T. 
.J-3, I . 3.- heyond tlw limit· of th<:- nr a re1 r )~ent •l 011 the map. It Yari ,..., 
in width frum one-fourth mil • to 4 mil,,:,;, ·HY )ra~dn~· ahnut '2 mile:-;. Th, 

contach of the~e Yolcanic:--. with th, en- rlyiug· "pp ·r Hmonian ·ecliment::; 
are not expo$ ·cl. n ..u •.. definit, pro()fa uf th ·ir int 'lTelations cnu not lJ .. 
giYen. The Yol ·ani ·s ha ,·e he '11 fold, l with th · . dim nts, and :suhs c1u ·nt 

ero ·ion ha expo~ed them along the nxi:-- of an autieliu . 
Th .. south _.rn arm of tli • cnn· •l :-;_ ·n ·line h •mt aroun l the extr 'llll' 

"'outhem proj .. ·tiou of th II •mlo ·k Yol ·uni·:-- in~ c •. I and '2, T. 42 r .... , H. 

https://di~h1.ct
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ll>EdLlZED TRl'.Cn.:nAL ::'\L\.P A:S-D DETAIL GEOLU<..JlCAL )LU', WITH SE TIOXS, T HOW THE nhTRIBU-

TIOX AXD ,-,TRl;CTCRE OF THE Ilt:'P.OXL-\.X H CK IX THE YlCI.:-.ITY OF CHY TAL FALLS, )JICHit,A;:,;'. 

Iuealizeu ::;tructural map of the Yiciuity of ry"tal Fall,. .\11 attempt bas IJeen made to 
illu ·trate upon thi map the \li 'tributiou of tbe Hnrouian ro ·k , a1ul at the aurn time our conception 
of the <reneral features of tl.te strnctnre uf thi are:t. The \lrarnago is mer •ly 1ntrnducetl for the 
purpo:-e of orientatiou. The topograplly as hem repre enteu doe· not a 0 ree with tile true topograpb_, 
of the area. The bottom of the <Yeological ba in now occupie,- 1 n' the re ·nlt of ero 100, the b1"bl:',t 

places topographically. 
Detail geologi<-al map, with ection . to how t ln: lli trilmtion and 8trncture of tbe Hnroutan 

rock<; in the immediate Yicinity of Cry ·tal Palls. Thi ern • a a key to the accompanyiug idealize<l 
tructural wap. 
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31 \V. an<l. wjno·:,; em;t north of Lake ~fory into ~ c. 32, T. J3 .1. T. R. 31 W. 

II )r ~ f ...1-ruginou: ·]at :),. ar0 (\.po' cl l ordering th:. )Iid1igmmn River 
at th"' :o-callml Gli<l<l :)n exploration. Tli l t'XtenRion of th lowermo 't 

Lpp ,r Huro11ian b •cl.· :.ast from thi: l oint :--non pa,~:,; .• under th , and plains 
arnl drift hill,, and i: lrn.;t. The hicrh r he l: of the 8 ries are how·eyer, 
expo.·e<l in t}w lower ecmn, 1 of the :\Ii<'bigamme, Paint, and Brul river,, 
·which oiv"' good s ction, • acros8 tlwm. In thi:-- portion of tho arf'a cliscu , eel 
the extPn:ion of even the:-ip higher part;-; of th formation can not, how~eYer, 

h ~ follow· _,<l farth -'1' ~a:t than tlw )firhio·:rnnn" River.r--

'Tlrnt th., \vstal F,all. • syndinal ha~in is not ..imple, hut ha:-; minor 

r 11., i: :h nvn by th • way in which th~ pp -'l' Hnronian s ries indents the 
Lf wc,r II uronian at th • ea:t m nd. \.l:o th~ ·l s and cornplicat d fnlcliuo· 

i., . howu h ,. mining- work, arnl can h:. nic •ly seen in the open pit~ of the 
Columbia awl Cry:tal I~ all: min ', in the expo ·ure~ in th raikoa<l cnt near 
th, Crp;tal F'n1l.· miu<•, and al.·o al01w both hank8 of th Paint RiY r near 
tlw town of Crv. ·ta l Falls. 11. TIV Hhows th, o·cueral clrnradr•r of thi.· . 4 

~ 

:yndin ". 'I lw folcling ha: produced •xten:iY._, "r ,ih~mg~-ln·~ccias:' ... ear 
iry.~tal Fa]b along th, ri \·,·r l auk, nhont on J-fourih mile s<,uth of th , rail­

roacl hrid<J'(~, may lw : •en :·md1 a br •c ·ia, whi ·h ha8 he• ,n form l,<l nt the 

j uuc~tion of a ch .1rt with th_. .·late,'. 

TIME OF FOLDING OF THE UPPER HURONIAN. 

rriw latest foldi1w to which the rocl· of th, Cn stal Fall~ di tri ·t has 
h • "11 :uhjc•ctul i: that whic·h aff •cted th, TPP •r lluronian awl lik wi:-:; • 

iuvoh- ,<1 th• 1m<lerl 1 ing ...\n·lwa11 awl LoW('l' Iluronian rocks. 1 hcrefore 
tli j fl ·t<~nuination of tlii • p<1ri0<l of folding i: of ,.·p '<•i;,ll inter Ht, as mark­

ing- the do:· of <mw ,uie m<>n•ment;-i in thi;-; di:;trict. 

On:rlyjng- th· pp •1· Huronia11 is tlw Pot:--cLun nml rian or Lake 

, 1nperi11r ~.111d. tou •. 1.'lw he<L· of thi:,; formation nr • 1wriz;ontal, or Clli--cl 

:-;how a Y!-!l'V :li,rht tiltincr, followi1w th ~ o·pn -'ral incli11atinn of th~ di:;;trict
" r., n r" 

whi ·h p ·rlwp: to a c,.r ·ut <1xt •ut may lw (' pln111 ·d l>~ th· initial <lips of tli, 

h •cl:--. Th• :- ov •rli • witlt .·trollg· tuwonformity th, upturn d and stnnwly 

plicatc~d l ,,,l· of th• pp ·r Ilnro1da11. ThiK un ·cmfnnnitr mark.~ n lnp~, of 

tim' rcpr<! ·t;nt<;<l in nth •r clistriet: by th .. folln\\ ing· '\ 1.•ut:-,: (1) ... \. 1wrin,l nf 

up] 10an1l all<l d ·nncla tinu of tlH 1 ppc•r IInrnnian; (2) tlw snh.,i 1 ..11 •, arnl 
dcpo:--iticn1 upon tho trunc·at0d pp<·r II uronian :--c«lim "nts of . th h lh•r<i-

:-.10. XXXYI-- 1 
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geneou volcani and s climentar_,? Y e,Y euawau 'erie . ; (3 ) th uph aYal 
and truncation of the K ,,. "enmnm, in ,Ybich moYern nt of course th , l Pl er 
Huronian in the Keweernnrnn area · "~n:-; lik )wi~e inn lved. ► uh. iden of 
the land area · and the trau~gre:--:,;ion of th, 'amhrian Ren follmn,d ,Yith 
depo.,ition of th horizontal Lake ;\1perinr ~ancl:-,tone upon th indine,1 
KPweenawan an<l l""pper Huronian roth. Th .. L"pp r Huronian of the 
Cry"tal Fall ' cli.·trict may lun-e been im~ )lwtl in one nr both of the foklhws 
which to >k pla pri w anrl ~uh-;equent t th ., Y w nnwan; or • ond 
"·inee no K weenawan cl lo ·it , are known in the Cryt-.tHl Falh, di:tri t it 
may be that it ::-;uffer d ~ n early period of pow rful onW'enic moY rnent 
·which rai ·ed the ro •k;-; abov th t-iea, aml wa: :-;yn ·hronou • ·with th pre­
Keweenawau upheaval. ... long perio 1 of ro~iun H<·c·omp( ui d perhap.' 
by th r ] -; , im1 ortant r o·enic movem nts, may haY f llow <1 c mt rn­
poraneou • with the a ·tivitr nf th K "•., 1Hnva11 ,·ulcanoes and th o:-; ·ilh -
tory moYement of th Y eweenmvan r 0 ·ion. Th - la1ter I cone fre to b:. 
the nH>re probable vi w. If thi~ it- ·nrr et, th intense fo]dino· of th pp r 
Rm nian secliment:4 in the place i1mn diateh~ 
pre ·eding the depo:,\ition of th... I~ w • •nawan ;-;erie in uther part· of th., 
Lak -,nperior re~:iun. 

UEL.ATIO......K TO 0TH '"'l ~ERIE: -. . 

It ha · h en ;e n that in th '" :t rn l art of th di tric:t th H ml ·k 
Yolcani ·:-i ar., the high =4t memh ,r of th L w 'r Hnronian. At th end )f 

the Y )1 aci • a tivity there must h~n- • t, k n 11a 'e n verr gen ral trnn:gTes­
:ion of the ·ea as i:-; virl n ·., l h:- thP cnntinrn us h lt lf' ,·edim ntary r ck. 
"·hich en ircle the ..rnlcanie~. 1 h "~1T markt'd ·lrnno·e in th :i 'harad r ,f 
th n ck· fr ◄ m :mlmerinJ vole.mies tn tru • s ... <fan ,mari ~ partl r marks the 
<liYi .., io1 of the pp "I' llurouian arnl ow •r Huroninn s ri :. 'I he 1 ter­T 

minin~· point in fayur of thi: ~uhcliYi:inn , r ~ fnnwl in th" ea:tern part of th 
li.... tri t cle: -rib ·<l hy ► 1 myth and i11 th, ~ian1u ~tte di:--trict Htill farther nMth­
ea:t. In only <111 ph (' " in th w "~t •m pmt nf th, 'ry:--tal Fn11:.:; di.~trfrt, in 
.'eG. 2G, T . 4-l ~ T. p. ; 3 ·w. ha-- a (·ontad h t\Y > •n tli, two t-i ri :.; h 11 obtain "(l. 

A drill hole h r :. pa'.-,~ •<l through a mnttl ·tl :lat ju:--t h ,for ·11teri11µ; th 
Lcrn- r H1mmian Yn1 ·.mi·:--. ...\. :imilt r -..lat., "·a..; ohtained .1t Ama;"a oY :1r­

lyiiw cono·lomen1tic Yol<·m1ic ·mat rial whil'h oukrops at th surfa • • but 
nn tlire t e ◄ uta ·t ha-, ht~·11 fonlHl. ".,..itlt mn·..:t ·;ir •fol exami1wtion I haY 
been una )le t d •t rmin • wh ·th r tlw c· ◄ 111..dnrn •r.nie nwk iH n tru __. Ynlc·,mic; 
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tuff <lrposite<l upon tl1<1 land, or i: wat ·r-<1 ·pnsitecl Yoknnic matc.)ria], ,llHl 
tlm: po.'sihly a ha ·al <·ong-lrnuerate of tlw l ; pper Ilunminn. 

In.· .le. 34, rl . 4G ~ H. ;33 ,v., th Lowc.•r IInnmian n11<l ""pper I-IurnninnT ., 

ar<; fournl 111 YPr_n·lmw proximit)·· Here tl1, ""pp rHurnni,m is c1 f.,1Tuµ;inou:-:; 
gra_nrnck, aU<l i~ ~(•parate<l h)· only ahont 10 . ·arch from the sC'hi:-;tn:-; Ynl­
cnm<·~. In this c·ct.'<' <·,1reful sear('h fail •cl to r 'Y -':d th int •rmetfo1te l'<)('k. 

ln unh· 011<· c·a:<• i11 aclclitinn to the Ama:-;a in.-tnnce lw:-- n cli:--tind <·cnw1mn-. ~ 

erat, l , ·n found. wlii<'h c·nn he c·on:i<l ,r •cl n:-; a po. sih1e ha~al C'onµ)m11<.>rate· 
Thi: i • in .• •c. n, T. -+2 ... .,._, H. 31 ,v., along th, )fichi~.r;:unm' HiYer. I-I •r ~ 
th •r _. i.- Hthic+ ma:-;s of c·m1g-lom •r~1t , overlain 1,:~:-;outhwarcl-dipping :-; ·lii:ts. 
1. he c·ongl< mpratc· contain· p .,hhles of xtremel:~ altered lrnsic nmnrdnlniclnl 
rock mHl of ,H·i<l rn('ks whi<'h n,:-;t in a matrix of chl n·it ~-::-rhist. Thi:,; 

<l ,trital rnc·k is .'llC'h a.- mi~,rht lw cl ·rin•cl from tlw Hemlock Yn1 ·nnic:-;, hut 

h -"t\\· , •Jl it and tlw.-t' Yolc·ani<'~ i~ found c1 rna~:-- off •rrnµ:inmv muscoYitic arnl 
thloritit :cl1ists at tl1e Uli<l<l<'n 1 xplorntio11 (. l't·.132, T. 40 X. H. 31 ,Y.), which 
ar, nffy .-imih1r to tho:,;, <H~<·mTi11µ: imni •cliat<-'l:'· :--onth of the C'ong-1 m •rat 1 

, 

alHl 1ilrn them 1iaY<• Hpparuutl)· n son them clip. Th, trn' relations h .,tween 
this c·o11°·1om .. rnt"' mul th, :--chi.-t: at the G1idd .. n working;:,; ar' not c· rtain. 
'I lH:! crn1glom ·rate 1wt~· l, • 1, .}low th ~m. ln that cn:,;e the Glidd_,n :-- hi:-;t.­

wnnl<l c·c,rr '• pond to tho.-c, south of the eong·lnrnprate the hell..:. h,rdng· 
r ·ei,·ed their pr l.'f>llt cli.-trihntion frnrn tlil' <']o..,l' folding· to which th .. y haYe 
lw<'ll .·uhj •c·t c•<l. 

If :nch h<:~ thv c·n~e, tlw .-chist:-; at th • 0 liddc•n ar th' north 'l'll limh of 
a s:y·ndiu ,, and tlw c;o11g1om •rat, and tl1<• o,erl~·ing· sC'hists, "·ith HU an,raµ:, 
dip nf 70 '" ► 

1 r 'pr,_. •11t th .. ·ontliorn ]imh of a ...;t .. l'}l nntfrlin ', "hose tTest• 

all(} northern limb l1an• lH!e11 cnt off and c·ciY •rc<l up. 'J li' <'<Hl:-.idc.·rnhl .. 

width of the; · c·m1g-lonH~rntc t!Xpos<-•cl nwy he partl:· dn' to th• fact tliat it 
hn.' l>u 111 ,l;rnhh:<l upon itself. 

That th, fnl<liw,· in tliis pnrt of the di. trier wa:-. prnl>nhl> full>· :--uffic·il•llt 
to prndne, . nc;h .-trn<'tnr:il rc~latio11:-- :111<1 abo thv p •trng-rnphil'nl dia11:,r •:-; 
of th' crnio-lm11 •rate 111c1tri.· t() n C"1iloriti<' sc·lii,tos • Jll;-t,~ i:-- :--how11 l>\- th, 

c·hmwe. whic:h th<· . c~clirncntmfo: south of them in thi:-- 1>art of th• tli:--trict
i:: 

haYH tt]l(l<ff!.!'Oll •. If tlii:,; il1tc;rpn;tn1io11 i:-- c·mTt'<'t the :-,}>cl<'' 11-'tw· , •11 th ~ 
.-clii:t. ,1t the; j]jdcle11 <·xploration mHl th' Ilcm1l,w]· Yol<'m1i<·: shoulcl 1, ... 

oc<·upic;cl l>:· tlH· <'CjlliYalc;11t of the· c•nJl!.drnnernt '. ~' l'tinn i--L, Pl. \ I, 
'lll l)()clic~.- t11i ~ icl<·a of t be· . truc-tm·<!. 
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REL.A.TIO_._ ... , TO I~"'TRC--.1,E~. 

The Upper Huronian a: well ns the Lower IIurnnian ha b n pene­
trated lJy intru ·ive rock,_ The cliff r nc in th charact r of th intru ive, 

of th two ·erie.- is, ho\\·ev r, int -'l' ~tino·. ... .~ ha, heen , n (p. 77), the 

Lower Huronian is cut bY va ·t ma· ·e;;; of hasi ro k' and by rare dik • f 
acid r ck.. Iu the Up1 r Hnroniau of th :outh rn part of the Ji tri ·t the 
acid ro k · are more abundant hut ~·till .:ubonlinat t th.} bn ·i intru. iv . 
Xonh uf Cry ·tal Fall~ i, a gT ~at t-1a:t and w<-- 't basic dik . irnilar ro ,1... ar 

' ' 
known in a f ..w , mall 1 os: s n ar ( ry. tal Falls. .)for ov r, on the :\Iichi-
gamme Rh-er in .- e-... 31 arnl 32, 'I. -13 _._""., R. 31 , . am1 in a f w pla ••. 
to th ::inutheast of thi:-; aren, the lipp r Huruuian i • cut hy the outlPrn 
continuati 11 of the ba ·i • mas.: s Y'd10s • prin ipnl oeemT ue is in th Low r 
Hnrouian area. Finally ha~i • arnl ultrahasi' iutrusiv :-; pierc th pp -'l' 
HmYmian .• diment-, in secs. 1.-, 2 >, and 29, T. -12 ..... , R. 31 ,V, and in a few 

other plac ;,;_ The a ·itl rn ·k <crur in i$olate 1 knob· n ar Cry tal Fall:, 
in ·ec. ~ ', T. 4' :N". R. 32 \\., alHl in .-. •. -1 T. 42 N., R. 32 \V. Tb y 
increa ·e in (1uantity towanl the :0nthea. t, and in th, ,·icinity of Lake 
Tobin in ~ec:-i. :H and 2,"> J:, T . H. 3:? YV., they form n, • ri s of timnll.4. .... 

hills ri~imt bnl<llr out of the ~awl plain... ; aml fiuull ~ they cur in larg 
quantity in A· ·. 19, 20, arnl 2D T. 42 ~ ..... , R 31 \Y., h •tween th I aint an l 

the 1'Iiehi!.tnmme riY r::--. 

The ....pper Hurouian .·etlim ntary n ·k: W-'r firt studi 1 in th fi ld 
by Brook., an<l th_. ·onclu ion r 'c ch .}cl l r him that th y ar late Huroni, n 1 

Romiuo·ln- corr -'lates thu;e ~am, rock: Yery r IT 1ctly Y\'ith th~ .- 'hi:t • 
expo ed around Lake, .J[ichig:amm ~. althon°·h he ha· th •1Ton )(Hl id a that 
they folln,~ <lown the )Ii ·hi~r,umn PiY ..r in:t ml of mnki1w a wi l 'lllT""' 

to the we t a.· ·ul :,;;e(1u -'11t ;-;tmly of th' nr a ha-- ·lu wn? II~ ·on ·ill =-r., th 
rock~ a· forming the mid<lle portion of hi-.. _\.r nae ous lat} oToup.3 

R • :.nt work in the <li:-.trid ha-- lunn1 th pp --r Iluronian r ·k~ to 1 

1 .Tf::olo!.!y of the :\fenomin1: rt ,rion, hy T. IL Brook : {eol. of ·wi t·onain, Y 1. III, 1 O, p. 41. 
: -'The mi •:1-;:,chist -.e,•m to continut• -.onthwar,l aloui; th ·our' of the nlichi 0 ·nmme Ri\' r, a 

we find iu it· lower conr e, 5 or 'miles nortll frolll it;-; ·utrance into the Brul ~ Ri,·er, antl from th ·r 
down to the mouth, ruiC"t-i- ·hi. t to 1,e the pr •rniliu~ •:nrfa • rock. .Alona the low r 1·ot1r ' of the 
ncljoiuin.., Paint River tht: mi ·a-suhi t. lik~wisu are the only rock een iu tbe •xpo ure ." (({col. of 
11iehi..,au, Yol. V. 1 95, p. L ) 

3Qp. cit., p. 79. 
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unqne. tionahly th W-' t rn continuation of th 1 )lichigamm formation, to 

·-whj h th ro<·k: corr ·'I oncl petrographfrall~~. The ":\Ii hio'amm formation 
ha. r c· :.ntly been ·ar fully strnli ..(l h)· Yan f is:, arnl de.'cril d by him in 
d tail in )lonograph .Lrxvrn ( hap. n ) . 1 88 (letail d l l ·cription i 

gin·n in th .F'ift nth nnual R port (pp. i>n, -60--1:). 'h1 • su h 0 Teat 
p tnwraphic-nl imnarity hehv nth Upp r Hnrnninn cl po ·it~ in th we t­

ern lrn1f of th(• \v,·tal Fall: <li .·triet < nd th ·,< hoY formation in the nAjoining 

diRtrict: exist: and :i11c" nothing of c•xc Clptional interest ha . beeu ob :.ry d 
in th ir ~t ul ~, th r a<l r i: referred to tlw artirleg mention .d for d tail . 

Th following --'11 rn 1 cl -','cription, whil ba:-. d upon th study of many 
xp :ures :p ,<·irn ns, and 7f> ,·e tion. of flp: ( 1ry:.-;tal Fall~ rock: may ·till 

b eon:id r cl to , orn xt nt a.' an al ,'tract of th ahove articles in ·which 

tli f w ('hano- :,.; mad 1 1 ec0:._'ary- h~· th :4}ightly liff r nt eharacter~ have 

b PH in<" rporate<l. 

PWI'RO .-H PIIIC.ATJ C'IIARACTI~R::-;. 

:Brom th abo T• g n ·ral , t}lt •ment it is :(• n that th rpp r Huronian 

·m 1pri: ,. r ck. both of .- dim 1 ntary- ancl of igne u~' n·igin. 
Tl1 pr p 11d rant <l )p .·it.· of th W ' ,·t ~ru half )f th . ( r~ T tal Fall 

di. trict w r mu<l: an 1 oTit:. With th•. w re ubordinat quantiti ;""' of 

'c rbouat . . In a fc w pla' ,. .-h ..\t of ba~je ro ks w "r intrud d h hv n• 

the . • clim ntnry h <l • arnl ar nm found alt "nm ting· , ith th rn. \ id h "" 
~ < .., 

di. ·tribut "cl ba:al ·mwl m •rates, ·nan~ , qnartzi6 c no-lorn rat , , and 

qu, rtzit .,: ,·u ·h , : ·lum ct "rizc~ th lm • . t h riz n ( the Goodri ·h quartzite) 

of th ...PP ~r II Ir nian of th Uan1u ,tt ~ district are ah nt. ""\\ ork alr ady 
mpl Pd out:i<l of tlw imm('(liat area c·<n- red hy this Pp wt 'how." th 

pr : nc· >f a ,·mall Hr a of .·urfac v >lcanfr~ a~.- ·intl•d with th:} modified 

U l p "l' Iluronian : clim ut:. rl hi. , 1 vi<l "11<· > >f nnt mporan ou ' Yol m ic 

ar iYit ' is ·lo: ly pand] "'l(.J(l lJ_ r th nnrksl urg· I ·ani s of th Upp rY( 

Ltl'fIU tt-- nf tl1 • adj ining di:trict. 1 

SEDIMENTARY ROCKS . 

ThP .- rlim •ntar ? rn k: of th Uppn Ilnr mian s 1 1'1 ::; in th w :-t rn 

part of th• Cr ?:-.;tal 1◄ < ll. di:tri ·t ar o'Ta. rwack : f rrug-inou~ oTny,Yn k 1 .:'. 

mi ·ac·c•o11. · carh mac u:, a11<1 f< rrug·inous clay ~lat •:-- anrl th ir <Ty:tnllin 

1 Fift 1·ntb Anu.Rt·pt. ,.'.G ol.. HrV!'\', it., l'P· 6lH-6l7; :Mono.,.rapb r. ". U oJ. tUY ~-, YoJ. 
XXVIII,cit .. pp. l 6. 



-166 THE CRY T.A.L FA.LL IROX-BE.A.UCG DI TRICT. 

deriYatiYe:--~ aJlll thinly 1aminat 1l ·herty :-;i1lerit -;;lat'.)' ferruginou: ·hert 
and inm ure:. W'ith tlw:-;e we find nnly 111 twn pla es ro ·k: of a we11-

' cleYeluped un1o·l1 mernti • uatur . 
~ome of the ro 'k:-; haYe un lergnn 1 !rreat m '.)tamorphii•m, and w 1 :fiucl 

the oTa~_n..,~acke:; ancl . late;-; pa:;-;ing intn thlorite-:--chi;-;ts, miea-~chi t:, and 
mica-o·nei ~~e-;. 'I h-' nr <1 pn..;it: of tlP 1li~trict ar., cls::;o ·iatecl ,Yith the lea ·t 

altered . edirnentarie:-;. 

The graywa ·ke;-; and slat-':-, are fonntl ·hi tiy in th n rthern and 
"·e:-;teru pmt:-; nf the cli.;tri ·t while th'.) ·ingle c nglom rat , th m tamor­

pho:-;ecl or mica ·enu. grapva ke:-- arnl :-;late... th., mi ·a-:-; ,hist"', arnl the mi a­
o·nei:--;-;e:-; are cnntinecl to the ·nuth rn porti m. 

X ear Crystal Fall.· on both hanks of th riv r lPtwe n the wagon and 

railnnHl hri<lo·e-,, there is expo:-- cl n • n~:lom )ratic phas of gra~·wack . 

ieveral hancl of the~:) coar~ ccmg-lnm •rntic oTaywa<.'k 8 nre interlamiuat d 

"·ith 1 arnls of fin -grain d oTaywa ·k arnl eh rt. ..\ well-d Y 1 ped ·h rt 

reibung ·brec: ia i;,, also as ·ociatecl with th • '. I <fo not con:i<l :ir thi' • n­
glomerati • gTaywacke a: r pre:,; nti1w anythi1w mor thau n, pmely local 
and YetT ·li(J'ht un onfonnitY. This i~ ,id nth~ th'.) ~ame oc urr n e f. . . 
cono·lom rate whi ·h ha: already be n mention cl by \Vall ·worth.1 

The well-dernloped ·nng-lom 'rat fouml in ~ . 9 T. -t2 :X., R 31 '\V., 
along the }1ichicramme R.iY r, • mtain • p bbl ~ of both ha ·ic and acid 

erupth· rock-; in a ·hlnrit '.)_schist m1.ttrix. Towanl th ~onth th r ·k 

o·rade up into ·hloritie g:raywack ': an l hlorit -:-; hi:--hi, whi h pos, :-;s tl 

ordinru:y ·lu ra ·ter: uf ·imilar r1)c;k:-; in c th •r portion" of th ar ~. Th~ 
O'n_ffwa ·ke-, and -.;}at:.· nf th• tli~tri ·t in Q't:U rnl <liffer from )a h nth •r 
0 ~ '-" 

·hi fl r in cum-, ... ne:-;:-; of 0 Tain. Th'.~ ar:, '.t mmonl .,- inPrb ld ·cl in th 

:;nme :xpo urP •. Th roek:-; Yary in ·om·,: )n :-.;-.; fr m m <.limn-grain· l 

graywa ·k .. to aphc nitic --lat ,:,; and iu '( lor frnm gray t n au l hla ·k. OT-' 

the aplmuitic -.,lat •s 1 ing usuall:· th, larkp-.,t, Th )~e fin -µ:raine<l n i:k. 

ahnly..., ;-.hnw w ..11-d .1,· '.)lnpe1l :--laty ·l HYHg- 1 'I hroughout the area th• 

rock, c re '" ... ry thnrnughly ·on"' )lidat ·<1, arnl in plnc ~ wh r} th y have 

h-'ell mo:-,t , lt ... re< l they ar eumpl •t 11:· _1·r~ .... ralliu' "·hi:-;t:--. 
The ery..,talliu ro •k-., whieh ar • h -Ii :i,· ...i to ha,.· cleY 1 p ·cl from th .. 

cla-.,tic..., ar, fonwl in tht• :--outh •rn pnrti1 11 of th <li:--tri 't h ·ginuing in 

:-;ee. 16 T. 4~ .... , R • 1 ,v., ancl ar) ''" ·ll xp< :eel in th rinlr ~ ction at J...~ r-
---~----------- ----

' ketc:h of the !.('eology of the iron, ~ohl. • n•l copper di tricts of .:\Iichi nn, Ly )1. E. \\'a<ls­
worth: A.I.u. Rept. ··tat• lloarcl of :.Pol. ~urvl'r for 1 !H-U2, l'-fl:{, p. 1:?c.c . 
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way carry (portag •). T'h., rncks at thil"i point are an alt )rnating .-ncce:-don 

of mitcl-:-;C'11ist:, :onP of whi<'l1 are very <1n,1rtzitic, arnl l1ornhlende-gneis:-;fa, 

(alter ,d ign 'OHR rock:) in thic·k 1>ed:. In thL•:-;<• the h •dclinµ: and :-:c:hi~to~ity 

agT .. e, or e]:-;e <liffer :-;o Hlightly as not tn lw noticealll<➔ . The~e ro<'k:-1 out­

crop in bold knoh:,; for r-0m l <fo.;tanee ~nrny from all<l nn lioth ~i<le:-; of the 

~Iichiganun _, Ri,·er at the c·mTY arnl al:-;o form tlw ~teep cliffs hetw lJl which 

the riv 'l' flow:-,. ln some placer\ tl1Py are rnor _, or Jess ferruginous and 

at ouf• point 11ear th· lH•a,l of th<1 rapids <'xploring for imn ha: been done. 

The:,. ery:-;t:-1lliw~ s ·ldst· ;,n• :-il'}><ll'HtP<l from th., nn<lnuhtecl :-; dim<:n­

tari . nt the north by ,111 interY<11 of about on ·-hn1f mile ancl are separated 

to th .-onth b a :-mrnller interval from the n xt, rock:,.; whieh are al:,.;o ofy 

:erlimentary orig·in, t.hough of high1r mt,tamorphos cl <:harntt~r. rrhe "e 

lattc-r ·011,it of rnicac •nu: oTanvack<'s which gnulf' <ffer by inerea. ing 

m •tamorphi ·m into ro<'k~ which are jrnlistingnishnbl i from mica-:--chi:.;ts and 

rnica-µ-11ei::,.. :-:. rl h 'l' • ·an h 1 no <lnuht n:,,; to th cla:-;tic eharaet r of the:-:.e 

roc·ks a· 011 • may :eo on the outcrop~ nf th 1 l 1a:-.t alt •red phase~ th 1 uormal 

a: \\'(~11 as th • fatP lw<l<li1w. rnie 1>C<hli1w of tlw~ mic,l<' :.on:-; graywacke. 

:wr '<'~ with that uf th(• mica-. chi:,.;t:.; at tlu• ~nnray c·,m·~~, antl in them the 

.-ehi~to:--ity i.~ u. uall ·" n arly 1mral1 ,J to th l hc<l1 ling, thnugh at tim :- cutting 

it nt Yaryiiw angle. . 1. h •:,,; roclrn Yar~y in grain from fow to Yery cnanP. 

Tl1<•y ar; me ·t all ,L liglit-(rray color. In twn nn:=-- th~ pre · ·nc:. of forge 

porphyritic cry:tals of :h urolite wns ohs ·n cl. \m1<. t waH fnurnl in hut 
a ,·ing-1, sp, ·imc,n, arnl 110 awlalu:-;il<._• w,t:-:. :-.( lJL Th} :--carcity nr abs 'Uc· of 

:n('b miuentl: j:,; nrncl • noticeable hv. tli • fact. tlrnt tlitlY an\ :-;n nbu11dant in ., 

tliP n1ljoini11g· J[arqu ,ttc; di:-;tric-t. Thl <·cnltr.1:-it i:-; the rnor} markecl sinee the 
1rv.:tal I◄ nll: roek: clrl~ <~nt 1, .. arnl inclwlecl in grnnit ·, mHl in th:. )far­

<1uett. • rli:trict thPs<j i11tntsiv<>.1 nrc• cilJsc•11t. ~pl ·ncli<l Hl' ·tions through the 

metamorpho..:<•d :vdim ·11ts an• off 1 r ,,L l>y t1w riYer :-, ·etio11 • in :-lee:--. 1-:t, 24, 

35, and 3(;, T. +2 ... T., IL 32 -w., on £>,tint Hiwr cHtd llt Pe lYi )1 Fall~ ::;ee.. 

32, T. 42 ~-, H. 31 '\V., on thv )fiehig·.1m111' HiY r. 

It, ~llClnlcl he 110tc,,l tlrnt. thns for no g-riin rit •-:-.chists whi(·h ow th •ir 

ori 0 ·iu to th • metamorphi:m of forru,0 ·i11ons :-iu<lim 'llt:-i kn~• he )n oh~pn· d 

in th• ~n y:tal Fall: cli:trid· nor doe~ tho hrilfornt r •<l ja:-ipt>r-jn~pi1i1<·­

whi,·h a<· ·rn11pa11i •:,-; eertain of tl11! ores in tlw Marqu 1tt <li:-;trict n ·cur 

assoei:1te<l iH larg-, qnautity with tl1ct11 i11 tl1 e ( 'ry:--tn1 Fn11:-- cli:-itrid. 

1Tl1i ' 11auu: ha he<'11 ~i\' 11 Ii,\' 1hP, liu11lwr111C·11 to tlw fall 11-.; t.Jt, v lo-.,• ..;n mans pceYie-; her in 
hr :1ki11g jaiu . 
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The iron-lJearing rockH of the 1-:-pp r Huronian compri:,; chert., 
iderite-:lat ." , ferruginou ' hert:-; iron re.·, and ubordinate quantitie.· of 

ferruo-inou: g-n:1.-nvacke~ aml claY :-;lat ~-
• L L 

The 1 ast alt red of the," i~ a ~id ..rite-~fot . Thi;-; is a fine-grain l oTay 
rock comp ,., cl almo:t ntir 1r of sirlerit . u:-;ually in rournletl rh m1 h c1ral 
cry ·tal· with Yery little minutel~~ (-ry~ta1lizecl :-;ilira between the1ll in 
pla e:;. '\"fhereY r th y- has h u expo:--ed t< th~ weather any I no-th of 
time, th ·e ro k. · has n dee1 r ~ddi:h-br0wn oxidation cru. t. lt ration 
al. o f llow~ almw vreYice,', and thus th ;-jiderite i:-: rapidly oxidized. rl h 
main I roduct: deriYe l from the~.. ·id rit ~ ar • like tho e of the more 
important ore-pr clu iiio- paii , f th" I nok ~ and ... Iarqu tt di. tri t. 
namelr, hematite and limonite. Littl nuwnetit ha ' b en found. The:e 
, id rite:-; are interl < ml cl ·with th, hla + earhouanou~ cLlY slate . In ,•om 
ca'" e~ the divi :I.in<>· lin i .·harp. In oth r • as th :-;id rit le. , n • in quan­
tity frao·rnental material in rea:e' until t nly a few ery,Jal~ f . id rit ar 
found t-catter cl throu(J'h th, clastie~. . h ir a1-1so inti n with th earl ua­
ceou.· fracrmentaL· ·would ·eem t<> iwli 'Ht a p<)intt lout by Yan Hi ' , 1 that 
the ·iderite ow • it-, formation to th:. pr .·enc of oq.?_'anic material. 

Th· ferruO'iuous ch rt · (tlw t rm i:-; hr u:-- cl a · defiu d hyYan Hi:) 
are banded ·h rt and hematit with :nme nHwn tit .. , in whic:h th ir 11 
oxid i lerived from •a pr viou 1:- xi 'tin<r sid rite, and th hert r band: 
are not uf fraomental orio·in. Thi: alt ,ration from th l sid rit :. to h matit 
maY be a:ily £ 11 w d fr m th fre:h :iderit thr twh that which iB :lio-hth-. . 
di ·c lorecl. to th r Lli~h-hrnwn earth:- nrn}i~ and then to the cry. ta11in 
hematite. , 'uch alt ration pro·,~-;<::-: hav b ·n illu 'trnted and clearh­
de • ribe<l a numl r of time · l Y Yan Hi~),, ~n that n forth r rn nti lll wm 
b made of them. 

The f rruginous gruywc eke:, may h l ~ rib :.(1 as ro ,k, ·whjelt are 
partl:- of fraffm ntal arnl pmily of ·h ~mi ·al ri0 -in. F >r in,fau ·e, the tran-
iti n may h trac ..d from a. rnth r mfr,l • ou~ ma<)'n titi • oTaywa ·k , in 

whi h ordinary aur1 fals hetklino· may ht: en, to a rath r Rehjstos rn ·k 
in whi ·h mag-n tit i: pr l< mirnmt lmt in which i~ 011:icl n blc fnwrn ,ntal 
quartz arnl :e ondary mus<·oYit-' ancl ·hlnrit . Thi: r el· r pr 't-- int: au 
orio·iual g-rit eontaini1w nwP or 1 s~ :--i,1 rit . )I ~tnrnnrph1sm ha: cluuw d 

1 Fifte uth .Ann. R 'pt. l'.. (. ol. "nrvey, it .. p. 601; )[on. C ~. n ·ol. lm y. Yol. ~' XVIII, dt., Jl. 147. 
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t11 ,,jderit to llHtO'netit , and produced from the fine frao'menta1 mud thel 

mu.·(·<wit(:-' aml c·hlorfre. 

)UCRO,' 'OPJGAL DE.' RIPTION >F 'ERTAIN OF THE EDIMEN1'ARIE . 

111 the following pao·es 1 r-:;h.:1Jl 1 ,H ·rib in a brief wny the graywackw 
;mcl .·late.,, the mo:t common rock ' of the di'"'trict and th r ck which 
lmv heen procluc-ed from th jm hr m jtam H'} hi. m. 

'I'he <-"raywacke:-- alHl :-;}ah· con. i.,t chi fly of r adily di"tingui hable 
fragm ntal c1uartz nncl f 1,1,var <rrnin:-; Yd1i h ar mbedd d in a matrix 
011:1:tmg f fin --'-grai1w,1 <Jrntrtz, f; 1d~·par (?), bintit , muscoYit hlorite, 

; me ;-;iderite ,picl te, small quantiti , of mngn tite hematite, and iron 
p rit :;, and a clar] clay :,y mas,. This ma:-;~ a1 p ars to c0ntain a con id r­
abl mnount of hlac1 earl OJlc'L on.· mnt;lrinl awl r dclish-1 TO'Nll ferrutrinou 
mattf>r ju fin 1 T rli.: miuated . peckK The µ:reater tb . quantHy and finer 
th chara ·t lr of thi.· matri. th UH r • diffi ult it h come t det rrnine it , 
c nstitueut. witl1 any degT of ePrtainty. In th . lnt s th rnatrix play 
the <'hi f rol while h1 the gTaywad~ .' th, 1arg frag-mentnl o-rain~ form 
the pr d mimmt mat 1 rial. By a dimjnution 11·1 <1mmtit~· of th matrix and 
frag-m ntal f l<l.·par <Yntin ·, th ·oar1-,er-gTai1wcl t'la~tic • approach v ry lo ly 
to irue quartzit .,,. hut in 110 a: wa.· a pure quartzit j found. 

r1 h ·mvtitn nt: which 'all h l r<:>coo'nize<l with!rnt difficul(,· a orio·inal 
11 j. • ar"' tlw Iara· _.r grain.· of t 11cls1 >Hr and 1rn1rtz. Th ~ _, Hho"; pr , ure 

ph 11 m _.na of all grad ,' fr m ,·light, wav. y _._ytinctic 11 to enmpl te granu1a­
ti< 11. ~Iauy· of th J laq.r l fragm()nta1 c1m1rtz -'~ nr J ma~h l into oval-~hap d 
an a.· Jr ar br k •n iuto numb •rH of fn1trHwntH. rrh.) laro· felthpar:-; are 
brok •11, ancl ar i altering to quartz mH.l r--ec mclnr~· clear f Id. par ,Yith a 
,:imult, ll ·ou: proclnetion of piclot0 Hl)(l mica. In their I a~t alt r d • mdi­
tion tb~ origiua1 fel<l:par~ nre ·lnrnl:·,anl h nc mayb r.1alilydiRtin­
gui:-;}wd from tlw limpid :..; jco11chn·:· grain:-;. 

1 h<· , mall min •ntl 1artiC'l :-; of tlie rnntrix, in ·lrnling the miea do not 
:how unduL tory ,xtindioll lih: tlw larg<__. fragm ,ntal quartz s arn1 feld~pars. 
Th\·,, mj ·ace~ m: min ,rn1:-; ar ... in nntrnnorphic plat H .mcl wrap an und the 
quartz f(rain.', ancl in ,·< me <'a~ ..:-; liJ •wi, ~ pr ljed into th rn. The~ t n­
.titu ·ut • of tlw matrix c1rc .-111 h lli v d tu 1 ~e •mdarr min ml~ d riY l 
fr m the orig·i11a l <'la.,. .,:v matrix ancl from th, alt ration of th f Id 'par 
fragment.. with th, po .. ·ihl c1clclition of infiltrc:lt d mat rial. t pla, : all 
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of these minerab occur tog·ether, hut more t·ommonly on l finch vanon • 

combination-.. of <'ertain nf them. \Yh n rnn:-;<·nvite 1:-; pre:--ent in 1aro·e 

c11umtity. it is u:;ually not ac ·mnpani .,<l h.'· hiotik or chlorite the iron an<l 

magne:-;inm neces:--ar.'· for th prod1wtion nf hintite arnl <'hlorite evid ntly 
not lu ving been pre~ .,nt. ThP~e la:-.t t\\·n. how 'V ·r, ar alwavK as~oc-iat <l. 
--'-~~ tl1e 1niccl i11c1·eclse~. tl1t~ scl1i~tt>~ir,- ,1t· tl1 .> r«>t·l( i11<~1·e,1~eH 111 n, t~or1· .l_ 

Kporn.li1w manner; anrl the rncks lw<'olll thnsp which may be ~pok n of a:-­
micac •ous gTa\'W,H:kes. 

C • 

The:--e mica(· ou~ g-raywacke-.. r .,pre:-,ent a --mnewhat mon• a<lvau ·ed 

Kta$;te of m tanwrphism of th rock-.. than th g-rn_nrncke:-. juM d lstrib ,cl 

and th extr mely alt re<l varieties of the~(• 11re v •ry dose to the mic:a­

:-:chi. t-.. and mica-gneiss :-., a ·con liU!.!.' tn th· r sp .,diYt' nmnnnt • of st'c·nndary 
felcl:-.par pre ent .i...,.. o ,li ·tinctio11, hmYeY ,1-, <·an h.) mad, in the fiel<l h tw en 

some of the le·:,; m --tamorpho~ 11 Q"ntywaekes awl the~.) mfra<·em1s one:--. 

The d1ief ,liffer n • _. app •ars to h • in tht> f.wt that in th micae lons grny­

wackt-.. th lar0 ·er fol<lspars ar alnw~t ·ompl tely altered nrnl th, fin r 

matrix completely r ('ry:-;tallize,l int, r ·aclil:- 1listiugnislwhle mi1wral parti­

cle.·. In thes • more m .itamorphos •11 ro ·k-- th.) parallel int •rgrowtl'1 of 

se ·onclary nm. t·o,;it arnl bintite i:-. ni '--Ir shown, n thin It,nf nf hintitl.. h ing 

inclucle,l hetw ·u twn 1am .,11..' of 11111:-.(•n,;1.t • . A cm1si<l .,rabl .. <1rnmtit.'~ ·of 

epidot is st<ltt r 11 in. hug_. grain:-- throrn.:d1 tlw micac 'ous µ:ra;nvatk ):,.; 

besid .._. (H~cmTiiw in aggT gat •s nf -..mall gTai1is. ~nm l'ry:--tals of apatite 

and tourmalin • w re ·ohserv ,d. Rntil - i-.. f,nm<l in -..nme quantity, and with 

it is al-..o sphen : lwth nf th _.m pns:-.ihly rpsnltiuµ: frnm the alteration of 

titanium-b )arino· iron ores in th nrig·inal !,!Taywneke:-;. 'I he iron pr :-- nt 

in the original ~-ray"-a ·ke:; a~ si<l •rit • awl th· mi11utP Kpeck:-- of O'\.id lun­

been cnll ·t d intn lnrg -cr:y:-.tnb of lllH!.flletit, nrnl n lso into Hf.!:g-reg·nt 'S of 

mal1er1 w 11-<1 ·tine<.l nrnttn ·tit, ery-..tak 

Th .. ,lltPrati.oit of th· fol<Lpar m1<l th_. prntlnctinn t\rnn it. of <1uartz, 
. ecowlary ft·l<l par, epi1lot •, cllltl Illl<'H i w 11 shmn1 in nn' ('il.'e. In thi -

the nud n~ if nri!.!.·inal f •ltbpar, in tlw c •nt ·r, t·nnt<lin:-- minute graiu: of 

epidot awl fink ~ of lllllS('OYit ', h • ..-..id ◄·-- r ·<lili--li, pr •smnnhlr ferruginou:--, 

sp ~ ·k~. Th---..e with a low puw<·r <·<m-..p tli f l<lspnr to appear ·lnudv. 

. \uTnnndin~ thi:-- core i ;i mot tl •1 l znllP in which ~e(·nndm·? f lclspar and 

quartz oc;eur. In <)ll • pla(' _. in this znn _. ,1 flak nf hiotitt i. ohs .lrv cl 1
1 
0m _. 

epidott! al ·o o<· ·ur-- in it, l)llt 1in nni--<·o,·it,1;. 
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The alt ration of tli _, f l,hpnr u:-iually h ·g·ins at the p riph ry, and 

grn<lnally aih-an • : tmrnnl the <·t1 11ter. lt thu:-:; hreak:4 th ~ nrig'inal grain up 

into in "g·u1ar areni-; and string(-'l':-\ off ,lclspar m"my nf which are nttached to 

the m1,dtere<l <·Plltt>r. B •tw0 n thesl' r ,:;ithrnl ar ,a: of f kl~par there are 

irr --gnlar µ;rains of sP<'on<lary limpi<l f ,J<lspnr arnl <iuartz. The farth r the 
altc•ration i:-; n<lvall<'(:<l tl1<• l0s~ of th_\ irreµ:u1ar c<>nter may he seen, and in 

the fina1 stage'! th, feldspar <·<m! dii,;appean-. 

'\Y-hilc th• alt •ration 11ear1y alway: h gins at tli \ periph ry oue l'a~e 

wa • notic-<•<l wlH1 r<~ it app:-mmtl_v l>egan at Y,U'inus p1ac s in th~ g-rni11, the 

l'(-':-mlt l, •i1w tlw prndnetion of a surnHlary mic:rnpoikilitie strudurc. This 

original fold:par i.· c·lowl~~, witlt the u ual alttffntinn product,', hut ~r"1ttered 

throu:..di thi: ar, a 11umlJer of more or l :-;s rnnrnli~h ~pots nf quartz, the 

majority of wld ·h •xtiuµ:uish simn1t~meoni,;ly nllll haYP n d1ff rent positi n 

of ,xtinc-tion from th<., iu<'1nding- fo1<lspar. (\m:-;i<lering th ~e two I m nts 
almw, tlie strndur l i: n<.,ar the mi<Top lgmntitir: hut there are ntlPr ar a , 

whid1 extinguish iu <liff r"'nt po:-iitions from hnth the <prnrtz a11<l th migiual 
f<'lrl"par. Tlt~:-;l1 are of d '<'i<l 1 <ll)' more angular shape than the s _\eonclary 

q uartzP. , ancl app<·m· to lw l-ll'cowl.wy- a<·icl fo},1:-;t:ar. The small ,'ize of th : 

:-;e<·ow htry min<·rn l: pr n·nts the n. e of ;rny ph~·sical t l~t~ nth 'r than th :l 

cliff ·r ·n • •. in n,frnetiou. Tlw rnmHled <11rnrtz appenrs h1 many re~pects 

v 'l';' nmch lib, tlie corn :io11 cpwrtz of' tl1t1 F'rc·nc;li petnwraph<::rs. The 

nrnjmity of tlw :-;p<•on<fary fel<l:-;pnr:-; are 1m:-;tri,1tt'1l, hnt a f w :--how :-;triations. 

Xo :nti fac·tory s ,ction:-i upon whieh to make m •ns11r rn :luts wer found. 

Biotit ~ awl mu. ·<·oYit ~ tiakc•:-; ar, inclwlc,l in th, qnnrth, mul small •r auto-

111orphic phttc•:-, of biotite ma\' lw S('l!ll lying· JHH'tly within the nlter )d f •ld­

•'}).tr g-niin, a: tl10uµ:h gTowi1w pnrf1y Ht it:-; <'X)l •11:,; •. 

Tl1<;:e l1ig·ldy Ill •tamorplimwd rni(';H'<'<>ns rock:-: indmlPtl under the gen­

<-md t< .:nll ' mic·;1 ceou:-, g-rn ~-w,H'kl's '' l ia Y<' tlie in tvrlol'king gT<Htndmast-4 Mrue­

tur • of rlte :-;chi. t: hut :-\nlll nf the l:wg·t,r µ.Tctin:,,; :--ltnw dnMi<' fnrrn:--. X o 
:-;}rnrp lill<~ c·m1 ht_; clrnw11 h ·tween thc•s<' 111dnnwrplw:-i ld :-\(1 clim nt:-i on th 

one li;-rnd awl tlw rnic.:..t-8C'hi .... t: and 111i<·a-g11 •i:--:-:t• . nn th• otli r. 

In the 1uiC'll-s('lti:tH and nii(·a-grn•is:-i<·H ,111 of tlu• original min ,rn1 grains 
ha Ye 1 ;en complt·t •ly crn.·l1c;d allCl l'<'<·ry:..;tnlliz ·<l arnl w • l'an find no mitro­
•·topi ·al <·ritt:ria whi<'li t•llablt' m; to <'l.t:...H th ·m ,Yith th~ ~t>clim •ntar ,. rnek~. 

l>y11amic <H;tinn i11 tit· <li:trict 11:ul :-mfli ·ient pow ·r nncl clmation to •ompl •te 
loc·nl1)· the n1<;t~n11orplii:--m of th• oricrinal i--<'<lim "'llt. riPs ,m<l prn<lU(', per.. 
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fectly cry talline chist: a' de. crib cl by Yan Hi. e in the Penokee and 
:Marquette cli trict:,.1 .1? o rock corre ]) 11cli1w iu ontent of carbon to th 
carbonaceou ·late" which occur amono· the rock aroun l Ory-Rtal Falls and 
outh of that tO'\"\"11 have 1 en found am ng th . ry talline ·chists. Th e 

crrtalline chi t" ::u-e throuo·hout mod rat ly fine grained, and on i!',t of 
quartz feld. par, and mica ·w-ith a., ociat cl epidot , rutile, tourmaline and 
iron oxide:-;, and in a £ w exceptional a.·€:' cry tal .__ f taurolite and garnet. 
In , ome of the rock quartz ,and mica ar preponderant and feldspar i~ prac­
tically wanting and we haYe mica-~ch.i ·ti'\. In ther • all thr e e" ntia1 min­
eral· are pr ..,ent. ancl w haY mica-o·n is ·e •. Th pre"'ence of the felcl par, 
and to om extent the pr portion f th mica and other mineral , cl p nd 
on the haracter of the rig-inal sedim nt:-;. n lu iv -vid nc of the 
seclimentary riofo of theH .·chi t:-; i.· furnish d h. ~ their occurrence in the 
field, wh re are found all gradations h tween th m and ro k. of unque '­
tionably ·ed.imentary ·har< ·ter. 

In Pl. XY there i reproduced th part of Brook '-, Pl. IX in, ol. III 
of the G-eoloO'ical ~ uryey of 'Wi... con:in which come within the Ory ta] 
Fall cliNtri t and inclucl a part f th ar n nn 1 rlaiu b -r the Iluronian 
sediment . Ther i, her O'iv n hi: macro~ pical cl ription 2 of th ro k 
collected in hi ·tudy- of the arPa. 

Brooks's 1nacroscopical de cription of rock.· collected in iht· Crystal Palls district. 

No. of / Thickrn.'~8 
iu f et.bed: I 

-'-----------------------1-----1 

r. Mica-Bchist. alternatin" with gnti,~, gt•uer. lly Oaggy or 
scbi to e (2452) ______ .... _... ____ .. __ . ___ . _. _... __ . _..... 1 l, 250 

About 1! mile. we t and a little north i an outcro11 of 

mica-schist contaiuin•T staurolite (2160). Th ame rock 

cro ,-e 1be Paiut 1 mil farther we,;t autl north, where it 

al o contain, :-.taurolite. Thi .. i import. nt an<l. iutere t­

in•r, since tbi mineral eharnct rize,, th ,nnw b d of mi ·a.-

chi t (XIX) iu the Marquettt· reO"ion. wh re it i • a oriatedIwith andalu it1·..'either mineral ha~ b en ob rved el e-

l where iu th rie . 

' lion. . . .,.eol. urvey. Yol. XI·, cit., pp. ~32-3-1:1; lion. . (-.eo1. l4nrve:,\ Vol. XXVIII, cit., 
pp. 449-450. 

1 Geology of the lfenominee irou r ~ion, by T. B. Hr ok ol. of Wb., Yol. lII. 1,· 0, Pt. VII, 
p. 496. 
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Brook..,,.., 1Jl((<·ro,11eopical dtwcription ,~( rock.~, <~fr.- outinued. 

'l'lnckm•,-~1 
ill fe1•t . 

s. Jlot·nble11tle-x1·hisl or g11ei1lll, hlac·k, ~1aty1 l1an1l uwith ~neii- ic 
' 

layers (21 ;;:i J . ____ .. __.. .. ____ ... ___ .. ___ ... ___ .. ...... _. 100 
t. nnl'iB'1 an<l mi,·a• ,'1l'ltisl . ..... . ......... . ....... .. .. ..... . .. . . :-wo 

( 'ov1·rc•1l . ... __ ....... ... ... . _... _.. . _... ... . . . ... ... . . ... _. 1:iO 

u. Slauruliti, · 111int•HC'hilfl on i;o11th , o,·crlai<l with mica•sl'ltisl antl 

!JllciH-~ ( '.H53 ) . . .. .... . .......... _.. _...... _..... __ . . .. _... .H)t) 

I ('overe1l ....... ..... . . ... .. .......... .... ...... . . .. ...... . . 150 I 
I 
I 

! 
\" , 

\\' . 

(;11CiH8 ... . ....... ...... ....... ..... ... .. . .... ... .. . . .. .... . 

, )Jir·a-sc:hiHl . . ... . ·-·--· . .. .. ... . ... . ........ ......... .. . . 

100 

100 
I x. Jfi,·ac:co1u1 IJU<ll'f :::- xcltisl 01' gnl'i,'18 (~ac'l. 2Li7 ) .. . . . ... . . . . .... . 2.}() 

i CoYcrc<l . ... __ .. . _... . . . ........... . . . _. . ... . _.. .. . _. .. . . _. iP0 
I 
I y. (;11ei11 x . ......... . ........... ........................ . . . ... . l:iO 

L 

I Ic: th<!ll lll "J1tio11: 1l1e o<;cmT<•11c·<.1 forth •r up th• )fichi 0 ·a11m1 .. HiYer of 
>Xpo nrc::-- of ''a hc.1n,y heel of .r;n<'i...,•...,., clipping 11<nih at a. higi1 auµ:l andJ) 

n1:P ~p ·nk: of ontc-rop:-; :ilo11g· t lH.' riv<1r of lwmlJ/e}l(/ir nrnl oth 'r rnC'k:-;, often 
!}/'(/Jli{ir: in ~'Pl' •anu1c •.' Ile1 writ i~ al:-;o of "tliloritil' and hmnh1 1ml, :..;c·hi~t:-; 
~.·po...,<•d for ,L thi ·kne.·.· of (.)YC~r 1 000 r,ct) :lt thP . 01'\nl>' portag. farth r 

up the nv ·r. '1 h<·y clip :--outli at. a, high ang-1 • muler th ) 0 Tanit • horn­
hl<•11dc~ b ·lt ju.-t d ", c-rihed, ,111cl nn• prnhahly th' •cptintlenb nf -;ome 
portion of tltc Lmw l'orta,r<• .• •ri •:-; on th, nppn:--ite :..;i<l' nf this ,'yrn·liaal, 
altlionglt tl1c::<; diffcff fro111 tlt, pr•vailing rnC'k-.. of that :..;>ri.i:..; in h -in<r 

clec·id<~<lIY mor<! cliloritic and hornl lmulic·. 1 

It i:-- : .. ·u front tl1u al,()vc <tnotation:-; th:1t, the g: ·11 ·rnl charnct<'r:-. >f th_. 
l'<H'k: wer, re<·ogniiPd 11)' Brook:-.. lli!-i :chi.~t: ;ir ' for th• rno:-;t JHll't th .. 

rn ·tamorpl1<>. c•cl -;t•dirn •nt' :1wl tl1c liol'llhl nulin ;1ll<l granitie rock:-. ar, th 
vnrion:-; 1,:-i:ic~awl nci<l nH'k • whic·li i11truclc th •111. 

;·p<;c;i11H•11.· from tl1c. e i11ten·.·ti1w 1> •rl:-1 wc•r • ·oll ·ct •cl h>· th· .:\Iichig-an 
nwl \Vi:-; ·011 ·in :ur •y:, :111cl W<'l'P clrn-wrib •d hy· .Juli •11 1 ,v1 ·luuann nrnl 
W' ri: . .d1t iII litliolog·icn I reports nppcnclecl tn tlw rvport.., nf tlin:<.' ~lll'Y •~· .-_ :? 

1 Ucolo~r "r ~1 uotlliu • irn11 n :gio11 , lty '1'. IL Brook:-i: C. •ol . of \Y i . , Yul. III, 1 ''O, Pt.\ II, 1'· 1H7. 
: .\li1·ro copical oh 1·n·atio11 on tlu iron•ht·aring r1wl,..., fro11t tl11 tcgiou south of Lal· , np 'rior, 

h y Arthur\ i1;l1111a1111: Chapt1•r V of' Brooks's c: olog~ ofth \I1•110111 i1H•e iron n•giw1, ncnl. .~nrY y of 
Wi . , Yol. III, I ' O, pp. f>C/0 - fi.jli. , 

Lithology. 1,y .\. ,\ ..J11lic11: <: ol. or ;\Iidi., Vol. II, 1 n, pp. 1- lffi . .A11pt•1111ix A. 
, •olo ,,y of tlin :\l1 no111irn·1: iron rt>gion, l>y U. E. \\•right: (; ·ol. ~11rv1'> of\Yi .. 1"-.'!l, part , , 

pp. ti!I0- 717. 
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~ 'p eimeu:-- of th ·:::-e mica-:::-elii:--h ancl <:hlnrir •-:--d1i:--h \Ii' r _) r .. o,ar l ·<1 h r 

"\Yichmmm a..., 110nfn1o·mental.1 r[ hi:-- j..., little to l>l' ,yonder cl at, ·incl h 
hnd neYer ...,trnli cl th ·ir fiel<l relntious. In th , fip]d th :-,e r<H'k~ <·nu how 'Yer, 
be tra ·<l intu nwk-., of 1m<1nestiouahl:- fm!.!·m ,ut<ll origin. Th l :--ame :,;p :,<'i­

rneu-.; w r, de:--trib .. a a-.; '·mi('ae u11S qunrtz---rhi:-,t."'' h:- "\Yrig·ht.~ "\Yright 
ahm mentiou a :-.taurnlitiferons mica--.,ehi...,t in th Michigamme HiY r, nnd 
al:n in th l\tint HiYer. Th ... ...;ecowl ot.TUlT-'llC .. i:-- 2:} mil :-; northw :-;t frum 
the first and in th <lir .. ction of it . stril- •. J nli lll ,1 ,scrib ~ metam< rphi • 
rocks from Lung Portag- a:-, • fine-grain •11 g-myi:::-h black o·n is:-;p:-;. ' 3 1◄"',nm1 

thehe d >:-,eriptioirn it i-.; ~een that the J_.n..,t alter ,,l -.:e<lim ntarie~ on th, m1 

haud and .th" crn;talli1w sehist-.; n11 th· nther wer l'--'<'o<>'nizpcl bY th0.- . 
earlie:-,t student: of the m -'tmuorphi<: rock--. IlnweY )r the fad to whi ·h 
I wonld ... :pecially call att lntinnJ that th· <-rystalline schi::;t: ,1r _, <l -'l'lY ... a 
from th ... da~tfr rock · hr lll<:tmnnrphi...,rn, ",\, <>Yid 1 lltlr not urnfor:-;tnnd. 

'I h ·nnta ~t a ·tion prodn(' _,<l by i!!·n ,.ous intru:--ion:-; into th ... :-; :-- ..n • 
of :eclim • ntari ... s \Yill be cliscnsse<l in eonn -'Ctiou with th--' intrnsiY • roC'k: 

(p. 194 et . ef1.). 
IGNEOUS ROCKS. 

Th• io•u ,.ou-.; rock-.; whi<-h ar~ found to haY<.· pt1n •tratl>d the pp .. r 
Huronian aft · r th l imp< rtant fol<liug of tli • rock~ took platt-' ar, not 
in lud _,,1 h ,r _. lmt m,n- h ... found <1 .. :::-erih ·<l nud r th ... h •,Hliuu· Intrn:--iY .. , '' . .._ 

(p. 187). In this plnl' it i~ d •:-.ir ·d tn eall att •ntion to l'ertnin hornl>lernl .. _ 
O'Hei~s •s \Yhi<'h <>C<'lll' near ~ orwa:· <:arry, on th • )I i<:higarn me HiY •r arnl 
al.:-;o extend in larg ... oukrop-.; w _....,t of the riY -'l' for nl>out ~ mill:-, and --'H t 
for ahout ; mil·. Th •...,• ar int<.>rlamiuat •cl in thick mns:--es with th ... mica-

·hists. Th •y ar,. p •rf • ·tl>- <-ry:-.talli11 • lwmhl •rnl "-~·nei:--:--e-.;. Th :· c<m:-;i:--t 
of uomnwn lwrubl •wl,. quartz, f ... ](hpnr, alHl --nm• irnn o.·itle. Th• horn­

bl nd i--: pr :,ent iu laqr, quantity the pnrall •l pL1t-':-- of tlint min •ral 
o·iYiug the r l k its :--<"hi:--tn,ity. ... ~one nf th· min ·rn]..., nn· nutonwrphi<·, but 
all o • ·ur in im ,rl<H·king- QTaiu •. \\~ithnut ~rning into n detnil de:--<Tiption 
of th :; nH·h1 it ,,·ill ...,uni<·· p •rhnp-- t1, ...,ttlt • tlwt th(•y nr • :--imilar in <111 
re:--p l't-- tu lwrnhlt.·rnle-!.n1 ,j...,..,<.•.., which in nthn part..., nf tlw Lake ► 'up ... rior 

11 lp. cit.! pp. 1' 5. tilfi. 
- <>p. cit., p. 611:1. 
Op. cit., p. 13 . 

~ Bull. l". . <,eol. ~11n· y.·o. h:? hy ;, If. \Villiam,, l J : \fo11 . lT. .S. f:col. :--11n-1:y. \ 'nl. X:X VII f, 
pp. 1:i:2-li; , 2 116, :.:o . 
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r ... u•iou liaYC> lwen tra<·ecl into ign ,on:-; roclrn. 4 Th,~ gncis:-;<_.>:-; ar 1 elieYed to 

he iuneon~ rock.· , eithC:'r intrn:-;iYe>s ,Yhieh w ,r inj ctetl p,lrnllel to the hed­

ding of th... T pper IIurnuim1 Ht,climent:-; prior tn th l folding or r011t "mpo­

nm .1ou: Yoka111t·s. Tl1 ·r han• lw •n m •tamorplw.: .,d arnl r ml r cl Rehistose 

by the :ame force.-- whie]1 metamorphosed th :-- ·diments. rrhis explain. the 

perf tt agreem 11t of their HchiHtrn-,it~· with tlrnt of the adjacent sediment '. 

ORE l>EPOHITK 

HISTORY OF OPENING OF THE DISTRICT. 

For a muulwr nf y ·arH aftt>r t}H, ope11ing- of thl' mine;-; of th U n mi­

n e rang , pro.·pe<-1 ors workecl in variou:-- plaee:--, ,mwng- other~ in th Yicinity 

of Cry:,.,htl Fall:-; s) •kino· to fol1ow the iron rnng-e '" 'Ht of the :i\I nomin c' '--

HiY .. r. : a r •i-iult of tJii. · c,n<l ',Wor, tht! clepn:,;,its at Florence, \Yi 'Consi11, 

an<l th ,11 t110,· e fart1wr north aml wt1 Rt at C'r:'-~tal rnll~ Michigan, were in 

turn l< ·ate,1. It wa~ 11ot untjl 1 r 1 that :nffil'ient explorntorr ,York had 

h, •11 don., at 'ry~tnl Fall: to warrant a h •li .. f in the fntur of thi , iron­

h aring ar •a. lu April 1, X2 tlH~ Chirago Hl)(1 Tortln,? l:-;tern Railway tom­

pl ..t •<1 it: bnuH'h to Cr:n;tal Fall~, mHl the .-hipm :lnt of ore h g-nn. ,.I'he 

Anwsa cfopo~its W(-']'("' uot ,,:,q,loih•<l to :my gr •at extent until the year 1, < , 

wh ...11 th iliicago arnl ... .,. ortlme_.t,rn Hai1wa> 1milt a hraneh from. Cryi--tal 

Fall: t<1 ,.\nu-11-m. rl h<l hi<·ago, ~filwank .. • mid 1 't. l mll Hailwny in l< 93, 

compl ~t "<l a 1i1w from ( 1hn11ning· to ~ i<ln,1w, whi<'h run~ through .,_\ma:-;n. 

DISTRIBUTION. 

T11 • iro11-1wari11g· ro('k. ' tr •11<l 11orthw ,.--t alHl ~onth laKt from 1r:n-.tal 

} all:. Ea. t of' ( 1t·y.ta l } all ,· HOlllc> ol' tli , ore <1<-'})().'lt:-- are found in 1 rn~-­

imit:v to tho Ifomloc-1 vokani<':, nw1 follow , 1011:-r H liHe lo<·at ,d cl :--hort 

c1i:tan<;<; from them. Otl1 r clcp :its c1r • tho~' nt ..\masa ahont 12 mil.,.., 

11ortlnw•stof ( 1ry:rnl Fnll:. Th s(.. H.n· uvnrth(' <·ont:wt h•rwe u tl1· .,..ppt'r 

JI mH1im1 a11cl Lmn!r II lll'<>Hian and al ,o, e th ., lI .,ml•wk YPl ',mi ·~ liJ~ 

th,. clepn. ·it.· ('a t of 1r>·.-t,d Fnlk Four mi] ,_. 11< rtli of ~\mnsn ar 1 th, 

,.·plnrntimi. · in • . 20, T. 45 I . HH W., in whil'h the irou-h 1 nring ht•cl:-,T. 

~ n~ , . .:po. <!'1. Anothn ,. ·po:--nrP of ilH· irn11-IH!aring· formation is in ;-;ec·. 3-l, 

T'. 4f; ~ ... . , R. 33 ,r., ..tl>mtt 4 mile;: ~till fort1wr north. 

rl 1, !- • arc th, 11ortlwn11uo:--t know11 e.· po:--ur ~:-.. (If tlll., iron-b 1ari11g nH:1-: 

of 1lH! "pp ,r Iluro11ia11 iu tlw ( 1 rystal htll..., <li:-..trict. I·1<m <-'WI\ <1ia1-

cmnpc.1:-,; • mul dip-11, .. <ll<· worl · l1c1:,; ln<'~I tecl a li1w nf mnp:neti<· attraction for 



176 THE CRYSTAL FALLS IRO -BEARING DISTRIC'f. 

about 12 mile· to the north and ea .. t. By mean::; of thi.' line of magneti 
attraction, with the a , .. istauce affor l d br n ·ca ·i nal outcrops of Lower 
Hmonian, Hemlock volcanic ·, the p< "~il I coutinuation of the iron-bearing 
belt wa.· approximately locate<l. 

I shall take up the four loc:alitie • mentioned in whi h an iron-bearing 
formation ha -· been found and <li "CU.',' th min ' me d tail, b o·inning at th 
northern and least irnportaut and pa: 'ino' to the :·onth rn and mo t important 
part of the di "trict. 

\V"ESTER.X HALF OF SE<'. 34 T. 40 N., R. 3;3 W. 

In the we ·tern half of '. 3-!, T . .JJi S ., P. 33 \ ., th re are outcrop 
of a 1rn:wnetic graywacke which oTad .• into a rock that might properly be 
called a mng;netite- ·chi "' t hut for the fa ·t. that its partial fragmental nature i 
till apparent. The rock contain · ._t nlry-ino· quantitr of mao·netite alway 

enough to ex rcise reat influ nee ov :.r the ma0 ·n ti~ needle. However, in 
no ca e lurrn h'ue ore depo~it • heeu found in it, alth ugh the vicinity ha· 
been exteu ·i·rnly te:t pittecl. The :trike i • in °·eneral north and south, with 
a high clip to th we~t, tlm.- H?Teei1w in ?eneral duu-act r with the trend of 
the Hemlotk volcanic:. The hig-he:t out -rop of th~ Yolcanic' is a .-chi 'to: 

am yo,claloid. .After an interYal of no expn:;ur of about 30 fo t, graywack 
appear ' and tlfr· grade up into th magn titic h d '. 

'Io th outh in • •. 20, rl. 45 . R. 33 "\V. ar"" outcrop; of fernwiuou 
chert, which in pla ~e~ eontain • •band:-. aucl :,hot · ' f or th thick r band: 
beino' an inch aud ,t half a 'l' ·:;. 'rh s out Top · hax tempt :id pr ·poet r • 
to clo con.-i<lerable explorino' by m ans of hoth t ·t pits and cliam ml-drill 
hole . The re ·ult: have b n negatiY . Th,.. g·en ral map Pl. III, ·how· 
that the Upper Huronian at thi" pla ind 1 b th Lower Iluroniau erie:l 

incli ·atin~- a· ha · alread~ ... h n 8aicl, the pr s n • of a we. twar l-pitchi1w 
syncline. The pr ':-- .,u • of th:.- ~yn ·line i forth r ·hown by th .l ·trike 
obtain d on the out Top · of ch rt founcl at thi • 1< ·nlity. For th moKt 
part a nearly 1Lorth-..outh strik • pr ~Yaib. 'l h, oTeat r part of th north rn 
led<,.e. ,,.fre an ea ·t-west strik , with n Yariatiou of but a f .,w degr s t the 
north of ast. Th :-ionth rumo:-,t outen p:-. . h1wt a ,· trike whieh Ya.ries from 
X. 27 ° E. to . 34° \V. 'l he <lip i:-. in all <·a hio·h rnnO'ing- from 0° to-1:-; 
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87 ° . Th<.: 'l'Yere deformation 1:-, c1earlr 8hown hy the plication of the beds, 
arn1 by fault: whu:-, , xt :.nt ('clll not he <let --rmin ..a, hut \\,.hich are accom­

panied lJr ratl1er exteu.·iY' r ibnngt-3hre cias. The breccias are cemented 
l y iron oxide. 

'l'ITE .A.)I.A..-;A .A.REA. 

Th • Ama:,a deposit:-; mn:-.t of nece:-;:.;it\· he ,· ~ry briefly described, as I 
have lJ, ·n mmble to obtain much information 1.:011 ·erning the relations of 
th ·, rock a: :hown in thP clos -'<l rniue. In the earl~· clay ~ of the mine it 

F t<; . 11 . - Profile 1< l'<' tion iJlnstrating re. ults of c1iamo11d-1lrill work.rial.'' 1 

Probabh-- thi:· i: a mi:take, for th.. .1cticm from west to cast (fig. 11 ), 
1. e., fr m tlie hi 0 ·h :.r to tlw 1ow •r lwd: , obtain •d in t,Yo drill hole 1 as 
fullow~: 

Feet. 
Gra y •rici t k .-.late, ,fo,colore(l l,y iron .. __ ..... _.................................................. 115 
'hcrt an1l ja per...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59 

Pyritifcron-, hlack slate an<l. qnart.zifr ...................................... --~--- ............. 1 0 
Ore ti>nua tiou . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30½ 
:\la~netitit: ·late . . .. . .. ... . ....... .. ............... . ... . ............... . ....................... 42 
,fottfo,l :-.lar -., r•1l _awl !!l'een, c:11ntnining iron. Drilling- c1'a~c1l after pm,sing throafl"h...... .... 70 

The thi ·kuess of tl1 • hcd:-; giY •n i: th true <n:. arnl not the thickness 
pa.'.'(;d through liy- th• drill which <·ut thrmwh th) h~cl-- at an angl :,_ The 'e 
b ')d;-, proj ·t --cl to the urfiH; • are fournl to h .. imme(liatcly underlain by 
uT ·c11.:tn11 • in Bom • pla<'e;-; rnm,siv •, in nth r:-. tufo • ou:-:. )Ioreov r, an 
ic1 ·uticnl s cti<,n j:-,; :l1own h,·, drill hoh· 4 mHP: south a:4t of Ama:-:;n, in e . 

~(j r1. -U ... _ P. 33 ''. It wn.· l',UTi ld tl, p •r hnw Pr and after pa.sing 
thnrn 1 

C
rl1 th ... mottlc1 <l :--};it(~ wa~ hott0111 ·'1 iu 0 T \ 'll="ton '. .F'rom the.. drill 

' The iro11 ore. of th )[n.r,i11 •tt di triet nf )[ichii;a11, uy ' . R. Van Iii o: Alli. Jonr. ,.;Ci., YOl. 
1:31 lX!I:.!, p. 130. 

:\IO~ . •. •. ·vr--1~ 

" 'a~ thought by the 
n1i11 .. captain that the 
volcani ·.' formed the 
f(>Ot wall uf th, <H' , 

and on hj: authority 
Ya11 Hi~i~ :--ny~, '·The 
Cll'(! of th • I-I ,mlo ·k 
nmw r •:-:;ts up o 11 a 

"' trntum ·,n1:istiug- of 
:-;urfc ·e volcanic mate­

sw-
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hole" it appear:-- certain that the ore formation i • imm diat ly und rlain and 
overlain by black .Jate.' . The foot and hanging dates are much alike the 
hanging, howe-ver, b ino· Y ry I yTitif rt u. and th foot rontnining nrneh 
more iron than the hangin°·. Thi · iron is in th form of h matit ~ and mao·­
netit . Below th-- blark magneti :.:.late i~ the fernwinous mottled .·lat 
which apparently li s next to th Lower Ruronian Remlo k Yolcanic.. 
The o-called ore formati m con -- i.-- t;-; nf hand d ch rt and ja --per, with "\Yhi h 
the h matite bodie • ar a ·~ocint d. 

The re~ult • obtain d fr ru the e h le · sh ? th lenti ular character of" 

tne ore bodies ancl the difficulty in findinU' th m. )ne of the hol ;... pa ·s d 
through the or formation, hut mi s 1 th or 1 o ly, ,vhich ub, qu nt 
underground work .:howert. it would haY .:tru k hncl it cut the formation 51 
feet farther north. 

The di trihution of th Hur nian ro ks iu the Yicinit T of masa i , 
shown on th map, Pl. ~ YYI. 

'l'HE RY._,TAL FALL~ A.REA. 

The mo"t of the ob ·errntion." up n th ore b di and their r lation~ t 
urroundin bed~ have natmally b en ma l in th Yi inity of the t wn of 

Cr-v tal FalL wher O'winO' to th exten:-.iY :i l Y 1opm nt of th mine-, th 
underO'round con liti 11'.. c ull best 1 , tudi d. Th conclu i ns r ach d. 
howeYer ar confid ntly b li Y d to hold o· )Orl f\ r th entir pp r Ruro­

nian f the di "'b:i t. 
In th l cripti n of th foldin°· f th .,. Pl r Huronian it wa tat 1 

that the n-. .. tal Fall: ar a i • in a ' .Yll linorium forkin<Y a._ th r ult of a 
ub rdinat central anticlin , _ a~ t pr lu a U p nino- t th outh of 

we t. It i in thi • ba "in that the imp rtant min ' cf th ry tal .Fall · dis-
trict ar ituat l n l'O\Y of min ·-th .. H lli t r Arm nia, L Pe k 
and Hope-a , ·hown 1y th map (Pl. ...-, II) 1i : to th w t and n rth­
we"t of the main ma ·, f Heml ~k Y< l ani ~ 1 tw en r. ?tal Fall · and 
l\Ian ,fi 11. ... ec ud and m r irnportc 1 t :-.et of min . f 11 w, au ea t-"- . t 
lin nth f th .. ·ubor linate area f YOl anic~. whi h li ju ·t nc rth of \·y. -
tal Fall in the mid 't f th l pp ir I-luroniau ~ dim nt "' . Th s nd "' t of 
mine:::-. in ludin<: the 1rystal Falk r at \Y ~tern Li nee h1 Paint RiY r, 
Lam nt Y Juno--·to,Yn arnl lair), lie:-. 11 ar the.: axi of th 
i al no· the line f major fc 1din°·, nn,l 'tJlb 1n ·ntly OT ate "' t ma 'hino·. The 

https://exten:-.iY
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ORE DEPOSITS OE UPPER HURONIAX. 

'olumhia, Dunn )fa ·todnn, an l oth r t the we t (Pl. XVIII), are prob­
ably

oJ 
the w ..:tern ·ontinuation of thiM line of min ·, and follow the trend of 

the main . ·ynclinal axi • of th~ di. trict. Th position of the e mine. with 
r f r nee to the- main , tru tural featur of th di trict can be , een on the 
relief map and th · .-k t h map c r-re"pondino- t) it Pl. XIY. 

rriie :ection made throuO'h the 1 1 ~ folded Upper Hnronian bed · by 

E 

th Paint RiYer affords the b t op1 rtunity in the di trict for . tudying the 
ro k. ·, bu the r ·k • ar o crumpled that ev n h re th . uc e ion wa not 
mad out with ertainty. 

Th ,'k tch fig. 12, 1 y W. . Ierriam 1 ·how "' the foldin of th late an l 
ch rt . trata a: . n in th railr ad cut l et n the Paint Riv rand the Lin-
oln min . rrh trik of th ro k: i . about N. 0° E. The .ck tch i. takenI 

1 king alm . t along th strfa .. ,..
of th h cl: . In fio·. 13 a : - ....,• \. 

~==,, - °oml ,·k t h i • iv u, al o by 
, . I rriam, ·whi ·h illu. - E'T. w 

trat th 1·api<l hano-e in trik l 

in th ·e l d:, u to th ·ou-
t rti n of th ,·trata. Thi: 
chanD' 1: .• ,eu 11 ar th 
"'lld of th wacr 11 l ridcr ju.'t 
a T • s th"' Paint I fr ..r from 

.At tbi , }) int Fw. 13.- kl.'tcb bowing chaniro of trike of Upp r Huronian bed 
tlu-e to tl.w folds. 

th ~ 1 d. h ,11<1 from a , ·trik t 
1 

1 • 4 ° E. to ·w. 1 ° rph han tak pla ·e hr m an" f thr e Yery 
,Jrnrp 1 nd.'. 

Th :i followincr ar • th h- r ation , ma<le l y Romino· r up u th :. expo­
;ur : 1Par 1r .. tal Fall:: 

Am ug tb r • ntly di cover <1 producti\·e ft ld for iron mining the vicinity of 
ry tal Fall. lia becom fa,mou. for it. w alth in or . Th formation eu lo inb the ore 

1 Maum,cript 1wtl'... 
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clepo it -, ha there a great tlli ·Im .·", but it· det rmiuation by actual mea 'tuew ut i, 
imvo ible, on account of the much folded comlitiou of the 'trata, and for want of con­
nected expo.. nres trau -,~er e to the tratitication. Estimating its thickne s to everal 
thou:-.and feet i ' urely not far l> -1youd the truth. Thi' folded condition of tlle, trata 
i • in many iu tances an ob~tncle in the deci ion, whether in a, given locality we l1arn 
under ob. ervatiou a de ·cemling or an a Ncending 'lH:ce.... ion of bed . 

If we follow th railroad from ,ry tal Fall" villag upward along the h <l of 
Paint River, we find, in the fir -t ·nt th, road mak iuto rock bed , a, erie of liarcl:N 

black late.::i trau ver~ ,Jy inter -ect d in almost Yertical po ' itiou ', and, acconliucr to 
their cleavage plane dipping in outhwest direction. Tlli cro cut i.· 210 tep. long· 
thence: for the di tance of 100 :--tep , no rock leclge8 are touched by the roadb d, but 
on the left Nide of the road 'imilar slate rock -ar <.lenmled, which apparently repre:ent 
a continuation of the former ucce :ion. From bere for eighty tep a cut is mad 
through imilar late rocks, bnt interlaminat d with numerous quartzite :l'am. • 
further on, the inter"e ·tion of lat in alt rnatiou with quartz eam continu for 
quite a while but tbe late ro k ar mor 0 -rar,hitic than tile form r and readily 
di integrate, on expo ure, into plint ry fracrment· a they ·outa,in a large proportion 
of iron pyrite" and ru ·ty ferru 0 foou • earn· cau ' iug th' decay. By thi' time we haYe 
reached clo e to the riv r below it fall' and find, laid op 'n in it· emhaukm nt formed 
by the bluff· thirty feet ltigh, a further conformable " rie of grapbite- "Cbi t 300 f, •t 
wide. Beneath the 0 Taphite- ._ chist ', clo to the water 1 vel at tlJ foot of tu fall 
ucceecI an ore belt ix feet wid • at the urfac~, bnt widening to fifteen fe t 1 follow cl 

into the hill ide.1 

Below the ore b lt follow. au immeu ely larrre nc ·e ·sion of thinly laminated 
banded ferru 0 'iuou <1uartz- ·chi t' of dark nvty c lor, which bed", iu te ply erecte(l 
po ' ition cro" ing be river bed diarroually (rive a cau e to fall eight or t n i, t iu 
heicrht. The expo ·eel :ucce ·iou f be 1 • amount at the fall" to a thickne of Yer 

00 f et. Intermi ·tnr of pyriton • ·baly "'am~ with the quartzite bed ', induce " their 
rapid di integratioll on .s:po ·ure into "belly fragm ut: covered witb au iride -cent 
-rnrni -h like coatinrr of oxide-bydrate. These beds ar ~, iu the embankment' on the 
oppo~ite river ·icle, remarkably corrurrat 1 tle ·cribiucr in th fr flectiou' perfect coil '.2 

CHARACTER OF THE ORE. 

The or,. ohtainell from th· '1-y~tal } all~ cli tri ·t 1~ chi fly :oft r cl 

hematit , thouo·h in p1a • ::.s it i hY lrat tl and 0 Taded n~ brown h nrntit 

(lim nit ). Th nre i. Y ry porou.· arnl shows many cry ~tal-liu lcl aYiti " . 

....\.t ph ee • a hard st, 1 hematit • or::. i:-- foun 1 whi ·h run· a,' hio·h a· 70 p •r 

cent m :.talli iron. Thi· nr l o • ·m·s in v ry small quantiti :.; n~ ociat ·d with 

the ·< ft ore:, ancl app ar.: for th mo t part tc haY' form d in <r •oclal 

aviti s. ,, hen th ·aviti ~ nr • till partly t p 11 th r ha ' b try idal ancl 

;talactiti • formt-i. rl h • or "'S ar .. Y •rY imilar tn th' or ►' nf th .Mi ·hi 0 'amm ... 

1 Iron au<.l copp r region of th ·pper ~11111 Lower Penin, nlas or :\licbi 1ra11, by . Romiu,!er: 
Geol. of :Mich., Yol. Y, 1 !l5. Pt. 1, p. 74. 

•Ibid., p. 75. 
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slat . of the Lpper l\Ian1uette series, 1 nt differ Yery cont-dderahl;y· from those 
of the Lower )Iarquet.te seri 1

~, in whi h the hard hematite· arnl magnetites 
are irupmiant ores, ancl from the or s nf the l\Ienominec li,'trict, which pro­
due ~s large <1nantiti : nf S(lft blue h matite, .. ome martite and al ·o some 
specular or . 

':I he following fio-ures show th avera~te compo"ition of the ores for the 
di trict. The::- were taken from analyses fumi ,}rnd by tlie management of 
the Yarion: mi11e8 awl from the report· of the tate ·ommi:=; ioner of mineral 
stati, tics of l\fichignn. 

T'h .. m tallif' iron of th ore' rano-e~ from !)4 to G3 per cent, the aver­
a c}'e heino- ahout 09 p r C' "llt. Phosphorus in exceptional cases is a.~ low 
as 0.0G p .. r c· ~nt, thong-h usually ranging from 0.1 to 0. 7 per cent, most com­
monly approaching the high -'1' fig'ure. ili ·a ~werag s about 3 per ent.k 

Th ,. analy:e • ,·how th ore tn he rather low oTade.1 It is du to this that 
thi:; distri ·t has b 'C'll :---o s ,w,itiY tn th price.· of iron ore:;. A 1 "r market 
pri '(:! mak •s th • co.:t of pro<lncticm ·xce cl the i:- lling rnlue and under 
the:-;f• condition. ,,,ork n c , sarily stopl'.'. 

► 
1ome of th or "8 in th ◄ rystnl Fall.· distri t contain a Yer~r high 

p •re; ,nhwe of \.120 3, OaO, and abo of mangane~e. It i:-1 r porte l that 
,:om • very o•o Hl <1 posits of mang'aucse hnn:• b -'<.2'11 found orie unauthenti­
oat ~<1 .·tatem "'llt lJ •ing to the effect that an anal:-si~ of the ore runs a. follows: 
Metallie iron, 17.46; nutngan •i;e, 29.d; phot--phorns 0.0G4: sHirn, 0.009(?). 

1 Jfrooks Rf aks tlw t "tlte ores ar~ unlik1 tbos in the mor' ea 'tt•rly part of the )Ienominee r<•gion 
in lJ •ing 1·icbc•r in iron, freer from silica, au<l in coutniuing more wa.t r." (Analysis 6", p. 302.) neol­
oey of )Jichigan, Vol. I, part 1, p. Ht? . 

. . in1•1· th,: alH>v1· was written the volnmo on '.\!in ral Re ourees of th Unitecl, tatc', 1 96, l'art 
Y, of th,; Eighteenth Anunal Report or t)Jc uited , tates h•ologfrn.1 ur"ey. ha appeared, aml the 
following anal~·set! of or Ii fro11t tho Cry tnl I◄'nlls di1Strict. are taken from Mr. ,Tobu Birkiubine's article 
ou iron on• i 11 tllu t· rq;ort. 

Thi• :rnalys s W<'rt• Jlfi•parc,l for tlie ore a~. ociation :H le,·,]all(l. Ohio, n1Hl :how the a,·erage 
cargo :.iualyses of hon oru nH shippotl from the Yario11~ rnitll"•• 'fhe anal~·ses were made from ores 
dri •cl at ~12 -- 1 the nmouut of naturnl moistur hoiug added. 

I OrJIUUic 
., . Pho • Man- Alu• J • I .:Uni:• '11!- aml 11ois-

Irnu. • ilwa. plrnrus. grun•~ . IDiDn. .tme. nc::iin. ph11r. YO]atile ture. I
1I : 1 matter. 

I ----- --
f c;,y. ;", """ ••• -1 r,~. ;i.i I I, !!5 I . i:!1 . :!O 1. lti :.!. 64 .,, . oo~ :.!. (I:.! i. :.!0 

I1unn . .......... . r,t!.Ht I a.ss I .5i:l .5o l.•" 1. . '3 . o:ia 5.44 ,.iu 

Jl.'mlw·k .... . .... r,o. :?u j t. 71 .:mn . :10 '.? . .:t 1.' 7 l. :l'.? . 010 G. G:! 
L1t1<·,,lu ......... . 1 110. !if) .'.?-W . l;> I. 67 ~.14 I. i:l .010 G. ;,03. 86 1 
.Mast ... luu ........1 61.00 .1. GO . :1:;u , ;IU ~- iO .~,() •~JO I . Oi5 !l_ 0c) I 

https://Iarquet.te
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One of the h :-it result" gi,7 e: a~ hio·h a~ Gl.5 per cent m talli Mn. 
The ore,. thu rana from a mano·anif rou: iron ore to a mano·anes .. or . 

Th forth r stat ..ment i mad that ~h bed lie· Y r .. clos t the ;·urfa :. 
and i from G in hes to 3 feet in thickn s~. From J to 6 fe t of b o· mm 
i-.. frnmd un<l :.rlyino· th:. b d nf nrn1wane~ . 

RELATIONS TO ADJACENT ROCKS. 

The nr 1-.; a-..:-;ociaterl ·with whit l r r deli ·h b rt, ,Yhi h in 1 la 1 • 

p pery. The herty iron formation pas-, s into or bY a '1 ·r as of th 
~ilica. An int rm dint phas i-.. ch rt with "harnh arnl shots,, of ore. In 

plaf•h th,~ hert i:-. 1w >r or 1 :5-., hre int ·cl, and th~ or_, oft n ha:-l a similar 

·haract ... r. ommonl:~ th" ore i-.. emupl t ly :mrround d by the ·hert h ... cls 
or ·hert awl or , forminu: t]u.. -.;n- ·alle<l mix d and lean or . In ;-;u ·h cas 

th ,y fnrm both th .. foot and hanging wall:-; of th nr _. 

ho<.h-. But th.. h rt formation i:· al\"\'"aY:--i 
E a-.,:-.n ·int d "·ith black ·arb mn • ou.' ~lat ~, "·hi h • 1_1~ti-

tu t .. the has, on whi h th or -b aring formation r .. -..t:-;. 

In th Ynuni.r~tmn1 min) 3 fe t of , o- ·all d ' <rraphit • ., 
F , .,. U.- ·ket c h to illus-

trate the c, urrence of or, wa:-. 1w~" ·•l thrnng·h h for, th u·unl nrhmrn. ou~ :--lat•.· 
b lie . wer , r ,ach ,l.1 Th .. han~.?,'ing \Ynll i: nh,o carboua -'Olb 

..late. At pla ~ . thin <1uartziti • b ,d whi ·h approach a tru" c1nartzit • ar .. 

a..;..;ociatecl with thP -.:late. 
The or ... ~ o •"'Ur in the h .. rt in p_o ·k 1 t~ and lentirnlnr ma~. e , ''"·hi ·h 

alway.., no•r ... , in o'}' ·ntt:r dim n ion. with th 1 .trik of the h •d:-- with whi h 
.. ~ 0 

th 
•' 
y ar, a ~<.> ·iat .. ,1. Th' l nti ·ular ehara ·t ... r i • w 11 ·hown in the Dunn,

• 

;olurnbiai n111l Jr at ,,... --t "I'll mine~. In th, Dunn min .. th l)()<li . m· ... r-

t p. In th, 1r •at "\Ye wrn min in 1 ·, • 7 "('Y •n diff r ..nt or.. hodi .. • in an 

•a-. -we~t lin ::i ·parnt ·d by ar ·n~ of h rr ·n m ·k, mo~tl:~ :-;lat', w •r h i1w 
min ,l. In followin~· th ,.., .. i:,olntell c>r bodi • to th ' ea:--t at Yn.ri< u.~ pla • • • 

th y ar found tn turn nrouwl a hur-.. • nf r > ·k. Th ir oc 'UIT 'll • • i illu. -
trat •1 l hy th • lwriznntnl • ·tinn. i.~·. 1-1. EYir1 •ntl:· th ' t"ll' -, bo<li '· a • unm­
lat l in , ·<• twanl-pitehing· :-.-:, n ·linal trolH!.'h~, in whi ·h th hanging wall 

app --nr-.. to th· min •r:5 a n lwr-..c 1 • rn ·1-. 
Th(~ ore hodi • .., iu !.!. n ::.rnl pit1•h to th "- •st at \·aryini.r an~1 •-.. '< rn·-

w 

1Thi~ informatiun wn-, furni--h ,l by )Ir. l . T. Hol>"rt : of 'r~· tal Fall . 
obtain a -..pecimen of the ~rnphit for,. lU1inatio11. 
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:pnndincr to th pitch :;; of the axe.~ of the ynclineR iu ,\hich they occur. 
The pit h of these fo1<l~ in tum corr spond to th ,, stw<~rcl pitch of the 

<rystal Fall:-; .- -1wlinorium, of which the .. econdary ' ync1ine containing 
th • or .. 1 o<lie: are a part. .\ typi ·al exnmpl of the occurrence i • hown in 
tlw ...\.rm ~uia mine or 1 body ·whieli i.- found, ac orcling- to Yan Hi e, "at the 
hottorn and on tlw sidl'H of n syndinal tr<. ugh pitching at an nngle of about 
4f> 0 

. 
11 Th tr •ml of th .. ,txis i~ tn th ~nuth and ,,est. 
The <lip of the or .. hrn1ies it, cilwnys steep and generally to the south, 

but Yari ,_. -in p1a<'e:-- to n f<::-'w <1 ;'T ~ ':-- north. 

ORIGIN. 

. Th • fa •t that th~ irnpmt,mt min ,s m th cfo.;trict are located in a 
.,·y11c1i11al ba. ·in and that th )y all poi-:.~ s ' au imperYiou ... fc otwall of black 
·latt! gin~-.; Yery cl1:,trly the ren:-;nn ft r th ir exi:-,tenee and inclica,tec· their 
nwd , nf orig-iii. The,y nr (·onrentrate:-:- in s~n1clinal trough~. 

In the Jlan1u ,ttP arnl Penoh· ,_ +ng-'hic di ' tricts the or hodie , are 

fr •quently found a.--sociat<.-1d with dikes nf dolerite (diaha:,,;e) , which have 
b • •n alterc<l to "diorite "-:,,;ehi~t:--, and ...n-c,:lll :1 cl soapstone nr paint rock.2 

0111y rnw i--ud1 a:--:oc·iatiou i:-; known for th Cr:v:,,;tal Ball:,; di . tri ·t. ·wad -· 

worth 1n •11tion • haYing Sl' 'll n. dike in th Paint Hiwr minP. :
1 

In tli .. field notes of th Lake Rup •1for smTey for L 191, I find the 
tat .,,11 •nt mad\ that ; th, :-.trata of th ore formation, whi ·h here ·trikes 

u ,arly .a:t c~nd we :--t is rnt h) an ernpti, <.like 'which run: ahout north­
" y .. .-t nnd ,·outlwa. t. Thi. · dike had•, to th -1 \Yest, aud forms with the 

lia11µ:i11g- .-1ate • of the ore formation a trnugh pit hing to th we:-;t at a Yery 
tec·11 a1wl<•. 

~ 
Iu thi. • trmwh is situ at ·<l th:, or .. body. u1Jo11 which the Paiutn 

Hi" ,r nu<l the I\lonit r 1- mirn..':-; ar • working.': This nre hody i ' stat •d to 1 e 
about 100 fe •t wid • 30( f; 1t lonµ: and nf unh10wn <l pth. ·when I was 

i11 th ~ di:trict, tlie 111i11 ,., wer ·' dost·d, or ,ml:? :,;hipping: fnm .. tnek pile~, :40 

that I ha<l no opportnuitY nf verit\ill!.!.' thi::- oh::-errntinn. From this stat -A­
ment it app •m-. t1wt i11 this pnrticulnr ·a~· th· ore i:4 <ln :i to th • pre~eu • of 

Iron ores of tho .\1arqn.-tte 1listricl of \l id1h~.w. hy ' . U. \?an Hi-.e: .\m..Ton r. :4d ., 3d series, 
\'ol. XLlll, l !I:(, pp . l:{O. 

: .\( n1n111 also m1 ·11t1ous iu hi!i 11otc1s n <lolorite dike found c11t,ti11.,. tlt fl!rrng·iuon.' ro k. at tlu 
Gliddeu •xplurat ion. lu tlus ca,• 1t doci; 110 appNlt' th t :m or ' l>od~· wa for1n1•d. 

1 ."ketch or the g ology of tho 1ro11 1 goltl, au 1l cupp r districts of .\1id1ig,m : hy .\I.E. Wads­
wortl.i : HPpt.. , ta.to Iloard of ,col. :--1u·, · y fnr 18!ll-!•:1, 1 !l:t p. 10 . 

t . • ow kuowu as Lamou t, illlll . 
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thi" dike. a. it occur in a pitching trouo·h, fnrnw<l h:- it. ,innction with the 
impe1Tious slate. The:-;e :--ame relation-., are m:~11 kno,Yn to he the cause of 
similar occurrences in the Lake Sup rior tlistricts ahnYe mentioned. 

The original ro('k from ,vhich th_. ore:-- ,,~ere form .cl ,Ya~ ehertY irm1 
u . 

carbnnate1 which in nwny plact::s i-.. fouwl a:-;:--nriatc<l ''"jrh the iron-bearing 
formation. The ·herty carhonak :-.brn~::- the Yariom; stages of alteration 
from the compact cherty :--i<lerite to the hmde(l ore and chert rock: whieh 
form the nuclei for the addition of the inm obtained from the higher xten­
sion • of the h cL. Per olating ,rnter~ han: been the agent~ in thi:-. pro<· ~s 
of replacement and coucentration. 'nnsequently where the rock· lnn-e be ~n 
mo~t ~hatt.,red, we firnl the wat ';.r ,va-- e~pecially actfre. Ilen<: it i~. nl~n, 
that we find the depo ·it in this <'lo:--. ,1:- folded part of the Up}Pl' Hnrnnian. 

A' to the origin .-,f the_ cherty <'arhmrnte itself, ,ve kwrn- unthi1w 
definite. It:-; assor.iatinn with th, <·arhoua ·eous ~late:; would irnlicat • the 
agency of organic matter in ib prn,luetiou, possibly in some :--u<:h mi nner 
a:; is rather <reuernlly ace ptecl f,n· the formation of the ( 1arhnnif ...rou. 
carbonate ore:-,. The l'pp--r Iluruni ..m or·~. a:-; well a~ the Lower Hurnnian, 
are supposecl to ha,· been fnrnwd in this ·ame way, and frnm th, -.,am .. 

kind of r1 ·k. "Cw]er the dit-5cussion nf tl1P Lrrn-er Hnrnnian ore· (p. 70) . 
these point::i were (fo,eu~~ <1 m< re in detail, arnl reference:-- gin:11 to the 
literatm·e and the reader i:s referred to that r1i:--.<:n:-;8inn fnr further ll ..tnik 

SIZE OF THE ORE BODIES. 

....~ o <lefinite g ... n ral :-;tat ,rnent c·nn h mnde a:-- to tlie s1ze nf the ore 
bodie~, a.: this rnrie • considerahl:-· ...~ ( ne nf the hocfa.. ~ whi ·h nr, h •ing 
worke(l, o far a· I r·nn l(:arn, are h•-.;-... than 1)0 f ·t "~ide. In 011 • of th 
01<1 mine~ <.:ro::"s ·ut. diseln-.,l:'d n ,,-i<lth nf n ,arlr 200 feet. 1 hi:s ~ame ore 
b dy i. rep ,rted to be at lea::-t on ,_t\mrth nf a mil long. 

METHODS OF MINING. 

The fo· ·t deYelc pm nt nf the inm 11re~ nf this diRtri ·t Trns ln~ the 
trippin arn.l open-cut method, Y...ry fe,Y r ~8nrting- at nnc, tn urnler-oTonn<l 

work. .....~ early two-thir<l~ of th, pro luct cif • ·rtain of th_. mineH hn~ he ·n 

from open-pit work. ,Yh :.n the n1 ·n pit--. lwcome too deep tn he r •adil y 
·worked as uch, shaft'> nre sunk and th • exploiting of th • ore bmly i: 
carrie<l on mHl ,r g-r1nmcl1 nt tim •:, h1)th op ·n-pit awl urnl r-o-rom11l "·nrk 
being enrri •1l nn -.,imn1tan :.nn~ly. Th· )fa:-.tntlon pr ):--l•nted the uun~lrnl 
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sight of an open pit extern1ing 1lmrn 200 feet part of the working still 
beinO' roofed on•r by an enormou:-- ar ·h of rock. All wnrk jn the tfo,trict 
i • at pr ·ent un<l 'l' o-rom1<l. 1 As a ml .. , the nud ... r-grnnnd work ha~ not. thus 
far, 1Jecn carried tn very great d--pth. th :\ twn deepe:-;t mine~ b inµ: the 
Great ,vestern and the Dunn, whi hare dmn1, re pectiY :)ly, 700 awl 720 
feet. The nth :.r: an: <lnwn tn cl pth:-; nuyi1w from 100 to 45() feet, the 
low ,,,t figure: being a~ n rul :i, for th· youngest min:.:,;, the more important 
one. having nearly reached the -100-font I ·Yel or pa~;:-;ed he:·ornl it. 

In the early mining <fa)~,, of the clistriet an extensive Bystem of 
timb rinO' was reRorted to, hut crra<lually. a1", th· co~t of timber increased 
an<l thi: it<•m hecam, lmrclen.-omc, car •fol attention was paiil to this point, 

and, wh Jre pm ·ticabh,, th., system nf ·n,·iiw or the system of filling wa: 
introduced (Jfastodun). At the }H'e:--cnt tim , mo:--t, if not all, of the 
important producCH'-' ar • mined "·ith 1,pen :-.top~s, pillar:-- heing left only 
when neceti ·ary. From thi8 it \H>nld npp __.ar that the roek. had not been 
urn ·h broken, lmt it . hould h:, l>om • in mirnl that the or, depo:--it them­
, eh- • are lat .,r than the folding, and in th , prol·ess of their formation many 
of tli-. crack..' in th .. .-mTomHlinµ: lw1b c:oulil ha heen filled \\-ith ore orn.1 

oth •r material arnl the roeks thus c1nit 1 rigidh~ united a!_!ain. That 
• •m ntation haH takun pla ·, is t·Yid •ut from an examination nf almost any 
hand :pecim ~11 or .·li,l , wh 1re mH: ma.'· s :\e Y =>ins nf infiltrnt _,cl c1uartz 

tra-ver::-i1w them at vari n:-. angle:. 'T'he extremely wet ·haracter of the 
Great \Ve:tern would :eem tn in1lient' tlrnt l<)('ally the rnek, uun- :--tiU he 
Yery mueh f-is:m·<;<l. 

PROSPECTING. 

wing to th· impo~Ri!)ility, with nur pr •~c,11t knowleclge, of mapping 
th_. vmfou::; b cl · c,f th• '"pp •r lluro11ia11, it i: not po::-~ihl .. to gfre any 

direction: with n~feren • .. to the exa ·t lin •:-. " ·hic:h ::-.houhl b fo1l<nYed in 
ear ·hing for or·. IIow •v r ~in • • th · ar "cb ,d1i ·h ar:. uncl "rlain bY 

icru ... ous ro ·k.· han; he ·n cl ·fonite<l, th re i , 110 lnnµ;
'-

r any excn:--, for ·wa ·t-. 
iuo· tim .1 awl 1rin11ey in prn,·p .. ·tin°· iu the:--· unpromising portion~ of th, 

di:tri ·t. \\ h •re indi ·.1tion • point to ·<m:--i, l ra hle rn ·k movement::- and 
wh ..r .1 the . idcriti • rock.· aru fonrnl a,:-.nciat tl with impe1Tinns lSlatel:-, 

lxploratinn: Hr, warrn11tecl. 

' This wa. \\TttlPU iu l>:(!16. ~ince thPn t Jar •e part of th, )fan~ti.-ltl on• hn,lr ha 1,t•en ~tripped, 
and thi 11i:1)' lw work1•il at pn•-,~nt 1,~• opt•n-cnt 111 •th(l1l . 
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PRODUCTION OF ORE FROM THE CRYSTAL FALLS AREA. 

In the follow-in0, table the fir"t ·olumn contain" the nam s of the min s 
or combination:-. of mine." of the Crystal Fall.~ area. The ·e are arranged 
alphab ti ally for entle nf r ference, and n<. t according to elate of openin<Y 
or amount of ore pro lu eel, a. i:-. ~<> usually the cas . In on ca. e, that of 
the 1laire mine, the min was operat <1 by the company operatino' the 
Youno-stnwn, and it.-· 01,1tput nc r dit cl to that mine until 1 91, ·when the 
ti\-o mine~ were :s parated. Followiiw th name un ler which a mine i 
known at pre ent, there i: giYen in parenthes s in chronoloo'ical order the 
name or name" by which th min ._ were formerly known. Th ~ concl 
column giYe:-. th location nf the mine. Follo,Ying the8e cfata there are 
arrangerl in column" the yearl~- :-.hipment. from the time of the fir"t open­
ing to the closinO' of tlie mine~, or to .January 1 rn~rn. In many ·, s , the 
ore body had h en «lefinitely k ated and con~iclerable work d ne and ore 
a?cmnulated upon :--tock pile-., -:,everal y ar"' befor th first shipment· were 
marle: hut it ·wnula be impo:--.-.ihle to r:dv th xact date of the opening- of 
the mine unle~~ ,Y.) co1L'ider l<l th y .nr of fir:--t hipment a:-; uch. In a 
column followi1w the y arly shipm ,ut th total hipment for a ·h min, is 
o·iven. Thi~ i • foll<rn·ecl hy a ·nlumn t!'iving the year iu which the 1 ~ xi­
mum shipment wa-.; made arnl h:~ annth ·r 0 -i'dnp- the amount of thi . hip­
ment. In th horizontal ohm n Ht th -. font of the paO'e may b found the 
totri l :::-hipment-- for •a h ar and th;, total produ t of the di:tri ·t .·inc it.~? 

:tir:--t exploitation. The figures fnr th 1li~trict haY been obtaine 1 either by 
·orre ·pond n • with the miniu~.f ·umpnui •s or from the anrnial r port: of 

the ommb~ion r of min rnl ·...t< ti-,ti • if )Iichigan. Acknowledg,meut~ are 
clue to •..rtain of th companie~ "·hi ·h hnv through their mnuager:, l een 
Yery ◄ - >hliging in fnrni--hing infunnati( n ·nn • rni11°· th mine: th r op rat ~cl. 

From a ompnri~nu of tl1 • tntal ~hipm nt of the nren for 1( 9< with the 
t tal hipment of th~ }I nnmin rang 2.5:.2,:.J,5 loug tmrn and of th •ntire 
Lake ,:uperior r ·~.6 n 14,024,fi,3 lull!.!' tmi-- for th year, it will 1 ~ • n tha 
the iry ·tal Falb ar a furni:-.h !d 13 p r • •nt of th total iron-ore .'lupm ut 
of th· rm1g anil 21 p r • nt nf th~ r ~giun.1 

I 
1 Total hipment for 1 t). \".""ere obtain ll t,hrongh -'Ir..John Birkiubiue from tl.i.e Iron Trade REwiew. 





mos.ORE IlJP~IE~TTS OF THE ' E TEl T HALF OF TH E c&L·1:.\.L 11.A.LL DL T IU 'T, G-IYE_T 1.· rro_·~ OF 2,2-t.0 pm~~Tl> 

Tntal --- Ye11rsl11pm, nt of (>fmax­ .A.mountindh·idualLr){'ation. lSH:! I !I , inmm of ~hip•mines arnl nf ship• lllt'Jll.tlistric to mcnt.date. 

47, 775 Armenia (S111i1h). 

1 
A.rrm·nia (Smith) ...... . ................... . E. ½SI:. i ,e . ~. T 4J .• ., H. 33 \\' 

Cluire• ........... . ......... . . E.¼ "E.:; ~, .l!l, T.43 .·.,R.32"•.................... lair ~lining 'o ............... . . . ... .. ... . .............. .. . I tj]2 1'.!l.9fi3 57,351 Clain•.• 

/'olumbia (1. L'Dlon: 2. Shd<l<>ll :--, haferJ .. . . XW.,¼ XW.¼ ~ c. 31, T. 43 X., Il. 3'.! "W .................. Ilnron Irou l'o.... ... . .. . ... . . 1.;, OtO 1 1, 3r-.) 60, 13:l 10. '!( fU ~fi7 181, ](.l0 i-,;, :'.lJ'.! Colmuhi:l (l. t'nion: '.! Slit 1<1011 ,\. :--,·hafrr1 

Cr.1·stal Falls . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . .. . . . Lot 3. sec. ~O. T. 43 ~ ., 1:. 3:! " •. . .................... .. . . ... . .. ... .............. .. ......... 1,341 .... • ••... ····•····· . . ..... . .. .. ......•••• 1,3H •l, 341 Crystal Falls. 

Cr.vstal FaJ.ls ..... . . .. .. . ........................ "E.f XE.¼ •e ·.21, T.43 .·.,1:.a2w.... . . ............... Corrigan, .lcKinney , • Co .... .... .. . . . . ·,.'.!10 

Delphic.... . . . .................... . . . . . . .. . . . •"E. ¼ .". . e, '.!4,'J. 42 ••. , ll. W.. . 3,-UO Ii, t' ! Delphi<·. 

Du1111 ••.......... . •. .. ..•..••..•........• •• •• • . •·1\·.1.·E ¼ • ·t. I. T.4!! X.,1:.33 ,\" ............... . })111111 Iron Ii11ing- Co ..... . .. . ... .. .... !Ill.. >0 !1, . 1. ................. . 11 31 ]~ 1 Dunn. 

Great". e»tt-riqlrou :--tan. . . . . . . .. . . .. .. . .. . . . .·E. . "\\". t se,·. ~1, T. 43.• ., I:. 3:? \\.... .. . . . . . . . . . . . . .. Ir 11 :-tar Co . . ............... . r.,1 

H1•111lock .. . . . ................................... -·"·•i ""·•¼e c.J, T.H. ·.,1:.33 \\" ................... 1'1c awls,:'.\lntlnr ,\ Co ..... . 35 531 l,Olll ·' 0 :? llcmlocl,. 

...•Holli,ter ............ . .......................... .·v :--W,:i c.13 T.4:JS.,I:.~\\· ............................................ . 1,057 Hollister. 

Hope (1. Blaney; 2. 1\·auneta) .................•·E. ¼ E.. • . '.!i, T. 43 . ·.,IL 3'.! \\................................................. . 15. ;:,13 Hop (1. Bla11ey; 2. \\"auut1a1. 

Lamont (Monitor) ....... . ..... . ............... . Lot6,).\\.l-SE.i•c'.! T. 3-X,1:.S'.!W ............ . Lnmont Iron ('o ---•-···· 2 ti:.tO 31 )3(/ llO., ,1 4:! 10 Lamout (Monitor). 

Lee Peck . . ...... . ... . ................. . "\"\".. XE. i ,, r. ~fi. 'l. 43. ·., lt. :J'.! W ................... . ~.H4 I Lu, l'eck. 
···••.

Lincoln (Fairh:mks, .............. . "\"\" ½. W.J st:' '.!l T.13 N., R.3:! W ..................... I,mcoln lfini11g Co ....... . . I 31 I, I! '.!ti. 0:!0 Linc-uln (1-":urhanhJ. 

).lanbnttan (South 1.rastot,onl.................... . ·E. ¼:,E. ¼ ec. 13, T. 4!! :X.. R. 33 \\" . .. ........... . 4. 00 )lnnl1att1111 (::-onlh. la to,lon 

:\fan t:ield (Caledonia)!. ............. . .·w.: .·w.¼ -cc.'.!O,T.43 .•. R.31 w ........... . D ,oto.Jinin.!'(·o ........... . 49. 3G !l I. t_; I., ';i )luu,11t>ltl 1Ca1t-,l11uia).t 
,! 

).lastodon . . . ............. . ............. . :,f:.¼ .·E.¼ ,e.:. 13, T . 4'.!. ·., R.33 W .............. . f.,,todon Iruu (•o ........... . 4:, 3;0 '+. I'll 2·1, ;1-11 ..•....•......••••.•.•••• )la,1otlo11. 

:\lichi"fill . . ..................... . ............ . .. . :\lit hignn F.xplorin~ I 'o ........................ . .•5 1, Oil ~icbi~an. 

Paint Rh-er.................................. . l'ai1 t I:h· r Iron Co . ... .. . .. . li, 51,j .....~~ .. ::::::::: ....~·.~~'. .. :::::::::: ....~'. ... ··········I 90 6'.!. ti;,4 l'aint m-,,er. 

Youngstown ...... . ............................ . llli11oi :--tf't I Cn •• · ••• ••• • ••· •I o. rn • 15,202 44, 11 1'I ,1 1 l•U H, 4UO 

Total ............................................... •·· •·················· ••• ••• · 13 , {lfJ'.! • r. r.,' _,. ;,. J, 070 12, 9(1() 1134. O!IG I!li I, 5,li ~-•·, }h 

~br~,,r
• l'i ,., i1111" to 1>-91 CJ.,ir 11.,l \",,uu.:•ti) , I''' tin, t ", re 'J""'' ,1 t•'r ,rt'" •lit,-tl to Yunu •st<,WIJ, tLow·h tL•·J In•• nl,out •·•111:illy ,Hvult-,1. 
t Lown Jlmmiia11. 4luly l'TO<lll ti\l lit , mt-r m.rn, lu <•ry t:11 full 
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CHAPTER YI . 

TIIE L. TH ~rvE . 

...nr1 "l' thi. g nenll hearl ther i~ her ju ·luded an extr m ly varied 
a.-:ortrnent of rock: exhibiting in e mmon intru iYe relatiom; to ·edimentary 
and ig·neou:-; rocks. Thi: livi:-;iou i. · h r u ·ed merely b cause it simplifies 
the clHssificatioa of the rocks of th, ,li~tri ·t, nnd th term intru ives' i: not 
to h • int -'rpr"'t -'fl n.' .• ~nonymons with th ;) ' r1ik rock' " (gano·ge teine) of 
:onie author:, a p •trographical division which in the opinion of the writer, 
i: not warrant ·<l 

rl h .,, . • iutru •iy rork. dift,r Y •ry materially- in field nc urrence, p tro­

gTaphicnlly, all<l in point of ag from th i~ru -'On , rock thu • far described. 
In }lg· mnch young •r than the yoknnie-.., th y ~till hear a close re ·emblunce 
to .-om• of them· i1H1eec1 .·ome form,., ell' identical in thara 1 ter. Ma · ·ive 
gTanulm· ro ·k: ar • th.. c mmon £ nus. Porphyritic varieties are very 
ubor<linatc~. 

Th rock. · ar all •on~icl •r cl a~ intrn~iYe:-; into either the Lmver or.the 
1l pp ...r Hur niau. In rno:-;t ens :.; th iutnvi, relations may he ~aid to be 

rath ·r infern,cl thn,n dcmum:trat •d for th • rlir -'<.'t enutnct ' lrnv b '.l n ohs 1Ted 

in very few oa~ •.. I·Iowever7 wh 1re i:--nbt d ~ ;)t~ of h1oh::; of eruptiYe rocks 
ar fon11d in nr •~v the µ.:r •ater portion of whi ·h are uuclerlain hy- :,;edimen­
tari s, th<.: natural infPre1w 1 is that th •r p •n \trat th ..~_. s Jd.imentari .. '. 
"\\ h •re i. ola,t cl .• ... ts of lowh:1 nr, ·ompo:--e(l of th • ~nm 1 kind of rock or 

. luw variation.· of tlw :-.anw typ th y may h 1 pr 1~mn •<l to b :1. ·01me ·t cl. 
For tlH; most part th ! ,like•:-; and l1os~ 1 

~ ar ton small to ndmit of indication 
up n1 the ac.;c nnpnn ·ing 11rnp. ,v11er '" ·r th •ir ~iz .,. lrn .· wnrrant ··d it, they 
linn~ heon repr •:-.Pnt <1, as in tli ca::; of th, a ·icl intru.-iv ~ b twe n th_., l nint 
mirl Jiichigamm _ riw•r:1, a]l(l of the ha . ie intrusin: ~ north of Cryi,.;tal ] ,111 . 

1 7 
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ORDER OF TRE.AT~IBNT. 

For the ..,ake of cnuYenien . and tn aYoid repetition, the ag·e of the 
intru,.ive. a:-- a whole i~ fir.t c1 termine(l. m1d then follmY:, a brief rl~scrip­
tion of the effect of th:. folclino- of th llistrict on the di. tributinn nf the 
eruptive,. 

The ro k. cl ..,cribe l haYe li en dhi led into those of a ·id bn. ic·: au<l 
ultraba ·ic composition and the t1:-.ual order of di ,.cus:-;ion from th ... ac;i(l to 
the ha ic ,vill b fol1o,rncl. In ~~ •rtion I rnck:-- are cl scribe<l which are 
o-eologically- dis ·onnect d. In t, ·tinn II i~ n cle:--cription nf a -.,erie. of 
rock· which constitute a geoloo'i ·al unit, nrnl nre e:-\pecially intere.ting from 
a petrogenetic ~tarnlpnint. Her~ al. n the order of <li:(.'n:-.:-;ion ii-; from the 
acid to the ba 'ic. rrhe µ:enttraphi al distrihntion of the r<H'k of a ·h cliYi-
ion i • given, only tho:-.e out -rnps heing ac ·m·ntely- located whi h ar of 

very lr.ro'e 'ize or whi ·h for other rea:,on~ are of ~pecial intere:--t frnm a 
tratigraphical or a petrological standpoint. 

After th petrographical description of each nf the rocks a ~tatement 
mll he mad of it~ fielcl r lation tn th:. ndia ·ent rock:-;, if it~ relation-., hn Ye 

been di.:cov red. Thi • will be followed hy a brief account, in tlrns, rare 
ca.--e.;: in ·whi h a cnntaet lw:.,; h eu oh:-:,erv 1 d, of the m )tamorphi • a tion 
which it has cau--.e(l in the :-- :.clim0nti-- through which it was for· .. ,l. 

.AGE OF TUE L ~TRr~IYE •. 

Th~ intrm,i·rn: han~ fnr ·e1l th ir wny through the Lower aml ~pp r 
Huronian .:edimentarie:,, hut haY n v •r lJ .. ·n fournl to penetrate th• hori­
zontal Lake ~1nperior ( •1ambrian) :-.nrnl~tnn '. The"'e fact: alon ar ~ c·on­
clu ive proof that their p :.rind uf intru:-;ion falh in the tirn whi ·h ,lap:--1,c.l 
bem~ en the depo:,ition nf th, ~pp r Huronian and that of the Camhrian. 

In th di8 ·us:::.ion nf the tim - of th· folrling nf the Tpper Ilurouian tli • 
con ·lu. ion was r nehed tlrnt thi" fnldin~!: pr t ded th deposition (,f th .. 
Kewe~nawan;.. ri ~. If the inrru ...iY ,;;;, to h, clt~crih •cl ha<l exi.·ted at th .. time 

ff ,1<.linu, th -y mu t ·rtainh· h,n-c ~uffer •d frnm th • oro(reni • nHn- ·m ~nt~. 
Examination nf the ~xpn:;nr "':s of th., intrush<-'~ has not . hnwn :,chi:tqs 
ma----e~ nor ha. <1 tail ,l micros ·npi ·al -.trnly <1isclo:,t•d tlie (.'at~w~a. ti· t ,xtun~. 

whi ·h a tompauy powerful dynami • m n~m ·nh exe ·pt in on rn:--e, ,,~hi ·h 
i de~ --rib ..<Jon p. I !H, arnl j.._ pr - ·nmecl to l e <lu:. to purely lo al lllOY ,m ·nt--. 

-·uch l> ..iug th .. fa ·hi the con ·Iu.... iun follow that the i11trn~in·~ w ~ru iutrn-
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ducecl .-,nb:-;eqneut to th foldino· of th rpper Hnrouian, or are of Kewee-
11awan or po,· t-K --'W "ena,van a 0 ·e. 

A d< :-- "r approximation to th, ag ). of the iutrnsiYe, i;, not possible, 
unl __..,;-5 we rely up m p ).tro<rraphical . imihuity. The dolerites of the Crystal 
Fn11:; di:trict are ·imilar to those forming th flow , auc.l dike , of the Kewee­
nawan on Kewe 1rn,v Point. Th r ar , al:-;o similar to the ba ic intru ives 
of the ::.\Iarquette cli:trict, with whi h thi.- i: practically a. geological unit, 
awl likewi. • th y ,wree p trographically with the dolerite dike: of the 
P _,nokee-Gog -'bic di:trid. In both di trict the lat). intrn ives have been 
consi<l ~red to he of 1 ew euawan ,we.1 Pnminger,2 in hi · report for 1881 
a11<l 1 , -! ·allf-\ att 4 ntion in a 0 ·en "ral :--tatement to the po 'sible connection 
f th .. dol ritj • dike· p 11->trating th Jiichicran IIuruuian with the flows 

awl <1ik ,_. of the "Copper-hearino· formation' (Yeweenawan). 
,Yhil,. e n "lation l)y mean:-; of p trographical 8imilarit would not 

hold for wjd ly s .,parat <l ar •a.-, it :-- em,., to be w 11 ,Yorth con idering for 
mNL' which ar .-o rlo~ ly com1.1tt =>cl as ar the iron di tricts of the pper 
Peninsula ot' 11i higan . 

.Jmlo·iiw from th, evi<lenr ~ tlm:-; pr l~ nt cl th dt l 1rite "' of the Crystal 
Fall .~ ar ·a ar, prohalJly rontemporan on: with the iutru 'ion· of the Penokee­
(+og· ...hi • aud Marqu.,tte di.·trict: and "rith the Yolcanics of Kewe nawan 
tim 

JtF.. LATIO ~-H CH' FOLDL,.G _\.... D TUB DI~TRIIlUTION OF TIUJ 
L ~rrR U8IYK"'. 

Iu th pr c ,,ling- chapter, in th .- lcti w n f lding of th Upper 
Hnrouiau p. 15<', it wu: :hown that th· main folds of the di 'trict foll°'v an 
approximately 110rthw "Ht-.-,, uthPaHt ·ourse nnd that upon the ·e were super­
impo~ ,d minor folcl. npproximat ,.Jy at right mio-1 • to th ·e. rrh 1 line of 
w ,.akn •:-;s para1l 1 to th __. ax ,., of tho main fol cl.· han~ been taken aclvantage 
f l y •·rtain of th l intru.-iv, ·, :.sp • ·ially th d lerit '. 

\. g-lm1 • a th• g 11 •ral map (I 1. II) J10w~ that the dol rit dike 
whi h lrn.Yt· lw ,n true cl for ·onsideml l ~ distan s-that i ', ar., more than 
err •at 1 n h • nu ·overecl hy ero:ion-hnYe a uorthw :st- 'Outh nst tr ml, in 
~wr -- ·meut with th 1 g "ll •ral dir •etion of th") maj w fol<.liuo· of the li h'ict. 

1~lou. G. ~. '•ol. ► -urY y, \'oL\.IX. p. ~l ; , ol. . • ' \'III, p. 21 . 
:! f.col.of )Iieh. , Vol.\', ·it.,p.!1, 
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The only appareut exception i. that part of the oTeat ma in T. 43 P. R. 
31 ,,.... , which extend' north aucl uth along the )IichiO'amme RiY -'r: but 
thi • i really not an ex eptiou, ~in" the f lcl , of th ~L n field lat here 
run in the , m direction. 

SECTION !.-UNRELATED INTRUSIVES. 

LA ' 'll'I ATIO... .... 

Under the above h ading are in ·Incl d intru c, ive rock which oc ur m 
uch i' lated out rops that n d £.nit r lati n can b ._ h ,vn t exi:t 

betw en them an l oth r io·n ou , r k f imilar or r lated -hara t r . 
The ir:tru i·rn ,_, de crib cl under thi headinO' compri e ro k • f a id 

ba ic and ultra1 a i c mp ·iti n r 1 r "'ent cl r , pectiv ly by the granit . , 
the dol rit ' and ha alts, and the pi rit -porphyri 

CID UITRL... 'ITE •. 

The acid intrusi,~ r ck. may b frdded into ordinary biotite-granite 
(granitit ) with a mi r l O'matiti vari ty, , ncl mu ' ovit -biotit -granite 
and rh)- lite-p rphyry. 

GEOGRAPHICAL DISTRIBUTION AND EXPOSURES OF GRANITES . 

The biotite- ra.nit Ir p r 1 • 11 ~ t ur in the di trict in lar 
tity. It i , £ und in dike: I n tratino· th Upp r Hur nian r ck.· in , 
and 22 T. 4:.. ., R. 31 \\., and in like ~ cuttino· diorit intru iY in the 
'Cpper Huronian in ·e . ':.. 2 T. 4::. .... , R. 31 W. 

Tb mi r peo-matiti Yari ty )f th bi tit - -ranit 1 nfin l t an 
area underlain by th Lo-w r Hur uian re k . It ur, at . 75 , W. 7 40, 
sec. 17, 'J. 43 .... R. 31 V". t nd 4 .... 17· ,, . 15 0, ·e . 29, T. 43 4T• 31. 

W., in mall quautiti in i "Olat 1 dike ' , cuttin°· th <l 1 rit ,vhi h l en trate 
th Lower Hm nian ri ' . 

Owin to their mall iz n n f th ab v -m nti u r1 ex1 ~ur : are 
repre nt cl on th map . 

The mu covit -bi tit b Id i olat d kn b • in ,· :. 
19 20 29 and 30 'I. 42 th Paint and )Iichi anm1 
riYer . The.' knol s < r ·los 1. ~ 1 1 l tr • 11 ~ that th y- ar 
pr um 1 tt 1t h d th r ar r pr C ' (_ 

unit on the o- lo ·i ·al nap f t ·i Pl. III r mall r ar -'H. < f 
Q'ranit o cur and are h wu u th l tail map P I. 



.

191 AOID INTR "IYE . 

BIOTITE-GRANITE. 

Th l iotit<·-granit s Ynry in color from lig·hi reddiJ1-hrmvn to clark­
o-ray and grecmi:h rock· and in grnin frorn fine to eMn-.· . Th" "trueture 
( rrlim rily i: that Jf a normnl granit . In some of them the micropeo·­
matiti int roTowth of quartz and f 1<l ~par mar h obs 1Tetl in ..., mall quan­
tit. •. In oth r: thi . form:-, th chararteri ti~ part of th rock, and the e 
ro lu; may b " prop )rly t rmecl microp :1o•matiti· oTanite . In mo 't o_f the 
,· • i ns th u. ual ·on titn nt, in ordinar. • proportions o cur. 

11 all th rork. the main ma. 8 nf th quartz form - irregular grains, 
mold l n th th r on ·tituent •. ~ om tim .:-. round area" of quartz are 
in ·luded in th f ld 'l)ar,' . 'rh quartz ontain~ y ry c mmonly and u .ually 
in gr at qm ntitie ', liqui l in 1lu ions with dan ing rv well a " stationary 
bubbl :: 

The t ld. par i, 11 arl ,. alwa ,.,, f t, o kind ·-orthocla. e and plagio-
la,' . 1icr ·line wa • al. o ob~· •r d l ut in n .1 0•1 tabl quantity. The 

f ld 'l ar in the gr at majority of ,Jitl B "ho"' fairly O' od r tang,ular out­
lin ,', and iu .• m a>" ; th s :1 ar:i strikingl:~" :- 11 d y lop d. In some 'li<le 
th plaofo ·la: is oh. rv cl in r etano-n1ar rY tal and th orthocla e i 
f und in larg irr gular plat .• which ar n old cl on th pla()'i la · how­
in{i cou lu:iY ,ly th ir r lativ ag . 'I h plao·i ela ... i fin 1y twinned 
a orclin t th albit le w, ancl al ·o in "om . lid , xhibit • p riclin twin­
nino-. We; ob rv <l in whi h t,y ·r • tal • me hmYi1w albite 
twinning, th oth "'l' both albit ancl peri lin t\\·inning w r crrown to 0 ·etber 

a: t mT . p ncl to th arl. b, d twin: of wth cla • . Th plao-iocla" 
giY ,., 1 ''"' xtiu tion angl ' which Rho"· it tt b rather a id. Th'"' amount 

f. plaufo ·la. in :om of th., • ·tion. -for exam11 , in th • )f th num r­
u: ·mall clik ,,. ·uttino- th ; hi .·t.· n •ar .,..orway 1 rta_o· in ·e . 15, '11 

. 42 N., 
I . 31 \V., ancl th ~011 utting th 0·ahbr nt th E. com r f . 22, 
T . 4~ ., R. 31 \V.-i.' n~ry laro-e d notino· an iuerea:-:; ~ in ·o la and lime 
c n<l in licatino· a r lati n~hip to th ~ diorit "-'· 1 h i o· )lon·i al r lation: ar 
1 ot ,'U h, Ii ,v ,,~'r, a. t uahl this e nm cti m t hovm in l fault of 
·h .imi ·al aualy · ,,.,_ 

rrh .l rth ela ' .l i,• for th 1 10, t part unt,Yilln d . hcrnq sim1 le 
~ar1..1 ad twinnino-. In :nm• ,•pctions th :. £ Id ·pars ar quit fr sh hut in 
th r: t11 .. • ar ., ·e "ll tc b • opac1u ·, p n·' 1. in-lik •, nnd in till th :1r8 the 
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original fel,bpar material i.· almc,--t ntirely replaced by a ma "S of musco­
vite: "-ith --ome little ·pidc 1te-zni:-5ite and biotite. The muscoYite in the ·e 
-.;econdary ag1"r gat ,. O'ives ::.x ellent though small rectangular .·e tion , 
howiiw it.· fin:.. cl avage ver~,. di:tinctly. "\Yell-determinabl kaolin flakei' 

were not found. 
The mj a i • well r ...pre--ented. by l))th biotite ancl mu covit '. Both 

occur in v =-ry ". ·11 cl v ..Joped Ty-..ta]-;; 1 the mu,..coYite howing- the mo ·t per­
fect ,le-velopm nt. Th hiotit :.. has partly alt red to chlorit , with a ,'imul­
taneou '"' production of rutile, sagenit , arnl sph ne. Between the hlorite 
laminre oue frequently ~ee:-, l nti ·ular area~ of secondar ,. calcite. Quite 
co1rnnonh- the :-.agenite i.~ found in ·lud din th se area". 

~ u 

Iu only one ~pe ·im ·,n ,n1s hornbl rnle observ cl Thi: wa from a 
granite dike ,Yhich ·ut the dolerite. Th hornblende is of n, uon ·om1 act 
rnriety, which upon th~ ed<res i-.. fin ly fibrous. It cone pond· xactl. • to 
that ,,·hich is fnuncl in the ndja • ..nt lnlerite. 

The conta ·t h tw ~eu th Q.'rnnit nnd dolerite appears irr gular, a~ 
though the dolerit hn<.l be n to ..;om xt nt broken. A, th onta ·t i." 
approa heel from th:, oTanite side th::. hornblende increa e • in quantity. It 
i:-; thou~:ht probable that the hornl 1 "Hile in the granite along th c nt, ti , 
~ecoudary after pyrox n , and that thi:-- pyroxene was obtain d b.,. the 
indu. ion of fra<m1ent • of th lolerit .. 

Acce~:-;ory min ral , nr nnt pr ..~ ·nt in lar<Y quantity. 
Irou oxide L· not pr., ent in !..!T at <1uantity and when e n it is u ually 

titaniferou:--, a.· rutile i-., f< mHl a-.. an alt =-ration product. In one c:ase the 
hexao-oual plat :, :--how the pre. en • of ilmenit . \.patit i rar as a rul , 
though n urrinp: in some ..; • tit n in cnn~i l rabl quantity. Zir on j · 

;-;c~r e, a:-; are al-.. ◄ sph :,n:. an l rutile. Epi<lote i • rather common. In !-IOme 

case it i;-; seen in biotite mT1_,und ·•t.l l ~? n pl o ·hroic halo, aucl in ·uch ca·;,· 
it i., pruhably urio-inal. Th .. :-..· ·()ndary mineral~ urnscoYite, biotit , ·hlorit , 
epit.lute sph 11 nail• and ·nl ~ite ~how th ir u "ual chara ter.·. 1al ·it:} i~J 

abumlant, awl i: mor • nr le:---, t' ..rruginou:. It i., £ und in rhomboh dra and 
ah) in irr ·gular urns e".l. In all ·a:3 it · ·e ·onclary origin i.· clear. 

:UI ROP.E DI.A.TI'l'E '. 

The mi Top mntiti • Yari ,ri -•::i nf thl' biotit -oTtmit ·how th sam 
\·ariatinu • in olor, from r:.1_1(fo..h t<) gray and g-r eni,·h, and in grain fr m 
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fine to medium, as clo the biotite-granit 1 proper. In general they may be• 

de crilw<l a:; biotit -0 ·nmites in which the micropegmatitic intergrowth of 
quartz awl f ..lcl:par instea<1 of 1 eing :-iub, nlinate preponderate . J\Iany of 
the well-crystallized fol<lspnrs are surrounded by a border of micropegma­
tite, which varies from a narrow l'ltrip to a Yery wide border, usually iu 
iuver.-e ratio to the size of the f lclspar nucleus. rrhe f ;)lclspar in the inter­
<>T°'Yth i:; eontimwus with that of the nu ·leu '. A coars ly radial arrange­
ment of the mierop ~gmatitic inter<rrowth Vias frequentlr observed. "\Vhere 
the felcl.,pars and c1uartz are pr dominantly porphyritic, and micropegmatite 
form.- the gronnclrna:s, the rock gradt>:-; <ffer into the rhyolit :.-porphyries with 
mi Topegmatitic grournlmass-the inappropriately named granophyres of 
Ros •ulm: h. 

The 1,iotite of the mieropegmatiti • crranites has partl:r altered to 
chlorit 1 aud sa0 •Jnite. In some nf th se rocks the biotit i. collectecl into 
larg acmnwates of imperfoet inclh·iduaL,, which HlllT<mrnl large pieces of 
ir n1 or l. In .·onw i1vtan<'(.'.' it is in ·ludecl in the plagio ·bse. The biotite 
flake::; in the f ·l<l.,par cir l som ·time , ' O num row, as to cone al almost com­
pletely the f ,1<1..par :mh-;tance. In on in:;;tancc the feld ·par of such a 
rni<"rop "'gmatitic int :.rgrowth i: eornpletel? r 1 plnc •d hy lJiotite. These se -
ou<1ary biotit • flake:-:; HlllTOtuHlin°· th 1 remaini1w more nr les:, rounded fJlUlrtz 
nn~as of th l mi l'OJJ •g-nrntit produc a, rnck whi ·h i ' strikingly like a mica­
• ·hi.-t in place:-:;, although it i.· of unqu ·tionably eruptive character. 

1 ourmalin • iH a rare ~wees, on~ 
,.) 

in the:--e 0 Tauit ', a small moke-brown 
cr:n~tal having he ·n oh ·erv d in one se ·tion. Titanifer us iron ore alterincr 
t• > 1<:~u ·oxene nr Hphene nnd rutile is found a.- are also the eommon aece, ory 
rnin ,ral.·-apatite, rntil ,, awl zircon. The~- contain also the ·~une econdary 
min rals a.· th_. normal hiotite-:n·anit '. 

MUSCOVITE-BIOTITE-GRANITE. 

The.· nre m (Hum-oTaiu •(l roek:--, and owiwr to th) fact that the mu -
·ovite i.- mor .. <1 bnnclant than th) biot.it ha v } a Ji 0 ·ht-trray color. 

T'h, mu.-eoYit iH notfreahly autornorphi with respe ·t to th biotite, 
th uvh the biotit, i: al.·o in well-deY 1 I d nutomorphie plate·. Plagio­
·la ... is pr ,'ellt ju th ,., • granit s in v •ry bro· quantity. It ·ho,v an excel-
1...11t zonal c1 •v 1lopm nt, with dimini ·hiwr angl of e.·tinetion-that is, 
inc·r ,a~i1w a ·idity-fr m the c •nter nutwar l. The • )ut r of the individuals 

MON x.·x I--13 
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is nearly alway exten ively alter d, while the outer zone ar rompara­
th...ely fre, h. A maximum extinction ano·le of 15° against the twinnino' 
plane. in th zone perpendicular tc 010 wa • ob:'erved on an unalter d zone 
·turounding an altered core. Thi · would indi ate the feld ·par to le per­
ha1 ~ a: ba ic a" labradorite at th· cent r. The other m1tial a1ineral ·, 
quartz and orthodase, occur in u ·ual quantity and Bhow nothing of ·pe­
cial interest. . pheu an 1 apatit are the only acces.·ory mineral· pre:-;ent. 
An apatite cry. tal ,va. ohs .1T d which wa8 included in quartz, ancl con­
tained the brown appar =-ntly Yitr ou~ core ,·o fr quently en in the apatite · 
of ba.·ic rock '. '17iere in ludecl in hintit ', it is HmTonnde<l b a pleo­r 

chroic halo . 
.._To analy ' s ,Y re ohtained of the~e oTanite', hut from the quantit~ 

and character of th feldspar a~ not cl aboYe thes ~ rock· ar thouo·ht to l> 
clo ·elr relat 1 to dioritic r cb. Ind d, it i~ a c1n :ti )ll if th y ·h ul<l 
not be clas e<l a~ <flrnxtz-diorit .. 

RELATIONS OF GRANITES TO OTHER INTRUSIVES. 

In two a e:-1 c: h·emlY m ~ntinne l o·nmite dik s cut the tliorites. 1 ranit 
al ·o cut"' the o'ahbro and dike ' of 0 'nmite wer ' ob ·erY d 1>enetrati1w th~ 

b ' 

dolerite , thu;-; inclicatino· that th" 0 ·nmit • ar younger than th : i ·neOL1: 

r ck. 
DYNAMIC ACTION IN GRANITES. 

An examine: ti n of th , ' oTanit~~ with particular refer =-nee to pr :. ur 
phenomena sho\\·s that th y exhibit a gr at dift reuce in thi: resp .. ct. ;'< me 
.how ·care ly any trac •~ < f pre. :-1ure, whil nth l" quit cl Hel_ ... a:.- ciate<l 
may ha\-e b n affi ·t, 1 th r 1 Y tn .·nch an extent that a rnor or l .- ' 
trowdy vrn.Yy 0xtiu ·tion of their min _,ral cou.:tituents is general. How Yer, 

but a ·ingle in:--tanc(~ of a sup1 o • d 0 Tanit po· • ·~ing nn exc )llent ·ata ·la. tie 
tru ·ture and imper£ ct s ·hi:--tositY "~as oh,erY cl and thi: ro ·k " ·a-., :-5< 
extr .1mely alter cl a~ to r n<l r dnuhtful a d terminntion of it· orio·inal 
harfl ter. 

CONTACTS OF GRANITES AND SEDIMENTARIES. 

Th laro- ·t intru. iY , crranitP mass i:-; fonutl L -'tween th Paint and 
.... Iichigalllllle river ·, in .-e ·s. rn, :2 , :2~l awl 30, in T. 42 ., R. 31 \Y. 
The Q'ranit i a. museoYit -biotit •-~Ttmit . 'I h , dimentarie ru:e rni ·a­

ou, graywacke ·, which haYe 1 leu des ·rih d on p. 170. Let it ·uffi 
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'here to repeat that they luff 1 b 1 _,n much mashed aml recrv 'talliz d, hut 
that. om of th .,m still :-;how tlPir fragm->ntHl origin. w biotite, musco­.1. 

vit-', £_ld:par, and quartz }rn,y, d Ploped. "h r:i most alt:ir d, th'.ly are 
mica-:-;chi.,t: aucl mi ·a-0·11 .,is.·.,.,_ Th.,:-; ... chan<.re:-; are pre ·urned to be due, for 
the mo:t part to the orngenic for{'e~ which wer ... adiYe prior to the intrusion 
of the granit (p. 1 70). If 'U('h h., th, <:as_. the gTanite began its metamor­
phic action upon a rn<'k a1rea<l:v gr ·atly changed from its original condition. 

E WENCE OF I~TR1.H-HON. 

rl h i11tru. iYe clulrn<'f<.->r of this larg mass of g-nmit 1 is indicated by 
it· ,·tratigraphical po:ition, and i: further ·onfirrned by th :i m 1 chanical 
ffect: produc 1 cl l>y th 1 intru:ion of the granite upon the sedimentari-'s, by 

the contact eff, ·ts prnclrn·ed in the .• dim nts, and b~· th pre:-; n<· , in the 
•..dim ..ntarie: of granit :i dik ... ,. formi1w nff8hoots from th .. main i:na ·:-;. 

Tli., m "'tlrnuieal .. ffe ·ts ar " ...11 ~hown h:v the ineln ·ion of sedimentary 
fragm ·ut,· a1l<l hy th , di:loeation all(l fol<ling 1.)f th• h ... c.ls. Inclusion~ are 

rath ""l' con1111011 awl ar, rnmally of <·011:icJ "'rable ,·iz 1 . 

rl h • <li:..;lo ·ation awl folcliug ar, b •antifulh· ~h mu at X. 1970, \V. f>70 
pa •....,, ,-ec. 30, rl. •!~ i:T., H. 3 l ,v. I11 o· ·n .. ral the lay 1 rs in th' o·raywacke, 
whi ·h Hr• alt •mnt .. Jy rid1 all(l poor in mica, strik<.. 15° to 301"'1 \\. hut.1.. T. 

wh r ... th .. intrusin•: ar, th•:-; .. l,ty<!l'. ar l foull(l to strik<:' alrno:-;t tlu .. north 

nwl ~onth. At t1w ,il)()Ye ]o('ation tli, h .,<l • ar~ fnlde<l into ·rnall, dosely­

eompres:ecl anti<-lirn;s ct]l(l :ynclin •~, whi ·h plung • to th .. ea~t at a11 angle 
of about 0° . ..\t tlii: pla<'c tlw mical' •ou. gTayff,u•lrn i~ broken iuto small 
pit!·,_. whi ·h ar .. tlwronglily inj ... ct ..a aml ·em ·nt ·<l hy th' granit ,, tlm 

fom1i1w at 'pical •rnptive hn~ccia. Th· grnnit • • '111-'llt i.- mierogranitic, 
with comparatin•l.'· littl<! quartz; nncl a small amount of ·hloritized mica. 

1The frng-m ,11t.· of mic·nt·<>on: graywa('k • in th' hrP<·c·ia app ctr to 1> ntther 
nion: fdd:pat11i<~ tl1m1 u:-;ual, }mt nth ,rwis, :-;e •m rn_>t to hav ~ h 1 e11 much 

affo< ~t<·<l. 
<)wi1w to tlt<,; ctlt<·rccl c·ondition nf th .. ~ 'clim •nt:-. prior to th., oTanite 

iu ru. ion awl to tlH~ altcnrntion of s •clim ·11t:-; of :--on1e\\ hat Yaryiug char­
act(:r, we CHll JJot c.;xp •c·t to find :-;1tch d •arl:· ontli11 •d coll('elltrie zones 
·mTon11cli11g t.he g-rnuit , a • in ca. l':-- wlter ! th • :-;edim ,m~ ar, rn1iform. In 

c n • <;a ·c~ a cont,tct w~1s ohs<'IT<·<l l>etwe •n th· !fnlllit •:.; and nppar •ntly th, 
nwin ma:: of tit• . •dim •nt:. .\long- tl1i. ]in· of ('()1\tnl't biotit ! ancl wl1ir., 

https://chan<.re
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mica haYe deYeloped in °Teat a bun dance. )lien i well known a one of 
the mineral ' produced in grauit eontacts and it evidently here owe its 
abundance to the pre:-;enee of th granit . 

At a con iderahle distan from the neare t intru ·ive outcrop (2 mile ) 
a mica-:,chi.· t was obseiTecl ,Yhich "\\a' characterized by numerou mall 
but prominent nodule:-- that ·too 1 out upon it weathered 'lll'face. The 
rock contains a con:iderable quantity of an apparently original chlorite 
in laro-e automorphic plate:-.. The no lule ' were produce l by large individ­
uaL of -taurolite. Th ,· taur lit ha · almo t completely altered, r mnants 
only if the original inclivicluaL remaining. The ·e remaining grain how 
a Yery poor cleavaO"e, aucl extingui h parallel tn it. The ·e inclu le bleh. of 
quartz a1Hl particle · nf iron oxid . They have the u ·ual pleochroi m for 
:--taurolite, varying from golden yellow for c to yellowish white for tt ancl b. 
The alteration products in which the oTain • lie are fine caly aggreO'ates 
of minute lea \·e "' of mui,cnit with h re and ther larg r plate: of the 
ame mineral. .\. fe,y grain:, of <1uartz and n, ~mall amount of iron oxi le 

po":i:ibly partlr nrig'inal, nr:. fouu l in th ma~ ' . Thi::; ob:erYation of the 
alteration of the ::-tnnrnlit., to mu:--coYite ·onfirm: the ob.. ervation • f Thi.ir-
a •h1 arnl Pi hler.2 

..\. similar ~tanrnlitif :.\ rou-· mica-schi t, occurring in th 
·ame locality ,nl:-, <le:-icril eel by C. E. \\\·i()'ht for the "\Vi · on ·in :urYey.3 

n the e parti 'ular . pecimen • th ·hara t ri ~rie twin , of :taurolite may be 
oh-.;en·ed ma Tm;copically n.· w 11 a:-; in thin ~ection. 'Wright ha. al ·o 
,le...,cribe<l a 

C
(J'arnetif rou:-; micn-t-chi ' t frm 1 thi • aren of metamor1)hic • hi:..ts. 4 

Both of the ·e :chi:t:4 contain pri ·rn of blni:-ih tourmaline in con ·id rable 
quantity. 

It appear: hi 11·hly prnbabl' that the:.\ ·taur )litif rou " and garn tifarou • 
hi ' t: owe their ori 0 ·in t th intru~ion nf th wneou: rock , thotwh no 

well-mark d •nnta t zone: could L outlined. 
Th exomorphi • ·nnta ·t eff ·t of th oTcmit i • mor n tic abl :where 

a laro·e hotly of the oTanit ·outain • a :edimentary intru ion than h ::,wh r . 
The clet rmination of th . lim ..ntary 01-io'in of the fnwment in lu(l -cl 

in the granite i~ 1 as J primarily upon th prob,1bility that in ih, pa. ·a()"e 

1 Thiiracli, Groth· Zeit chr., Vol. IT1 p. -!23. 
z A. Pichler, Beitrii ••e zur ;\liueralo•~ie Tirol--, X ·ne .Tabrb. 1 1 71, p. 54. 
3 ;eolo~r of th :\Iennmin •e irou regio111 Ly C. E. ,vright: G ol. of Wiscon in, Yol. IJI, 1 7 , Part 

-., p. 61 ;J, 

~Loe. cit., p. 695. 
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throu<rh the . eclinwnt.-1ry rock.· whi ·h now :mrrnurnl it the granite included 

fragments of them. 

In addition to thi: a well-d fin d handi1w is :--til11)r . eut in the. e frao·-n 
ments. Though hy no means eonclu.+ve eYid nee, thi.' is . 'nnsidered a~ an 
indication of th "ir having h n orig-inally depusite<l thrnngh the mediation 

of wat r. The sC>diments have 1 een ompletely recrrstallize<l into fiue­
graine<l mica-o·n ,i:s s. 

Th ,·eclimentary fragments in ·lucled in the O'ranite nnw show the 
followino· ·hara ·t 'rs. They are ·ompo~ecl nf layer ~ of two kirnl:. The 
one kirnl of layer is v ry fine grain =-d, nf gra:v eolor, and consi t' prcdmui­
nantly of hiotit" in fairly goncl autonwrphic plat l:I, muscovit in small 

<1uautitv-hut in automorphic plates-eYen with r pe ·t to the hiotite, 
f ~l,lspar, <1nnrtz, and iron oxicl . T'he fel<lspnr i:,:; in , mall "'(1uidimensional 
grains. Onl:~011, finely striated f•l<lspar '\Yns oh.;erYed th, oTeater part 

po:-.:ibly being- mtho ·la.-e. It shows in places a weil-cleY =-loped zonal 
. trncturc, tlt .. zonPs C'o11forming to th, outlin _.., nf th .. <>Tain$. The zonal 

·tru ·tur, prohably c1 "P ..ncl~ upon varying <1unntiti s of the :--wla and pota 'h 

111< 1.-cule. Qua1·tz n<·curs in :,rraius in Y ..ry :--mall <pumtity. . 

'I he .: •c011<l kind of layer which i:-;:,;, ~n in the fra~,rrnents is much coar::-er 
•.: t._ 

i:-igrain ,cl tlwn th, first, just describ ~cl, and i: Y =-ry nrn('h darker. It is 

·ompo: ,cl mainly of mti.·coYit, nnd hi ltit ', in about .,qual (1uantiti ~, fe1d­

-~par, cprnrtz rnagn •tit ·, a]l(l ilm ·nite with ~nm .. tonrmalin . Both fel<l:par 
a}l(l cimtrtz oc·c·m· i11 oTains, th • form r in :--mall <1nnutity. Th .. hiotite is in 
. mall plat • le. ·: w ,1} cl -'YC:'lop •d than th• muscoYite, though mostly nuto­
morphic. It i: partl)- bl ,a ·h ,,l and has a:--:--ociat d with it Ii 'l'., and there 

:om, :-;c-c·o11<lary epiclot '. Th, mn:--<·nYit • i:-, in ,·ery lnr0 ·e autmnorphi • 

plc1t •." , ~orn .. of th •111 twinn .,d ae ·ording tn l\<'h-'nnnk;,.; law, nrnl inclrnle.· 

flak, · of biotite awl <tntins of cprnrtz ,111<l felct;;par. Thi: O'll •iss ·tmtain:-; 

al. n w 1ar<r, munb •r of C'rystnl~ of tourmaline :--hnwiug strong- clichroism 

from ]io·ht pinki~h to clar1· gmyi:--h blu ,_ Iron oxide i~ pr "'H -'Ut both cl ~ 

n1<w11 ... tite a_wl a: ilmenite. The qua,1rntic ill(liYi<hrnls of th, one nnd th 

li ·.xc1go11al plHte: of tl1e oth •r Ht tirn ·: ar' n·ry W ,n dt>Y ,}op ,cl. XO , igw 
of pr ,:,,;:-;ure what ·o .. v ~r am s<; ,11. 

Tb .. nm ·c·ovit •: ,yjclentl. ~ r "lff •~ent rh .. lc1:--t pro<lu ·t of ery ·tallization, 

a. ·hmrn lJ:· th -,jr iuc·lrnfo1g nll th· min ·ral:-- ,Yhieh hn<l h .. "'11 pr Yiously 
form ,,1. (Ficr. A 1!1. X./. ~I\~.) rl he~e nm:--eoYit«.:>s are prohahly to b 
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looked upon a.-.; the product of rninerali.z r:, dependent upon the pre ence­
of the hot granite injection, to who~ aetion may also be referred the 
pre:ence of the tourmaline. 

The line of contact h twe n th o-ranite and the . edimenta.ry frag­
ment~, though . mewhnt frr gular. i::s macro opirally very well lefin cl by 
the cliff renc in :iz of th minernl constituents of the two rock'. Here 
ancl there in th frao-m nts th r ar se n thin ma'"' es of the O'ranite whi h 
w re inj ctecl along th I lan s of :--edimentation, and ah;o traver e racks 
penetmting the . edimeut~. On th gnmit ·ide of such a contact there i a 
narrow zc n -v ry noHceahly rich r in larg hiotite flak s than th o-ranite 
i orclinarilY. ~o ,lifference can he noticed on the sedimentar r id f th 
nutact. Th micrn:copical ~xmninati n of the contact mpha iz d th 

endoo-enou$ eharact r of the m tmrn rphi' a ~tion. Ther i more bi tite 
prP:ent than in the normal oTauit . 

The f ld 'par in th normal granite has a decicl d ten lency toward 
ant morphic d Yelopm nt. '\Yh r th felcl ·par' of th granit touch the 
metamorph ·e<l se liments they ar partly rounded, and the mica· plat 
deY loped in th sediments haY in gen ral a parallel , tructur around that 
, ide of the f ld ... par whi h i. tmn <l tnwar l th fragments. 

At another point th qnmtz of th~ 61'l·anit , where it come in nta t 
with th • dirnent8, hat-\ <leYelnpe<l a.· an ant m rphic indiYi<lual an l look:-: 
a=-- thoiwh it ,vere pr , 8 cl intq th fragm :1nt. The quartz ·ry ·tal ontain~ 
near it· edg., O'l'Hins of fel<Lpar an l flak . of mica, thu nm.kin , an imper­
fe •t narrow poikilitic zon . B y n<l tl i' zone there i the ' dimentary r k 
proper an<l. th ~r th mica 1 lat :-. li parallel t the ontour of the quartz. 
_._ 11 illnstrntiou of such a cnntaet i" :;,h( \Yll in fig·::;. A ancl B Pl. xx./·y a 
. e 11 in ordinary 1i<rht and < h.o h t"· 11 ross cl nicoL·. 

It app an; that th formation of th quartz and feld. par not ·ve 
cam,ed the arnuwem nt of th, ·onstitu uts of th gn is~ 1 Rrallel t th ir 
outour~. It would thu: s m pn hall that in thi particular a. th 

r <•1,ystallization cf th orio-inal oTaY\Ya k into the g-n i : whi h ,v- n w 
find in it-, plac f llowecl an,l vrn ·hi fly th r ult f th intru ion f th 

granit . 
R\ ' I " L ...TRr 'IYE ' . 

Th ha ·i intru ~iv B ar .. r pr .. nt d by m ta lol rit and m t, 1 a. alt. . 
The (lol rit -''.-I ar .. th mo~t imp rtant < n l will h tr at cl in d tc il. Rock:. 

https://edimenta.ry
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very imilar t the ha alt have alr ad r been de cribed at length under the 
Hemlock volcanic. , and . ince the? ar found in 'omparatively few dikes 
they will be pa ·ed ov r with verv bri f mention. 

METADOLERITE. 1 

GEOGRAPHICAL DI "TRIBUTION. 

The dolerites of the Cry tal Fall cli. trict for the mo t part form high 
ridO'e • extending in a northw . t- outheast direction. Their principal occur­
r nc i in the area imm diately north, northea,"t, and ea 't of Cry tal Falls. 
Begjuuing in .-ec. . 32 and 33, T. -t-3 .... . R. 31 ,V., there extends a great 
intru.·iv mas , varying from a mil to a mil and a half in width, due north 
to : • . 6, T. 43 ., I . 31 W. Ther it bend ' to the northwe "t, and ends in 
.-e •. 3, T. 43 ., R 3:.. \V. Th nort1n "'tern xten ·ion of thi, ma i much 
narr wer, never ., 'eecling a half mH and at many plac .s it i • only a few 
hundred rard: in width. In the north rn pmt of T. 42 N., R. 31 W., are a 
number f knobs which are evicl ntly 1111 ct cl b low with the e large 
ma:,· .-, althc 1wh the expo.·ur ar di,Tontinuou '. 

large clik begin. in . ec. 1, rr. 42 ., R. 32 vV. and extend for about 
5 mile: to th uorthw :t into . c. U , T. 4-1: ., R. 32 ,v. Thi averages 
a1 out on - ighth of a mile in width though in 1 lace, it i three-fourth' of 
a mile~ wide. n ther clik beo·in: in ., ('. 2 , 'I1. +4 . R. 32 ,Y. ancl runs 
for 32 rnile, ' to the northwe:t into .,ec. 1 T. 4:--1 ., R. 32 "'\V., and, like the 
ah >Y , i: narr w, b ing only about one- io·h h of a mil in av rao-e width. 

narrow dik J 1,., • than on - io-hth of , mil in width extend' in a high 
ridg from in 8c, . 16, T. 43 1 ., R. 32 ,V. to th:. northwe t for 3 miles and 
..wl: in :pc•. 7 of tho :am" township ftlld rmw :.. r um rou: i ·olat d knobs 
oc ·ur in rl. +4 ., R. 32 \V. .·mall bo:" i:;; in see. 2-±, 'I. 46 1?., R. 33 '\V., 
<11<l another at 1,600 pae-': ., 10( 0,.:.; c.1~ '11

. -!7 1 ., R. 33 '\V. 

l'E'rRo 'RAPHI ,i.L CH RACTER~. 

~lacroscopica!.-Th _) dolerite,· van" in 1 01 )l' from OT ui -h to dark live­
gr -'11 ancl almo , bla ·k. 'I'h \\T ath r .}a ~urfa ~) i' mmally of a very light 
• lor, rath r a li()'ht oTay, \ ith fr qu ntl .. a r dcfo:.11 ting .i. rrh t xture is 

1 I nee the nam ' dol rit '' here m r ly to indicate th ma<'rostrncturnl difference between the 
rof'k inclndNl u11<1Pr it aml the fin -graiu d and aphauitic ro ·k of the ame composition included 
uncl r th l>a. alts. It is a.l o e t •1l(kcl to iucln1le 1>al ·o < w 11 a neo t•ruptiYe,. As n a.rly all, if not 
all, th• pal oclolc•rites has unrlergoue gr<'nt alt ration th' prefi - meta-indicating alt ration without 
r •for 'lH'O to any I> •citi • kiud-i , ry g •uprnlly upplicabl '· 
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medium to coar e. Probably the mo t , triking textural characteristic i the 
peculiar mottled appearan e de cribecl a., ·lu ter-mottling" by Pumpelly, 1 

to which the name poikilitic ~ has of late year.-; been more generally applied. 
Thi texh11'e is almo t ahrny~ brought out macro. copically on the weath red 
smfaces by the difference in the weatherino' of the feldspar and the atwite 
or uralite, the8e beino· the prominent mineral constitu nts of the rock. 
Thi. poikilitic t xture i.- mo8t comnwn in the coarsest of the metadolerite . 
In nch rock the a1wite or nralite area-; are of larO'e size, quite commonly 
2 centimeter:· in limn ter, and ~h< ~- their mettled chamct r Yery plainly to 
the naked eye. 

In the medium-grained dolerite~ the ordinary ophitic texture i pre­
dominant, thou<rh in the~e rock. p ikilitic c:U'ea:-1 may be " en. In fact, the 'e 
poikilitic area really po:;se ._· an ophitic t xture according to the definition 
of that texture hy A. :Michel Levy. for the feld par· ar deYeloped a: lath: 
and the pyroxene i: the meso ·ta ~i ~ in whi h the feldspars lie.3 It i: thu. 
clear that, restrictiw:r the statem nt t i these dolerites, the ophitic texhire i • 
at time inclu<l. cl in th poikiliti ', arnl that under uch circumstance "' the t"~o 
can not be cmd,ler ..d as totally diff rent and imlepemlent texture , 1 ut are, 
on the conh'ary, pra ticnlly id ntical. 

In one <like of lolerite the. influ nee which the condition of con~oli­
dation exert upon the te_-ture is well ·hmvn. This dike is only 8 feet wide, 
but the center i. developed a.~ a dol rite, ·while alon°' tho edges wh ..re ·ool­
inO' wa ·· more rapid th rock i • a p rphyriti' ba alt. The porphyritic 
texhu i cause 1 1y th development of pyroxene and feld par phen crysts, 
which lie in a cl rn,e basalti • gTom1<.lma..; •. 

Microscopica1.-The oriO'iual minerah, of which the rocks were comp ed 
were feld par, quartz, pyroxen olivin , biotite (?), apatit , and titano­
mao-netite. Th min rab which are now pre ·ent in the rock" are £ r the 
mo ·t part ·erondary. Th y are horubl nd ~ muscovite, epidote-zoi~ite, 
chlorite, bi tit , ~phen , 1'lH'.Oxene, calcite nlbit qunrtz, an l ir u p,Tit ~. 
Of the ~e hornbl mle i: by far the mn:t promin nt con tituent. .A Btu ly of 
the i ·olatecl . pe im n~ of th e rn k~ rni<~'ht re:mlt iu their l termination a· 

1 ~Ietasomatic dP\""elopment of the copper-b arinrr rock of Lake nperior, hy Raphael Pumpelly: 
Proc. Am. A.cad. Arts, ci. 1 Vol. XIII, 1 7 , p. 2o ). 

2 On the use of the tenu "poikiliti " ancl '· rnicrnpoikilitio •· in petrogrnphy, by G. H. Willi m : 
Jour. Geol., Vol. I.1 9:?, pp. 176-179. 

tructure et cla sitication ue roch s fruvth·e~, b~ A. ~lichel Levy, Paris, 1890, p. 30. 3 
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uralitic clol rite:' , epicliorite ' , or even diorite • as it is impo . ible, without a 
. equ nc .. of chang s, to cletermine wh .ither the hornblencle is ori~inal or 
. e on<lary. Rar _. ro ks contain quartz in suffi i nt quantity to warrant 
th ir rle. ignatinn as quartz-dol -:irit ~- How v r, the:T cliffer in no , , entia1 
respect. · from the other dolerites. The quartz i ' in micropegmatitic inter­
growth with feld. par, filling the angular interspace.s of the rock. These 
int -'rgrowth.• were evidently th la. t l .iments to crystallize. 

The £ ld..par o<·curs in larO'' automnrphi lath- h~p d cry taL.;, which 
in mo. t ca. e. show pol~Tsynth )ti • twinning. In a. few ens )s unstriated crys­
tal.· were ob..erve,l. Owing tn th, alt •ration nf tlw felchpar, Yd1ich has in 
mo.t ca..e: almost rnnpl .itc_.1lr ,lc1strnye,l ~he striations, it ha:, been impo --sible 
to make many accurate m asnrem 'llh. l\I asuremeuts on the zon perpen­
dicular to 010 <ra,· equal 1 xtinctinn an:-,d .is against. t,Yinning plan s of 37° 
a· maximum, showing the feld:-ipnr to he h:~townite. The ·hief alteration 
prncluct' of the f lch;par nr • :.pidot .. nrnl zni~ite. "\Yith the~ are usually 
a:.-o ·iated more or l l , \ ' muse,wit _., snm ·h1nrit , and, more rarely, 'Cale. of 

hiotite. Aecompan ·i11g thes • alt •rntinn prrnlnct: one Yer.'- frequently find · 
limpid :-;pot.' of . ..condary alhit• or <prnrtz. ~om· f ,·w of th.) feldspars are 

.'moke-color ·d, ancl a: the coloring appear ,l homogen nus Y n under the 
hicth 1 st pow •r • it would s • 1 m to h _. tlu ) to ~ome pi<nnent in the min ral 

a11c1 not to minut in ·lu. io11:-i. 
l'yrox(m • i.: ypry rare, having h •n <h:--erY cl in onl:· a f w se tions and 

in th .. majority of th ":S • i.- pn·~ )nt m •r ,I:· a , ~mall remnants surrounded hy 
it · . .. ·,mdary prrnluct uralit •. 'I h, pyrnx •n ) po~::.; s~ ·s the u. ual char­
acter. · of common angit •. The mwit • i. quit fr -:i:. from in ·lu ion,'. Alon{)' 
the e<l<r its alt(~rntion to th 1io·ht-oT :in homh1end •, uralit ·, can b r aclih· c • 
follow 1d alHl in 011, •as 1 an n ·tno'oJHtl ha!-,a1 :--r ·tion of au~,rite was ohsern~d 

~ V 

,Yhich wa: <;omplett•l. ~ oc; ·upi 1 <l hy- urnlitc fib r:;. 
The fonw~r pr ...,en • of oliYiu • i~ l a, l<l upon Y(->ry ~li(J'ht proof, ·dz, 

th .. ,xist 'IH; , in .'Olll of th• P: rn.· )n • n11<l uralit -:i eryBtal.· nf areas whi h 
ar 1 oval or ronwl in :-;hap, all<l are nccupi •1l h:ypilit . 'I'he pre:-; lnc of thi:-; 

pilit .. in th, alt •r •cl mwit) micd1t pu,,ihly h • explained a: an alteration 

pro<lu ·t nf th .. mwit • its ,lf, hut it i ' difficult tn xplain why pilit) .·hould 
1 Y •lop in on, part of th• angit 1 and s • nn<lary eoar~e hornhleucl in the 
oth ·r part. )lor •oy •r tl1 g :.n 1ml • hara ·t )r;... of the rock.' ar ' U h a , to1 

] ,; ,l on· to •xp •ct to firnl nlivin 1 pr·· nt in :--nm· of th •m. 
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Biotite occms in large irrecrular ma·~ which are con idered to be 
primary, a well a in the cale"' which occur within econdary pr du t of 
the rock and are con"'iclered to b ondary. It is cattered throughout the 
rock in irregular piece · usually a ·ociated with iron oxide. Wh \re fairly 
fre h, it i. brown and how' it" rdinary character. By weathering it 
become green, having till a hiO'h double refraction. By forth r weath­
erino- it pa,: : into a nearly colorle,' ma that has the fainteKt tinO'e of 
green and carcely polariz : light. Such ma e are crossed by line, of 
hair-like crystal·, ·ome f whi ·h inter"" t one another at angl . f 60 
cleg-ree,~, extin<Tui h parallel to th ir lon • dire tion ·, and show high, ingl and 
double refraction. The ·ear taken t b rutile. Other cry taL, ::;om what 
coar ·er, al ·o lie irreO'ularly in th hiotit ma~ The ·l10w th am inter­T 

'ection' a the rutile. They ar Y ry faint! ~ oTe ni h, haYe a high singl and 
double refracti n are p ·itive in th lono· dir tion, and haY a maximum 
extinction a1wl of 4:6 clegr e . Th :e characters w re not uffi ient to 
determine the min ral by, ~nd n th r haracteri'·tic could be b. erY d. 

Ilmenit and titan -macru tit ar in irreo-nlar O'L:n '. The, mineral: 
are more or 1 ., altered t 1 uc xen or t ph n . V ry frequently the 
alteration pr du ·t inclo. band" f th iron oxide, ,vhich int rs et ne 
another at mlD'les f d gree8 poiutin • t ward th hexacroual hara t r 
of the ore. In on ca. e a b autiful xample of th alteration f :u h an 
ilmenite to rutile wa:-; ohse1Te 1. It i' .xartly :imilar to that cl scril cl b , 
,Villiam • in the ca· f th o-r nst ne, t f th U n mine · di u; t. 1 B y 

l w power the ma -, ha a " mimetallic lu ter and, a· it eem to b alm . t 
O'olid ha, very much th n re I app aranc f an or , but by hi her p wer 

it i, r olved into a ma of mall Id n-br wn ry tal . Th fr qn ntly 
inter..e t on anoth r at an()'l appr ximatincr 60 d grees (120°), , imilar to 
the fine needle in •ao- nit . 

Th horn blend i mainl ,. in larg x nomorphic plate incl . ing the 
autom rphic f ld par. Thi· i" th n1ri ty f hornbl nde kn w11 a tu'< lite 
and i • all pr ·mued to h of a : ondary natur . In no as do . it l 
:e , the rupa natur f rio·inal horn 1 n 1 , but is alwa ·~• mor r 1 . 
fibr u , it· fibrou • Uc tur b in • b ~t . n al n th lo- and le cl arl 
h wn, thouo-h . till ob n-abl wh r th It vari 
-------------- - --. -

1 Al tter to eae Jnhrbu ·h,Vol. II, 1 7, p. _ 3. The 0 -r u tone- chi tar as of the )Ieuominee, 
and Iarquette rerrion-. of ~Iichirran. Bull. Geol., uney, To. 62, l 90, p. 99.T. • 
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from scarcely colored needle. to th \\Thi h are stronglr pleochroic. The 
pleochroism varieH from ye11owi. h for a to yellowi "h or olive green for b, 
and in many c . e. to a dark blni "'h-ar n for .c. In a few ra e._ much of 
the hornblende ha,· frequently a J.ark r shad m the renter thau at the 
border, although of the same color. 

som what different vari ty of hornblende ob erved occupying 
round to oval area:.; in the dolerit s. Thi i. in tangled aggregates of 
ne dle:, with which :ome chlorite i: a so ia,tecl This hornblende is auto­
m rphic in prbn a tic zone, ragged at th ends. These a<Tgregate eem to 
be v ry ·oarse piliti' ps uclomorph. after olivine. Th area ' occupied by 
the. ·e aggreo'at :ls are Himil::tr in app arnn e to th p:;; udoamygclules described 
by Pumpelly a, · o ·cmTing in th K " reernnrnn lavas. 

Th hornhlernl is lt-tr0 ·ely ..dt reel to ma~ses of ehlorit and epidote, 
u ually with th :l proclu ·tion of ,'om ·akit and to thi. is due the pre, ent 
extr :.mely ·hloritic ancl epidotic ·haract rs of many of the badly altered 
.·p cim n. 

Th., .·e ·onclary mineral.·, chlorit and pidote-zoi. ite pos::-.esR th ir usual 
·haracter:. The ehlorite i. · pr ' nt in Y rr larg .. quantity, and next to it 
tlie "IJiflot ..1-r.oi ,• ite is most <·ommnn. Thes two mineral.· rnak up a latge 
proportion of th,, rock. In 011 ca~e poq hrritic scalenohedra of calcite· 
,yer found in a me<lium-crrainecl lol lrit , th oceurrenre in everr way 
b ..1incr ,·imilar to that cl 1.'<Tjbed in th Yokanie .· of the ::-.am region. 

one of th original mi1wrnl. of th :i:-;e intrnsiYe gr enstoneH criYo evi­
<l ..n<·· of havincr h n ,· v r 1) mash cl: '<. n:-- ..1qu ntly we may saf ly conclude 
that th,, r hav not parti ·ipc1J ..1fl in th , orogeni • moYements in pre-Keweena­
wan tim whiC"li hav:. univ rsally affect •cl th older rock:-; of th ~ ry ·tal Falls . 
di.-tri t. 

RELA'l'lON ' TO D,TA. 'ENT ROC'h,~. 

• Relations to Lower Huronian Mansfield slatcs.-Th r lation of th ~ clo1 .. rite:-; to the 

)fan:fi ·ld :late i,· <p1it, cl 1arl~... :linwn alon • the li11 nf conta ·t ultween 
th ·m. 'l his •xtP11<l. · from Hee. 7 , '. to h l e . i~2 'I'. -1-3 .... . , H. 31 " ., on the 
east .·idc, of tlte :\Iichignnun_. I iv r n ~ll' :'\[mrnfield. 'T'lP pre.-enc of 
11nm l'( u: larcrc, inC'lnsion.· of th• sh1t • in th dol rite and th oc '.UlT nc f 
·outa r k: in th 1 ,· lat} plainly , ho,y that th <.lo] rit s aP youno-er than 

th .'lat~. 1 110th •r pi :.c ) of rYi<l ,nee pointing to this same r lation wa , 
fo m<l in ,' •r. 2 , T. .J X., H. 3~ ,, . H ,r wns fountl an angular inclu ion 
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of :edimentary rock in a dolerite. The rock now pc sse:,;t;;e th chara ters 
of a pilosite, and wa: e,-idently brought up from below hy the ·e iutru­
•iye . ~o late i • expo"' ed n ar tlfr· point, but it is pre:mmed to unrl rlie 

thi.- area, although helow th~ expn~ed volcanic::;. 
Relations to Lower Huronian Hemlock volcanics.-The dolerite ridge: ·w,-llich O '('lll' iu 

the area underlain by the Hernlnrk Yolcauics are surrounded on c. ll :-;ide,' 
by rock.· of related p trogrnphical eharac.ter. The number nf lo ·aliti ...: 
at which the relati m:-; b t,Y en th t,vo may be 1 "e1Te 1 are Yery few 
but their relations where , een are ·l ar. For in. tauce, in sec . . 1< and 30, 
T. 4-:1 :X., R. 32 W., the cnar::-e intru,.iYe:,; break through the volcani •". In 
,_ e ·. ?7, T. 46 N., R. 33 ,,~ .. a ho~~ of th dolerite occur in the mid. t of . chi. -
to e volcani tuft's. The vnkani -~ ~urrmmdin°· the intrnsiYes exhibit .·ymp­
tom: of more or le~s ·dolent d.~uamom tnmnrphi action, wher a · th doler­
ites in no ·a. e . h<rn- any e,-iden ·e mfrro:-.l'npicall:~ or macro 'topically, of h~ff­
iug undergone the m tamorphisrn from which the voknni<.;~ luwe imffere l. 
The dolerite. are tlrn • ·learlr :-nuw,· r than the effm,iv , ,. of the ili:trict. 

Relations to Upper Huronian .- ->nl:- H f W i:•mh1te< l dolerite outcrops have be 11 

found in the area un<lerlaiil hy th) .... pper Huronian. Th mo:-;t con::;pieu­
ou-· out ·rop: ~ire the larg·e dike in :-- •<'"'· 7, . . and 9 T. --1:3 X, R. 32 "\Y. aud 
the knob:-. in T . 42 X. an,l --!3 .......... l . 31 ,r. rrh SC la~t ar" practicallr 
continuou • with the great ,like whi ·h p uetrntes the Lower Huroninn along 
the )Iichio·anmw RiY ·r hum ..diately to the n nth. <)n i~olat ,1 kunb ha.: 
al:--o b en fonnd in the extr me northwestern part of the di:-;tri t in !--et. 1!J, 
T. J 7 ....T. R. 33 \Y. Although in 111. n c,f thfls) ar <t~ haYP the do1erite;-; been 
found iu ·ontact with th pp r IIuronian, a~ it has h en i-lhowu hy the 
·trati<ffaphy tlrnt the1'e area ~ nr nnrl •rlain hy th ... pper IInronian s dhneut, 
the -..tatement $ em:-; warrant d that th· ,lol 1rit , are intrnKfre through th -'lll. 

Relations to other intrusivcs.-In one plne a dnl :>rite i~ intruded hy a dolerite 
of lat r a()'e and it is highly prnbahl thnt th ,p ar., mnn ,. more simihtr 
ca~e.., ne,~ r olrerY ,l. Th dol rite-- ar ·ut by small granite dike: at , Y­
eral pla s ea:;t of Iau:--fi 1ld. 

00:NTA.CT :\IETA.JIUHPIIl~)I OF )I _?:FIELD LA'l'E~ BY 'l'IIE DOLERITE. 1 

The contact , betwe 11 th· dolerite. and th ;.; climentarie: ar Y ,ry 

rar ly ob ·erva bl . For the 1 1 ...t part where th ·eclir 1entarie • are altere l 

•A coutrihutiou to the tnd~· of couttwt metamorphbm, br ,T. :\[organ Clements: Am. Jou.r. Sci., 
4th erie , Vol. Vll, 1 ~m, pp. 1-91. 
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hY <'ontac a ·tinn the~- ar, :-.UJTnnndt~,l nn nll :-;icle~ hy th dnl rite., being 

in fad i11cln:--ion:-;, but without th , irnnH:.<liate eontacts _exposed. ► \lCh 

i11cl11:--io11s an, rather 11nn1<.~r<m:-; un th( t.. a:--t si<k· nf th, )Ii ·hi<ramme RiYer, 

from R .. ,. . 2fJ ,;.. "T. to : ·c. / 'T. -l3 . .... P . 31 \Y. 11 ·nr th., boundary line 

h<;tw .. ·n th· )Im1sfi ...],l :--1nte: a11<l th 1 dnl ,rit .1:-;. 

rl h ... )Iau:-;tidd slatt's nre uniform]~- rath 'l' fine oTain d, and the contact 

prndn<"ts are also fin 1 -g-rain '<l rnl'k. ' whi<"h :--tl11 :--how in :--nme (·a:e~ the fine 

hm1<li1w of th• ori<rinnl :-,;]nt 'S. The)- ar l Yen.- tl •u:-:. l ··horu:-;tone '-like 
,-:, r""' -

nwk~, han, a :-.pli11t<:'ry a11d at tim ·s nlmo:--t onclwidal fra ·tun~, awl vary in 

olor from lig-l1t to Yery darl~ gra~- a11<l !.fl'., .111i:-;h The w ·atherecl 'urfaces 

in al1110st all rn. e-.; }ll' • <·m·er ,d hy n thin whit to 1ight-yc:1lowi ·h cru ·t. 

Tlii: w ,ath ..rino' hriug: ont Y ·ry ·learly th 1 hand :.,l arnl :-.pott .cl charaet r 

of . ome of the ro<"ks. 

Th .. min 1 ra1oµ:i<'al c·ompon<mts are quartz, f )hl:-.pnr, biotjte, chlorite, 

\\'hit 1 mi ·a aetiuolit ', rutil 1 
, cpidott:, ph •11<2, arnl irou oxid l. Quartz i • in 

vt!l'\' rninut' grains. JIuclt nf the f 1 lcl:par :hows fine :-.trintiou.' hut cnving 

to th minute size of th• grain: tl1 •ir ·XHl't eharaet =-r: ar 1 not det -'rrniuable 

with the rnicro!-,c·ope although frorn th ' Y ' l'Y high p 're ~ntn!..!.' of :-;ocla, Hhnwn 

1,y mialy.·i: to h, pr,, . ,nt i11 th• rock· the c011<:lu1',io11 i. ,lmwn that they 

are grni11: of al bit'. 
Bintit • i: pr•.· •nt .in i-miall quantity in :-.om of th' onta t products. 

Thi: prodnc1ioll of :-; •cowlary hiotit' lrn: h 'lll 11ote<l a:-; rare tor <liaba ·e" 

cnutaet ' .1 Plat·: of ehlnrit, awl whit • mi 'cl and n .. dle: of a tinnlit, the 

latt •r of nmch laro· 'l' :-.iz<.• thm1 tltl: inclivi<lual-., of th l nth •r min 1 rals men­

tion cl, Ii• :c:atter ,,l through th• fi11 ·-!.rrnin -'<l nrn:-;s nf f lcl:-;par and quartz. 

"T:uall \. th '\'" ar • '"Ht h 1 1' •cl to•rdh •r in hunche:-- nrnl :-;h ,af-lik , or radial ao·trr -
•' . t, n n 

ffHt(:!S but th 1 y oc ur at pla(' 'S in isolat ·d irnliYiduals. \·att r d throucrh 
the lat,_. is nnmi:talrnhl, rutil • in ·oars· er~-~tal: with pyramidal nd "' . In 

0111.'· one c;a:e are the ny:-;tals Yery fin', nrnl in that ca:-; .. they approach 

·In-- ,]y the nppearmH·<.· of n ~ -..,lJes in th· cln.'~ slat ,' (Thnn:--ebiefernad.1111). 

Thc:;:c 11 '•ell(•.: are 'OllllllOHl.'- nggr ,gatc.<l intn tano·l "la m1<l rnug-hl:- radial 
<~Tc1wth:. The ll<~<;cll<::-; ~ltow n'l'.'' pr •tty kn··- nml h art-:hap •d twins. 

\''arinn: c;ornlJi11atinns of tli 1 mineralR <H' ~nr, a11<l th 1 structur s ·whi •h 

a :eompany tlw eorn hi nation:-; likewi~ • Yar.'-· ~\:-; n l'L'~ult of th ' :) variation 

tlwr, are found tlw cliff 1 1' ,nt typ .. ~ of c·ontnl't pr{)(lll('ts <le$eril •<la: ·pil it , , 
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desmo ite ·, and adinole.-..1 The O'eueral charact ::.r • of the mineral. being the 
."ame I hall cle.·crib th tructme which ·haracterizes the ro k.. 

l:-PILOSlTES. 

Th ordinary ~pilo:ites ar li"tinttly nwttl d in hand spe imens and 
·how learly to the nak l y . iu thin .- ction th::, oval spot· which ·har­
acterize them. The ·e oval ar as ,u-e ommonly 4 millimeter long, and in 
rare ca -.e.- even lmwer. T'hey are fr qu ntly onne ·tecl, forming chain·. 
The :pot" are appre iably darker than the ma, in whi h they lie, and are 
cornpo ·ed of chlorit quartz feld 'par a1Hl rutile, with a ·mall amount of 
mu ·coYite th ·hlorit b ino· the ·hi f min •ral. The surrounding ma ·, 
c n ·i "t: e • ·entially of nmscoYite, quartz, an 1 f kl "par, with rutile Cr): tal'"' 
ancl flakes of hematite, and ,vi.th a ,. ry . lio-ht amount of chlorit . The 
different proportio11s of chlorite auc1 muse Yit ~·e m to cause the differ n ·e 
betwreeu the pot ' and the oTomHlma:--:-; (fio·. A, Pl. XXXVII). In som of th 
·pilo ·ite • we :fi.ncl a few· flake.' of biotit and n eclle' of actinolite; how v r, 
the e are alway:-- Yery ~nhonlinat in quantity to the chlorite. 

In the ordinary form de:cribecl the:-;e ·pot,· con~i ·t e ·s "ntial1y of bi:-;ili­
cate •. Other· also lun·e been noted in which th ~se spot: are whit arnl li 
iu the fine-graine<l dark ma·~ compo.·in°· th., great r part of th ·li l~.. 
Thu, far it ·e m: only one, in~tan • of th n ·curreuc ... of ·uch a vari --ty of 
the ·pilo ·ite" ha, l n d" • -ribe<l. Thi~ i • 1 y an ·wen· .-.Jw, to who· 
de ·criptinn refer Anc ~ i. mad~ hy Zirkel :1 and Rusenbus ·11. 3 The ·e ·whit 
' pot: are compo," __.d , -_.-entially t f albit fekl ·par with only a minor am unt 
of chlorjte and picl t ... . Th f l<l I ar o-rains ar, mu 'h larg r than tho:-- .. 
which tak part in the ·nn~titution of th ma ·s smTomHling th :-:pnt •. 
Thi· ma ·s i • mad • up of quartz and f lcl ·par, hlorit , epidot , aucl :om 
"Ph 11 , with :--h ... < Ye ~ of a ·tin lit . att ... r <1 thrmwh it nml in one sp ·tion 
clump. of hiotit w r, oh~erYecl mi~·ul with th ·hlorit , thouo·h in ,. •ry 
uhordiuat <1ua11tit.- (fo.~·:--. J mHl R. PL X~'"'~ ... YI). 

1 Cber den spilo it u.ml d1• mo-.,it Zinekeu':-:,, hy Lo-.,-.,en. ZPit-.,l'hr. D1•nt~eh. (}l'ol. C:-e I'll., ,·ot 
XX.ff, 1 72, p. 701. 

Dur ·h 1liuha YOriintl1•rtt· ...,d1i •f ·rim (-h•hiet ller :,,.,a,;ir .an,l jlos 1, h.,· V:w \\'ervcke: Leonard',­
Jahrb., Yol II, 1 8-1: p. 225. 

An intere tinfT contn ·t ro ·k, with uote 011 1·011ta. ·t meta1uorpbi:-nn, \Y. ~I. Hnt<"hing- : Oeol.l1r 

)lag., ,·01. II , pp. 12:!, 16:3. 
Xnmeron other rnforen • ::i ma,,· I,· fouutl iu 'h •uii-.du• <~t·olo!!i 'J b~· Hoth, Bet III, a11tl iu 11etro­

graphical work of Zirkcl and Ro eul.,11-..<'h . 

.; Zitkel. Pet., ,·ot 11. p. 719. 
Rosenhn l'h, Yol. II, 3tl •1l.. p. 11,7 . 
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Differing slio·htly from the ordinary pilo ite is one in which the spot 

.are of micro copi al size, and onsi t of rago·ed bunch of ·hl9rite and aggre­

gate· of ·pheue and pidote, with some flake· of hiotite, which lie in a quartz­

feld:par ma :. Th photomi ·nwraph, fig. B of Pl. XXXVII, illustrates the 

app arance of the rock. A: the _, spots ~n T a ·e in 1rnmbET they approach each 

oth -1r and unite, forming stream "l':-i, whi ·h in their turn unite and form bands 
(photomicrograph, fig. A, Pl. ... XX TIII,). The spilo 'ite, or spott d contact 
prodnct: thu8 pas,• over into th de:-,mo;:,ites or banded contact product'. 

Analyses of spilosites.- nalys s of tw of th -'I ilosites (NOS. I and II) were 

mad.\ hy Dr. I-I. .... 1 toke:-3 in th laboratory of the United tat s Geolog­
ical ~ 'urvey, awl an~ here app nded. \Yith th m there i' giYeu an analy~i~ 
(No. III) hy E. Kay:E:>r of a spilosit .\ from the Ilarz l\Iouutains 

A nalys ,.., of spilosites. 

,'iOi .... .................................. . 
1'i0;,! ........ ··-· ........................ . 
ALiOi .................................... . 
Cri0 :1 ................................... . 
Fe10a ...................... ........ ..... . 
FeO ..................................... . 

I i10 () • • • • • • • • • • • • • • . • . . • . • . . . . • • . . . • • • • .. • 

I (3:!. :!.7). I 11 \3:!. '61) . Ill . 
I - - - --

57. 77 fl'.3. 51 55.56 
. ~12 l. 70 -- ... --·---· 

19. 85 HJ. 00 18. 15 
No11e. roue. ,·. ··5: o... 

1. 2!1 3.31 
~l 37 7. Hl 7.0-i 

Trace. Trac .51 
l. 71 1. 55 1.4.0I 

); one.~:6 ~::: ~: ~ ~ ~: ~ ~ ~: : : : : : : ~: : : : : : : : : : : : : : : : : I Trace. .. ----.. - . - . 
Trac•. 'l'raco. --... ------

3.29 3. 17~- ~ : : ~ : : : : .- : : : : : : ~ : : : ~ : : : ~ •. : : : : I 1. :1.-,:;o· : : : : : : : : 
6. 72 4.20.i: ral) .. - .. -............................... ' . 2:3 

J<~O................................. -... . 
Li~O ...... . ............................. . 

()Ol·•····································
P10r, ........ .. ....... ................... · 
II !O at.110:; .............................. . 
Il:O at 110:i + ........................ ·... . 
,· an(l ~(>:i . ............................. . 
Cl ...................................... . 
),' ....................................... .L To1a~ •• •••••••••• ··~··· ••••••.•••••• 

. 70 2. 25. 22 I:\one . Trace. ,-......... 
:\one . °KOlll'. 

. 01 .15 1..... ~~~-· 

. l . 3.J. i} 2. 792.:H 3.:!6 .<lilt', ~oue. 1. -. --... -. 
:\one. None. ······-·--
:\011c. Trace. -----....... -.. ________I___ 

HL ,G _99_. _12__100. 2~ 

Twl<ff th, de. 1110:-;ite: ,m! inelllll <l e utact prmhwt..: eompos Clcl of the 

··anw nii11 lra] (·n11stittw11ts as tho spilosit<>:-;, hut whil'h ~how a <lir-tinctly 

mHl ·cl .·trnctun;. A~ slimrn in tl1 • di:-wu:::-ion of the spilot\it ":, the two 
·mu~t he v ry ·los(•h· r •lat <l arnl o·nule intn •,wh oth 1r. . -

E. Ka.n,or, from Hoth':,; Cltt 111. U(•ol., , ·01. TII. 1~\10. p. U:{, Ko. TV 
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ADISOI.E ' . 

Chlorite ha:-; been the chief h rk mineral in the contact proclu t , tlm:::; 
far mentioned, with actinolite a au acce:-. ory. In the atlinole • actinolite i 
the characteri 'tic constituent. The mineral con ' tituents in th aclinole • are, 
a· a rule, more uniformly di tril uted than is the ca 'e with the .·pil ite ; 
however, the ::;pot· are compo ·ed es ·entially of adinolite. The actiuolite i 
in sheaf-like growth . The~e actim lite 'heax ' lie in an xceedingl .,. fine 
grained ma '· nf quartz and albite with ' Orne flakes of chlorite and grains 
of epidote. The groun<lma.·s i • formed cf ·uch minute mineral con.:'tituent: 
that no conclu ·iye te~t '< nlcl be obtained for the determination of the 
limpid grain ' , and their nature ha · been con luded from the analyse.·. The 
rock i rendered rather dark by minute blnck sp ck ' dis eminated throu()'h 
it. In places the e are collected in irregular or lenticular heap . They 
eem to b carbonaceou matter. 

Analyses of adinoles.-The foll ·win()' l ' an analy i (No. I) by i\Ir. George 
Steiger, of the "Cnited 'tates Geoloo-ical 'ur,~ey, of one of the typical 
adinole:; from thi district. \Yith thi ~ there nre o·iven for compari ·on two 
adiuole analy ·e · ( .. o ·. II and III) hy E. Ka~~,er.1 

.dnaly e.· of adinoles. 

I I I (324ti51. 11.

I-:=--- --- I~ 
• 101 . - - - - • - •• - - - - - - - - - • - •• - - - - - - •• - ••• - - - -

TiOi •••••••.••• - .•• - - - .• - - - - .. - - - - • - - - - • • 

A.l~Oa ....... _. _.... __ . _. ................. . 

Fe,.:O:i •• -----· ------·--·-· ·-··-· •••••• ----
FeO ........ __ . _............ _. . . . . . . . . . . . . 
)InO ... _................ ___ . _.. _..... . . . . 

Cao •• ·-·-··----·----····--····-······----
Bao...................................... 
~lgO _.. _. _. _... . . . . . . . . . . . . . . . . . . . . . . . . . . 
KzO . _... ____ .. _ . . . . . . . . . . . . . . . . . . . . . . . . . . 
Na;O............................... ...... 
H~O at 100-: - . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Ko at 100 + ._.. _.... _.. _. . . . . . . . . . . . . . . 
P:Or, ........ _.... . . . . . . . . . . . . . . . . . . . . . . .. 
CO • ....... __ ... _. ___ . . . . . . . . . . . . . . . . . . . . . 

72. 63 I74. 16 
. 37 .. .. ...... -........... . 

11. ~ 11. 0 15, 1
• I

I 

h) Trace. - - - • • - •• · 1 

1. 6t3 I. 7G . 74 I 

. 06 1 

2.10 1:~:~~:1: -_: ·0~-7.-_)·_-. 1~~::1~--~02>1~~~1 
i'\Olle. -

2. 10 
. 15 I . 61 I .75 

1.:57 7.54 I 8.33 
. 05 } 

. 1 . 61 .32 
. O ..................... . 
. O~l ,............ __ ....... . 

Fe ~ - •• - - - •••••• - - - ••• - - - - • - ••• - - - - • - - - - -1 · - - - - - - - - - - - . .J.9 - - - - - • - - - -

L -~~~:I· ::: ::: :::: ::::::: ::: :: :::: ::::!,-00~ I····;~:;~••••;~;·;~·-
•E. Kay er, Zirk 1, Yol. 11. p. 721, Anol.r e::1 III and Vl. 
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rrh re i: Rtill a kind of contact ro kin which nrtinolite i: the chief dark 
min -1ral, anrl in which the actino1itc, thouo·h in clumps, is mainly collected 
in lmrnfa. 'rltis corre:poncL:i to th d 'mo ·ite "' in structure, though differing 
frorn them in mineraJon·ical compositi n. 

The: chlorite and actinolitc eontact rocks may be expected to grade 
jnto ea ·h oth :ir, < ncl 'Uch n gnHhttinn i8 shown iu one :p cimeu, in which 
actiuolit arnl chlorit ar ) preRent in about equal c1nantity. The actinolite 
OC('Ur: in crystals and sh lav :, formi1w the spot~, wherea' the main mass of 
the .'1iflc :urroumli1w the Kpots is form cl of d1lorite aR the meta:ilicate a so­
ciaterl with f ld:par quartz: ancl ~om) '"'pi<lote. 

It would he of great interest to 1 tennine which of the contact prod­
u ·ts, h <le:mo:itc:, the spilo,·ite;:; or th _, adinole::;, r pr s nt the greatest 
amouut nf m ·tamorphism, as Hhown h. - the relation:-; to the intruding mass . 

...nfortuuat ,ly, th) r c·orcls of the , pe im n ' do not enable m-:. to determine 
thi. ,, althou(th for oth r ·ontact zone: in other Pgious it ha ' already been 
d ·t ..rminecl that th aclinoles are 11 xt to the contact, while the pilo ites 
(an<l de. mo. it s) ar intcm1 diate 1 etwe m them and the clay lates. 

C.O:llPAlUSOX 01<' Till~ ANALYHEl'i <W 'Ill~ X<>IOL\J, :11.\XSFIELl> t'LAY !'-LATE' AXD TllK CO.N'TACT 

l'ROl H"CTS . 

t)In a ,· ·ri ,' of mrnly. "· tle. io·ne<l illustrate the chemical chang·e 
whi ·h ac c mpan ,, th 1 incr <vino· rn tamorphi:-·m of a rock, it i .. of great 
importance that th varirmH phas K from th unmetamorpho eel to the most 
m ... tam rpho. • •cl form of t.he rock, h r pr :,ent cl. MoreoY r th orcl r of 
,'U ·ce.,. i n from th mun 1tamorpho: d to th mo ,t metam ,rpho ed form of 
th ro k .·110uld b 1 <lefinitel known. In th 1 r 'eut ·a· c rtain pha es 

f the rn tanwrpho.· _.cl rode • ar r 'Ir R nt cl, hut it has Leen impo ibl , 
owino- to p or xpo ·ur . , t< l termiu • in thi ... localit r the ord r of ucce -
i n . . Thi:-; ha.., how v jr, he =-11 clont so :ati ·fact rily b L ... n and other , 

ancl th• ·haract jrs of 1a h foci : in th pro 0 T :>' ion luwe h en o w 11 
cl" C'rih d that I hav no hesitation, aft ·r , mi ·ro ·opieal h1dy of th thin 

, j ·tion, • of th ,·p rim •us aunl rz" 1, in pr • ntin • the eri ., of analy e, in 
the foll wi1w ta l => as il1nstn1tiv j of th ·hang s which haY taken place 
in a clay lat , in th C'ontart zon • of <lol 1 rite in it: pa , ao- t pilo ite 
and ~Hlin l . Th ) anal .' s ar) given in th-:. or 1 r )f approach to the 

a.- ,l t •rmin cl ln... tl1P chara t ·r of th r ·k~. .r o. 1 i.-- tlw nnmeta-
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morpho-·ecl form of clay ,lat ; ... ... ,_ 2 and 3 are the interm diat pha • ~ and 
.J.. o. 4 i the mo. t n1 tamnrpho-;e(l pha~e. 

Oompari on of analyse.· ,~l clrry slate, spilosites and adinole. 

l. i. 

SiO....... ...... .... ...... .... .... 60.2" 

~~~J:::: ::::~:~~ :~~~::: •. ~ ~~~ ~ ~:J ~2: :~ 

Crc:O3 ...........................•1......... . 

}'e.:03 .•••...•.....•.•...•.•...••• 1 2. 53 
FeO .... ... ... .... ..... .. . . ... .... . -!5 

)InO . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Trace. 

CaO .............................. ' .13 
13a0...... ........................ . 04 

r ....................................... . 

3.29 
. 70;~::::::::::::::::::::::::::::::! ~:~ 6.72 

Li_O ...................•.•.•. ···· I·· ....... . Trace. 

H~O at 100"- ... ........... ...... .60 x.3-1 
H 10 at lOO"J+ . . . . . . . . . . . . . . . . . . . . 1 3. 62 +3.26 
P;Or, .............................I .03 .15 

'.?. 3. 4. 7 

52.51 57.77 74. 16 
1. 70 . 92 . 37 

19.00 19.35 11. 5 

Xone. OOP • ......... .... .. 

3.31 1. 29 2 
7.lg 3.37 1. 66 

Trace. Trac:e. . 06 
1. 55 1. 71 2. 10 

Trace. Xone. . 
OIIC. 

Trace. Trace. ····-----· 
4.33 2.10 
. 22 .15 

.22 6.57 
Xone. 

. ... -~ ~~ ·· 1x.1 
+2.34 . 52 

. OJ 

co~.. ...... ...................... Xone. ,.roue. I None. . 09 
1 

~ ~~~ ·:~. : ~ ~ ~ ~ ~ ~: ~ ~:: ~::: : : : ~ : : : ~ ..... ~ ~~ __i- •--~~~~- .... ; ~~~~ • • 1-.... ~ ~ .. . 
Cl................................ .. .. .. .. .. .·one. I ~oue. . ........ . 

F . . . . .. . . . . . . . . . . .. ... . . .. . . . . . . . .. .. . . . . . . Trace. 'one. . ........ . 

Total ..................... . 9t).72 9~. 7G 100.76 

xH~O at llO'J . 
+H.O abo,·o 110"' . 
"o. l=Cla,· 1ato (Sp. 3:?1!)7). ec. 1,, 'I'. •!3 .,:., H. :n W. , 150 N., 1!320 '"·; ' eorge. rei~er. 

.1:·o. 2=, pilo ite "P· 3:? 61 ). "e . 7. T. i3 .· ., It 31 "··, 750 .·., 13, QW,; ]I. N . .'toke . 
~·o. 3= pilositP ""P· :,:? :1i ) . "'ec. 7, T. 3 £ n. 31 \Y., 2.30, ·., ~rn:5 ""·; H . ..... tok e .·., 

.:o. 4=Adinolo (;~p. 321H5). ~ c. T. 13 .• .. H. 31 \\". ,j00 £· -1,il \Y.; GcorgP Mci~er. .. 

In the:::-e aualy---e. th • usual i11er "'as.. of i.;ili ·a a. the <ln1c~rit i.: 
ap1 roa h ,l is at on·) nntfr •nhl ·: awl hand in hnrnl with it 0 ·n -'H th 1 diminu­

tion in p r · ntao· ") of alumina and iron O"\.icl s. rrhe ('Ollt -'llt of \\"cl1 -'l' awl 
carbu11aceous matt l' al-.,n uffer, a climi11utio11. rr }i .. JllOHt noteworthy cliff r­

en ·<; h •t,y .. •11 th daY ~lat· arnl th• ·ontad rock:-; i:-- :-.hown in th, r •lation 

f I otch, a awl n ln. Thi-., is". ·11 bn nt.dit out in an ·xnrninatiou f analy.... 

~ ,-::. 1 awl :?. It will 1,e :-- • n tlwt th "'r • i~ mly about on•- 1 io·hth a· mu ·h 

pota ,a in t1H· <·ontavt n><'k~ a:-; in th· normal ·lay :::-1nk; whil •. 011 th '< n-
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trary, about 12 times as much soda as there was in the slate has been added 
to th conta t rock. Thi8 cau .... a reYer al of the relation· of the oda and 
pota:sa, o that, wherea8 in the ·lay late there is present 10 times a much 
pota. , a as da w find in the contact rork tak n a a sample very nearly 
10 fon ":-i a: much oda as pota, a. The v ry con iderable change in chemi­
cal composition, especially in the amount of silica an<l soda, eems to lend 
uTeat weiO'ht to the 'upposition that in such contact· au actual tran fer of 
material ( 'Oda-;~ilicate) take,' plae from the Lasic intru ive to the late. 
Thi: i<lPa i,' nph ld by Roth,1 Zirkel/ ,md otherR. ,,..... Iaynard Hutchings 3 

adYO at , thi: vi""', and has d , -riL d som intere ting product a a result 
of th contact of the vVhin ill which still further ._upport it. 

A1thouo-h the exomorphic couta ·t effe t~ of the dolerite intru ion were 
,·o o1n-iou.· no cividen ~ i:3 found that the dolerite itself uffered any change 
con:; qu --ut upon it.· intrusion. 

METABASALT. 

Ba. alt ha. · 1Pen de:-;eribe<l at 1 ngth und ·r th volcanic , where it plays 
au -'X<: .. edi1wly jmportaut rol '. Ba;'alt a' a dilre l1a , been found in only 
two pla •e,' , and th ...refore Yery littl) re111ai11:-:; to he added. 

Th two ha:al t dik 1 H OC<'llr within a v 'ry :-;hort di. tan e of each other, 
in ,·<:cs. 15 arnl 1 G T. 42 J..... R. 31 w·., and ar • found penctratin°· the crystal­
lint-> : ·hi:t· of th" pp .1r JI uronian. 'T'hrir rrlations to the ther iutrn. iYe 
rock:-1 of the fmm, n•µ-ion are not known. The:v arc probably of the ·ame age 
as th) <lol 1rite: of wliieh th 1 y shonlrl mn:-;t likely be c:on~idered off:,Jwot.'. 

rl lw:-; • dikt·: nr .. a porphrritic lm:-.alt. The phenocr:· ·t~ wer ~ of auo·ite, 
01i,ri11e, and l,tbraclorit 1 • rrh ,y w 1 1' _.. in a Yenr fiu l 0 Toumlmas:, of felds1)ar 

., . ' 
nu:..dt ,, aucl iron oxi,lc. How Yer, tlw form •r exi~teuce of the augite and 
oliYill<~ p11 ,uocry,·t.· j:-; ,l ·t •rminahl, only hy mem1, of th ·ir outlineB. They 
<r • in Y •ry :•mwll f1rnwtity an<l are ,ntirely altered to pilit . The £ ldspar 
pl1·11oc-ry.' t: are in c.:oar~e, h HYY -r. y~tals awl nrcremarknblyfre ,h. The 
0Tom1<lrna:.- i. •Y('l'\' fin , <>Tai11e<l and nrn:.re • from an x.c ·ediuo·l fine micro-r 

. h • 

1 Chem. neoL, 1,y ,J. Roth. Berlin, 1890, Vol. III, p.145. 
• Lchrl,nch cl •r Petrographio, uy F. ZirkeJ, Yol. II, 1 tll, p. 7:22. 
·• ~ofo-; on tlw composition of cloy sh teR, etc., and on i-ome points in th •ir contaet metamorphism, 

by W. )fay11arcl IIntchiugs; (;col. .:\l:tg., Yol. I, D ·c. 1, 1 tl.l, p. 75. Ch •111. Geol., Yol. III, p. 115. Au 
intPrc~tiug contac rock, with notes 011 contact metnmorphi m. by W. ~fnvnnrd Hutchings: Geol. l\Iag., 
Yol. II, 1 !J;3, VI>• 122-1:11, 1G3-169. 
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ophitic texture to the pilotaxiti texture. Th f lcl pm· ' in it ar in, mall lath­
sbapecl in<l.ividual .. , and lik the pheu ry ·t are fre h. The atwit of th 
gr nndma. ·s i. t a gr at xteut alter d to uralite, and the iron or s to :phene. 

One f the dike i about - f et wicl . In the enter it i am cl rat h­
fine-grained rock; on the eclo-e.- it is a den e aphanitic basalt. Even in thin 
ro ection the gradation fr m the rock with microophiti groundma.-.· t the 
one ,vith a den,e pilotaxitic oTonmlmas' i ~ well ·howu. .A di.k of laro·er 
ize might readily haYe ool d :uffi i ntly slowly to hav crvstalliz d at it · 

center a · a dolerite. 
rLTR.A-B_\_,~lC L ~TRC n~ •. 

' Under thi • hea<l ar tl e cl ri1 tion~ nf th pi ·rit -porphyri / (porphy­
ritic limbnrgites). 

PICRITE-PORPHYRY PORPHYRITIC LIMBURGITE). 

+EOfrRAPHICAL Dl:-;TRIB ' 'l'IOX .AND EXPOS RES. 

Th picrit .. -porphyries J ·cur in i~wlat cl outerops f omparatiY ly 
mall ~ize in .: cs. 9, 22 arnl 27 rl. -l-1: X. R. 2 \V., in the ar a uppo::. d 

to be underlain hy th L wer Hurnninn H ,ml( ck Yolcani •. Th y ar 
mTomu.lecl by outcrop~ of th alt r •l poikilitie <.lol rit . , but th xp .~ ur .• 

are not 'ueh a· to allow their relation~ t l) d t nninecl. 'rh 'lir occurre11 •, 
p< int ~ t an intru.:iYe ·hara ·t r. It i • m a· ·ount of th ir fi. 11 or· ·ur­
renc alone that w f el ju~tifi din cl .·cribi1w th m h r nncl r th o· 11 _,ral 
headino- for thi.~ chc pt r • Intru:iY :-;, in 'te, <l. of un<l. r th Yol ani .,. with 
the ha~alt , their pror r I la from a :tri t p tnwraphical tandpoint. 

PE'l'ROGR..i.PUI' L H R .C'l'ERS. 

The picrite-porphyrie ~ ar m .diulll-0 Tain d ro ·k~, whi ·h vary in • l r 
fr m o-ray to lark o-r n and alm :--t 1la k. In g neral th y haYe a p •r­
phyriti chara t r. Thi ' i.·, ho,Y Y r no st w 1l mark d in th (J'ray a in 
th lnrk ..r-color 1 n ·k •. Th, (J'ray me:; ha,~ a sp )tted app aran . Th 
~pot· are a-ray in • 1 r fibn us, Y ry mr ly laro- r than 3 or 4 iuillim t _,r • 
in length arnl li in a fin 1:- fil r l::- <.lark-0 T -'11 matrix. In th, clc rk r ·k.· 
th p 11)h.,rriti • ·ry ·tal • r ;.vh a l •ngth of 1 • ntim ter, ancl ar l lui ·h t 
black with ·ilky In ·ter. They li in a fin -0 Tain cl, m r r 1 ,• fibrou~ 
QT en QTOtmdma.-.~. In on of th, 1lark n k~ th mao·noti •. L· Y 1-y n ti • -
al l . Th •rystal~ proj ;t fr m th , ••ath r <l. ~urfa ' an 1 th ro ·k i: 

trongly P' lar-macru ,ti •. 
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The roC'k. · originally ('(@,;h,te<l largely of o1iYin , pyroxene, hornblende, 
biotite, magu "tit , and ilmenite. They lW\Y contain alRo in considerable 
quantity, a ·hloritie pro<lud which :-- ) ms to h,we he n cleriYecl from the 
alt ~ration of an original vitreotrn bas . All of the sp "cimen.~ are exteed­
ing1 y altered. The originnl mineral cmLtituents liaYe t) a great extent been 
det rrninecl from th :,ir form, w-hi h in :--om ~ eases ha been pre:ern~d by the 

prncluc-ts of alt ration, and hy certain ·~·trueture:=; in the pseudomorplu;;. The 

min _.ral: no'.\T compo ·ing tbe roC'k nr ri 0 ·iwll hornblende, biotite, apatite, 
magn tit0, arnl ilm -'nit,, with Hecondary amphibo1e, ' erpentine, ehlorite, 
·al cit , :pll -'lll', and rntile. 

Th two kind: of r<..wk:.; the gray and the dark-colored ones, were 
~,·i<l ,ntl? clerivcd from roC'ks of e:--:-::eutiallr the ::;ame compo 'itiou. They 

}i;.n· Aundergone different proee:-;"l'S of alteration, nnd upon thi~ depends the 
difference in ·olor. A. the . tmlr of the , pirrite. i:-; chiefl~- one of the 

alt •ration pro<lu ·t.· of th mineral:-- ,Yhieh compo~ed them, it eem be t 
to cl<:'Rcribe ,·eparately the two rork::- :--bowing the different product.~ of 
alt •ration. 

GHA Y THE:\f0LtT17.EI) Pl IUTE-PORPll YRY. 

In the gray rock. · the spot.· "·hi ·h ar maeroscopicallr ob:.;erYecl are 

found und ..r th mfrro:cope to consi~t of an aggregnte of minerals. Exami-
1 at ion of the:e rlffgr :l(J'ate: show: th m to h ~ entirely , econdary. A careful 
Mrttdy of th .·, Hgg-r g·ate~ :how.· th -'JU tn c..msist of amphibo1e magnetite, 

jlm '-'nit , awl ,• rp ~utin , tlw fir:--t being pr clomi11nnt. .._ o tra ·e of the origi­
w11 min 1ralH remains. 1 he aggreg·atp:-- are th ~mm in all of the crystals, 
and the 0111.'p clu to th .l original min )ml i: the form of the p;' udomorphs 
awl certain .-trn ·tur ' in th• no·,,T •o·at 1 Ih~mum:-; of th form the l)heno-n O 

"'. 
. 

cr~~st are r ,aclily <livisih1 1 into thr, kirnl~. rrhe first kind ha8 a long 

pri:matic hahit, with pyramiclal foe s m ~ :. faw M rather an aeute angle. 
Tli, iron oxicl • i: arrano·ecl along certain lineH, giving th charact :iri ,· tic 

mesh :tructun, of scrpenti11ized olivi11 '. Th 1 s cornl kind is a :.;hnrt thick 

pri:m for the rno~t JHlrt with rournl •cl ench,, in some <'a, es the pyramidal 
fac·c:-- m •eti1w in a rnth •r ohtnH, augl •. T'h iron oxide in :-.om f these 
ca.· ,~ mnrk~ au imp •rfect parti11:r perp •ncli?ular to th 1011°· llir :.icrion of the 

pri"111. The.- 1 nr suppo.·ed to h p:endornnrph:,; after a pyrux 11 -' . 'rlie 
tl1ird kind con:i:t: of rmmrl ~rnd irr .1o•ular grnins or plat s, i-;ome of which 
may b ~ refern•<l to pyrox<-111e-, othPr, to oliYin }.. 

https://THE:\f0LtT17.EI
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The amphibole i. · in :::;mall needle ·. It has a very faint greeni,~h tinge. 
In cro.':-; :ection it Jlrnw::; mark d pri~matie deYelopment. The character f 
the needle · i::, pln • in the lono- 1lireetion. The maximum angle found 
between c : c i~ 1 cleo-rees. The n edl ~ app ar to be tr molit containing 
some iron, anrl thu8 approachiiw a tinolite in composition. Ur:-ually the 
needles haYe no reo'ular arran°·ement, hut in some of the pi'eudnmorph::; 
with rectangular outline~ there i~ a parall l arrangement of 'nch a numb r 
of the needle: parallel t< the l ug axi:; of the p.:eudomorphs a:-- to giYe to 
the pseudomorph a cli. tin<'tly uniform polarization effect. 

I ·olated ry8taL,; of magnetit and 1 rnwni;.:;h tran. parent 1late: of 
ilmeujte are Hcatt re,l amon~· the a 't1nolit needle~. By far the greater part 
of the iron oxide i~ collected in aO'!!Tegates of Nmall crY:::ital ' ancl irreo-ular 

~ u • 

gn in:-;. The formation an l arrang ment of th ~e agoT a-at s has in ;:-.Om 
ca:;e:-- taken plate along fracture and cle,ffaCYe planes of the original min rah,, 
c ml tlrn • in the p~ernlomorph:-- ,w ~e the mesh Ktruchu-e of olivine an l 
n·an Yers partincr of pyroxenP. clear]:~ brouo·ht out. In other cas th inm 

xide i:-; in irregular ma::--e:-; eollected at the eenter OT outlining the p riph ry 
of the p:-;eudomorph:-; or sec tter tl in :--mall ma.' e through them. 

Betwe n th tremolite n dl s arnl th iron oxide is a :--mall quantity 
of minute fib r."' . The, lnffe a gTe ,niBh tinO' antl low· clouh1e r fraction. . " 
Their extinction i.- parall 1 to th l< no- , axi" which is alt--o th axi f 1...a-..;t 
ela~ticitv. The. - are h 1i Y cl t 1 s rpentin fiber~- No definite arrang- -
ment of the e fiher:-; could he di..c m d Y r the gr ater part of the p ml -
m 11)hs, 1ut in on cryKtal on th f th ·e tion, where it i • e l ic lly 
th.in, the arranrr m nt of th ~ n perpendicular to the 10110· lir ... ·ti n 
of the iron ao·oT o'ates outlining th rne~he: i ' unmi takabl . al ite i: in 
on..;iclerabl quantity in . om f th .. p ud morph . It i" hiahly prubal 1 

that it ,wes its origin to th ,1.lt ration f th ri0 'inal mineral, th uo'h :ome 
f the calcium w· nt int th , mphiht le. 

Be ·icles the ahove-<l serih d p~ n l morph., after oliYin and pyi· x ne 
a few laro-e prhnati an l in o·ularly l mud d ar a· ref und amona th"T 

I h nocry ·t , whi ·h nm, ·nnsi~t ·hiefiy of ·hlorit , with D'raiu f ·al it 
titanite ma<Fnetit and minut plat :4 of ilmenit . catt r d throuo·h th 111. 

It i • lear that th chlorit i: d riY?tl frnm a hornl l nde, a:-1 shmrn hy tlt 
pre~ n of ra<rg: i r mnnnh , f 111 rnbl ml v-hich po . PSS s uniform JJ'i "Il­

tation thr ug-hnut a ·h area. Thi ... hnrul lemle how: w ..,ak pl :10 ·hroi ·m in 
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the lin-ht-yellow to oT eni.,h ton ... of actiuolite, although it character i • 
more that of th, compact hornhl ncl . In one case it."' secondary nature 
wa.· :hown lJy th pr •:once of a :mall irr o'ulnr area of brown hornblende 
lying in a mn.·: of th, gr en. Th t,Yn haYe th same orientation. In this 
ntse the ·hlorit i: apparentlr a t rtiar - proclu ·t, th nricrinal mineral 
lJein<r the hrown horuhl 1 11cle, fr nn whi ·h wa:-. formed th c> light-green Yariety, 
which in its turn alters to th chlorit . 

Hehveen the variou:..; p:-;emlomorph:-- ar irr gular plat s of emnpact, 
,lark-brown hornhl<•11<le, plate: of. hintite lnr0 ·e crystals of nuwnctit ', and 
rough lm nc·hi1w aggr •gat s of ilm 1 nite. These w-l1il • molded on the 
pl1enocry:--t.-, th •ms •h-es li , in th ' chlnritfr ma:-.:-, already mentioned, which 
also oft -'11 compl •t ·1.v smTomHls th· ph .,nocrysts allCl whirlt i: probably an 
alter ,l Yitr •ons hHse. 

'The pie(·e: of hrown llOrnhl •1Hl ,Yhidl r main unalt red :how moder­
at ,} \T ~· tro1w pl-'oc·ltroi:-{nl, redcli:-.h hrown for c and ll arnl light brownish 
y<;llmv for a. c=b>a. Thi: hornhl ,mle ·cmtairn, inclu .. ions of iron oxide 
awl ha: all th npp ,arnn<· of an orio·inal min ral. • B alteration it passesT 

tlm.>u 0 ·h a (.'Ompaet gn·eni:--h amphibol-. to a much lighter color d, reedy, 
actinolitic v~1rietv of nmphibol •. In th s ·mHlary amphibole occur certain 
gold u-hrown oTnin: with high :-;inO'I-. a1Hl clouble r fra tion which are 
:uppo: -'<l to he rntil, form •cl from th 1 hornhl ;)rnle aml nl ·o :--on1e brown 
tran. par •nt plat•:-; of ilm -'llit •. Th, ori •ntatinn of th~ ~e ·onclary horn­
bl nde i. th • sam, a:-{ the ori<rinal. ... ,.. c forth r alt ration of thi • amphi1Jole 
wa, lv ..rY •cl, l nt it i. • h •li y <l that th' pri ·mnti • rrystal: alter <l to 
hlorit-', ·al<'it •, awl n1cwn •tit", a.· clel'.i<'rihe<l aboYe, are th ·xtr m ra.·e 

of alt -'ration of an automorphi • ffn·u1 of a hrown hornhl ml Yery similar 
to th part cl•~ -ribed. 

Th hiotite b 1 tw 1 1 n th-. ph •no 'l'. T.·t~ i:-{ in rngO'ed ar a:, eith :.r ~lllTOmHl­

iiw . iron oxid or as~ociat 1 d with it nr with th hornbl nd 1 It i.· YErY• 

pl .. ehroi ·, th .. ah: rption parall 11 to th 1a:--al el aYl.We h ~i11g so 'trong a 
t rend r th 1 tion opaqu 1 Peq> -'ndicular ther ::.to th ·nlor i.· n, dark 
·ho ·olat, brown. Th mica do -'S not show it' usual bright polarization 

color.· in s ,cti n: cut parall ~1 to C'r .,.stallo0 Taphi c. Thi~ may b cln 1 in 
:0111 .. uwa. ·ur to th Yery :trong ab::; rption. In :--om •a:--:}:,; th hiotit i"' 
' • ll to hav a, tr no· bln t viol •t m talli. lu,'t r in incid nt lirrht. rrhe 
hiotit ha: partl alt -'r .<l to hlorite. rl'h' alt 1rntion pro· els almw th ha:al 
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cleaYage. ,.\..: thi:-; alteration proo-re~.-es there i8 a lightening of the color of 
the biotite, and, as a ·on~equ nc of this the whole cmu,e of the metallic 
lu~ter and the pm·tial cau:;e of th L lor of th j hiotite is di.:clo:-;Ed. In the 
lighter biotite one hy car ful exmninntion can Ree inumn rable ~mall plat , • 
of a brown or :;moky color. At fin,t sight they remind on trongly of th " 
h1clu. ions .·o common in many hyp r:th ne:-;. Clo ·er oxaminatinu only 
empha:;ize::- thi ... re 'emhlan • , and they ar., h lieYecl to be mica ·eou • ilm nit , 
plate. . The:--e inclu:-;ion: ,vere studied by means of an oil immer:ion 
o10e tive giviiw a nrn°·ni:fication nf about 1,2.'>0, and were found to have 
mainly· a rouncli:h or hexagonal outline. Iu addition to the· , me plate· 
of long, irregular form ,v re ob:-,e1T d. The ·e are all i:otropic and 11011-

pleo ·hroi •. Th .·e minut plate.., lie p~1rallel to the biotit lamellre. Th:. 
cow,equenr., of thi:, i • that in :;e ·tinn:; parallel to c one ee , for th mo:t 
part, only ~hnrt black ~tr ak ·-th eclg :-; of the plates-wherea: in th basal 
ectioa, of th hiotite one ·an d tennin the irregular or rounded contours 

of th plate . The ·plates are ton . mall to allow the metalli • lu ter to h ... 
, een nn an isolated on... En ma~s - th y produce a Yery decid <1 blu 
metalli shimmer, as . n in . om., t f th hiotit., fragm nt • . 

.i.. .... umerou:-; apatite cry.,tals n • ur. They are u uall cl ar whit , hutT 

one ·rrtal wa • :-- en :howin.0 • a di hroi:-m from faint st browni h for ra~·..., 
pei1Jend.icular to crystallographi ' t< Eght ~moky brown for ray' parall •l 
thereto. Thi trYstal contains a cor of brown o·la::-;. 

.-'ome of the iron ox.id:) is in roughly r ·tangular ma 'es and app ar: 
to be magnetite. This is assn ·inted ,,·ith an iron oxicl , which occur. in 
opa 1ue, rao-g cl ma ·s s form ·d of lmw irre 0 ·ular, and knotty ·trin<r ... r~. 
The~e at plac ·~ are parall l to · on anoth -"r and at oth r pla . cut on., 
another at Yarious an°·les, and at :,till )th r places meet at a mmon -'11-

ter, forrnino· an opaqu ma:;-.; of Yaryi11°· dimensions, but u ·ually :mall. 
.i:"'" ow and then one of th• laro· mau:n ltit mas:es constitute8 a c •nt r fr nu 
whi ·h --'Xtend th ... knotty irr ~-ular string :.rs. Th g n ->ral npp aranc of 
the e ra~rgecl mass : is that de~ -ri --d by G rnum p trogntpher: a~ zNlwr;/.-t. 

Sfhen thes strino· rs pi r ·e the se ·tion at an hli(Ill auo·l-> th• nHL 
ar tran, lnc nt. with n hnnn1 ·olor, b, • nning mor ~ opaqu , as the , ·c~tion 
o·ets thi ·k ..r. nch ma'-. es ha...-, all th., app arnn 'e of ilm nit~, and ar 
beli v ,cl to h, that min ...rnl. . imilar ilm nitL· ~tringers ar includ ,l in tlu: 
thL rit •. ,Yhi h n•.·ults from th .. alt-"rati 11 of th hiotite 
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Th· chlorite in th 1 parnmnrph:-- after hiotitc Khnw:-; extremely lmv blue 
polarization color, and the c1inract "ri:,:;ti • pleochroi~m-~-ellowi. h, tinged 
witl1 red, wh ·n t1w rap; Yihrat • p rp :.ndi ular to the c1ea1~a 0 ·e, and green 

wh ..n parallel th •r ·to. Apatit n • db, inc1rnled in the hiot'ite are unaltered 
in tl1e . • .. conclarY chlorite. 

~ \mw of th • minute oetah ·drnl er~-~tnl~ in th· amphibole pseudomorphs 
aft •r oliYin .. app ..ar to lw slightly p llu ·id, with a brown color. If ~n, they 
might b .. r ,f 'lTNl to pi<·otite, lmt th )re is clonht of the eorrectnes: of the 
oh.; "lTHtiou, in yj w of the high power used, the oil immersion lens, and 
tlw fad that th s ..arch was for pieotit "'. 1los ':> ~ear ·h was also made for 
perov:-;kit :.>' hut none could h<1 fournl, unle~:,:; the trnn:--parent crystal: Yery 
<1ouhtfn11y reforrecl to picotih· are r 1 all~- peron-ldte. 

Forming th, matrix in whi ·h th 1 p:,:; .1rnlomorph ~ after hornblende, 

olivine au,l pyrox 1 m• of th-'~, rn<'b 1i :., a]l(l frec1u "'ntl:- surrounding 
i..olat ,<1 <'r.\T:tal:, on :e ~s an agµ:regat, (·nmpose<l chiefly of a fin felt of 
<·hlorit, fil) -'r:. This alt ,rntion prrnlutt cnntnins a few apparently original 
apatit, nN•<llcs :om :-;c_,(•011<lar:· crrain. of map1etit and ery::.:;tal:-; of amphi­

holc which are C'olorlc:-;s or p]:-;(:' Khnw hut th faintest ting .l of oTeen, and are 

largpr than th, amphihole ('l'ystnl:-; in th~ ps udomorph:--. It is a secondary 

amphibok· Yery poor in iron, prohahly hi:.rhly talearenns, and approaching 
tr •lllo1it in ('0111po, ition. rn1i~ ('hlorit l ng·oTe~.rntl> shows 110 indieation 

,Yhat ,y ,r of cry:tal forms. 1 t s ~l'lll:-- tn h • th product of a homog neon 

1wt.·s :uch H, ' wonl<l r ,su1t from th: tl 'cornpn:--ition of a Yitr ons base. 8ueh 
a lrn:-;<• th, ao·oT •o'at, is I>r •:--um •<1 to r }H'l:~ •nt a1tlwug-h 110 tra • whateYer 

~ ~ 

of tli , rla. ,' has h, 11 oh:erYe<l in th, ro ·k nor in Yiew of the altered con-

dition of th• rock could r--ueh a gla:--s h' rea:-,<mnhl~- xpected to still remain. 

J>AHK l--EHl'Js~ IL Ill~!> PI ' HITI::-PnHPIIYRY. 

rl he s •cond Ynri •ty
-

nf tl1,, 
• 

is 
. 

dark11ic-rit '-J>Ol'J)hn·i 'S YCl'Y 
b
o-re "nish-

blnd~ al}(l r<!pr •:<mts th, result~ of a ~lightly diff •r •nt proc "~: of alteration 
fro1ll that. bv which the oTaY forms 1·u~t deserih •<l w :.r • })rnclue 1d. These 

• h • • 

dark pi ·rit -porphyrie: show a wry rnucl1 h ttllr tl ln~lop :id porphyritfr 

:truetur t.lian do the gray 01ws. This is du l to th':> fa ·t that th l oliYin ls in 

th , ·c roc:k: \\'ere well dcvelope<l nnd r ·ach ·<1 a len~rth of a c ntimet r. Th 

oliYin ;~ arc eornpletely ,tlt<•red s 'l'}H!lltin ", pilite, awl ma~·11etite h .1i1w the 
prorluct~ \\'l1ich forn1 1l1L• pst>wlomnrph~. rl h' chm·nct~ri:-;tie mesh ~tru ~tnre 
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of altered ofo·ine i.· ,vell brolwht out by the "erpentine aucl iron ore. In 
the center of the me,"he:, there rern.ain "'mall masses of a f It of tremolite 
needle (pilite). Thi: alteration of the olivine corre pond~ to that fir.'t 
cle cribed by Lewis,1 ancl more re ently by Profi sor Bonney and :;\Ii:-;. 
Rai in, 2 from a rock-kimberlit -very ,imilar to the picrit -porphyri , 
here de ribed. He write:, n::s follows: ' It frequently happen that while 
erpeutinization hegins at the nntHi<le of a crystal, ti.brow, tr:imolite 1 eg'in 

growing within, finally forming a nrn:--H of aHhestiforrn fibers surround cl hy 
a zone of green ~ rp ntin .'' 

The mineral:-; which ·mnpo:-;ed these 1Jlack picrit •-porphyrie: w re th 
-· ame a: th<r conBtitutino· th oTnY on s. Th se mineraL, wer olivine 
pyroxene hornblende, biotite, rnagnetit ', and ilmenite. They w re e m nted 
by a ohs:; mcltrix. The g·la~H i::; completel~T alt lf d. All of th min<:"ral 
are repre. ent rl by psenclnmnrpl1 •. R nmants of th rig-inal homl I ,rn1e 
and biotite aloue are preserYe<l. 

Th contours of th, original pyrnx '11l: cry "tal.· are filled with pilit 
3erp ntine and mrw1Ptite. Th s rp ntin i: pre ·ent in greclt:1r quantity 
in the e P}~roxen:. psernlomorphs than it wa.' in the pyroxene pseudomorph • 
in the o-ray pierit -porphyri ~s. The alt ration of th hornhlen 1, r sult: 
in the production nf < n ag0 Te 0 'at of hlorit i11closi1w grains of al ·it 
,ome ~pb ne. and iron oxide ~imilar to that in th gray picrit -porphyri .•. 
The biotite magu tit ancl ilm nit abo ~ho"· th( s chant ·t r.' whi ·h haYe 
been des riberl f r th ,·am min rals in th first-described pi rite-porphyrj s. 

B tween all of th for n'oino· minerals "·e find a fin felty ·hl wit 
ma.~. containing oTain.· arnl d mlriti • ma~s 8 of iron ore and a £ " '" 11 ecll : 
of tremolite. Thi: corr spond • to th material fonni1w tli ·em nt for the 
mineral · in the oTay poq)hyri . and. lik that 1.' b Ii vecl to repr .• nt an 
oriO'inal Yitr ou;-; matrix. 

In on of the dark pi rit -porphyri • th mao·n tite i:,.; pr . nt in ]aro-e 

quantity and i • Y ry notic able erystal~ f it ::-;tandincr out upon th w ath­
ered ·tufa e. Thi ro k did n t aff et th nrno·n tic n ell Yer p w rfully¥ 

thouah it wa, exp t <1 that it woul 1 <lo ~ . II w Y }r anoth r n of 

•Ona diamonJiferon peridotit and th gen i of the diamond, by H. . Lewis: Geo). )lag., 
3d er. Yol. IY, 1 7, p . 22. 

Paper and note on the gen i nod ron.trix of the diamond liy the late Henry 'a.rvill Lewi , 
e lited by Prof. T. CL Bonney, Lontlon, 1 Hi, p. 1-!. 

~ ...-otes on the diumond-1,earin,r rock of Kimb rly, outh Africn,, Part II, h~· Prof. T. G. Dooney 
autl )Ii C. A. Rai ·iu: G ol. )fag., 4th ri :, Yol. Il, 1"95 p. 496. 
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tl10: porphyrie: in which, hr th ,yay, the iron content rn relatively lmY, 

i: u11ir1ue, in that it i.· Yery :;trono·ly polar mngn tir, and ii?- thi:-;, as well as 

it:-, probable original mineralogical compo:ition, nm.',.. he compared with the 

polar magnetic w •hr1ite from th) Frank Jn~t in IleR e-Darmsta<lt, Germany. 1 

The rman rock . hows tremolit ,'<:att red thnnwh the ·erpentine result­i . 

inµ; from the olivine. It i," a ·rnlr:--e, ewJnl:,- granular nwk, <liffering in this 

rPsp •et from th -<rystal Fall:-; rock~ whi<·h ar:. pnrphyritir. 

An analy:-ds ( o. 1) of th l polar magnetic serpcutinizecl picrite­
porphyry, in which gr •HJ ahurnlmw) nf nliYin was originally present, is 
h ..regiven, an<l th r' i:1pla('edwith it for rompmion nn analysis (No. 2) 
of a y •ry :imilar rock dos ·rib )(l by Dartnn and Kemp/ from .... e,v York. 
Both anal'-'";-;e: w ·ro mad<' hY Dr. H. ~ .... ~-·tok ~, United tat :;; Geoloo·ieal

J ~ 0 

~ 'urv .,y. In ;_ o. 1 Ba, Sr, Li ( 1t arnl i._ ()3 were not Inoked for. j' 

An((l,11scs <1l1Jicrite-porphyry.

1-._-___1 I~L 

I • iO1 • - - - - • • - - - - • • •• - • • • • - - • • • - - • - - - • I 37. 36 36. ' 0 
'fiO~ . -· __ .. - - - ... - --- .. - - .. --- - --- - . 79 1. :?l1 

Al .O., . ------ ·-- --- ------ --·· -·--- - .•. -1-. 76 4.16 
Cra0J • - - - - .. - - - - - . - . - .•. - .. - • - - .. - • , . G2 . :.?O 

:r\, _0 ·1 -· ---·-· ··---· ---- ·-·- ·--· ---· ' 11.61 
FeO--·· ---· ·----· ---- -----· ---- ··-· 6.12 . 33 

l1u0 ..•.• ··~·-· ···--· --·· -·-· ···--· Trnre. .u 
::-;'iO ... _.... - - .. -... - - - - . - - - - .. - . - - . . 0-1. . 09 

'. 63 
. 1'..? 

Trace.:1~::::;;;~;;:);)!)))!: :::t~H '.?.,. tl 
2. -1l{_O .- •• •--· ----·· ·-·---···--· ·--·- · } Trnce. I 

NU10 . - - - . ....• - - .. - - - - •. - - - - ••• •_- • • l . 17 
.4-7 

CO~ _... __ ... _. __ .. ___ ... _. ___ ... _.. X one. 
p :05 . - - - - . - . - . - , - . - - - . - ....• - - . - - . • •06 

2.95 
. 06

0 .) --·---··---······-··----·-··---· ··--··---· 

.!l:i 

. 51 
II" ahovo 110 )...... ____ .. ____ .. _.. 10. 37 
It atll0 ··----····-··----··---·- .115 

6.93 

I 100. 22 

L ~·o;;,-1 :::: :::::::::::: :::: ::::i·•;~:~--. · !>n: :: j 
1 I ,"! r magn t:t in von Frnnk n. tein an 11 r n ror, trns , by .\nclreao nnd Kiinig: Abba11dl. <ler 

!!Ilk nlwrg. ua,tnrf. G s •11., l•'rankf'ol't :L .Main, 1 pp. 5H-79.1 

Cf. .Ahoye articl •, p. GG, t'ootnotc, for r i rences to other uet·nrrencc of tr molite a. sociated 
with rp011tin . 

. - );- •wly <li-...<•oy •n•<l 1like :it Dtl" itt, 110:tr :·yral'n-.,·, •• w York, by X. H. l>arton and J. F. KPmp: 
Am . .Jonr. "<"i., Yol. XLIX, IX!):'), 1,. 1Gl. 
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CLASSIFICATION. 

These rock. just clescrihe<l, from th ir mineralogical compo~ition, if we 
aclmh the pre~ence of a Yitr nu.- ba.-e would belong with the pi rit -
porphyrite;, of Ro:;enhu:-;ch. 1 Thi.- d signation t1 )es not eem, howeY -'l', to 
be appropriate, a .. he 'tateti '.! that he th.es the term "porphyrite" only for 
certain textural pha:--es of rocb C< ntaining lime-s0l1a feld par. H ha: 
eYidently extended that definitic n so a to be able to u e it for tlw:-.e 
picrites, ronsirlering that tb glas:; poB .. ~ ·e,' th nee ssary ingredient.· for 
the formation of ·uch lim -::mda £ ld ·par, provided the condition;-; mH.l r 
which it cooled had b en fanm1hle for th feldspar cleYelopment. 

The porphyritic texture of thes \T'tal Fall picrite .. and the pre-·ern: 
of a Yitreou.- ba • 3 

, how them t > l .. clos h- r lated t rock' of efft1:·iye ·har­
acter. Tho ·e which thermo ·t ln:-;ely re;•ernhle amoug the youno'er ba~a1ti • 
laYa are the porphyriti forms of th limburo'ite (magma ba ·alt-). 

One of the b ·t-knolrn ro k • with whi ·h thi • nuty b c:lo • ly c m1 an~d 
a· far a· a ·w iatiou i" cone rnell, i' the rock fir ·t de~cribed b)- H. 1

aiTille 

Lewi.- as a axonit -porphyry,4 later C'ctll cl kimberlite. Thi. wa:-; de:crilJ d 
b:- him a" volcanic: ancl aR as:::- iat cl ·with dol rit . and m laphyr ~i-:. He 
de--crihe<l it a: a ba ·ic laYa.5 Other o • ·mT .. nce8 of Yery dos 1:v relate<1 ha.-ir 
T ck.~ haYino· a yjJr ou~ ba ·e han:. h . n des rib cl from th l"nit cl~ 'tates ln­
Dill r,\\ illiarn~, 1Ierrill, Branner a1-.<l Brackett, Kemp and Darton awl Kc·n1p.G 

1 ~Hero copi -che Ph~· io!.:Taphi , lly H. RosPubusch: ~Med., Stnttgart, ,Toi. II, 1 96, p. 11 1. 

1Qp. cit., p. 4.36. 
3 bouM tho Yitreou ha u ut> cnnsi1lered as not havin 1r h en pre»ent and the rocks he pnt among 

the peridotite~, then they woaltl corre::-;pon1l v ry clo. ely to the wehrlite describetl on p. :?'.";4. 
~ Papers and notes. <'it., p. ~0. 
·•The genesi of the diamond. by IL . Lewi:-: 'cien ·e. Yol. YIII, 1 6, p. 345. 

1On a cliamondiferon peridotitt, an,1 the rrtm sis ot' the l1iamonc1, b~- II. L wis: G ol. )fag.,• 

3d erie , Yol. IY, u; 7, p. 2~. 
"Dike of periuotite cnttiug the t::uhonifrrou~ roek • uf Kentncky, b~· J. , . . Dillt-r: l'ience. l 'i",, 

p. 65; ·ote on the peridotite of Elliot ( onnty, Ke11tul'ky. hy J. . Diller: Am ..Tour. Sci., Yol. XXXII, 
lc8o. p. l,\_; Bull. r. .'.:;. Geol. ·urYey, :S-o. 3:-l, 1 ,. 

The erpeutine peridotite ) occurring- _in the OnolH1aga alt grnnp at t-~·racm, . J. ~ew York, 1,y 
G. H. ,Yilliam · : Am. ,Jour. '·i., Yol. X:XXIY ho ,. 11. 1:r,: I'roc. Gcol. 'oc. Arn .. Yo!. I, Uc: !t. p. 5:-1:1; 
Perow kit in erpentiu ,on ,. yracu 1•, Xew- York, l1y G. H. "'illiam : Nem' .JnlHb. Vol. II, lbl 7. p. ~W3. 

On a peridotite from Little Deer hh•1 in renoh,l'ot Hay, ~Iaiue, by G. P. ~frrrill: Proc. C. S ..·at . 
.,lu:-- .. l~S:>3, p. 191. 

The peridotite of Pik 'ouuty, .\rknn a ! by ,T. '. Br, u1wr a111l R. ~ lirackt'tt: Aru. Jour. ~1•i .. 

Yol. XXXVIII. 1 . 1l· 50. 
Peri<lotite <like iu th Portage san1l,ton1' \If Ithaca, X w York. l>., .J. Ji'. Kemp: ..\m..Jour. sci.. 

Yol. XLII. 1 91, p. 110. 
A newly-di'-c·overe<l dike at llt>witt, 11ear ,yracns. t•w York. by?\. II. Darton and ,1. F . .K1·wp . 

Am. Jonr. :'ci., Yol. ~·LIX. l '!l;-,, p. 15H. 
l'h~ rock 1le--crihe1l liy F. L. Hau,-orn a-. n fonrl'hite ~honhl p rhap-; al o Le compar d with th1·,1, 
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Hat h1 ha. al:o cl :crih d a Yery ~irnilar pre-Tertiary rock from Eng­
land a: a limburgite. Y emp2 mpha ·iz : th r ") mblanc of the Dewitt 
dik to limburgitc, and stat,., that -it sh uld be call d limburgite.3 If we 
attempt to xtend th n;· of th' t rm' limburgit 'to includ the pre-Tertiary 
Yitr ou: ha:alt:, w 1 :hall have to inclrnl under it th ro ·k • heretofor <le ig-
1rntecl a: picrit and pi ·rite-porphYrit "). Ro. nhu' ·h ha n w put the picrites 
and pi -rit ·-porphyrit ~: with the :ffu~iY ") rocks, and if of the e two sets of 
t "'l'llL • th re i.- ou to he dis ·anl ,<1 it should h the name "limburgit . ' It 
.- , •m: pr.,£ rabl urnl r th rul 'S of priority to retain the name "pi rit ." It 
woul<l th n : m v ry imitable to apply to thet, pre-Tertiary porphyritic 
limlmrgit-'.' IIn ·i,;;ak\, olcl t rm "pi ·rit '-p< rphyry," u ing the term ''por­
phyry'' :imply with a, i ,xtural sign~fi anl' .).4 

SECTION II.-A STUDY OF A ROCK SERIES RANGING FROM 
ROCKS OF INTERMEDIATE ACIDITY THROUGH THOSE OF 
BASIC COMPOSITION TO ULTRA-BASIC KINDS. 

B •()'inning n ar th") town f Cry ·tal Fall: in isolated knob , and 
ext -'IHling :outh •a:t towanl th) l\Ii ·hio'ammc Riv r, ·wh . r the expo, ur :-5 are 
1arc,- r and lwttcr cmm )ct '<1 th r, i:-; fouml n, .. ri • of rock· wno ·harac-­
t<'l'.' ar of :u ·h int 'r ,.-t p ·tro<"('ll ticalh· a· to warrant ct detail cl scription 
of th •m. 

Th,,. ro ·k.• ar all iutru:iv l in hara ·t r, with few ex eption are 
me<liurn to toar.-"' oTain •cl, all<l whi1 th granitic t xtur predominant, 
th •r, ar<' e •1-tain faC'i 'S in which th -- t xtur i • porphyriti arnl -'Y n parall 1. 
Th•., hav u.,en only- .-lio·htly aff t cl 1 .,. l ...nami a ·tion and the ca e. 
ar: pun..J y lo al. ..\.nal rs ls .·how th m to var .,. in ch mical .ompo ition 
from tho, of int ,rm ,,liat , a ·idity t th , f ultra-ba 'ic chnra t :)r. 

Th, pr.,vailin ,. r •ks ar on th l n hand, diorit ' of int rm cliate 
acidity raiwi11,,. to mor,. arid rock:-: tnnalit s qnmiz-mica-cliorites, and 

rock , rcpr • 1:nting a it prohahly clo . th olivirH1-fr form of the limhurgite (a.ugitit ). G ology of 
Augel I ·laud, uy F. L. I ani:;om,: Bull. ' ol. l) pt. 'nh·. of aliforuia, Vol. I, 1 94., p. 200. 

•The Low r 'arholllfero11s volcanic rock of East Lowthian ( arlton Hill'), l>y F. Hatch: Tran . 
Hoyal Ac:ul. Ed111bnrgh, Yol. XXXVII, 1 92, p.115. 

op ,·it., p. ,mo. 
"Takin..- plntomc rocks ns pract i ally th granitoid, and vokanic a: the poqlhyriti , tbe 

I> •w1ttrock i :i basaltic dike ofth i;amc compo'ition aml texturt> a' limuurgite, and should be ca!l d 
li111hu1g1t •, •veu if it iii not a, surfa.<·«' tlow.'' (Loe. cit., p. 160.) 

~ I lH:liev E. IIn sak wa~ th Hr t, to u thi term for :t omcwhat imilar rock. Pikrit-phorph~-r 
,·on :St,:ierdorf 1m Ban at, hy E. Hu ·:ak: V rha,11(11. K.-k. ~ ol. H •i hsanstalt., 1. 1, pp. 23 -2o:Z. 
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granite (plagio ·la tic), and, on the oth r, hornblende gabbro • gabhro , 
norite , and, hrtly p ridotit • of Yarying mineralogical character. The: 
rock thu reNemble in th ir Yariati n tho e cotti h plutonic ro k , o ·well 
de ·cribed by l\Ie r. Dak>-n an 1 Teall.1 

The rapid changes in min raloo-i al compo ition and texture in a . ingle 
rock, and the chancre from on kind to another through intermediat fa ie:, 
how very clearly the intimat r lation:hip of the e rock to one anoth r 

and warrant the a·, umpti n that they all b long to a geologic unit, a ·on­
clu ion reacherl a number of Y ar.' ~· ince hY ,Villiam ' for a ·omewhat 11n-. . 
ilar ·erie:· th Cortlandt ·eries, from ........ w York. 

Granite is pre, eut a a lo ·al facie of the diorite. How ver it i , Y ry 
..,ubordinate in quantity and not altoo·eth r t;~pical and as 110 analy. i: ha ' 
been obtained, it p ·ition is ·till mor r le .. loubtful. 

In the follo,viuO' pag : only tho ·e kiml - of rocl~, of ·which analy:e, 
haYe been obtained will b in lud <l in th final di ·cu ·ion. Other~ will b 
de ·cribecl in detail or m rely m uti 11 d n • r pr . ntiuo· fa i f th maiu 
type-· according- to their p trological iutere ·t. Th ro ·k t ·p • of ·which 
aualy ·es lrn:ve been made ar-> a~ follow': Diorite, )·abbro, uorit , and 
peri lotite. 

DIORITE. 

NOMENCLATURE. 

Dinite, a cording to th a- n rally ac • pte<l <1.,finition, i;;; a granu'ic r 
ro ·k con i·tin~r e • ·entiall:- f hornhl .,n tl \ ,d1ieh mu~t he primary and H 

.: da-lime fekl:par.'.? Th ) term ]u ;-; h, 'll n:'\ <l in a differ .lnt ~e11se b>- mm .~ 

,n·iter, 1 nth Lak ~up rior arnl nth r reµ·ion:,;. It has 1> .l n u~ d to com­
pri. e rork. which l' _ntain 11nmhlend-, arnl plagioclase a~ prepornlt:!rating 
con titu ..nts, it i.· tru =-, hut in ,yhi ·h th· hornhlemle i • •eon<larr th r ·in 
cliff ring from a tru clinrit •. Th ,,; • o-eall <l diorit 1 haY , l een r _.gard ..d:--

a:-. d ..riY d from , n ori!ri11nl ,lol ·rit (llial a:-;)) hy urnlitization of the pyrox­
ene. By ;-;orne ,niter. tlw:-.e roe+-.; han· l . •u cln .. ·eel with 1h • ..pi,li(lrit<:>..;, 
thu-· re ·no-nizi1w th ir ·<_1111.lmT . nntur 1 

, hut hy thi:.; 11am, 'lJi1liorit ,
h C 

unf rtunat ly im1 lying: a fal~ • rel.1tinn:hip. 
In thi:,, par •r, follnwi1w bri) 0 '!!.' •r, I r •:4ri t the name to th ~ granitic 

1 On the plutonic rock of<,arabal Hill and ::.\!,•all Br,·ac:. h~ ,T. P. Dn.k~·ns, e-;q., ~LA .. awl .T. J. 
JI. Teall, esq. )1. A.: F. R ,' ., F. <,. "·: Qnn.rt . .Jonr. <, ol.. o • .. Yol. XLYIII, 1 '92, pp. 10-1-l~l. 

~ Lehrbuc:h der Petrographie, h~· F. Zirk l Lt'ip:r.ig, Yt•l. II, 1891, p. 46S. 

https://Lt'ip:r.ig
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rock of intermediate acirlity, in which the feld par 1 plagioclase and the 
bisilicate constituent is ruica, or primary hornblende. The feldspar is a lime­
soda plagio la:e.1 

DISTRIBUTION AND EXPOSURES. 

The di tributi n of the die rit i' limited to a, fevir localitie , all of which 
are in the area underlain by pper Hmonian sedimentarie, . The most 
typical occurrences, and those sh wina oTeate--t Yariation ', form knobs 
be ·inning 11 ar Cry tal Fall, and continuing- to the outh and south­
ea:t. E:pecially larg outcrop" form th hill in "ecs. 19 and 20, T. 43 N., 
R. 31 "\Y. Th , mall r o ·currenc "' are not indicated on the map. These 
diorite expo urcs are alway. a-ood, :o far a ' o· ttino- fairly fre:-h specimens 
ar concern d, 1ut their conta ·t. ·with other rock are almo't invariably 
deeply overed with drift; }i:,nc th ir r lation , in many case' are doubtful. 

PETROGRAPHICAL CHARACTERS. 

Th diorite: are hol erystallin rn 'k ' of medium to coar e grain. In 
textur the~ r :how :-;ome Yariatiun from tho 'e which are granitic to tho e in 
whi h the texturc i • imperf tl)T ophitic. The olor i ·, on the whole, 
mod rately lirrht gray or r •d li:h, hut at tim ' ·when the dark minerals 
become m< r · 1 n min nt in tlie ba:ic faci :.; e 'pecially- wh r \Ye 0·et basic1 

schli .,r n, the roek i.' Y->ry <lark grc1y or OT lenish brown. 
Th , import, nt min .,ra.1 ·011.. tituent: are folcl ·par, quartz, biotite, and 

h m1h1 nd .,_ Th, ace 1 ·:-wry miiwral: ar l epiclote, apatite, zircon, phene, 
awl irrn1 oxicl .,,._ rr h s l(•rnHlary min lrals whit and hrmn1 mi ·a, chlorite, 
lJiotit .,, Clpi<bt<: -zoi:itP, calcit •, and rntil i are also pre:-- ,nt. 

Feldspar.-Plagior.h:-,e f<'hhipar orthoda e, nml microdine occur too·ether. 
'I h, phwio ·ln:-- iH found in iwfo·idnals \Yhil·h are} fairly automorphic. In 
the ophitic textur 1 d diorites, the plngindn:-- .l i:-; the he:::t dev lop d of all the 
e •. ential ·011:titu •nt.·. In tb<· grauu1ar ro •ki-i th cle 0 Tee of autornorphi. m 

rtlw ·las awl (!lrnrtz ar .. pre8 ·nt in the larg::.st quantity, 
awl <lirnini:-;h •:-; as the:e <liminiHh, wh jn h plngiocla. • indiYiduals beo·iu to 
intprf lr • with one anot11<>r'H <1 •v •lnprn •nt. For the most part th plaofocla, e 

J)ie Ernpti,·g stein ,lcs Kri tinuin~ hi •tt,,... I. Hit> G ·i-t ' iue uor Grorudit-Tiuguait-Bcrie, 
by \Y. . Briigc•('r, 1 91, Xo. ,t, p. n:t II. Die Eruptionsfolge Iler tria<l.i ch u Eruptivgesteiuc lrni 
l'redazzo in ' iidtyrol, 1 93, No. 7, p. 33. Yid ni-.kab:.b ,1. kah t Skrifter, I )lath ma i knaturv. Rlft se. 

https://larg::.st
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giYe, rather thin 'ectious, thowrl1 they can hanlly be correctly ca11ec1 lath­
shaped. .....~ o other form of plao·io ·lase howing a uniformly better or 
poorer <l.e,Telopment, or any other flifference in character indicating th 
presence of hvo kincl' of lime- ·otln f, l<hpar, ,Yn~ obse1Ted. 

The plagioclase ection - almo:--t invariably show poly ·ynthetic t"·iuniug 
a ·conlin(J' to the albite law, with hYinniw:r lamellrn which nuy fr nn Yen· 

0 ~ ~ 

thin to moderately thick plat 2 the thinner being the more common £ rm. 
Yerv common i:; the combination f the al bite anc.l arlsba<l twi11ni1w law 
in one individual. Le ·s common]y we find individuals twinned accor liug 
to the pericline a: ,vell a: th albite law, and ometime" a Carl.·bad twin is 
made up of in&viclual • t,vinnetl a • rdi1w to the albite and pericliue law:. 

In d termining the ·hara t r of the feld par, the Levy method ,vas 
followed. l A great numb cl r of mea ·urements made on the zone I erp n­
di ular to 010 gave equal extin ·ti m mwle ·, nnyiug chiefly around 15 
degree:, but runnino· a · a maximum tu 19 cl oT ' From thi it app ar 
that the plagiocla ·e i: amlesiu , 1 rol ably a om what ba ·ic kind. That 
the~e aude ·ine: Yary ·li 0 ·htly in ·ompo,iti )ll is ..:ho-wn by av ry ·light lrnt 
noticeable zonal ,· tru ·ture, the mor bn ·i • eharacter of the ent-Br f th 
individual· 1 eing mo 't admirably brought out by th mor ndvanc tl ·on­
dition of alteration of the ·ent 'l' a • m1par l ·with the peripher.,..-. 

The ancle ine i • for th mo.t part v ry· mu haltered, to su h an xtent 
that in many ctiou:; the b uu lari -; 1 f th t"·iuning lamellre are .. o l lurre 1 
that mea urement' ar r mler cl im1 ·~ibl . }Iu • ·ovit , whi h ap1 ear: in 
minute rectangular :;ection • ·h wi1w o· od I aYag , is th chief condarv 
pr duct from the feld ·pm·, with pi l t -zoi~it n xt in importan e. Calcite 
and biotite are pr nt but in • mparatiY ly :mall quantiti •. In me 
ca · mu oYite almo , t r pla e: th feldspar; in oth ~r: pie.lot -zoi ·it d 
o. In uch a, ca ·e oue ·e ,, in th ent r f th f ldspar on1y a ma~: 1f 
e ondary mineral. .A ' th xamiuation i • ·arri l from th r nt r t ward 

th - ut icle th, orio-inal f. lclspar mat Arial is lfo;tiu )'ui ·hed a· a thin film 
b tween the 'Oll(larv min ral~. This jucr as " in rnn.'s until we r aeh 
th outside uan·m,· rim of pra ti ·ally unalt r d f 1dspnr. 

Ortboclase.-Thi • i • pr s nt in hug quantity in irr O'Ular 1 lat . whi ·h 
£ rm a part of the m • ,·ta ·i: f.n· th plao·i la e arnl bi ·ili ·at :. L '.' 
m nly we find it in mi 'l' p g·matiti • int roTowth vvith th quartz. It i • 

1 Etmle our hi, tlet rminatiou 11 fi ldspnth ·, by A. 11ichel L6vy, Pari , 1 9-1. 
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invariably· more or 1(,:-4s <lecornpo:-- .. ,l, nrnl show~ innumerahle minute clark 
:pe ·ks :-;c·attPr ,cl t1mnwh it. rl h • <1nm1tit:· of orthocla, e -.;-arics in the. e 
clioritic· roC'k-.; rm1:-;i,h rahl>·; at tim .:i, it almost cqualH or e,·en 0xce els the 
plagfoda:P, wh 'll the l'<H'k approach th, oTnnites, arnl at time;-; it sink:-; to 
a few larg .:i platP.' i11 -'ctC'h :--c•c·tim1, wh "ll the rock:.; nr, a normal dinrite. 

Microcline.-'Tliis mineral is 11ot alnmchmt. It is in incli·dclual:-i ,d1ich 
fr '<l u ·ntly though not in a11 c·,1sc... :.;, are automurpbic "·ith r 'Hpect to the 
orthoda.· awl <1nartz. It i:-. remarkahly fresh. 

Quartz.-Qnartz at tillll'S, is Hll (•ssentia1 <.'Olh,titu nt, arnl again it climin­
i:he.· in amount until it is pn~sc,nt only in a few oTaius or Y<m cli:-;appean:; 
altogc-,th "l'. Like· tli, ortl1()(·lase1 it is <·nmpl 1 tely :xe11m1wrphie, and with the 
nrthodrn-.;e emhtitutc•:.; the 111<:•sosta:-..i:--. Cwlnl;1tory extinetion in tl1e <1nartz 
o·i,· ,:-; indiC'ation of slight 1m•:-;sur '. 

Biotite.-rrhe origi1rnl hio'tit • in thl' µ:nmnlar dioritie rneks is autnmorphic 

with r •:--p •ct to all mi1wrals hut th , h()rnhlend '. In th uphitic forn1:-; it 
has a <l •v ... lopm .,nt about 'Cprnl to that of th\ hnmhlernl . It Rhow~ a dark 
ri ·h (']10c·olat ,-hrown or gn1P11i:-;h-hrmn1 eolor for b nrnl .C and a. light 
yellowi:•d1-lmJwll for a. T]w hiutifr i1wlrnle:-- :--ma11 pi,lotel t-r:·:-;ta]:-; with 

plc·o ·hroic <·.onrt.- ancl so111, gTnins of . ph 'll •. Bnth of the:.;e are origi1rnl. 
The biotit,_; i:-- almo"t invnrinl>l:· mon· or le-.;._ ,tlter ·cl hl -1aching in Rome 
c,1:-- •s to a very light colore,l mic-a with ·xt·e .. ,ling]~~ hi 1>'11 pnlnrizntion ('nlor,'. 
rl hi. bl •<1elii1w follow.- nlo11g th, lamina' nf th ~ hiotite awl re:--ults frt g-ivi1t:>· 
,· ·etion.- parall(11 to th, Y •1tic-,tl axi-.: a bawl •cl app ~armH' • r •:-; ·mhliiw pnrallel 
int ·rgTmYtlt.· of 11nt:c·ovit, mul biotitc· lc1111i11a'. )[or c·ommonl:· it alter,' 
to d1lc,rite rutil(~ (oft ,11 pr,:-,; ·ut a,.., .... ag 1 nitt· ), :--ph '11 ·, epi,lot •-znisite arnl 
<·Hkitt;. rl b 'l'(! i:-; ,d:--o a cli:-;tinc;t l>arnliiw (If th• hiotit • and the ('hlorit l in 

places. In tllC! alt •ration of tl~t> hintit • wv Y •r>· c·n111m<ml>- find le11:-;e:-,; of 
·akit, prncluc ,,l 1,etwecm tlw lami11, '. In ""<ml · l'H:-- 'S the epiclot-'-zni:-;it i~ 

·l ,~n)y a pm<lnct of tht! ,dt •rcltio11 of the l>i,otit ·, for in man.'· ca:-;e-.; it i.· fournl 
i11 t1H.! n~c:tangular .·11ape of tlte hiotitl' ·c·tion, ,uul in other in...;tmw •.· in :--pn<.'.e.' 

},c~tw ·eu tlw f dd:par:-; in tltc npl1iti<· r<H·k:--: \\·lii<'h in fre.·her :--p 0 <'ime11' ar • 
folllld to he· oecupi<~d 1>.v the• hiotitt·. }!or ·nYer, in tlte •pidntc.•-zoi:--ite nr 
lllinutc· grni11.' of ...,pJic1w , imilnr to tho--<' <·n11tni11 ·d in th .:i m·i~.611al bi tite. 

\ Ii 'n! it i. pn•...;C'nt. as ,t :--c<·ornlar.'.. prrnlnct, it Ol'l'lll':-- with the mu co­
Yit<; awl i.- _. ·nmnoq,ltir , ith rn:-;p ·C't to it. Th· g-r' 111 ton• is ab, nt from 

tl1; . <~c1>1Hlm·.'· biotitc! . 
. Io.. _••. • I--15 
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Hornblende.-The lwrnhl nd .. in the diorites how a mo:-;t exc IIent d ,el­
opment in the prism zone; Yer:- much les • ,Yell cl velop :.cl are the t rmi­
irntin,r plane-.,. Th .. enlor Yarie~ from luiy oTeen to a r deli ~h-br01n1. Th 
bn wi1 hornhleud <H· ·upi s th.. ·em r of th crystal, vd1il the oTe u o · ·u­

pie-s th ont:-;id , the gre -'11 ngTe in°· p r£ rtly, optically, "~ith th hrmrn. 
zonal ~trutture i-.. irnlivat .. d hy th diff ...ren • in the dmract r of th., horn­
blende: thouµ·h the zou .1:-; ar.. nnt "harply d limit d, but oTad into on 
another. In a fo,y ca. e th .. gT eni:,h hnrnh] ml g-racles into one which i 
almo.: t enlnrle"s. Th • pl .1nchroit-m i, as follow·: Brown lwrnblend : a, light 
yellow or light r ddish-y llow· b, light r ddi:h-brown; .c, dark r r cl li.·h­
brnwn. +re n hornblende: a, light y llmY; b, brio·ht g-r 11; c dull or 
ofrrn µ:re 11. Thi~ µ:r • •n h rnhl wl • i:-- dearl:- riginal and not to h .. c n­
:---i<ler d a · n ,· :.<•nndar:~ prn<lnet after th· hrown hornhl ncl . B th kin,ls 
.are fr • from indu ·ions. 

A:::ccssory minerals.-'rh 'pidnt j:; ( hs >ff <1 Yery fr tp1ently inelos 1 in th 
3.Jtered hiotit , and is surrounded by pleochrnir hnlo~. In i--uch l-a.· :.; it i.· 
con~ider d a primary cou:tituent. The ace ·:nry minerals apatit :--ph n , 
arnl zircon, ·hmY non"' other than th-'ir wmal ehnract 'rs. Tit, uif nm. 
nrngn tit i: pr sent in th, diorit : in Y .,ry ~mall <1uautity . 

... • ·ordinµ: to th• r latiY, proportion of the important min ,rn1-.. ju ·t 
le. •rib -'<l-plag-iocla. e, orthnelas .. , q unrtz h mbl rnh"', and 1 i tit-<·0111-

P -..u.1:i- the <linrites, w µ: t th f( 1lmYinµ: Ym-i tie:--: )Iita-<liorit 1nartz-
mi •a-1liorit ,_ qnartz-<liorit ': and tonalit •. Th -'s l gnu1., into on:.1 anoth r a 
-:;tat ,d alJOY ., · arn1, a" ,Yill h • -..hmn1 lM 'l', r •rtnin of th .,m gTacl .. into 
granite-... n a(·<·ount of th ... :--• Yariation: thes dioriti(' nH.·k~ ar '}> .. cially 

int<:: re:-.ting·. 
DESCRIPTION OF INTERESTING VARIATIONS. 

... dik .. of ro ·k 4 f .. t "-i<l , o •°'nrrin<>' at ..J...,5 pat 'S T_ 1050 ,V. . 
15 T. 42 ...... , R 31 "., n ,nr .,.Ol'WtlY p >rte.we, show th· followiw,· min­

eralogfral Yariation. A ·1wcim •n tak "'ll from th-' c nt r of th ... lik :-.how: the 
ro ·k to be th "I'• a typical fin ~-nTain .. (l o·nmitite with littl _, or no p]ag-ioda:e. 
1Photnmi ·rograph, fig. A, I 1. X~ - ,.. y LT.) Along th., ~icl 'S th dik ro ·k 

i-.. a mi ·a-<liorite vm1~i-.;ting of mica antl plagioda:-, without an ~ <1nartz. 
:M a ·ur "'lll 'Hts 011 znn • p ..rp •rnli ·ulnr to Ill O ~·aye -'<1nal 'xtinetinn clll!.dt:. 

https://clll!.dt
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with a maximum of 15 cl oTe ~- Onl ,· on hnd of plagiocla e i distin­
gui:hab1e by its mode of cleYelopm -'llt, and thi~ i:-- rich in Cap, as shown by 
it· alt ration products. The fel<hpar range ." at most from albite to andesine.-

--r o chemical :.maly,· ii;; ha~ he n obtained f eith r th gnmitit or the mica­
diorit 11ha ·e, 1 ut the mineralogical compo -. ition jM ::mfficiently marked to 
show con ·lu,'iv ~ly that we huse her a oTadation from a graniti • to a clioritic 
rock ri h in CaO. ':l1he iclen ha · b n . uo·o·e ted bv- John 'ton-Lavis 1 that 
m orue ea . th variation in ch mical compo ition of intru i--rn rocks, 
espe ially wh r" thi:-{ Yariation is on' b tween the center and the periphery 
of an intru,•iy mas.· , may h _, du t re ·orption by the intru iYe of parts of 
the ro ·k intrud d. Th_. Hlrn,rp line of d marcation which exi ' ts between 
th dik, and th-' intrnd d )wrnhlend -o·abhro in the oc urren ·e described 
abov:> ,.; _. "'Jll. ' to lff :.1elncl the po~:-ribi1it!~of a fusion and mingling· of the two 
r k ·. 

A<'lW.::lN RIYER }'IW:.\I lt\' ' TA.L l i'ALLS. 

N ~r \· r; tal .I: all:, jn ·t aero~s th riYer from the to,vn are a number 
f .·mall knob:; of <>Tanit l oTa<linn· into quartz-mica-diorite. They are 

m ium-g-rain rl ro ·k:, r 1 clcl1,'h to <>Tar iu color. TheY take a very fine 
po11.'lt and ar w 11 a<lapt cl to omam ntal ton "Worl- as j.- .·hown by the 
• hmm. · mad from th m which ar us d in the court-hon ·e at \-ystal 

Fall:. \ h 11 ,xamin ,cl und r the micro: ·op th l roclT, are f >mHl to con­
,·i:;t f <1,ut morphi • biotit, nnd pt ·in ·la:-; ' ,Yith x nonwrphic ortl10clase 
aml quartz, th • la:t forrni 1w tl1" ·em nt. \nue of th => ,-·li le.· show 
b -'autiful miC'rop gmatitic jntergrowtlv of quartz and fekh,pnr. The amount 
of quart% plaofo ·la: ; nn<l orthoela.· Ynri : :,O that, clependi1w upon the 
. p ~cim -'ll , .. arniu cl 01w wou1<l call th ro ·k.· fonuing· th knob.-; granit or 
qnartz-mica-cliorit . ::\Io:t (·mnmonly th roek i::-; a phwi >da;-; -bearing 

ranit(-'. -.- anal ...,.L- ha: h 1 11 ohtain • l of the grm1it but it i:-; confidently 
1 ..li v-'<l that th• ·hemi<'al rnmpositi n would ~u:tain the micro , ·opi ·al 
licw1 osi~. \Vi thin the 

t"
oTnnfr:. th r' ar:. fonn l lenticular 8chli ren of 

crm:id"rah1y clarkU' c >1nr tlrnn th main nrnH~ in whi h the pla~!,'ioclaR 1s 

th pr )p m<l -'rant f ,J<l,'IHtthj con titucnr. Th rock of the,' Cl len~ ,' 1s 
e. ·: ntiall a quartz-micct-diorite.r 

Tho husic c>rnptiv rocks of Gran (Norway ) and their interpretn,tiou; a c1·itit'i m Ly Jr. J. 
Jolrn~tou-Lavi;;: Ue J. ~fag., Jth ('f., Vol. I, 1 L p. 23:!. 

The ·aus •;; of vnria,tion. in lw um position of igu on ' ro k , by H. ,}. John ton-Lavis: Xaturn.l 
cienee, 'Vol. IV, lXDJ, pp. 131- 110. 
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The:-;e knok ar cut hy a numh ... r of ;-.mall dike:-; from a fraction of an 
m h to 3 in ·he: in width. In all nf the~e <like:-. the rock :how~ th :-.ame 
·hara<:ter..;. It i;;; ·rnry farht gray to pink in ·olor and aphanitic..:. 

-\.n •xamiuation nud r th:. mit·ro .... cop., nahl ~ th., :eparation of a h 
dike into a Yer_,- c..:ompact tin -grnin <l .... <rnlharnl and n, ~ome-,Yhat coar. r­
grainecl porphyriti • eentral p rtinn. In th• ('entrnl part of th <lik ph •110-

(T\·-.,t nf <1nnrtz, fehbpar arnl hiotit l 1i in a Yen~ fin gTomH.lma~:-. of 

<1mlrtz am l f •l< bpar. Th' t •xtur • nf thi:-; oTmmdma:-;:-; i;-; mfrrognu1iti '. 
'I'he aalharnl i--. compo:-;e<l of th mi rognmitic grournlma:-i:-; ,Yithout t1i 
phennc-ry..;t:--. ThP. <1nartz phenocryst show th' n:-;ual chanl ·t r:. 1 h 
f lil .... par pheuo ·ry-.;t nr, in 1110-..t l',hr•-., .... o <'ompl •t ...l:· repla ·e<l hy a lllll:-,co­

Yit... ag~Teg-at a-. to pr ... ·lutl • nny- ,xal't <1 ... t •rmination of their original 
dwm ·t r. In :--0111 • L'cl:--es in•li,ti1wt r "'main:-. of polysyntheti • twi1111i1w ar 

1... 'IL EY •n wlt ·n the main ma..; of th· folcl:-;par phenocryst.· i. entir 1ly 
alt re(l thne i-.; a uarrc )\Y ;,mu· nf Y•ry fr •~h fol<l:par mat ->rial 'lllTournlin.o· 
it Twinning- in th· e "'lltcr i.., al--.n ·ontinu lhi through thi: znn . ~Ior -

Y r thi ' zon, it~ llf :-.how-.; a Y ·rr notic ·nbl' zonal strudure hr th-> eha11ge 
in extinction angle oh...,etT ,(l in pa-..-..in~· from th • inn •r to th} out ... r portion. 
Thi· 1....... ..., alt :.r ,,l zone of f ·l<l:-i}>tlr ccmtai1h muuerou:-; in ·lu.·ion:-; of <1uartz 
from th· !rrnm11lnrn--:-.. Th) ·lum ·ter nf th) fel<lspnr ph 110 ·ry:-;t:-; c·nnl<l not 
lw cl ,t ... rmi1w<l, hut th pr •-.;umptinn i--. tlwt th 'Y ar-' nf the sam ·harac;t "l' 

a.-- th :. f •1<1:par in th, t·t>nr--. ·r main 1ncbs-that i:--, arnle:-;in "-\dth < mor 
ad, l fel, bpnr, po ~ihl ~~ olig·ncla--.( ·, -..mrnml< ling them.. Tht forth 'l' pr ·-..ump­
tinn i then warrant •11 tlrnt th· td<l pnr of thP µ:rnnrnlma:-;;-; ng-r "(-':-. with tlti 
nut ,r f l<l par znn • in drnrad •r-that it is al. n olig-odase or at l •n--.t i • 
1111 ll' .:! a ·id than the pheuo(-ryst--.. ~\.utomorphit· hintit' plate:-; ar' 110w r •pr.,_ 
..,,,:it ,,l h:· ·hlmit •p:-. ·nclnmorpli--. with h ·r, nrnl ther, some :e ·on<Lll':· •pi<lnt . 

Th , µ-r• >Ullf lnw--.s l'nn--.ist. d1i<•fly- · of qnartz mid f 1d 'pm·, but t·nntain: 
di ~«;minat • 1 l through it ma11r miunt • plnks of white mi a arnl , f .. w 
c 1T tal of zirrnn. 'rhe f ld:-.par of th • grrnnulmn:-;:-; is 1. o 'mall to permit 
uf it--. ,it ·urnt • ,l •t lnnination. ..\ pla!.tiol'lasP fol,1:-.par iu Hection: irnli<-ating 
an approal"l1 to autnnwrphi--.m wa • nh 'lT •11. It~ character a. oligoc·la--.<• C) 
t1r at }pn:-;t a f •ld~par of < 11 ,in· ,t1·i1l ,·lwrn ·t •r than thnt of the ••nt1; r:-- of 
th ph .. wwry:--t.·, is :,;urmi. l f()r r •a-.,<>11:-- !.!·h· •n nhoY -'. jii ro ·lin _. in ·e ·­
tiou. hnw·i1w ·lmrn ·te1-i:-,ti • twinning· <md in mnr • or les; n ·tangular out­
line wa~ oh~ •rved in eon icl ..rnl 1-. quautity. ...\11 untwinn cl f ~l<L-;pnr wa 
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determined a:· orthocl:=u, by the clifl>rene ~hown bY it· refractive index 
and that of the twiuned plagioda.. . Quartz was also re~ognizecl in this 
way in the grounclmaR,'. Th quartz cnd rthoela, form th c: ~ment for 
the other eonstitu nts. rrlie mu~covit in th J groundma::is iR pre!-imnably 
: ..conda,i·y, a i.· that in th" pheun ry. t~. (Fig:-:;. _..1 and B Pl. XL.) 

rr h ro ·k i: h r in. 1 rte<l a:' ;-;howin~..; an xc eding)y fin grained por­
phyriti • form of th <1uartz-mi ·a-tliorite. It mar eompare to thi.' mica­
<liorit as <lo : the tonalit '-porphyrit of Becke 1 to the to1rnlite de.~cribed 
l y him, awl one micrht cn11 it a quartz-mica-cliorite-porphyry. 

1 o } nal ·si: of thi: ro k ha: thus far been ohtainal 1 . Po iblv 
.J 

its 
d1 ,mic:al composition may jrn1ieat _, it to be mor closely allied to the true 
grauit :.s than i: h li v ,d to be the ca._· jucl<ri1w from it~ mineralogical 
eompo:itjon and its assoC'iation with the rock: on tlP hon1er line between 
granites anc1 <liorit8.:. 

SOU'l'HEA.'T OF CR.Y TAL FALL8. 

~ iouth ast of \p,tal } alls, in see. 16 northwest of Lake Tobin, and 
ext nding ,'outhw ;t into ~ c. 28 T. --1:2 J.. ., R 32 W. is a ra1we of hills 
upon which ar • mun rotL' .., po 'Ur s of n uniformly m dium-grained rock. 
Th Cl main ma ,. of th knob: iR of tonalit which shows se,~eral facies. A 
miarolitic textur i: Y r r C'Omm m in thi ~ massif. Th caYiti ~ are now 
fillNl witl ·alcit J quartz, a11cl Epidot -zoi.·ite alon" H' t c-r ther. Thi ~ la:t 
min ral o<· ·m:: in :inglc larg indivillual: or in tufts of indiYicluah, ,vhich 
racliatP from one , id ~ of th C'avity. In on l'ase a c·a,-it:T incompl:.tely 
fill d by :ueh a tuft lrn: h, n eompl t 1:- fill d by a lat ;)r infiltration of 
quartz. rl ho color of the rock Yari : from li()'ht pink to Y ry dark 0 T ni ·h 
<rrav. rl11 area: >f th Jid1tPr- ·olor d roek..• may be 1-i :.n ixtendin°· in 

u , n 

fow r-lik proj<,c·tiou: into th i clark r- ·ol r cl phases. Ther are howeY r, 
110 .·harp lin '8 betw, 111 tlw: vari ti ~ hut n gradual pal-'l~ag l from the lighter 
t 1 the dark 1r roe+. Th 1-; _} <liff 'r -'llt pha~e: vid ntly b 1l01w to a single 
roek n1c:v:. l ml _. r th, micmscnp _, h nY >,· "r imp rtant Yariation , iu the 
tc·xtur l ancl n in 1 n-tlogical (1.hantct ,r nf th l rock masses are ;:; n. The 
n ain rna:: of th roel i: granular tonnlit . Th es~ n ial t )11 'tituent, are 
placri ·la.·., rth H'la: , <Jlli:trti hombl nd and mien. The mo ·t ommon 
a: ·o ·iation of min n 1. • i. • ]wrn bl ~nde nul mi 'H, in antomornhic crv tals 

r ~ ' 

r trogrn1)IJ.isrL 1,tnclien am Tonalit <ler Hi ·s rfenwr, by F. B eke: T ch rmak , mineral. 
.Mittl!e1l. Vol. XITI 1~92, p. 1:3n. 
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"ith plagiocla:-;e . omewhat le well developed. Betw en th ther 1s 
f< und the quartz, with 'Ome a ce " ory ortho ~Ia e, and mi roclin a:-; the 
last prorlucts of cryi-,tallization. In some ca es these two min ral • are 
pre:" nt in micrope()'matitic int rgrmYth '. ...\.. textural variation W"hich the 
facie." mention <1 helnw also undergo i ' from a granular to an imperf tlv 
ophitic textur . In :·mch caseB the r l r of ry tallization of the hornblend -
mica and plaa-iocla::;e i:-; reYer,_ ed the plao'io la~e beincr mo t au omorphi m 
the ophitjc varietie . 

Thero k res mhle • l .cribecl by Be k from the Rie. r-
ferner. 1 It al. clo:-- ly re:embl ., s< m li 1 , of the typical clam llo tonalite 
,Yith which I haYe been ahl to mpar it. The chief cliff rence b tw n 
them i • tha th 1lao-i c1as arnl hnrn11 ncl haY a hett r cry tall o·ra1 hie 
deve1npment in the Cry ·tal Fall: ro k::- than in th cbme11L 

that the acce ·~ory a1lanit of the ... lam 11 ro k i ' Tnrnting in th 
tona1it:; and 

Fall · tonalite, though th 11 rmal pid t may repre nt it. Th horn­
b1emle also differ" ·li~d1tlv fr m that of the Aclamello rock in tha it i n t 
throughout rerl<liRh brown. Th entral p rtion of some of th er "' tal 
ho" • thi • olor hut th outer porti n i a lirty Te n, ven Tadin in1 n 

an almo~t whit~ h rnhlende. 
The tonalite (J'rad ·, hr liminution of hiotit with corre l ndi1w 

increa "'0 of hornbl ncl , int , quaiiz-(liorit , and by diminution r li.·ap­
pec ran· of th horubl nd an liner a::; f th biotite into a quartz-mi a-di rit . 

Hornblende rnff r ccm-. alon in th ro le wher a biotite ma 
c ur a · the onh~ hisili at ·n11t-titu nt. It i. a very omm n thiner t fir d 

in the diorit ~ rouml cl ha,'i • ~ oT o·ati n , con ' i ti1w hiefly of mi ·a ith 
b rnblencle Cl ub rclinat and ju:-;t a littl n c . ory £ ld par. ,, hen the 
orthocla'•e and quartz (liminish w o- t th mi , -di rit , . 
alway pr 'ent in all of th ~ cli riti r ck~. In 'ertain fa i . 
and quartz are,, ry abundant and th plno-io las j:,; corr ponclino·l~~ dimin­
H1 cl. ~ 'uch •k:; ar l ~ r1y pl~ gio Ia~ -1 aring granit , and r pr : 1 t l'( 

(J'radati n , l tw n th ordinar:~ tonalit and o'ranite and poiut t ·l . 
relatimrhip f thi " o • 'urr ~n • with th • tm· ~n ' 11 nr r r,s al 
alreaclv de· rib l in which th o-raniti' fa i s pred minat an l th di ritic 
facies i • ·uh rdinat . 

1 Petrographbcb tudien, m Tonalit 11 r Ri rfero r by F. B eke: T, cbermak min ral. :.\l itt­
beil., Yol. XIII, 1 92, pp. 36-1-:m1. 
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1 jmilar gradations haY been not d 1Y Becke in the tonalite from the 
Rie:erf ..rnc:ir.1 Th diorit ma sif of th ~ Cry tal Fall: cfo,trict :::;eems to cor­
re,·poncl very closely to the granodiorite maR~E'. of Becke TurneT, and Lind­
gren, 2 whi ·h on the on· hand oTade into the anmitite, and on the other into 
the diorite.-. 

ANALYSIS OF DIORITE. 

It haR not h en fournl po:--Hihl thus far to obtain analy" , of all these 
varietie •. The mor acid faeie:4 of the diorite.' s em in their mineralogical 
compo. ition to ·]10w v rv ·l .arl ~ their gradationH toward th tonalites and 
granite.·. 1 his being th <·c1s , it wa • cl med of more importance to study 
th_, r lation.- of th mor lm.·ic dioriti • f::H'ie:-; in order to determin the rela­
tion:! i.p of th He rockH to tho. , f th mor • ba ic gal bro and peridotite 
familie.- whi h ar fournl in ~v::;oeiation with them. To thiH end an analysis 
of ou f th · mi ·a-dioriteK was ohtaiu 1. 

Thi: rock '.,ontain~ th dark ron'tjtu ms hiotit aml hornblende, in 
laro- quantity, ancl of the ·e th~ mic.:n. pr dominate Pla0·iocla e pr domi­
nat .. ., anHmo· th white Hilicatcs, with orthoclas ancl 1nartz Yery subordinate. 
Th mica i ·on:icl ra.hly alt r <1 1nt on the wh l the ro k is fairly fresh. 
Fig. B Pl.., r X./IX, js a pliotomi rograph of th rock and hm'in it. o·ener·al 
·hara ·t Jr:-;. Th following anal. rsi~ wa~ mad by Dr. H. ~. toke , in the 

lal orate r of the Unit ..cl State: G ologi 'al ~mT y: 

..rlnalysi.· of dioritc. 

)1110 . ..... ... . . .......... 

Ca. . . . . . . . . . . . . . . . . . . . . . 

:'.\lg- ........... ......... . 

;- . 51 

. 72 

lG.3] 

2.11 

t. 13 

Trace. 

:t 92 

- ~--I p~ 

~::~: ~ :~~: ~ ~ :~~: :: ~~~:::: I ;: ~1 
H . ) at 1ooc- . . . . . . . . . . . . . . . . 23 

H_(l a,hoY 100~..... . . . . . . 2. 00 

P 10 :, ..... - - .. - . - .... - ... - . 30 

o. . ...... ..... .... .. ... . None. 

TornL . .... . . . . . . . . . . 99. 17 

1 Petrographis ·h sttl(lit·n am Tona,lit <lm· 1 it• rferner. lJy F. R(>cke: Tgehermnk miuernl. ·l\litt­
heil., \"ol. XIII, 1 H2, pp. :rnJ- IGJ. 

Tb g-ra.nochor1te of 'aliforuin. app ar from Liud.,reu·t'I de ription ( ,rauitic rocks of Cali­
f ru ia, by W. Lindgr 11: Am..Jour. Sci., -ltb R ri Yol. Ill. 1 ' !)7, p. 30 • wber can Im found references 
to 111ent10u and de c•riptio11s of' grano<liorite) to corr ponrl Yery clo 'ely to tonalite, though 'l nrner 
w-stb nam n. H,\non.,111onsw1th11nartz -mic1t-diorit ( eoloiyofthe ierra, J va.da,byII.\V.Turner: 

,, ·n <'llth Arnt. H 1pt. •. , . Geo!. .'nrvey, Part 1 1 , , pp. '3G, 721 ) . 

0 
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The altered character of the r ck is r adily een in the large content 
of water. It i • neYerthele" -, not o mark d a to render the analy i, u e-
le ·: for purpo es of cletenuinatiou. ,. 

The character of the plao·i ·la.. f kl par i !early indicated by the 
relatively hio·h p r • ntag of lime. Thi .. hio·h cont nt in lime and th large 
amount of alkalie • pre ent 7.1 p r c nt, .I arly how it ' relation ·hip to tht 
diorite family. The content in 1 1ta~h feld ·par and the po ibl derivation 
of the ro k from a o-raniti urno·ma i -. hown by the hio-h content in l ta~h. 
Po. 8ihly a considerable am unt f th pota. h, with the greater part of the 
mao-ne~ia ,_hould b cl du t d f r the bi tit which i, o abundant. 

Thi · rock i ' one which it i" ,· mewhat diffi ult to place d finitely in 
the exi tino· divi ion of rock familie:--. Th laro· amount of lime awl th 
relatiYely- low p rcentage of alkalie • preYent the placing of the r ·k \Yith 
the yenite •. On th whole it appr a hes close to th monzonite OT( up 
a ·ordin()' to the h mical omp :iti n cf th oToup giYen by BroO'o' r. 
But it li-ffer.~ from thi.· in that th lime (3.92 per cent) i, too I ,v to 1Jring 
the ro ·k within hi limit: (-1.52 to 10.12 p r ·ent).1 However, if ,v con-
·i ler the total of th alkalin earth::, (7.65 p r nt) in th rock und r di .·­
cu. ~i n 1 ,ve find that it om : well within Bri.i 0 ·g r ' rano·e (6.05 tc 17.52 
per cent) £, r a total of ma 0 ·n $i<l and lim . ~I reoYer, the alkali total (7.19 
per cent) j:-, about riffht to w, rrant it cla:-;sificati n in the monz nit gToup 
a: a repre entatiYe of th tyi e f bi )tit -m nzonite. 

n ornparin(J' the ·analy:-:-i:-- ,vith th;:lt >f tru normal diorit":--. w fin 1 
that the relafrrn proporti 11s of the alkali t"\ are abnormal. 1 h lirn c n­
tent is al · t 1 w f r ro ·ks of thi~ ·hara t r, nm1 the mao·n ,'ia i: t o high. 

The aboYe on ·id ration,' . e m to mak el ar th r lation, hip of the 
r ck to th monzonit ' and di rit •. H ,v Y r it i :-;o intirnat ly a: · -
iat d ·with an 1 b ,i l ntly bnt a fi. ci :.; of th t 11alit whirh i: th d mi­

nant t)1)e wher thi" rot'k oc ·nr.· , that it i~ onsider cl to be m r do;:-.ely­
r late l to the lim -:;c da feld:par roek~. in which th ortho las i.- hut H<' ·e.· ­
" ry than to th m nzonit family of nih ·la -pla(J'i clas ro ,Jrn. It i.' 
theref r c 1vider d to 1P a mi ·a- liorit . 

1 011. cit., Part 11 , p. 51. 
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G nnno .A.XD ~ ORITK 

PETROGRAPHICAL CHARACTERS. 

The crahhros and norit -'S ar., 1wlocrn,tnllin"' rock: of mocl rat }y fine 

to oar: .. o-rain. rl h :.y show a <'Olh,i< l •ra h1 variation in textur . ;-,ome, the 

fine:t-crrnin :,<1 form:-5, pns: :: a Yer~~ good para11 l texture (Pl. XLII, figs . 

.A and B) • otlwr:-; ell'<! noticeahl~~ pmpbyriti •. ~\ few lun- poiki1itic tex­
tur •: (Pl. .... r LI fi.o'. ' . .., L ancl B); I ,~:-; <·nmmnn i:-5 an approa h to the ophitic 
textur • of the doJ,,ritl':-;. ~fo:-;t ('nmmon of all th rnek~ ar the hypidio­

morphic <JTanular mP,' ( Pl. :X LIY, fig . .A and Pl XLIII, fig. A). 
Th • rock. · Y,iry from a ligl~t grayish-gre n color for som., of th coan, •­

crnlill •cl nn •:-;, tlirnuµ:h <larker grePni~h cnior d rock:-; to tho:--e of a dark 
brmvni.-h or 0T0 ,11i:-;h-hln<'k c:olm for tl1 .. fin ::., t-graine<l formi-,. 

rl hc, important origi11c11 mineral ·onstitu ut:-; ar ., feld:-;}Hll' mica, horn­

l 1 ncl .. , pyroxell ·, arnl oliYin •. ..\patit , ~ph ll-' zircon rntil ., , octahedrit 

(mrntase ), hrookit<-· C) allCl iron m:i<l e n<· nr a:.; a<·(·e~snry min rab. '\Yhite 

ancl hrown mic-a c·hlodte, homhlcrnh,, tnk, Herpo1tin .. , :-.ph ne, rntil ::., and 

·alc·it • occnr a: s -' Con<lary mi1wrnk 

Feldspar.-Both plagiocln:-;, nrnl nrthocla~ -' ar pre:-;ent iu th , gab1n•o:-5 and 

110rit .. .-. Pla,rioda:-;c-' is hy far th .. mn~t importnnt. It nrem·:-- normally in 

th• c·mu-: ·c~-grainul kirnl.- of r<wk a:.; lmHHl tabular in liYiclnal:. In tli finer­

<rrain •cl •.-pec·iall:· th· porphyritic nrnl pnikilitie faei s, the feld 'par :-; Jction 
a~:mn., cl lmiacl, lath-.-hHpP<l cl1nrnct<..,r. Tlw :.; .)etion,' :hnw th eharader­

i~tic· pol)·,•ynth tic~twinning. Twin:-,, a -c mlin<r to th ::. nlhite, p .) ri ·line an<l 
1ar1 .·hac1 law ·, ar pr :.;('llt w-mnl1>· rh • alhit • arnl ( 1arlshncl or th alhite and 

p<->ri<-1in • lwi1w c·ornhin -'cl; in some ca-..e: nll thr -' o ·cur tog th r. Twin-

11i1w lam ., ]he Yary in 1,r •adth, hnt on tl1 • whnl • ar .) rnml rat ly narrow. 

i -'a:ur •m •ut.- mad• on th, zon • mn-n1,ll to OIO :1·iy e<1ual xtinetion mlD'l , 

aO'ain~t th e twiuuing pla11, which l't>aeh a maximum < f 3-1- cl or e,' . The 

f'.•l<l.-par i~ C>YidPntly ]almHlorite. A zonal :.;trndnr iH noticeahl., and i: 
~:1w<'ially :11 \\' 11 hy tli , altc·rntim1 l> P ill!!.' more nclnmc· <l in th 1 cent .)rs of 

th, illCliYicluaL·. It i.- po:sihl .. that th , 1ahrndorit is n ·tompani <l by a 

:nw11 amount of mor ! acid fp]d:par , nrnl ~in in zonal grmYtl1 \Yith it. 

rrhc· alt •ration of tlw fp]<lspnr n ':mlt. in th' pr duct ion nf th • sam .. 8 c-
ndary pn <lu ·t: forllH!<l from the ~li~.d1tly mnre fl ·id fol<l.'par nf th ., diorites, 



234 THE CRYSTAL FALL IRO~-BEARING DISTRfCT. 

mica (both muscoYite arnl biotite) I iclot -zoi~it , and calcite. The plagio­
clase how .., very beautifully th ff t • of <lynamic action in local oTanu­
lation of the peripheries of th indiYiclual. ~ uch line of granulatecl f ] h-par 
can be followed through the R rtiom;, probal ly indicnting , hearino- plan . 
Inclu 1011. · are common. c'i om stout rntile CTY" taJ -. w re ohserv cl in the 
f ld par. In some ca es minnt lrnir-lik ne ell s which in a few instance 
TI"ere of a :-;ize sufficient tn a lmit nf th ir ready determination a: rutil ., 
were also found l)enetrating th 1 lagfo h ~e. 1ryRtal~ of apatite an 1 ir n 
ores are ab commonh- inclucle,l in it. There haYe also been found in a 
few ea.·e~ minut h xagonal I lat , "hich cu· translucent "ith brmvn c lor, 
and are pr .·nmabl. - micac • ous ilm nite. 

}Iention of the pres nc nf orth cla, in th ·e r ck:-; is nrncle with ·on­
iclerable doubt Her and th r a f w plate ' of nnt,vinn 1 £ l Lp, r, 
·h win()' a eharacter somewhat differ nt fr m that of the plao-iocla. })lat , 
were ob erved. ...\: will he s n, the p :~ihilit - of it· pr s nc i • indi at d 
bY the nota-·h ,·1 own in th anah- i::;.

• .1. • 

Biotite.-1he hiotite in th eoar:-; ,ly vranulnr rock i in in gular plat . 
They ar fr quently in ·lu 1 <l in an 1 atta h l to th out id of th horn­
bl ncl . It p ri l of rrystallizatiou thu:,; oY rlaps that of the h rn1 l ·ncl 
th ,uo-h on the whole 1 ing ·ont mporan ms ,,ith it. In the fine-grain l 
r ck~ l iotit i:-; h tt r cl Y loped th< n th hombl ud , and is appc r ntl 
for the mo · part old r tl an it. In tnlor it Yaries from a rich r dcfo,h bro"'TI 
fr ray -- Yihrating parallel to th ·leaYc\O' to n light y llmY for tho.· I r­
pernli ular ther to. It includ -. trystal:-; of zfr on aucl apatite whi h are 
~ mround 1by pl o ·hr i • halo:. 

Hornblende.-In mo.'t of the :-- ttion:-; lwrnhl mle il-l th most .·trikiuo' • m­
ponent. It i: pre: nt in th gnl l ro~ in three <liff r nt Yari Clti ,·. 

OTprominent kin 1 i • a reddi:-;h-brown hnrnhl rnl , whi ·h ha ' a dirty n 
hornblende ·ommonly a:;-;ociat ~tl Y,ith it nrnl frequently int rgrown , ith i 
zonally. This hornblench~ occur.' ,Yith nt th gr n but th gr n i 
iirnuiahl~- a · ·o iate l with th"' hrnwn. 1 h tw nr opticall - outimH u in 
the int rgrowth . It is po:-- ·ibl . thnui.di not sus I tibh of pro f tha th 

0
T n i • th rw·ult of th • incipient alt rnti n of th brown. Th . • mcl 

hn l i • compa ·t, strongly pl ochrni •. • nnm m gr n hornhl ncle and th 
third i: a none( mpact, r d:~ Yariety If lie-·ht-gr n hornbl nd . 'I h fir · 

https://thnui.di
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two kind. of hornblende are pr Kmne l to be primary. The third variety js 
econrlary, hut Heconclary after th orio·inal hornblende, thu, not affecting 

the ·haraet r of the rock. 
Th -fir:-;t Yari ty, th :l r dcfa,h-hr<n,n hornblend orrur in the gabbros 

iu a11lieclrn. \ znn;:il structur js murk d by brown hornblende occupying 
th • nt r:-; of th crvstals ancl hy- dull gre n hornblende which agreea 
opti ·ally with th brown, oc· np~Ting the out id s. Th brown hornblende 
i,· :omewhat lighter colorecl than 1 asaltic hornblende. rrhe pleochroism is 
,·tronu in tli _. following colors: BrmYn hornbl nde: a light 3Tellow or reel, 
with ting of crpf>n; b, reel hrm·m; .c, am or darker red brown, excep­
tionally y:.1lm11:i:h-hrnwn; c~b>a:. :Treen hornblende: a, greeni b­
y Dow; b, y }lowish- or browni. h-gr en; .c, dull oli--rn green, frequently 
with hlui . h ting ; .c>b>a:. 

Thi: hornbl ncl -1, with respect t its rather exceptional pleochroism 
and it: g ..n _,rnl drn,ratt r., . e m. to ,1gr e very well with that cle ~cribed by 
v( n Horn from Yer. i-;imilar rocks from Ital_ - and, like that, i probably a 
v ry ha, i • l10rnl lc•rnl .1 Twinning parallel to 100, oo P oo, is very ommon. 

n imp rfeC't parting parallel to the orthopinacoid 100 oo I? oo, was also 
oh. ·Erv cl in .·om c:v 1:. It i.' al~ indicnted by th plat_ T inclu ion. which 
1i in thi: pfon In , om .. of the s 1 cti n , wh re th oTe n hornbl nde i 
11 t internTown with th brown th oT n kirnl show"' Yerv commonh- ar ~ J 

. y:t rn of finp ~triMinirn parnllel to the I ~ifo-e orthodome 101 I? oo. In rare 
·a:_,:• tlw hr >wn l1ornhl ncle iH int roTown \,~ith nlmo t colorless hornblende, 
11-' "nd of < cryt--tal h--1ilw brown, the th }r f,1intl~- yellowish. Irregular 

mottl cl i11tero·rowtl1s f th• two wer . ahn found.
h 

Th normal brown-gr n hornhl nd • is r ml r d poihliti in . orne 
p.). ·im ,n. • hy a f .).,v rmmch•cl grain:-; of p rf ctly fresh pyrox n , ancl a1.'o by 

p1agio ·las 1 -ryHtal~ which jf jnelucl l:-i. This smn kincl of h rnb1 nde is 
fr ·qu ntl .,. rencl ·l' a V r~ ~ <lark hy th:, numh }r of X eeclinglr 'mall inclu-

j 1 ,· w]1i ·I it c mtain:, n]l(l in thi: crnc1 also in it. re<ldi:-ih-hrnwn color, 
r .• mhl .- :o :tro11gl_ ,. 1 Hrn)· liyp r.-:-th 'll":-i HR t< b r-indil:v mi~tak n for them 
up m tu~orr e, ,rninatinn. Th):-il' in lusion; ar of s Y ral kincL, nll dis­
tri1mt(•cl throughout th snm< irnliviclu< 1:-;. It is impos ible in studying them 

1 p trogrnpbi c·!J Pnt r. ncbnng<•n iih r 1lie noritischen (;e:-.teine der Umgeg nd von Ivrea in 
h ritalien, by I◄' . lt van Iloru: Ts hernrnks mineral littlwil., \'ol. X II, 1897, Part V, p . .._.)9. 
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to D'et any optical te. t ', except that of xtinction, owing to the minute size 
of the in lusions and to the fact that where large enough for examination 
the tec·t--- were Yitiated by the pre:-1ence of the hornblende. 

Of the e inclusion~ :ome are r aclily distingni hable as rutile. Some 
of the larger of the crystah r arh a length of 0.04/) mm. and a thickne" 
of 0.0125 mm. ~umbers of them she "r the chnraeteri ti • h art- ·hap d 
and geniculatecl twin: of rutile ·o that there i ' 110 doubt a:-; to th c1et rmi­
nation. ~ --- ~ociated with the rutile ar other cry ·tals 0.019 mm. lo1w which 
, how the typical pointed pyramidal de,· 1 pment of octaheclrite ( anata.---e). 
~ 'till other ·how a flat tabular 1eY lopment om ·what imilar t that of 
brookite though these could 11 t b l o... itiYely determined as that min ral. 
The hexaO'onal plat ' of loY -br wn olor o frequent in hornblenc1 and 
ab1 in hyper theue o ur al · 1 in thi • h rnb1 ml . They are b lieYecl t be 
micace u: ilmenit . The thin plat :.; are trnn ,luc nt, thick r on s are les 
o and tho e which are till thick r ar paque < ncl m tallic. Th thin 

plate ~ appear wh -'11 on e<b·e as fine hairlike streak . The thi k 
appear in the same po~ition a ' rnor m 1::.l-is rectangular bar r rod:. ( ft n 
the e mall plat , ar as o ·iat l \Yith mass • f iron xide, al · in ·lrnl cl in 
the h rnblende. Thi iron ore u ·curs in the plat , and bar~ charac-t •ri~ti 
£ r ilmenite. The ilmenit ma-. s are trnnslu nt onh~ on th e lg : , 
wher th lid has ut th mass in su h a maun r as 1o giv an x·e J liiwl . .,. 
thin ,'e tiou of the or . ... t su h pla • :-; the ore i:-; tran ·lue .ut with th 
ame br wn c lor a.' the thin plat l~. noth r rar Yariety of th in lu-

·1011 , o ·ur in round grains >f ri ·h 0 T n color, and may pos ·ib1r a 
:pinel. 

In tho:_, ,· eticH1. in which l th rig-inal brown and orio'inal 07 n 
hornblend o ·cur th~ in lusi 11:-- ar confin -'<l to the brown kincl. \Yh re 
th - brown kind i,' 'UlT nm lu.l b:- th !.!'P n hornhl rnle the in ln:-;ions grad­
ually ,limini:-1h in <]_nantity as \Ye ap1 r ;_l h th gre n zone. ,Yith thi.- O'O .. ., 

al:,o hand in hand, a light -'ning· th e lor )f th" in ·ludiug miu _.n1])f 

(1 ro,vn h rnbl ml ), an l th r i~ thus an imp r ptihl c.i chan(J' from the 
brown to th o·re u ltornhl ml . ,rher tl1e gp 11 homh1end o ·cur clone 
it is fre<1nently a· full of ine1u:--it IL' c:... i~ th 1 rnwn 1Drnh1 nd of tl r 
:e ti 11. ·. Inclivi<lual:S nf th :am ::, ti n. <l.ifflr from m anoth r with 
r ~pe t to th c1uautity of th:. incln~itn ·, m b ing crowd J with them, 
,Yhil oth r.-- are practically fr., from th rn. 
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Thi:-; brown hornhlencle, on alt =-ration, break:-; up into a.ggregates of 
epiclote-zoisite and light-green chlorite. 

Th(_:. r-;e ·onrl kind of hornhlernl is th perfectly fre ·h, compact, com­
mou <lark-gr<:>en kincl, with pleochroi:-;m nu-ying from yellow for a, to 
y llowi.·h-gre n for ·b, and to blnif-h-gr ~ n for c; .c>b>a. This is found 
in vc.,ry few ca:-;e . It app ::.ars in ev ry instan e to h a primary constituent. 

Th=- third kind of hornblende may he primary, although the evidence 
obtainable point:,; to its :,;e ·ondar~ ... nature. It ha:-; a, light-green color, and 
when examined for plcochroi" m xhihit • a scare Jy noticeable ehange. 
This homhl -'lHl.. ,liffen; v ry mu ·h frnm the other t"To hornblendes 
desc-ril c'<l, in that it i~ not compact, but oc •m" in ag~:re 0 ·ates of coarse reccl­
lik (schilfaehnlich ~) individuaht \1ch ..1ggregntes do not at all resemble 
uralite. Th" irnlivi,1uals .-tr far too c,1nrs and wedo·e nut at, hort distances 
within tho amrr __.gat 's. rI'lte n,o· 0 Tegat ~ occupy irregularly shaped area.·. 
Tlw ng-g-regates cons<'qu ntly lunrp a c-oar:-;e pnt ·hy polnrization. They are 
frequently KmTound 1cl hy raggccl pi le s of biotite ju---t as nre the plates of 
cornpact hornblende. )IoreoYer, th).'" occur in roek::; which ::-;how pr .. :-s, ure 
effocL·, ancl are he~t <lc-'Yelop 1 <l in tho:-;1: in which such effed:5 are most 
marked. The ag-;1-r:ignt >: ratlwr freqLwnt1:· occur with irregular pie ·eR nf 
the gr •enish or lmn·rn rompact intn·po:itiou-beclring hornblend' honlering 
th .. airo-r(•cr,tt, • or in th miclMt of them. The lio-ht-o-reen r_.edy hornblende

b b , 

m·,· •r contain: snch int 'rpo~itin11:-;, hut do:.;-; hi.n-e H:-:isn ·inted with it fairly 
h1ro- • "Ttti11.· of ruti) , vvl1ieh 111a:· p ,rhnps he: rnnsidere<l ,h, 1Hffiug been 
d ,riv ,<l from the Yarions titnninm-h ari1w 

~ 
mi ·rnlit •s iu th' ori~.6ual hrnwn 

~ 

hornhlc·wl<1 'I'lw µ:('11 rn l appearanc· • nf tlws' ag·o-regates c~nd thefr Rf-SO-• 

·ic tion ,vith tl1<~ oricrinnl lior11ble11<l • :--.l'<-'lll to point towarcl their secondary 
H'ig:in from tlt .. lattc,r throngh tlH' •ffe t: of pressur •. 

Pyroxene.-TlHj P~TOXell 1 •ornpri~ ·s hoth a monoclinic nrn1 au nrtho­
rho1nl)iC kiwl. 1 lw:e ar • tlw ii.rM of th} bi8ilicnt ·~ to cr:y"'tallize in th ~se 
crablm,;-,;. Th<~ rnonorlini(.' kirnl is nf two Yarieti s. Th=- fir::.t i: in co1orle , 
to faint-pink µ:rains inC'lndecl in lnrq•(! plat • of nrig-ina1 hrmvn hornblende. 
Tlt •..:e µ:min: hav, ,1 wc·11-dP,·c•1up .. ,l pri~matic eleava0 • . )n basal ection 

·liow, v ·r,\" 11i<'(.>1y tlto clrnrnd ·ristil' p~Toxc:n cleavag . The extinction 
111t·H. ured ng·:1i11st t11, prisn1Mil' cl ,ayng r 'nehcd as hig·h a. f>O degr ~e,'. 

T1ti.· l>.'Tox •11 • i.· pr<•s1unc:,l tn h' augite. It n Y r Rhow.· cliallagic parfow. 
In oth,1r .-~~ction~ 1lw m011m·li11ic pyn x 11 • is a ·1 ar w·hite to fainteHt 
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green malacolit or tliop"ide. rrhi:-. i:-5 ir: n undish oTains included in the 
orio·inal green hornblende, whi h it equaL' in quantity. 

The orthorhombi pyr xene oc nr, in irnliYi luals which ,how fairlJ 
good pri mati deYel pment, but with l'Ound c1 t rminal faceK. The pri:---
mati • cleavage i.· Yery well de,·elop <1. .... tnmsYer··e parting· i • al. o ·om 
mon. The pyroxen i' usually nlorle, :-5 but in some a ""'e,.., a . arc h' 
noticeable ple hr< i ' lll wa... ubs rYe l. Yaryino· from n, faint-oT eni. h tinge 
for ray · ·dbrating parallel t< c to a yello"{ for t.hoHe parallel to a and 
b. It contain: ·mall, dark, . tr ak-lik intrusiont-i, some of which under 
ex ·eptionally fi-1T rable c nclitic 11 nre tnm 'la.rent with n faint-oT .. rfr·h 
tino- The exit of th • bisectrix in 1a ·al e ·tion:c;, as well a ' the parall l 
extin ·tion, r n<l r: it a. ily <.listingui~h<-1.bl from th monoclini PYT :xeue. 
The optical a110'l could not l 111 a:ur 1 but wa • cl arly Yer~r lc-ro· 
hyperbola, pa, ·ed c 11111 tely out t f th fiel l of vimY. rrh orth rh mbi • 
pyroxene 1:-- YidentlY n ·tatit ( r hrnuzit ", and th pleochroism 1 arly 
point;-; to it p ·ition near l ronzite. ...\. few Tptal" of rutile and ::1] ' O ~ m 
of the ilmenite plate ·, .·o c mmon in hyper 'thene, ,v re found oc ·urrino· in 
the bronzite. The ilm nite plate:, are in rath r rar" irregular patch , in the 
cry ·tal.·. 

In many ca.·e • al01w ~he clea,·age line · or around th 
crY tal • or along· the tran~ff r:-.E l nrting· }Jlane: are narrow zon .• f a .·e ·-., '--' '--' 

ondary ~-ellowi.'11-oT ~n, finely fil r u., s rpentinou.· min ral. B y 1 <l. 
the ·e zone· i:c; a pur whit~ H•YoT gate )f cornlnry ta.le .··al;;:-, (Fio·. B Pl.• 

........ X./YIII). ... mong the;-; sl:al ~ ar' a f ·w minut rutil cry8tals au l al'< 
a few black f rruo·in )lV ~pe k ·, th ~ 1n· du ·ts hei1w l robabl. ~ l rfr l from 
the in lu ion · in th l r nzit , and the f rnwinou • mat rial po::ibly to .., m 
extent from the min ral its lf. In · 1 m ca· , inst ad of th int rn rlic t 
• rpentin z n th rather rar o ·mT ·n ·e it4 bserv "d of th pa8:ag.. f 
th br nzit directh- into th tal • a o·O'reg·n t '. . ' 

Olivine.-rrhe d -'t nnin<ltion of th, orio·innl 1)1' CA~ 11 of olivin.) in th
0 

gabbn i • rocks i:-- l a:-; "cl upon '" ry ,.,lig·ht .. ,·id nc . In ~ome of th . • .. ti u.· 
c utainino· mwit almn:,t '" rY imliYi<hwl of thi: atwit ha.- n ar it:-; ' nter 
a r muled, Y r~- n.1.r ·ly irr :rular ar a of y llowi ·h-gre n fibrous q "'ntin . 
Th • area: ar ·harply tlelimit d fn m th surro~m<.ling- 1 yrox 11 awl th 
c n ·lu:i 11 :-- .)m ·warrant 1 that it rE:ultt:> l from the alt rati 11 of . me 
min rnl inehul cl in th pyr x n . rl h nnly bi ·ilieM .. foun 1 in tl1 .. r ·k: 
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of the di trict which cry~·tallizecl before the pyroxene i , olivine. In the 
periclotite, to he de:-- Tihccl in the next ection, thiB is u. u?-llr surrounded 
by monoclini or orthorhomhi • 1 yrox ne. Thi , altered mineral i::; uot 
important in quantity. 

Iron oxide.-Ilmenit and titanif rou: magnetite OCClll' in SOlll of the rocks 

in con ·icl -'rabl ,. quantity. Both alter to :;phen _, and rutile. 
Apatite.-Amouo' the ,HT ssor~- min rah, npatite i • perhaps the most 

common, and, a u ·ual, on of th ). Y )r~- em·lie ·t mineral.· to cry tallize. It 
i c ntained in a11 th -':ss ·ntial constituent·, and in Liotite i:-; surrounded by 
ple hr 1c halo . In .·om., ·a · .• it ha: e,-en crystallized b fore phene. It 
is notic able in ome .-ections that oT at numbers of apatite cry. ta]· are 
arranged al ng lines representing .- _, ·tiou.- of planes Letwe n the plag'ioclase 
plate:;, thu.- practically outlining the f lchpar individual~. 

Sphene.- In many cases in thes crabhro:-; ph ne i: fonud coutaine<l. in 
som of the fre,·h .,.-tr ·k· a.· an ori 0 ·iual a ·ce , ·ory constituent. It is present 

in larue, ·t c1uantit~r in the Yerr finest-gyain ll ga1 bro::-., which shuw a parallel 
textur . In th 1.· rotkK .-ph "'lle in som case surround;-; an iron ore, which, 
to judo· -' from tl1 ~ ro<l-Iik .- ...ction~' whi ·h ar ) so common, i ilmenite. One 

miuht b 1 le<l to think that the sphen wa~ ·eccmdary in , u ·h ca ·es, hut the 
iron or., is perfo<-tly fresh and, con.-;i<lerino· that in tlie sam • thin section 
er r, •taL.; of apatite are aLso smTnurnl-'d by ·phene, it R m.' clear that we 
ma,v con:idJr such .·ph n 1 ,rn original. It thus appears that a portion of the 
titanium oxicl 1 ·omlJiu d with the iron oxid::, first, forming the titanic iron 
or~. Thi.- wa:; follow \<1 hy th cr~-.·tallization of th al ium-titauium 

·ompournl, thu. • giving- tb l :-;ph ~ne. In the:-- l ro ·ks sph n i • not in cry 'tals, 
but jn grains. rl h ls, oTains are arnmg tl in lnnQ' ehain~ 1 : -iug Letwe n the 

tlwr mju )ral con,tit1wnt and with th lono- dircctiou of th iudiviclual 
grain:-;, a: w •11 a· of th lin -'S of gTain~ parallel to th ;l long dire tions of 
th_. other 011.-titucnts of tl1 , nwJ-. 

Zircon and rutile.-Zir ·on i:-; in Yer:r snwll <1n,mtit;~· Rutil show " it· u ·ual 
elrnra<'t 'I\ ' . It i.- rno;-;t c·ornmonh,. a:·nJ ·iate(l with th o ·tahedrit .1 (auatase) 

awl brookitc (?) a: inclu:ion in th hornhl •nd -'. Th iron oxide is chiefly 
pr .. ., ·nt a.- ilm •nit:., with som tihmic maQ:n tit . 

1 h ' : ·<· mdar - mi1wrn1s luw .. ,lh· •,uly h n m nti n tl ancl th ir har­
a t ·r,· d •: ·rib ·cl uncler th d .:3rriptio11 < f tlP mi1Prals from which t1P DP? 

<l ..riv ,d. 
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DESCRIPTION OF INTERESTING KINDS OF GABBRO. 

The miuernl: de:--eribe,l alxn-., a:-; th 1 ac.ling s ·ential con tituent. of 

the rock· to he de ·cribed may h cmuhin d in varying quantitie~. \. ·cord-

in!l,' to the;-;e ·omhinati n~ a numh ·r of different min -'ralo()'ical typ frock 

may he produ ·ed. rI he wic.le rmw., in miu •rnl cmnpo-;ition of the <rabbrni • 

ro ·k i: equaled, if not snrpa .·~~,1 by ~imilar Yariation • noted by Fairbank 
in certain ro ·k • from Point :\InrritP •1alifornia.1 It may ·au ·_, th, furth ..r 

de t:ription tn he mor., r adily und ·r tond if''" pr .1face it by the f-tatemeut 

that all of the:-;e type~, how Y 'l', m· simpl fat:ie:-; of a :ino·l magma. The 

important pha~es whi ·h ,,·ill he c.le:,;erih ·<1 ar ·, in the onl r of their impor­
tanc ,, hornhlernle-~·ahhro, cmhi. tin°· .,...,..., ntialh· of hornblernl(:' anrl Jah-

r \.. '- • 

ra<lorit • 0 ·al bro, ·on~i-.;tinu: of mono ·lini • pyrnx )ne and labra,lorit •, and 

hronzit :.-nnrit, ·on~i:--ting· c,-.,. ..ntially of lmmzit and lahrnclorit ,. Th 

Yariou: mineralo 1ri ·al typ ,..., ·xhil,it Y 'r:· int .,re~tin<r rmwe: in t ... xtur, in 

certain ca~ ,,.,, tn whi ·h a tt •ntiun \\·ill 1H; rnll "lcl. 

A hnrnbl •ml -gal)hrn form · a Inn~·<> k11ub in : <'. 1:5, T. 42 ..... H. Hl ,r. 
ju-.,t at th fout of th, ....... onrny Hnpi,1-.,. on th·" e:--t hank of th• :\Iiehig-amrn ... 

RiYer. Thi-., --'X}>o~nr, :--h<rn..., , ·t·n· }>rettih· a ch,m!.!.·' in textur ,. Tlw <'1Hlll"',. . '--' r. 
i11 texture j..., al-.,n a ·('nmpani ·d li:· a -..fod1t rni11 "'rn1ogi<'ctl diang ... Th• knob 

i-.. c·ompn-.; ,j partl:· of a tin •-,!1.Tai11e1.l .!.!,THllltlnr, hut more lm· 0 ·ely of a ('Oc r,<·-
grain ,,1 pnrph:·riti<', g-abhrn. Th, fin '-,!1.Tnine,l pmtion i:-; a pur ... gahbru 

·umpn:-;r-,,l of plagio ·la-.,<· Hlll l lm ,wn hor11l>l •11<l ·, ,,·ith Yery littl ... l irnwn 

mic:1. ... .,.o <1unrtz wa:-- nlN•lT ·<l. 11nr ,Ya:-- any (Jrtlw ·la:--e <l •finitr1y <1 ·t .. r­

miu ·<1. Th" pln!.!_·io<'lH...,t· i~ iu fairl:r well-de - ,loped ;iutemmphi<' plat ... 

Th· lwrnhlernk j..., tlie lml\nt Y,ll"iety. with 1mrn •n,u:-; rni1mte inc-lusioll 

\Yhi ·lt ha:-- ah• ... aclr h' 'll d •-..crih ·d, nwl j:,; not nlw, ys sow ,n cl 'Y(•lopec.l a. 

i-., th, pht!.6n ·lii....c•. lu pla(·t•:-- it pln~-.. rath •r 1 10r • th, rol • of a • •1w•11t. 

Thi · r ·lation of th• two min •ral~ r ·::-ults in formi1w m1 imp 1rf .. <·t <1pl1iti<; 

t ~.xtnr • in •plaec-.,, thou~.!'11 ◄ 111 th· whul • th twu min >rah; ar, ahout. •<1ual1y 

d ,y 1, 1p ,d arnl prndu ' ·• a ~Tnnnlar trn tnr ,. (.rig· . .A, Pl XLIY.) 

1The " olo!?y of Point t-a.1, by H. ·w. Fairbank : Bull. l>ept. ,eol., Tnh·. 'alifornia, Yol. II, 
!J .p.,3'et~eq. l 
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The coar.·c- 0 ·rnine<l porphyriti • 0 ·ahbro forming the greater part of the 
knob con ·i;t • of plagiocla.-c, hnrnb1 _,ml , biotite, and iron o.·ide, with a very 
:-;mall amount of pyroxene. Th) hombl nde occm"' in ph nocry t which 
hav irr:igular rounded :-;hap : in:-;t ad of hei1w ·well cry tnllized. Some of 
the 1arcre. t ph nocry:t.- haY a <limn t r of slightly less than 1 centimeter. 
Th-')' are poikilitfr, rernlerPcl ~o hy inclusion~ of lath-shnpe<l plagioclase and 
round ~cl grain. of pyroxene. (Photomicroo-raph, fig . ..A, Pl. XLI.) This por-

l>hYritie hornhl -'1Hl ~ j:,; a <lark reclrli:-;h-hrown , ariety containino· ·uch boTeat 
u ~ 0 

numher.· of minut in ·lusioni-; a· to he opaque in many pla e ·, which grades 
OY ·r into, arnl i.- in many pla ·e~ in optical continuity with, a dirty green 
hornhl ,ml . 1 hi • green horn bl nde i~ in anhedra and forms the cement 
for th .. feld.·p~tr, and the two togeth _,r th) 0 Tmmdmas • for the brown horn­
bl ncle phenocr y.-t.·. Th plagincla:-- • is mo t c m1monlr in broad, well­
d •Y _,lopecl er~ -.·tal:, whi ·h frequ ut1y o·iye quadrati ' ction . ome few 
grain· of a pink mono ·linic P>Tox<:11 1 ar inc1udecl hy the hornbl nde. 

Expo.-ur •,· of a horuhlemle-o·abhro with inter ,,,fow facie a ociated 
with it Mtur in th 1 Koutheastern eorn r of ·ec. 15, at the , outheastern corner 
of ,· .. c. 22, •xt ndino· •a,t and w :-.t throno·h the northern part of c. 28, at 
the , outh a:t -'m ·orner of se •. 2, , and 11 the w ·t bank of the 1\lichigmnme 
Piv •r in ,·e •. 29, rl. 42 H. 31 "\"\ ., at th .. 1) ·ation . 100, "\Y. 1,250 paces. T., 

Thi.· i~ m dium to C'oar,·e gn1in ,cl arnl 1f a oTaY color from a hort di.-tance. 
Examined at mo I ,rat •lv r1 .·e c1mtrt r:-. on di tinguishe., very readily a 
milky whit £ lcl·par aucl a hla ·k or clar]~-gr en hornblende in about qual 
qnantitir:. rl h micro.·eopical •xamination a<ld • to the· two min ra]., in a 
Y •r • ,. ubordiuate quantity biotit •, pyr )X ~u : nnd ortho la:,e. The labra­
dorit'· plno·io ·la.-e i: iu m •<liurn-hro:Hl irr •0 ·nlar plate·, though at times 
approad1i11cr a, Y •IT di,·tinetly lath-~hap<!d form. The ortho la. i • pre ent 
in a f •w rar, inclivi<lual~ in th form of irr l~·nlar plate·. Th hornbl ncle 
cmi. titu •nt i: in irr 1 o·ulnr pl,lt •~ arnl yari ~ in ehnract r. It may 1 e the 
brown or th , nT •n vari •ty alr \ncly- cl ·~ -rih d or the two to 0 ·eth r in ., pa­
rat, in<livi,lual.- or •Y •11 th, hrown °T::Hliiw into the OT lll. Thi, oT 11 i 
migi11al awl not tl1, alteration product f th brown. Biotit i, th normal 
r ·cldi ·h-hr wn kind in irr •gulnr plate.. rrh pyr ),· :.ne i • usually nb ·ent 

.i.ION •x. vr--16 
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from the ·ections of the 'e rock: but when pre 'ent it i, Yery rare, anl o ur" 
in ·mall irreO'ular grain not un ommonly int rgrown "·ith th h rnblend 
and eYid ntly old r than th , hornh1 -'11tl . It i~ light gr en iu ·olor, ·with a 
carcely noticeable pl o hrni...;m. It · m moclini chara t r wa.· r a<lily cl ter­

minable; hut a more exact d terminati u ·wa not made. It lo ., n t h \V­

eYer, ·h ,v liallaO'ic partirw and i.· diagno ed a ' po "' ibly diop ., id . 
The fekLpar ·ho,n, th bet cl Y lopm nt of th ace ·ory min ..ral •. 

It can rarely howeYer l :aid tt b automorphic. The textur i.· on the 
whole, granular. 

From a niineraloO'ical tudy f th rock alone on would unJ1e ·itat-
ingly place them with th di rit p ially if tho 'e foci • w re en in 
which the pyroxeni c n ..titu nt wa' ,..rnnting. 

The following aiialy 'i • ( p. 23354:), btained from Mr. Ge rge teig r, 
of the 1Jnited tate Ge loo-ical mY y how the h mical comp "iti n 
of on f the rock: : 

Analy, i • of hornblende-gabbro. 

~-lr,;:7 __1~ 

iO~ ················-·-··1 49. 0 K~O -----·····-----·----· 
a~ .................... . 

:~~~3. : : : : : : : : : : : : : : : : : : : : I 19: 7: H ~O 100)-_ ............. . 

Fe.0 3 • _...... ____ ........ , 6. 32 HJ 100 '+ .. ............ . 

FeO . ___ --·. __ .. __ ... - .. . . 49 P~O,, .... - . ......... --··. 

l\lnO. ··---· -----· -·-· ---- --·- .... -· C ~ ··-· ................. . 

I CaO ___ ____ ...... ........ 11.33 'rotal . . . . . . . . .. . . . . 
MaO. ...... ...... .... .... 7.05 

.61 
1 

2.22 

.13 

1. 71 

. 0i 

.15 

1 . 3 

'-- ______.,_______,____________,_________J1 

n xaminati n of th analy i h w' that th m1 ro " • al d t rmi-
nation f the r k a.' a di rit would 1 in rr t if w ac pt a ha n 
d ue in the pr c dinO' pa{J' s, Bro 0 ' r:,; charact rization f th di rit arnl• 

abbr famili '.1 

Th r k analyz l i: h ml ·11 bro n shown by th r latiY l 
hio-h c ut nt in th ·hara ·t ri ·ti a lin arth ', ·iall • nrno-11->:ia, 
whi h u ually ap1 ar • m my r • l r I rtiou t the ,·ili ·a, c nd in th 1 w 

p r eutaO' f alkali .::. 

1 Op. cit., Pnrt II, pp. 35, 39. 



243 GABBR.O AND ORITE INTRUSIVES. 

HORNBLENDE-G.A.BBRO DIKES. 

One of th ~ exposur .• of the aboY -de ~crib d hornbleude-gabbro-the 
one ou the w ·t bauk of the Iichigarnm Riv r in section 29-i very 
inter sting ou account of at lea t. two different series of dike which cut it. 
The coar,'e-grainecl hornblencle-O'abbro £ rm the main ma of the knob. 
Th dik r k • may be <livid cl into th fine-grained hornblende-gabbro 
f rming the arli . t dikes and th oar -graine l bronzite-uorite forming 
th late t dik . 

ome of th sp imen of th fin -oTained rock are ma ive, but the 
greater l rtion p .- 'e ·s a di 'tinctl T parall 1 texture. The e are distinctly 
mica • ou , . The rock of the dik ha • in general very much the macro­
s pi al app aran of a biotit -mica-" hi t. The dike are very narrow, 
n v r more than 18 in he wid . Th larger one end off branches, and 
in pla ' in lo. angular piece f th coar e diorite. Thu the relation of 
thi • fine-grained r ck to the main gabbr mas i p rfectly clear, though in 
places jt o lo ely r emble ', ma r opi ally, piece of mica- chi t that in 
·pite of the bran hing of the dik , indi ating their iutrn i e nature, they 
w r .'Upp d b ne ob erver t b curiou ly haped tringers of the 
mi •a-. hist. in luded in th rnain ma f the gabbro. 

Th not do not in 1i at fr m ju t what porti n' of the dike the 
, p h uce it i impo "" ible to tate po itively that the 

part ar near t th ed and the more granular portions 
n ar r th c nter, a. ne would naturall " xp ct. Ilowever) in all but one 
f the , p im n. • whi h how a utac b tw en th dike and gab bro 

whi h th r I netrat , th r •k 11 ar ' th nta t how a parallel struc-
tur . II n • j ma r 1e .·tat d that in • rn a " th dg of the dike 
ar the J porti ns. Th:\ on , p im n referred to above is 
granular and mu ·h fin ~r gntin d th nta t than farth r fr m it. 

•Th mi w,' th r th dike to be a crabbro differing 
littl in hara t r fr m th 1nain ma.\'. Th plagio la i • w .11 develop cl 
in r tau :rular, mor:i rr ] '.' lnth-.,hap d r. ,. tal . l\Iicn, of ri h brown 
• lor i.· rath "l' m r ~ ahunclant than u ual and i • in about qual quantity 

with th ho1 bl nd . r1 h h • rnbl ml it-1 l r wn r fa dirty oTeeni h ol r, 
ntainin,. th in lu ·i ll-' m nti n ain th l tail d ' riplio11;• of th mineral 

f th gahlm ,'. ► \Hn irr gular 0 Tnin' f a lio-h -oTe n augit (cliop ide) 
w •::i ob.· ...rv •<l in th ,' •ctio11:. Orth da: (r) h1 °Tain' i , pr ' nt simply 

c 
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a· an acce ory. Ilmenite occur in irr o-ular ma es iu rod- ·lrnped piece .' 
~ 'phene i'"' pre ent in orio'inal 0 Tain,' ancl al o a a secondary produ t after 
ilmenite. Apatite occur.' nncl i • sometime· included in the phene. 

Themot trikirw featur of th rork i it· textural variation. ~ 'ome 
of the ection how v-ery 0 -ood granular t xture; other have a fair ophiti 
texture; the most common i a ·trikin<Y parallel texture which macr :.; pie­
ally gives t the rock a ·chi to e appearan . Thi may be een v-en in 
the ame ection with the >phitic t xtur , the two grading into each other. 
The parallel texture i • oc a ·ioned by th arrangement in a comm n dir c­
tion of the lono- diameter· of n arly all of the mineral ( fig . A and B Pl. 
XLII). The graiu • of ·phen oft n lie in long trains agreeing "·ith thi. 
general paralleli m. One' fir ti lea would probably be that th textur was 
clue to the cau e which ha' pr du • cl parall 1 tructure in mo t oth r an jent 
rock -pre ure. How Y r it can not b r ferred to thi , as the mineral -
with ome individual exc ption - lw-w ·light or no pre· ure eff ·t •. 
Appar ntly the only xplanation b rn out by th facts in thi ca· i • that 
we have t do with a fluiclal t xture, pr due d by the mo-vem nt in th 
magma con equent upon it: inje ti ll1 al 1w th fi sur i1J. the gabbr . the 
paralleli m of the mineral~ ao-reeing with th hounclino- ide of th fi,·. ure. 

BROXZITE-NORI'l'l<} DIKE. 

The main hornblencle-O'abbr and th fin -<rrainecl dik , ju t cl cribed 
are cut by a dik ab ut. 3 £ t wide f c ar e r ck which r emble: that 
forming the main ma.._:"' of th kn lr in Y ry way xcept that it c ntain: a 
very much altere 1 rthorh ml i pyrox n (hrouzite) in gr at r 1uantit 
than the hornblende. The r k is a v ry pur kind of bronzit -norit (fig. 
B, Pl. XLIV). Th foll ·wing analy:--i. ( .....o. 1, p. 237G-), by Mr. G oro·e 

tei<rer :how· th o-abl rn affiniti ~ of th r k. 'Ihe high p r entao· of 
mao-n ia oive • a cl ar irnli ·ation of th important role pla r ~ l by th bron­
zit in the mp ition of th .l n ,k. 

1' ith th analy:-;i~ of th 1 r nzit -110rit th r j plac 1 f r m1 ari.~ n 
an analy ·i, ( .,. o. 2) f a n rit fn m Ivr a, Italy, whi ·h IS , entially th 
·ame a th al v in min o·i ·al a· well a: ch mical nmpo:iti 11. In 
the Italian ro k h rper,•th n , in.. t ad of bronzit_} i th rhi .1f pyr x ni 

con tituent.1 

1 Petrographiscbe ·ntersuchuugeu iih 'r di• uoritii,t•Len Ge t ino der Pmgcgcnd von Ivrea in 
Oberitalien, by :F. R. van Horn: T'chermaks mineral. Mittheil., Vol. XVII, 1 97, Part V, p. -101. 
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A11alysf. of norites. 

].L----
81O~.............. ···--· . .......... . 48.23 

TiO i ........•........ - .. - ... - . - - - .. I 1. 00 
Al1O3... _.......................... . 18.26 

J.' e20 3 .............................. 1.26 

;:t:::::::::::::::::::::::::::::: --l::-
10.8--1MgO. ··--•······---···-·········-·· 1 

J{~O ... - - ..... - .............. - ..... . .73 

NaiO •••• -····· -·-··· •••••• ---- •••• - 1. 34 

IIiO 100° - . _..................... _. I . 26 } . 09
II,O 100° + ...... ..... : ............. ' 2.00 
PzOr. .......................... - ... . . 07 Tra.ce. 

col ................ _.............. . 

Total ......... _. _........... . 

48.95 

. 69 
19.17 

--1. 72 

6.71 

Trace. 

9.61 

5.03 
,74, 

3. 13 

HEC. 2H, 'J\ 42 ., R. 31 ·w. 1 1 200 N., 200 W. 

On the east bank of the Michigamme lfrver at 1,200 paces N., 200 ,v.1 

. c. 29, T. 42 ., R. 31 vV., ther is an outcrop which shmYs even better 
than th oc urrence just clescrib Ad th ~Yariation in minernlogical character 
and the relative ages of tli : Ynri .,ti ~:. ..\t thi • place th re i::; a knob com­
poi:;rd f hombl :lnde-gabbro esHentially like the genernl type described as 
tYI i ·al £ r thi di ·trict. This knob i:3 'Ut by a rock ,vhich is coar ·er in 
grain and a trifle darker than tl1 rnriety which it intrudes. Examined 
under the micro:fcope, it is seen to differ from the normal pha e al o in min­
eralogica,l compo.·i ion, and re:,embl :.; mth .,r closely in thi , re ... p ct the 
porphyritic vnri J t cl l,•crih<.'cl on p 2.J.0.. Like that, the hnrnblernl is red<lish­
brown, containing a large nnm her nf inclusion ' an 1 gradiug- oYer into the 
>T • ,n hombl ncl ~. ThiH hornblend' in ·ludes rounded grain of a white to 
pinki.-h monoclinie p Tox 1n, in :•mfficient quantitr to he characteri. tic. The 
pyrox n is n ·Yer antomorphie, n: on would perhaps xp d to fin<l it, 
thongl1 it wa: c,vidently ono of the fir~t min rah~ to er~,,. tallize. Contained in 
the pyrox ·no indjyfrluaL· ar rom1d((l .1r l a~ of yellowi ~h-gTeeu serpentine. 
'I h ~.·e an:m, are .-harply ontli11c<l from the pyrox ~ne nrn1 do not appear to be 
the r ·:m1t of it: a1t ,ration; <·011:-;e<pl )nt1y th ~ ·ondusion is reached that the 
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erpentine re ult from the alteration of a mineral older than the pyroxene. 
Io t probably thi mineral wa" olivine though no positiYe tatement to 

that effect can be made. Thi p)TOxene TOck also contain, au ex eedingl ... 
large quantity of apatit . ....To analy i , wa:· obtained of this facie ·, but the 
micro ..,copical haracter • nable U " to vlace it a a gabbro (po: "" ibly li·vin -
bearing) and to con ·icler it, like the bronzit -norite, as a facie of the l)re­
clominant hornbl ncle-o·ahbr . 

Thi , ·ame expo ·ure of gabbr i • cut by a coar 'e p ridotite (wehrlite), 
a de ·cription of which will be found on p. 253. In thi peridotit ther j, 

found a narrow tTip of ro k, about 2 in ·he wide, which i~ pre 'um l t 1 e 
either an inclu ion or a v ry narr w dike in the peridotite. The exp •·ure 
cloe. not admit f it · relation~ beino· <l. termine<l. mor a curat h -. The 
pre ·um1 tion i • that it i • a dik . '\Yh ther an inclusion or a dik , it i. 
younO'er than the ma sive hornblencl -o·ahbro forming the main exp .-ur . 
In this respect it corre pond to the g·al l ro just described (p. 243) a ·uttino­
the normal gabbr . 

Thi dike rn k i~ ma r 1i ally a fin -gTainecl, granular clark-O'ra T 

rock. The micro c p:, :-\hff\Y , it to h Yer~T fresh, porpl{yritic in t xture, 
and composed of ph no ry t. f 1 ronzit 1 Ting in a fin ly granular O'l' und­
ma":,; of 1 lagio la · , hornblende and orthorh mbic ancl mono lini p Trox ue. 
~o quartz w·hateYer was found a. so ·iat d with the e min ral . Th pla­
gi cla~e i.- th u ·ual kin 1, lal rn l rit . om un triate l f :ilclspar I ::illy 
rthocla..• , wa ah~o ol ·erY cl, though in Y ry- Rmall quantity. Th brouzit" 

1 i: in narrow pri ._ ms whi h r ach a 1 n°·th .of 1.23 mm. ( mmonly they 
haYe ·well-cl Y loped tram.w r~ l arting·s. It j ' worthy of not that a f w 
of the cry tat.., contain th br ,n1i::,h platy inclu ~ion · RO common in hyp r­
sthene. Ther i~ how Yer, 11) r lation 1 tween th color and pleo hr i c.m 
of the min rnl "Ul ·tan e and the~ :i hrowni:-\h plat ". Th l ronzit" i: v ry 
lear with weak ·olor shol,·ino· a ~car 'ely tlistiiwui~lrn hl 1 crre ni ·h tiuo· 

for th ray:-; ,""ibratinrr parn11 ·1 to c, "Tith ~·ellowi ·h for the rnyK pan,11 1 t a 
and b. In on ca.- th hr nz-it ,,·nK -=·e n altering to a gr eni:..;h-:· 11 w 
fibrou, aggr o·ate of : 'rp •ntln . In th ) gr uudmass thi: Kam urth rhombi • 
pyroxen i: r pr :,; nt <l b>~irr gular 1rrni11:--. Th l10rnl>l 1 ncl 1.· th .. u:ual 
red,fo,h-hrown kind, hut liffer frnm that 8 n in the otlt r gal l r _, of t11i., 
di. trict in that it enntains ilm ::.nit in lu~ion • only-, with ut any rutil < r 
anata. e. It i • in nnh dra. ... faint-n•r ~1·ni:,;h pyroxene orc·m·s in irr guh r 
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x e1nom rphic individuals, formi1w a omewhnt smaller proportion of the 
<rrounclma. s than do s the l1omhlencl , but i, more abundant than the 
hronzit .. of th <rroundma , . ph ne is pre "'ent in con. iderabl::. quantity, 
an<l lik wi: ihn nite (fio,. A, Pl. .... ,,.LY). 

This rock . tarn1s b tween the hornhleml -crabbros and the 1write . In 
texture it might he ·omparcd with th norite-porphyritc (en. tatitc-porphyrite 
of ho.· nhus ·h) with holocryRtallin ~ <>T<mnclma~ '. But it <liffen; ntially 
from this rock in the pre. encl of a laro' quantity of hornblende. This 
hornhlen<l • connects it with th hornl 1 ucl -g·abbro:-; from which it content 
nf pyrox ne, both orthorhombic and monodinic, t 11(1~ to, parat it. Owino­
tn it. · obYiouR Plation to th"} bronzite-norite~, which like it occur as cliff r­
<!ntiation facie: of arnl dik s in the hornblend -o-abhro, I ,Jiall call it a 
'bronzit •-norite-porphyry," usi1w the t rm "porphyry purely in a textural 

, ->11.'l'. 

Th rock: mny h ompar '<l in th ,ir Yariation to thos) d(1 scribc<l. by 
G. II. "Williams from farylarnl, 1 ln... h )~t )r from D 1lnware 2 arnl by Fair­
bank: from (\t1ifornia} ...\ . erie f basic roeh :-;imilar in many re pects 
tn tho:-., of Cry,'tal Fall:-:; ha~ al~o r c ntly b en d s rib d in two interest­
ing paper: by Yan Horn 4 arnl ~elm )f 

1 r. 5 

DYNAMICALLY ALTERED GABBRO. 

N ... ar tJi ... junction nf :-,e<•:-;. 2G, 2, 33, 3!, T. 43 .i: ., R. 31 "\V., there is 
a large gahhro mas: which .-how:;; marked )Yiden ~ of dyrn1111ic action, and 
may w ,}1 h, eit c1 a. an •xampl, of a rn '.lt.:unorphose,1 g'abbro, or perhaps 
rnm·) d ,,lrly ::h a rock int •rmeclint) b 'tw n a hornbl "nd -gnbbro and a 
l10rnbl •wl •-o·n ..is.". r 011 • of th , gabbro: thn, far de:--crib d :--how any evi­
d nee of lun·ing taken part in , r.v l.·ten:--iY oro 0 'cnic rnoy 1 mcut:. T,he 
mineral: of but f 'W of th 'Ill . how mor) than th common ph )nom non of 
. ligl1t wan~ ·xtinctinn. II •nc 1 it i:-- ·1 ·m· that tlll'ir intru:--inn took pla e 

1Tho gahhro-. and as. ociate1l hornl1lcn<lt• ro k:-; occnrring near Baltimor , by G. II. \Yillia.111s: 
Bull. U ... G ol. nrn·y ~ •o. :.?H, 18 G • <lntlino of ~l olo!.!:y of ~fa.Q·land, Baltimore. l '93, p. 39. 

!! Th gahhro~ a11<l a'!scwiato1l rod: in I elaware, hy F. D. 'bester: Bull. l'.,. Geol. , nrvey 
.~o. 59, l HO. 

3 Tlrn g olo~y of Poi11t .'al, 1,~· II. \Y. Fairbank : Hull. Dcp. F uiY. , alifornia, Yol. :XI, 1 9G, 
p. 5G et 1•q. 

'J>etrographisch n t •r1mclnrngen ii her die uorit iseh n ,cstt'ino dcr ·m~cgend ,on !Yren, im 
C>heritalicu, hr F. IL Yan Ifom: Ti.cl1t•r111akH lllinnal., )littheil., Yol. ~\II 1~97, Part Y, pp. 391--120. 

• l>c:1· ha isch (,(, teinzu•qon lvrca im nl•h i1•t de: ~laMalloue Thal , by H. \\' . cba fer: Tschor­
ruak 1uirH·ral., ~fittlicil., \ ' ol. X \'II, 1 !h, Par VI, pp.4H5-517. 
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after the occurrence of the mountain-building moYement"' to ,-d1i h the 
intruded rock· have been ubje ted. It i • not belieYed that the ma. s 
referred to in thi • de cription i. • an exception to th general rule, hut that 
it· metamorpho"'ecl conclition i referabl to local can ·es, such a: haY pro­
duced the ·hearing plane· to whi h allu"ion ha' been made (p. 234). It may 
perhap occur near or along ~ome minor fault plane, though no incli ations 
of a fault haY been ob ·e1-Ye<l. 

The outcrop i • compo ed in part of mas ·ive gabbro and in part of the 
metamorphosed kin<l. Th gabbro in it· typical mas ·irn form (fig. A, 
Pl. XLIII) i:::i a medium to coar:,;e ()'rained 0 Tanular rock, compo""ed e entially 
of plao-iocla e and dirty bro,n1- 0 Te n ompact homblencle, the latt r b ing 
quite full of the in ·lu ·ion' m ntinn ,d aboYe a· commonly o • mTino· in the 
hornblende of the ro ·k in thi • r o-ion. In the metamorpho eel r ·k the 
grain i • much finer, the rock I :;~ '~ .. e, imperf ct Hchi:to~ity and the olor 
i • a lio·hter green than in th ori 0 ·inal. The component min ral are chieflv 
hornblende and feld. par, with :--om quartz, chlorite, epidot ·, cal ite, and 
rutile. Th . hornbl ncle has a lirrht- 0 T en color. It occur.' mainly in ao·<rre­
gate • of mall irregular grain:,. In snm a:es the:e ~ urrounc.l an angular 
nu leu.· of dirty brown- 0 Te n ori~,6nal hombl rnle ·ontaini1w th ~ame 

~ u . 

inclu ·i n, and in ever-v waY :--imilar to that of th, <.:oars -oTainetl uu -ru ;h d
• 0 

rock. The lio-ht-oTeen linrnbl ·ml ·ontain • none nf th se minute inclu ·ion· 
and •nh~ here and there ()'rain" of rutile, which, if the diao·no ,L-. of the' 
inte11)0 ·ition • a-; titanium min :>ml. i • rnrr t, may· po •:,ibly h cnnsi<lere,l a" 
haYi1io- he n deriYed from th -'Ill. Thi~ hornhl ·mle is helicY :.d to l>, s .. -
ondarY. It i • produc :.d by a pro • ·~ of m 1 dinnical breakino· down nf the 
orio·inal hornblend .,, accompani d hr r :.ny.'tallization. The proc ... .._,. i.... 
om what .~imilar to th Tushing uf ur linary plao-io ·la:c arnl the produc­

tion ,f a more acidi • ym·i ·ty. • may· b, s "11 from th:. ph tomicrog-raph 
(fig. B, PL ...... LIII) of a: ·tion, th· f hlspar ·xhibits ::-;igns of intens, -ru:-;hino-. 
The twinniuo· lamelh ~ are :-.tn. 11°·1 ,. L -'llt arnl th pi c •s po"'. e • wav .. .,. 
extin ·tion. )Im~:- in fact m ht, of th:. f ·1tlspars are fractured. ,,...h ·r "'" r 
these fra ·ture~ o • ·ur th' f ,J,h,par alnu!.r th .. (l~_i;e:-i of th fra tur •tl pcntinn 
has b en alt 'l' •cl pr du ·inµ: :-. •cornlary ·pidot nm: OYit , plcwio ·la · .. f ld-
par, and quartz~ th ln:,;t, 11< w .. y ·r, in ::-mall quantit:~- 'I he 1 iotite ha 

been ·ru. h <l. Thi~ lw:-- partly alt r ·<l t ehlorit an l th latt r c ntain. 
many oTain. of epidote. ► ·)Ill, gnmulnr ralcitc mul ·on ·id rahl iron 
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pyrite, are a1 o foun<l in th alter cl roek.... The ·e t-iecondary product: are 
ea,·ily di. tino·uishe<l from the original min rals by the total ab euce in them 
of wavy extinction. The effe t of the crushiiw upon the textur ha been 
to ren<l r it more or 1e. s "chi.~to.:e th resultino· rock re::;emb1ing in it. 
mineralogical character, all(l in texture au onliuar:~ homblende-gnei, s, or, 
when quartz i.' pr",' nt in but :-,mall quantity, a plagioclase amphibolite. 

RELATIVE AGES OF GABBROS. 

An attempt to determin~ the relation:-; of th Yarieti ~ cleseribecl re, ultecl 
in th ,:tabli 'hment of the follmving order of intrusion: 'I1he typical 
coar."e-graine<l lwmhlernl -gabhro wa~ th fir::,t formed, and seem" to be the 
mo. t wiclely dLtrihut •cl. 'l'hi: was th n intruded h~~ dikes of gabbro, vd1ich 
contain hoth monoclinic pyroxen •and hornhl ncle in as ·ociation and rep­
re:-; )nt a graclation to the normal gahhrn. 'rhes hornhlencle-gabhros and 
nornrnl g·ahhros were then cut by th clik 8 of bronzite-norite and bronzite­
norit -porphyrv. 

PERIDOTITE~. 

Until rec ntly a1l of the ultrahn. ir rocks ,vere included by mo:t 
p trograph T,' urnl •r th<.> family name of peridotit l . In th la~t edition of l~i. 
1ikro.·kopiseh 1 Phvsiographi :., Ro:--enhn:--ch has ~eparat cl the.·e rocks into 

tlw plntonic rork. · and th Yolrnnic · rocks. T'he term "peridotite" is 
r .·tri<"ted to the iir:--;t, arnl th la~t ar ·all cl th ) "pi rite~_,, Th charac­
t ri.tic <liff r •nc ,,, h -'tw, -'11 th ., two typ l;:- are Yery •J ...arl:v shown in the 
8p ·cim •1v from thC' \-y. ·tal Fnll , di::-trid ,Yhi ·h I have had the oppor­
tunity of . tucl vincr. 'I h, rock:-; h -'l' d serih cl agr e with Hu ·enbuseh's 
narrower cl finition of t11<· }> •ri<lotit •:,. 1 

DISTRIBUTION, EXPOSURES, AND RELATIONS. 

Th peridotit... cliJm, w· •n: all fonntl n :inr the Mi ·higamm RiYer, in 
•:·. 2D an<l 22, 'I. 42 r_, H. H 1-·w. Typi ·.ll w •hrlitP ,vith Y ry littl green 

amphihole i.· fonncl on th P~l.'t hank of the )Iichi 0 ·amme riYer near th 
·enter of c. 22 T. 12 ., H. 31 ",..· It show:-- nn relation, tn th, nth .,r 

rock:;. 'rh<~ n111pl1ibole-periclotite, exhibiting marked Yariatinns tn ,v hrlite 
and oli·vinu-gn hhrn, forrn~ an outcrop on th ... east hanl~ of th ' Mi higmume 
l h· ·r in tltC' ...Tg_ .\ :--t('. 2D, 'I . 42 ... _ H. 31 w·. This dike ents the gabhro. 
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.... rock to be de"crib cl la 't ·mm ting th diorites, o-abbro , and peridotite , 
was taken from near th north a... t c rn r of ._ ec. 22, T. 42, R. 31, where it 
1 fotmd cutting the gabbn. 

PETROGRAPHICAL CHARACTERS. 

The peridotite are very dark oT n to black coar e-grained rock , 
howino- in almo 't all ca"'es a o-raunlar t .xture. In one ca e an excellent 

poikiliti textur wa:-; cb~ 1T d and in anoth:ir the ame textme in a Yery 
impeifect onclition ,rn ~ se n. 1 h almo ·t total ab ·ence of any pre ' :'Ure 
phenom na in these rock · ex lud , th id a of their havino- b en . u1 ~ ·t d 
to any powerful dynmni • a ·ti m. Th chief mineral con tituent:-; arrano· (l 
in or~l r of relatiY amorints, ar pyr x.ene (monoclinic and orthorlwm bi ), 
olivine, hornbl ml , arnl bintite. Th foll wino- min rals al~o o • ur a:so i­
ated with thef.\e: Felcl:par apatit n and brown spinel, arnl iron oxid . 

Pyroxene -Th re i:-- pre 'ent in th :-, rock both orthorhombic and mon -
clini • pyrox ne. Th orthorlwmhi ha · n yellmYi h tiiwe, and c ntains a 
few tabular in lusinn:-;. Only a f gTain.' of thi. pyrox n w r found,,T 

hut upon one ~ection a fi 0 ·ur" ,Ya~ obtain d and the po itiYe cham, ·t r of th 
mineral wa~ cl t rmine(l. It app ·_.ar~ tc b hronzit . The 1 ronzite l2:rain: 
are found in lud cl in th., hornl l 11H1 . Its r latiow to oth r miu raL ar 
not ·htrw11 in any of th thin 'e tinn . 

Th monoclini , p~Tox n though on of the earlie ·t min ral~ to ry. -
tallize, i:-; lik ..,vise in xenomorphi in 1iYi.cluah,, many of th m twinn cl, ::-om 
pnly:-;:n1thetically. It is u ·nall~· of a light y llowish color mul i.' th n 
11< npl nchroi ; in :om ·e ·tion , how ~,· r, it i:-- :-mffi i ntly color d to ~how 
pl ochroi:-:m from li{)'ht :nlllowi:--h tn 1 ro,Yni8h. It inclrnle~ a numb r of th 
dnYe-brown tahular int rpositit n. li]· those in th horn bl nd _. and th•: 
ct time: U'iYe th:. pi •c )~ a d ei(led vi< J • ... t ting . L HS cmnrnonly than th 
tabular int rpnsitinns on ob:-- 1rY •: ~TC -'11 n 1 d1 ~ and laths, m~n· rar ·lY 
rournl cl ~rrnin:-i or plat s of larcr ·r ·iz nncl hrn-in<Y a hrnwni:h- 0 T ... n ·olor. 
Th •y ar • ..;o minnt _, as to tl --fy p< ~itiv ,1 ,t rmination, hut an: pr •smn ·d to 
b. homhl -' llll-' miernlit •-.,. Th~ ortlwpinacoi<lnl parting· i~ iu :-mm.. ·n _. 
w _.n l Y lop d in th ... augit . 1 hi: dinllagfo nup;it iH in larµ: • quantity, 
c nd thntwh u:--uall~~ in ·lud •(l in th, hornhl rnl' n ~Yerth _,l )~s indud ·:-- both 
hornhl ml arnl l intit .. in a f•wm 0 ·!.f-'tl plat•s. ~\1ch s ..dion: nr, pro1 ahl~T 
tlin-..i.. whi<·h lrn v • pas:-; _.,l thron!.th th ' nut •r "<lg,:,; of th augite crystal.. 

https://thron!.th
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PERIDOTITE I TRC-SIVES. 

01ivine.-Thi. i, pr nt rn t commonl:... in round anh c.lra, and is usually 
almo:t ntir ly altered to . ... llowi:-;h-oTe n serpentine fib r •. ..When the olivine 

compl tely altered, th nP:h tructur affords a r ady m· an,' of recogniz­
ing th" original mineral, :p cially wh n tak :)n in onjunction with grains 
of a ri h-crreen i otropi • mineral aucl also ortaheclra ancl oTain brown in 
color prohal ly , pin ls, , hich ar f uncl in lud d in th p ·euclomorphs. 

Hornblende.-Th most of the hornbl nde in the p ridotite i a brown 
variety :howincr troncr pleo ·hroi m. a i ' lio·ht er am-:v llow-, .c i yellowish 
brown, aud b i. · r cldi:h brmYn; b>.c>a. Pattcm 1 ha · already called 
attention to th:) pl ochroi ·m of th hornhl nde, w·hich 'iR exceptional, 
ina:much a: th, brown st color is that of ray: of light -vibrating· parallel to 
the mihodiagonal axis." Th:) brown hornhlcncl is accompani cl by a very 
mall quantity of green hombl nd :1 . )IorenYer the brown hornblende 

grad,, . ov 1r into a light gr en, th t,Yo h :)ing h1 p rf et rry talline conti­
nuity. In rare ca:e.' this brown h< rnhlernle j,. also int rgrown with a light­
gre 1 11 pyro:x "lW in ·uch way a: to a-iv a mottled polarization effect. The 
pinacoi<lal <'1 -'}Wag of th hornhlen<l ontinues through th pyroxene, and 
th xtinC'tion angl of the hornbl rnl ") ao·nin t this cleayao· i: 19 degree , 
whil .l that of th p ~ n.·ox -'lP runs up to 34 cl gr es. The hornblende includ . 
mun ron: anh .dra of pyro,·en , . om what £--wer grain , of olivine, and, le s 
·ommonl y, ragg d pi c ::; of hiotit criYing it a poikiliti ·haracter. It is 

al:-;o v lr foll of opaqu 1 m 1 tallic or browni:,;h trans1uc nt plat 1 s of ilmenite., 

In som indiviclual: minnt cl nr microlit~s, similar to thoRe described 
abov in the hornh1en<l l of • :)rtain o-abhro:-; are noti • cl in small quantity. 
The.- _. < re irr gularl y distrihnt <l in th horn bl nde, 0 ·iyin°· th <TY ' tal:-; a 
patc:hy appearnnee. In rrspcct to its color an<l th . e inchrnion:-; this horn­
blende, a.- notecl by Patton, l> •an, a rnth r striking re:-; -. mb1anc • to hyper­
.·th ne on :uperficia1 xaminntion.2 Iron n· -. in lar0 • 

1 ma ' se • i: fairly 
fr :1quent a, an inclu:iou, and it is ver:· '<m1mon1~~ notic -- nhl that wh-'r :\ 
. u ·h in ·lu:ion: n • ·ur tht• zon • of hnmbl 1 nd immediately SU1TOm1<li1w 

th •m i," fre, .from th plat. .. in lnsion:-- rn •ntion ld n1mve. u h a cl ar zone 
i • al.-o ob.- rv l(l at tim 1 s smTOUJHlino· th) in ·lusion ' of hiotit :. and oliYine, 
but u •v •r m cm; of pyro.· ., 11 . ,vh r tlws clear zmw~ , nrround the 

1 Mi<'ro. ,-opic . tn<ly of sorn .'.\licbi~,w rock~1 by II.\ . P:ttton : Hept. ~tate Boanl of (;col. Surv. 
for 1 !Jl 9~, 1 !J:l, p. 1 _1;. 

·z Loe. c1 t., 11· 1 '6. 
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included biotite or olivine, the... e two mineral have associat d with them 
numerou small grains of ore which probably represeat the iron that 
would have been incorporated in the :--urrounding hornblende but for , ome 
electirn influence exerted by the oliYine and biotite. 

Biotite.-Thi.. mineral is pr -cent in flakes of Yery irregular outline. The 
pleochroi ·m varie "' from cream color to ye1lowi:h red or brown. lthouO'h 
one of the la ·t minerals to crystallize, it"' ery ·tallization Legan before that f 
the pyroxene or hornblernle had eutirely finL hed. Hence we fincl flak • of it 
included in the e mineral ', but near the ecl()'e ' of the crystals. The hiotite 
it elf i almo. t free from inclu ·ion ', containing only a little hematite an<l. mag­
netite. It alter to a brilliant gr en, tr 1wly pleorhroic, chloritic miueral. 

Feidspar.-Thi i ' pre.. ent in . pecimen~ from two outcrops, and in the e 
hardlv reaches the rank of an ::;~ential constituent. It ·wa • the la t min ral 
to cry tallize, and i • con quently in anhedra, forming the me. o, ta ·i •. • 11 
of the fekl c.par ection ,vere te ·tecl, but no determinative mea ·urernents 
could be made. It i' probably Yery ba"ic. 

Apatite.-Apatite i pre ent in mall quantity. It xhibit it· n:-;ual 
~haracter . 

spioe1.-There i • a spin .1 found in round oTain. ,Yhi h are include<l in 
the olivin ( ·erpentine). It i:-. gre n in c lor, and i • po ·sihlr pleona;·te. A 
econd :pinel probably picotite o ur, in :mall 1 rown grains ancl o ·tab clra 

in the olivine. 
ca1cite.-'rhi: rnineral, ,leriYed p:. rtly if not wholly, from the alt ri1w 

mineral·, i , found in len ·e:, betw en the biotit lamellrn an<l. in minut .l veins 
which trnverse the :--lide. 

Iron ores.-Ir 11 or is repr ~ent ~d by hematite, magnetite, and pyrit 
Th hematite i. in blood-reel transparent flake inclo ed in the bi tit 
)Iao-netit i included bY all of th ·hi •f mineral~ and i • in irre2'ular ma.:, 

0 ~ ~ J 

without goo l rrystal c1 nlopment. 'The iron P, Tit is foun<l in go . d ry ·-
tal • thouO'h not in lnro·., quantity arnl i:-. ~l'cltterccl here an l there thr ugh 
the ·lide •. 

PERIDOTIT E V ARIETI ES. 

The relati-n; propmtion:, 1>f th min ·rn}:-; d R rilJec.1 ahoYe di:ffi ...r Y "l'Y 
mu h, and w have differ nt kind:-,; of rocks corre ponding to thef,,e miu­
eralomcal nufation·. Th ~ .. kind: ar not sharply "eparatecl, but are .., .,en 
under the micro~ ·op to gra le into ( 11 nnnth )r. 
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The pur st form of periclotit i • wehrlite, which i composed e, sentially 
of olivine and augite. When, be id th se minerals, hornblende is present 
in large quantitiei';, the rockR b long to the amphibole-peridotite type. In 
:ome . p eirnen,· hiotite is almo, t in ufficient abundance to warrant the 
naming of them biotite-peridotite. AO'ain, in other pecimens feldspar is 
pre. ·ent in con.-id rab1e quantity arnl th rock approache an olivine-gabbro 
or olivine-hornblende-gabbro. 

WEilRLITE. 

This i, repre 'entecl h. r a coars -oTainecl rock which i mottled and has 
a c1ark-green color. (Sperim n 237G3 from ~ec. 22, T. 42 N., R. 31 W., 
K 1,500 vV. 900 pace .) Under the mic1w·cope the mottling is seen to 
he due to the association of very dark greenish-black , erpentine pseudo­
morph c fter livin with a lio'ht-colore l augite. 

Olivine ::-ln<l augit were pre. ent in about equal quantitie . They are 
in anhedra, and therefore must haYe err tallized at about the same time. 
rn1 ~ olivine i:, with very few ex eption , completely altered to serpentine. 
Auo-ite has a v ry poor clevelopn1 nt. B tween the olivine and augite are 
.-mall quantities of irr gular plat of biotite. A few small irregular 
pi ce, of a very 1io·ht colored gre ni h hornblende were ob erved. They 
ar _, intergrown with th p rrox ne and o·iv it an imper£ ct poikilitic texture. 

Thi.· ,v hrlite i • unqu , ti nahl .,. th ame a specimen 1247 of the 
G oloo'i al i 'urvey of "\Vis onsin d '8 rib cl by Dr. A. Wichmann as serpen­
tin , <·on:i.-tin r chiefly1 of serpentin ·with ·ome unaltered olivine and 
augit . 

AMPIIIIlOLE-PERIDOTITE. 

Thi. variet:v of periclotite waH obtain d from the outcrop . 1,260, W. 
200 pac ~.- from th .. , onth ~a t "'Orner of s . 29, T. 42 .r ., R. 31 V\T., on the 
ea.-t bank of th ::\Iichio·ammo Hiv r. The rock is Yery coar e grained, 
aml po • ,·>'e: l oil iliti t xtur . It is c mpo ed of hornblende, pyroxene, 
oli,·in :.1, 1Ji tit , an<l ir n oxicl . Th hornblende qual ' in quantity all of 
th ... other constitu nt . ome of th h rnb1 nde individual ~ mea. ure 3 cm.j 

in 1 ngth, and includ all of th oth lr on ·titu nt except th bi tite. rrhe 
p ~r xen an l olivine em to hav r.,. talliz d at about the ame time, as 

1 ~licroscopiral bs rvutions of the iron bearing (Huron inn ) rock from th region south of Lake 
uperior, 1.,y Dr. Arthur Wichmann, Leipzig, 1 76: Geol. of Wiscon in, Vol. III, 1 O, p. 619. 
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they neYer inclu le each other. They ar both, howernr, included in the 
hornblende, which with th biotite f rm , a it were, the me o ta i . Biotite 
i pre ent in thi spe imen in Yery "mall quantity, and i , e ·entially the 
ame kind a that aboYe de ·cril d (p. 252), except that it how a trifle 

higher ab orption parall 1 t the cl aYaO'e and become a yellowi h-re<l.. 
The rock i, very fre h and , how" arc ly any trace of alteration. Thi. i.: 
partly due to the ero"'iY action of th lichiaamme River having remov d 
the weathered crust, thu , makin()' fre h pecimens obtainable. 

Thi rock from the de ri1 tion ju t given, would be cla sHied a an 
amphibole-1 eridotite, ·with a e 'Or diallage, bronzite, and . biotite. ItT 

approache William ti cortlandtite. In ome pecimens the biotite iC, pre -
ent in very laro'e quantity, thouah hardl in sufficien~ quantit T t warrant 
the de i()'nati n of any of the r k , a biotite-periclotit . 

GRADATIO S OF A:UPHIBOLE-PERIDO'l'ITE TO WEHRLITE A 'D OLIVI 'E·GABBRO. 

Ther were taken fr m th ~am xposure whenc the ab -ve-de ribed 
amphib le-p riclotite came me pe imens which macr copicall can not 
be di tingui hed from th e f the amphibole-peridot.ite except in that they 
are a trifl fin r grained. Examin d under the micro cope, h wever, we 
find differen e". In ome th h rnblencle i very much r duced in quantity, 
and Yarie from the br wu kind ju t de ribed to a light-greeni 4 l r, the 
two beino- in opti al ntinnity and th augite and olivine ar increa ed in 
quantity. 'I he -· are o- tl type f a wehrlite. In ome of th wehrlite;-; 
there i" a variabl p r entao· of £ ld par. In certain ca it r a he · an 
amount whi h ,voul l almo ' t warrant the la ing of the ro k a. an olivine­
aabbro. Patton de crib d a r ck from the "ame outcrop in whi h the h rn­
blende till pr cl minat l but in , hi h there was al "O a c rtain amount f 
plao-iocla .1 H call c1 it h rnblende-pi rite.2 ccording to the t r­
minology her u ed if th plao-i la e i t be neglected, it w uld b au 
amphib le-periclotit . 

Th thin ·ecti n , of th f ld pathi pha e f thi r ck e m t 
that it approa ·h mor 1 ly t a gabbro-that i t m r 
pathi than th ne de ' ri tl b r 1 att n. The c rtainl ... ntai far le . 

h rnblende than hi, ju lcrino· fr m hi d • ription, and m r feld ·par. Tb 

• )likr copi ch Phy iogrnphi , by H. Ro ul>nscl.t • 3,l e1l., , 'tu tt('f'art, , rol. II, 1 ~96, I. 352. 
• }), cit., p.1 6. 
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con. titu nt. ar the ame in the two ro ks, and with ome few modifica.tious 
hi: de ·cription would an wer. 

Au(J'ite is th ·hief u:titu 11t, and followino· it, in order of importance, 
come livin hornbl nde, bi tite, and felcl 'par. The diallagic augite is more 
autom rphic . fig. B, Pl. ..:rL, ) a th £ ldspar incr ases in quantity. 
It i:-; th only on f the min ra] ,Yhich . how any marked degree of 
aut morphi. m. The augite pre nt in the e tion ' which I have studied has 
a lio-ht-browni. h ol r, diffi rino· fr m that d "' Cribe<.l by Patton, which is 
gre n t col rl ~ . 'l'he augite ntain the in lu ion ' occurring in hyper­
. ·tlPne, a w 11 a th gr en (horn bl nde ?) ne ah ady described. It is 
invariabl r • urrounded b a narro rim of light-brown hornblende, and 
includ in pla on th edge irre<rular patche of the ame brownish 
hornblen le. 

J. R mberg d ribes the auo-ite in ro·entinian gab bro , 1 both with 
and without oli in , a b ing dm t alway urrounded b a rim of green 
hornbl nd . In on case, ho,, v r-that of the olivine gabbro from the 
i la1 d f Martin Garcia, in th La Ilata River 2-b th brown and green 
h rnbl :ind 1. pr • lnt around th auo-it . Th brown hornblende forms 
I art of th p riph r ., of a ry tal • th oTeen the r maining portion. . Of 
the r n h rnbl nd ;om 1. fibrou and i , con id r cl b r Romberg to be 

ndary. 
1vm ssfJ!ss,~x u ual pr p rti "' . It i b1 unnedra, with the 

exc ption of thr or four individual hi h h ,v a fair degre of auto-
mor • h oli in in lucl ' round l grain of a brown pinel, and is 
tn ma:t mo -ing Y in , f th ir n oxid . It h w the u ual alter-
ati nfo1 ~, and h '.l ir 11 xid i • th:> r ult f thi rp ntinization. 
Th olivin • xe pti nal • ount of th fa t that it is sur-
rom by rtain z 11 s wh • • ~ r (fig . A and B, 
Pl. I). rrh ~ ehar z d • ti n fr m thi ame 
lo ·alit , ancl whi h ar almo t, if n t quit , id nti al with th which I 
·hall pr cl t cl crib hav ~ ib d b • Patton.3 There 
ar tw f th on . n inn ' d • f a mineral which is 
pr l ably an rth rh mbi p n . det rmin d b ,. Patton in 

1 ·nt r uclrnug<• n an Di rit- dlhhro-und Amphiholitge t iuen aus d ru Gebiet der Argentini­
ecaen Repuhlik, by J. Romb rg: :reuee Jahrbuch fiir )(inern1. BB. IX, 1 U-!1 pp. 320-321. 

- p. cit., p. 322. 3 p. cit., p. 16 '. 
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the specimen collected and ··tudiecl by him. I can obtain no positive proof 
for or again, t this tatement. If it i an orthorhombic pyroxene, it agrees 
with the inner zones of related occurrence which have been de cribecl by 
Tornebohm, G. H. ,Villiam.' , dam" 1 Romberg, 2 and others. This zon is 
at any rate compo 'eel of a colorle • \ compact mineral, with high ingle and 
moderately high double refraction. It i1wle refraction i"' nearly equal 
to that of olivine. The mineral, a a rule, extinguishes parallel to the lines 
of cleavage. In a few in tanee the line of extinction made a carcely 
noticeable angle with the clea,aO'e. It i eparated from the oliYine by a 

sharp line. At time· thi • inner z ne eems to di appear, and at other 
become con iderably broader than the average. The width i" u ually 
about 0.02 mm., tbouo'h it l ome" at tim 0.08 mm. 

Out ide of thi., pyrox. ne z ne there i a very much broad r zone of 
light-green horublencl . Thi· i .. mpact and i in optical continuity with 
the ordinary hrown hornblende, which i the dominant hornblende in the 
rock. Thi', in it com pa t nature and in it· relation to the ompact brown 
hornblende of the re t of the lide, differ from the hort fibrou a tinolite 
zone ordinarily de cribecl taking part in uch '' reaction rim.. ' Thisc 

hornblende zone rea he .. an ex.tr me width of 0.15 mm. The uter edge of 
thi, zone is penetrate l by tubular ramifying growth of a colorle min ral, 
which u.,ually ex.tend in war 1 p rpen licular to the periph ry·, and W'hieh 
appear to be continu u:-3 with the felcl "par. This portion of the horn11 nde 
rim i about 0.05 mm. wide ....To n h intergrowth of feld 'par \\Tith the 
brown hornblencle wa • found, n r haYe I been able to fin 1 el ewh r any 
de· ription of "U h an ut id zon .3 H weYer, Romberg cle, ribe • the 
intere ting o curreu in an ofo·in -gabbro from the .Aro,entine Republic 
of zone· around the h rnbl nd which are Yery much like tho" ab v-e 
de 'Cribed, ex ept that the ps udop dia-like growth , a he cl rile· them, 
c m ·i ·t of a dark-O're n spin l in tead of a clear white feld,par, a in the 
)Ii "'llio-an rock. 

In ome ca e~ where th olfrin aucl augite are in juxta1 o iti n, the 
inner orthorhombic p rrox ne z n m1 1 tely ·urround , the olivin . rI h 

uter hornblende zone, howeY r, 'UlT un l· b th the atwite ancl the olivin 

1 Uber da ."oriun oder ber-Laurentian von annda, by P. D. Adams: ~ .,.eue , Jnhrbncb fiir 
:\lineral, BB. VIII, 1 93, p. 166, where r for ·nee to observations made previous to 1 93 marl, fonnd. 

-: Op. cit., p. 322. :i Op. cit., p. 323. 
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with its orthorhombic pyrox ne zone. Where it is 111 contact with the 
augite it is the brown variet .. of hornblende, but is in optical continuity 
with the green, which is the kind around the olivine and the orthorhombic 
pyroxene. 

Of the remaining mineral con tituents brown hornblende is the next 
one jn importance. It has in it pat he., of inclusion ', preYiou ly described 
a oc<•,mTing in the hornblende of these ultrabasic rock '. It includes also 
the augit and olivin . Thi,· brown hornblende i comparatively rarely 
found in large plates, but u ually a.~ a rim of varying width around the 
augite and olivin , a already d ·cribed. "Where it occtll's in laTge plates it 
is in that part of the section which i free from feld par, and more closely 
resem hles the amphibole-peridotite pha . 

The biotite has a cream to light rellowish-brown color, and occurs in 
irregular plate·. The plagiocla:,e f Id par i in irregular broad plates, and 
forms the meso.·tasiH. The fold par contain', in not very forge quantity, 
·mall microlite,•, which by ver r high power are tran lucent and show a 
greeni. h tinge. '11hey are suppo 'ed to be hornblende microlites. 

PROCE/'iS OF CRYSTALLIZATION. 

From the relation:; de ·crihecl a," existing between the various minerals 
it ,· em.· that th 1 followiug ta{)' ' m, r b outlined in the progre, of the 
cmvoli,latfrm of tliiH rock. From th ·om"e e,·en-grained character, and 
from the fart that nejth 'l' a fin -grained oTotmdmas ' nor gla , is present,, 
th couclu.fon :e :)rn. • to ho wnrraut cl that it cry:·tallized und r hio·h pre sure 
and mu,·t have, of courHe, at som tim been under very high temperatnre 
c L·o. 

Th auo·it l and olivine wer the first and chief Rilicate con tituents to 
form, m1d crydc1llizcd out of tho 1wwma at approximat ly the ~ame time. 
r111, nrngma "-OOH r ach cl n comlition unfav rabl for forth 1r production of 
olivi11 "', prohahly on account f incr asin°· acidity. Imm cliately arouncl 
tb, o1ivin • th •r waH formecl, at this r-;tag) tu· a ·hnrt while the orthorhomhie 
pyrox 11 •. Th m011<H:linic P. ro.:Pn, C< ntinued to grmy during the forma­
tiou of thi.- orthorhombic v,1ri :)ty. Finn1ly howeY r th • condition was 
r a ·heel when, in placl"' of th monoclini • and orthorhombie P?roxenes, the 
crv:ta1lizntion of hnmhl nd i hegan. 

It h, not h10wn wlrnt the c mliti 11. · were which eaus d th format.ion 
MON ·xxvr--17 
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of the hornblende "Ub:,equent to and in uch intimate a,, ociation with the 
pyroxene which it urr uncl in zonal growth. An explanation of ~uch 
occurrence.' ha" been attempted by Becke in a recent article, 1 in which the 
con lu ion i • reached that the formation of the hornblende and pyroxene 
depend upon chano'e' in t mperatnre and pre sure. His explanation i • 
ba. ed upon the fa t, of o urrence of pyroxene and hornblende in plutonic 
and effu irn ro k', and al"o upon the well-known fact that un ler high 
temperatm'e and atmo pheric pr 'Sur they can not exi t, but ,vh n fused 
recry·tallize a· pyroxene; and in a 1 lition to thi , upon th experiments of 
Von Chru. t"choff 2 who ha· obtained h rnbl nde at a temperature f 5:50 C. 
with the pre·ence of water, under which condition· a high pre sur mu t be 
dev loped. However, attention ·lwukl b call d to the fact that hi xplana­
tion doe. not tak into ac unt ther irnportant factor whi h • 1iainly 
influence the ry tallization f mineral -for xampl , the ch mical c mpo i­
tion of the maa-ma and th fu~in()' point and ·pecific grnvit of the min ral . 

Whatever the fa ton; nr which determine it cry tallization, the fact i 
that hornblende began to crystallize from thi • peridotite magma in the 
place of pyTOxene. 

The biotite app an; to have b en formed at the ame time with the 
hornblen 1 . Th produ tion of th : two mineral , hornblende and biotite, 
then continued until th r mainin<r nrn.O'ma hacl reached the compo ·ition of 
ba ,j • f Id ·par, which then -rysta1liz t1 and now forms the me o. ta:-;is. 

A zone of rtlwrhomhi • pyroxen , ~uc e cl cl by 011 of hornhl nde, 
ha, been <le: rib d a~ 'urrouudi1w th oliviu in thi' p ridotite. 'I he term 
reaction ·rim has b en appli d t similar zones b ~ r variou • ob:erYer,, but it 
eems to m that thi. t rm L inapplicabl 1 to . nch zone·. It i~ not pr bable 

in :uch a ca ·e as thi: that th r i • a r a tion betwe n th magma and the 
olivin . Mor ov r, th zon ~ :hould 11 t b ompar d to the re. orptiou rims 

found 'O commonly in rtain ffwiY r ck:, wh re from the fu ·ion f the 
hornblende cry, tah pyroxen ha· l n pr duced. 

• 
1uch a zonal o-rowth ar und th oliYine eem' to m c mparc1 bl to 

u h a a. as that d scrib ,cl l y '\Vashinoton,3 wh re colorl ss diop ·id 

1 Ge. teine <ler Columhr t ; .Anhnncr: Eiuig iibcr di Bezichnng von P~-roxen nnd Amphibol 
in .-e tcincn, by F. Becke: Tscbermak mineral. ::\Iittbeil.. Vol. XVI, 1 H6, pp. 3:?7-336. 

2 Bull. Acn.d. imp. ci. .'t.-P6tcr bonr~, 1' 0, p. 1:t r. Becke, Op. cit., p. 337. 
3 Italian p trolo~ic. 1 k ·tche ; . The R\> en ~Iontinn. r gion, by II. S. "\Va hiotrton: Jour.... eol., 

Yol. V, 1897, p . .:?54. 
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})henoc:rysts are smTotmdecl by a narrow border of yellowish-green augite, 
which corresponds to the small augites in the OT<.mndmasH/ nr to thoHe caHes 
which are so common in plutonic r ek.-e--v n in thi.· rock dewribecl-where 
hornblende is found surrounding th ' pyroxene. 

... general explanation which woulcl a ·cotmt for the succe, 'ive cry -
tallization of hornblende and pyroxeu in this nck should be applicable to 
·u ·h a zonal growth as occurs around the oli--vine, taking into consideration, 
of com' ► 'e, the prolmbility that n, factor of Hlight impmiance iu the one case 
may lJ the controlling factor in th other. uch occurrences seem clearly 
to incli<'at ~ a ·hang in the chemical compo ·ition of the ma<:rma as the chief 
fa ·tor in the crystallization of th different minerals, in the pre ure, in the 
temp ~rature, and al o in other fa'·tor.·, ither one alone or more of these 
combin.,d. 

A~ALYt:,v-l 01· l'RRID0Tl1'E. 

'J'h., periclotite jrn,t cle. crihed was analyzed b:T Dr. II. :N. tok: s of the 
United. 1 tates Genloo·ieal urvey, and hiK results are her giYeu (No. 1): 

Analy~i.· of pcridotite. 

4.t. Htl 37. :3G► iO!••·······----··············· 
'rio! .......................... . . 97 .w 
Al1O:1- ......................... . 5.91 -1.76 

Cr.O:1 ..... -··· · · ............ ···· . G2 

}'(\;10,1 .....................•• --· (i. 61 

8.30 6. 12 

~~:~~· ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ : : ~ ~ : : ~ ~ J Traee. 1 

I 

. O.t 

CaJJ ........................... . 1.19 
' iO .................................. ···•·· 

•• 79 I 
1Ig0 ...........................

1 
21. 02 31. 11 

l{.0 ........................ ···· • 74 1l Trace. 
J T31() • •. •• • •••••••• • • • • • • ·, • • • • • • • Hl J 

. 6B ill.0 at 110 ................... · . G5 

H-i<) 11,l,o\'O 110-' ...... . .. - ...... . 10.87 

l' .:<> r, ............ - ..•• - - • • • • • - • - . 06 

•o~·-·························· Trac~(n. ~one. 

Total H9.17 89.ti8 
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It will be een from th anah~. i'"' that the ilica is somewhat too high 
for the typical periclotite:. Thi~ ~ame fa t i., al o empha ized by th,, 
tendency manife t d in ·ome facies of the pericloti te for f eld par to cleYelop 
and thu :-, for h·ansition to 110rite and g:al bro to 1 produced. 

With thi • analy,·i, of the peridotite th re is placed for com1 ari:on the 
analy i~ (No. 2) hy Dr. I-I. ........ tok s of th picrit -porph~~·y already 
cle~crihed. Th do.'e r ~ mhlane ch mi all. r be ome, at once mani£ . t 
alth UO'h the lattPi· i:; more nearly a typical peri<lotite in compn, ition. It 
can not he <leniecl that po:·8ihl~- thi "' pi rite is hut a fmth r cliff.,r ntiation 
product of th ,:am magma to ,Yhich th peridotite h lono·, alth ugh it. 
o cmTen e i~ :o r mote from th 8 that it i: im1 o ibl to 'OllllC:; t tliern in 

the field. 

PERJDOTITE FRO"\[ BE . 2-, 'l'. 42 N. R. 31 W. N. 1,990, ·w. 1.30. 

Ju. t wei4t of the nmthea:--tern corner of :-{e<'. 2:l, T. J2 ~. R 31 ,r., 
there i~ a hol<l outcrop of homhl nd gabhro, , hi ·h i • cut h. r a dik , abnnt 
10 feet wide, of a Y ry ma~siY <:Ocm;;e granular hln k peridotite. :\Iacr -

::;ropica1ly on ('HH readily clistiu:..rni;;;h in th per:iclotite flake: of biotite, 
pnikilitic plat.,;-; of homhk·ncll>, and n .'mall r amount of whit fekbpar. 

...ncl r the micrrn,('op., tlL ·onstitu nt:-- ar , in or<ler of imI ortanc·,: II rn­

hlencle
1 

auo-it . felrl ~par, hiotit<..,, hronzit ulivin mao·netit , and qnartz.1 

Hornblende.-This j;-; th rit'h hrmvn kinrl fn11 of inrlu ionK, gnufo1g into 
the gr en Ynri ty whi h ,Yn:-. <l .. -.,erih d on p. 234 as occurring in th :l gabhro-., 

of thi:-. di.,tri t. It i:-. pre:--ent in anhrdra inclo, ing hiotite, pyroxen _. and 

olivine. 
Pyroxene.-Thi:-. is r 'pre:--Pllt ~<l lJy monoclinfr an<l orthorhom hie Yari ti 

The mono linic pyrnx ,11P, augite, i. mo:-;t a1nmdant, and i: in light-~- 110\Y 

to pink-eolor <l nnhe,lrn. exc ,pt wl 'l' • it tonrf10~ tlw feld. par; th re the 
augitP i-.; autmnorphiC', nnd i... surrounded h;· a nm-row hordc~r 1f light­

hrm -n hornhlernl •. 
The orthorhombic P:Tnx ..n i:-- pre~ent in n few m1h cln, whi ·h ar 

•olorle-.;~ or lnn-, a faint l'l' •nm tint. It i:-. pr 'sunw l to he hronzitt•. • 
Feldspar.-rrhis fill-- th • int r:-.pnce, h tW(;-' ~n th other constitu -'llt~, m l 

oc •ur._, in g-min-., whi ·h ar pol:·· ynth tirnll:· twinnc.:><1 after the n1hi • hrn·. 

•Only 01w ·ection has he n pn•pare1l from tbi specimen, and it may not giYe a corr <;t i,lc•n of 
the true proportion of the:se mineral in thP r ek tnn;. . In the rna(-ro copical exn111ination of the 
haull, pecimen the biotit • t•med to lrn nbor,linnte onlr to tbo hornhleude. 
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lea. urement. o·ave a ymmetTical xtinction of 32 each ide of the twinning 
plane on zone J_0l0. I th refore onclud the£ Id par to ·be labradorite. 

Biotite.--rrhi i th ordinar.,. ~ 11 w t browni h kind, aud is in irregu­
lar plate·. It ·hows it u ·ual chara t r and i" iu luded in the hornblende. 

Magnetite.-Thi., min ral oc Ul" in cry ·tal' and grain , included in all 
th ther on tituent . 

Quartz.- . few grains of quartz w re found a ociated with the feldspar. 
Th pr ence of clih xahedral liquid in lu ion ea ily gave a clew to the 
ori ntation f th oTain '. 

The ro k ompo.-ecl of the abov - l cribed mineral offer c good illus­
tration of that gradation which i' one of the fundamental law" of nature 
ancl L· nowher h tter exempli:fi d than in th rock . On th one hand, 
from it.· t xture an<l from the pre nee of the dominant hornblend , with the 
small quantit of quartz, thi,· rock ma.,. p rhap.' be con idered to be closely 
relat d to the diorit . . On th oth r hand, the pr nee of the pyroxene 
aud olivine ,' ms to point toward it. onn ction ,vith a gabbro. 

It: g ol gical oc urr n point' most ..:-ati factorily toward it corre­
i'JHmden •.. in acr .. and it: intimat relation ·hip t the l eri<.l tite of the dis­
tri ·t. Th pr dominan • of th hi. ilicat iudicate" it to b .. of very ba ic 
hara ·t r, arnl for th l, e r lasons I lrnx alle l it "p ridotite,' although I 

hav not .·u '<'eedecl in gettino· an nnaly ·i: to pro it ultraba i nature. 

RELATIONS OF PERIDOTITES TO OTHER ROCKS. 

Th p •1~clotit .. ., oc ·ur in ;u h mall quantity that 0·eneral con lu iou 
con •~min()' th ~ir r lations to oth r rock o urrincr in th ir vicinity are 
. • ·ar ·el warrant cl. IIow ver, from th fa that th y are o intimately 
a.-.·r ciat d with th )·ahbro-eutting it in two a " where th contact was 
oh.·erv ,cl-and from the fac-t that ammw th l riclotit them ..h•e c rtain 
plrn: .• appr a ·h in min ralocri al omp jtion c 1-t-:tin of the o·abbro ( ee 
p. 254), it . em: a lvi:abl to con lud that th y repre ent ultraba ·i differ­
entiati n pr du ·t.· f th , ·am m, crma fr m which th .. o·abbro t p were 
1 ri d. Th ina1 pr ·iable diff ..ren , in a-rain b tw n th porti n of the 
rork near l,'t th routa ·t betw ,n th . 1a. ic ro 1'·. and th crabbro and 
tho,:,; farth Jr" wa can b xplain Jd h ~ ·uppo,'ino· th ir intru, ion to have 
tak 11 1la· whil the main ma, of th o-c bbr r tain d ·on iderabl heat 
and thu 1 r ,v .nt d th ir rapid ·oolino-. 
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AGE OF PERIDOTITES. 

The only ,'tatement ·which can be mad con ernin()' the age of the peri­
dotite dike i~ that they are youn(J'er than ,·ome of the gabbro. , and thati 
not haYing :mffered th i deformation of the pre-Keweenawan orogeni moYe­
ments they are Ke,Yeeuawau or post-Keweenawan. 

GEXERAL ou ··EHYATION ON THE ABOYE SERIES. 

TEXTURAL CHARACTERS OF THE SERIES. 

There are r pr ~sent _,cl in the al oYe serie~ rocks with moderately fine 
!!rain as ,vell a~ tho::--e of Yen~ oar:-.~ oTam. 

._, ~ 

with 
t- .... 

They vary from tho:-; 
parallel texture, through tho ·e "·ith porphyritic, poikilitic, and ophitic t xtur , 
t,, tho:-;e with <rranular texture. Ther is, ho\\'ever, throughout a ·lenr 

prcpondP-rance of the medium to coarse granular rocks. The ro ks are 
eYidently not of effusiYe haraeter thou 0·h ·om possess the texture:- pr Y­

alent in effu h-e rocks. 
The order of •ry:--,tallization nf th minerals in the rock' of ()'ranular 

texture, excluding the iron or s arnl the a ·eessory minerals, i~ a follo-\,·:--. 
rr he onl r in the imp rf tly ophitic and porphyritic ro •k:,; is not con. id red, 
a~ tho:;e ar rather ex • ,ptional CH' ·mT lH'es. 

In the li~t ·· those minernb nr hyphennt d of whi h it ha~ not h, n 
p ,s~ible to d _.termiu--. a ·curat ly th "l nl'(kr of crystallization. It ~eern:-; that 

eith •r they ·w r • form -'d at th -~:-.am time or in :-;ome cn8es, their formation. 
ha~ overlnpp d. In ~u ·h ca:-. 1 s th· one pla • d first is the Oli pr ... mned to 
hav _. b gun its cry:..;tallization tir~t. 

DroRITE. GA H BRO AX D Ho R ::-.- HROXZITE-XORITE. P1mrnOTITE. 
BLE. "I>E-G mnw. 

Hornhleudc. Olivint>. llronzite. Olivine. 
Biotite. 
Pla.gioclase. 

)lonoclinic pyrox"n 
Biotite-hornblen<.le. 

. )fonoclini • pyroxene. 
Biotite-hornhlonde. 

OrthorbomhiP pyroxene.
Monoclinic pyrox •ne. 

l\Iicrocline. Pla 11fo lase. l'lngiocla. o. Biotite-hornblende. 
Urthoclase-c 1 nartz. !'lacrioclas . 

For th ntir rie~ th nnl r may
•' 

h) nrran{)'ed a, follow:;: liYine. 

brouzite, monn lini • pyrox ·n •. mi ·a-hornhl ·nde, plagiocla ·e, orthoclas •, 
quartz. Thi· is th ~am, nrd ·r that is exhibit cl by th mo~t ha~i • ro + 
r pre.. ·nt d in th ~ ,ri s, th , p ,rid )tit·, :..;o far as this ro + ·ontain~ th 
mineral·. 
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The order of crystallization of the minerals throughout the series is due 
to their relative solubility in the eruptive magma. Among various factors 
affecting- solubility the fu ion point of the chemical conipounds constituting 
the different minerals, the temperature of the magma , and the pressure 
under which the minerals crystallized, are important. The porphyritic and 
the ophitic textured rock facie', haYing crystallized under different condi­
tions of pre , ure ancl of temperature from those under which the granular 
rocks were formed, show, as is to be expected, a different order of crystal­
lization of mineral.'. 

CHEMICAL COMPOSITION OF THE SERIES. 

In the following tables there are reproduced the analyse which have 
been obtained of the various type'. They are arrang-ecl according to dimin­
h;hing acidity. Nos. 1 ancl 4 were analyzed by Dr. H. N. Stokes, Nos. 2 
and 3 by Mr. George Steiger, both of the United Si ates Geological Survey: 

TA'CLR I.-.Aualyaes of Crystal Falls l'ocks. 

1 (:!G0'.!31. '.! (23354). 3 (23755). 4 (23353). 

,iO~ ..................... 5.51 ,19. 80 
I 

4 .23 44.99 
TiO~. .. .... ... .. . ... . ... . . 72 . 79 1.00 .97 
A.hOa ... . .... .... .... .... rn. 32 19.96 18.26 5.91 
Cr2O3 ... . .... . .. . ... . .. .. None. .. ........ ...... ••··• ......... .25 
:E'e.O3 .. . . . .. . . .. . ... . . . . . 2.11 6.32 1. 26 3.42 
:E'eO.. .... .... .... .... .... 4.43 .49 I 6.10 8.30 
~InO..................... Trnee... .... -.. ---1-. -. -. -. ---- Trace. 

NiO.. .... .... .... .... .... Non . - - - ...... - ......... -. - ...... - - .... None. 

CaO...................... 3.92 11. 33 9.39 8.79 
MgO ..... .... .... .... .... 3. 73 7.05 10. ,1 21.02 
K~O . . .. . . .. .. . .. . . . . . . . . . 4. 0 ' . 61 .73 .74 

.·aiO..... ................ :3.11 2.22 1.3-1 . 91 
H .O at 110:, ........ ...... .23 110o0 -. 13 100°- .26 110° . 63 

IIiO above uo0 ... .... . ... 2. 00 100°+1. 71 100°+2.oo 110°+3.19 
J1ii O .; ........... _. ... . ... . . ;10 . 07 .07 .05 
co~...................... N<n1. .15 . 43 I 

I Trace. ( f) 

99.91 99.17Total. ............. -i--!19.461 100.63 I 
I 

(1) .Mica.•rlio~ito (qnartzitic); (2) Ilomhlen<le-<ral>hro; (3) orite; (-!) Peridotite (wehrlite). 
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TABLE IL-Percentages of chief oxides reduced to 100. 

f;=- l 1. 
I 
I 2. 

, SiO>- ··········-········ · 
TiO~ ................. ____ 1 

60.36 
. 75 

50.52 
.80 

AbO.i ................... . 16.83 20.25 

1 

Fe1O.1 . -.. -..... - - . -.... - . 
1FeO .. .... . ............... 

2. 17 
4.57 

6.41 
.50 

CaO ..................... . 4.04 11.50 

3. 

49.64 
1.03 

18.79 
1.30 
6.28 
9.67 

4. 

47. 33 -1 
1.02 
6.22 
3.60 
8.73 
9.25 

1Igl) .................... . 3.85 7.15 11. 16 22.111 
. 75K .~ o . . ............ -··· ... . 4.21 .62 . 78 I

Na.1O ................ - ... . 3.21 2.25 1. 38 . 96II _!_ 

TABLE III.-..-ltomic p1·oportions of metals. 

! !L::: :: :::: :::: :::: ::::
I Fe .. .....................! 
I ;I~: :: ::::::::::::~::::::: 

K .... -··· ............... . 
Na ...................... . 

55. -
. 53 

1 .41 
5.08 
4.04 
5.32 
4.99 
5.7 

46.53 
. 56 

22.03 
.834 

11.42 
9.85 

.7-1 
4. 0-t 

45.27 
. 71 

29.26 
5.70 
9.51 

15.22 
.88 

2.45 

4-2. 4-
. 70 

6. 60 
9.02 
8.98 

29.67 
. 91 

1. 67 

The analy ·e how that all of the rock contain a mod rate1 large 
amount of water. :rev 1ih 1 th y are ·ufficientl .,. well pre er d toC,' 

warrant a di "CU ion of their analyK • for clas ification purpo. . . Thi is 
e pecially tru of o. 4, whi hi ' remarkably fresh for o ba ·ic a rock. 

Th chief rock-makin oxide in the above analy e app ar in Table 
II r ducecl t 100. The m 1 ular proportion of the e oxi 1 ,' was then 
obtained. Fr m the data th at mic proportions of the metal w re 
,lerived, and ar giY n in Tabl III. The calculation. wer kindly made 
for me by l\lr. '\ . H. Ba ' ·ett a~ i taut in the chemical laboratory of the 
Univerity of v\Ti COll 'in. 

If we examin Table II w e that, in pa ing- from the mor a id to 
the ba"ic end of the erie , in corr pouden e with this deer a 'e in . ilica 
the alumina increa e • rapidly then d crea H until it rea h , the xtr me 
ba ic r ck, when it lr p ~ "U ldenly to 6.22 per c nt. Th analy~ , also 
show an increa ~e in ir n hi h i , b t brought out in Tabl III. The 
alkalie de rea e with limini ·hincr ili a, whereas the Io- which for 
r ck of thi chaxa ter i"' very hara teri tic, show a de id d in -r a e. 
Within the gabbro-norite-p rid tit ' ri (No . 2, 3, and 4) th lim h w 
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a constant diminution corre ponding to the increa ing magnesian character 
of the rock. . The pota h incr a e as the oda how a decrease. 

The rocks represented by the anal es are believed to belong to a 
erie ranging from a diorite on the one hand, through hornblende-gabbro 

and norite, to peridotite on th other. It should be borne in mind that the 
diorite is omewhat exceptional repre enting a gradation toward the ortho­
cla e rock . On the acid side of th erie the microscope also shows 
variation to tonalitic and even oTanitic rock"' very rich in quartz and ortho­
cla e, con equently much more acid in character than the diorite repre-
ented in the analysi . 

It i. a difficult matter to timate quantitatively the amount of the one 
or the other kjnd of r ·k pre ent in the Cr -stal Fall di trict. We are thus 
prev nte l from drawing from. th predominance of the one kind or the 
ther the con lu ion that tho. re1 r ented in th minoritv are the results 

of th differentiation of a ma<Yma mo t nearl re embling in it original 
c u. titution that whi h predominate . :\for over, ince the analyzed rock 
typ : w r not : lected a r pre ntativ of the extreme , of the process of 
differ ntiation, it would not b wi ' t nd avor to give the mean composi­
tion of th paT nt nuto-ma from th analy ., of the differenfo1tiou products 
·which have be n pr • ntecl. Th main the i , however, is e tablished that 
th • p ration of a magma into th variou ' product de cribed has taken 
pla ·c, a.· i:-; indicat d by the r lation in th field, and a ha been hown by 
th mi ro ·c pical and chemical analy ·e . 

RELATIVE AGES OF ROCKS OF THE SERIES. 

~ tud of th relative period of ru1 tion of the variou rock re ults in the 
d tcrminati n f th h rnbl nd -o·abbr a th rock which fir t r ach cl its 
pre: nt p ition. It wa,· foll w din th a id part of th rie by the diorite, 
whi ·h in on pla ut, it. Th di rit i ut by th diorit -porphyry. 

Alon th ba ·ic . ri s th orcl r ha b n determined a homblende­
gabbr , gabl r br nzite-norit , p rid tit . 

In en "ral th for e.' f diffi r ntiation m to haYe b en a •tive in two 
flir ti n , t nding towarl increa ing a iclit and incr a incr ha icit r of the 
} r du t of diff r ntiation, thu with th law of u 'Ce ion of 
io-n u • ro ·k • a. l r p und <lb IddinO' .1 

• The ongiu of i rn ous ro lu1, hy ,T. P. Iduiug ' : Bull. Philo . , oc. Wash. , Vol. XlI, 1 92, p.19~. 
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PLATE XIX. 

FIG. .A. 

( p .... To. 32756. Without analyzer, x 90.) 

Photomicrograph of fractured quartz phenocryst from a rhyolite-porphyry. It includes num­
berless liquid inclusions, which diminish in quantity as th distance from the plane of fracture is 
increased, thus indicating their close connection with the fracturing of the quartz. The fracture in 
the quartz phenocry t continued into the groundmuss, as may be seen on the left-hand side of the 
figure. It has been healed with secondary quartz. (Des ·ribcd, p. 82.) 

Fm.B. 

p. So. 32914. With analyzer, x 47.) 

Photomicrograph of a section of rhyolite-porphyry, designed. to show the rhombohcdral part­
ing, which is very common in many of the quartz pheuocrysts. (Described, p. 82.) 
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(A ) 

(B) 

(A) INCLUSIONS IN A FRACTURED QUARTZ PHENOCRYST. 

CB ) RHOMBOHEDRAL PARTING IN A QUARTZ PHENOCRYST. 
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PLATE XX. 

Fm. A. 

p. ""o. 32119. ,vith analyzer, x: 90.) 

)Iicropoikilitic rhyolite-porpbyry, showing the pecnliar texture uf tbe zones which invariably 
surround the quartz phenocr~· t in ections in which the te:s:tnre occm·s. The same texture prevails 
in the groundmass. The irregulnr ·white areas which are continuous with the quartz phenocrysts and 
are connected with ea.ch oth r represent quartz. Di connected dark aud light areas between the 
<1nart;,-, stringers are feldspar grains. The e do not possess uniform orientation; hence the fa·xtnre is 
not micropegma.titic. (Descril>ed, p. 84.) 

Fm. B. 

Jl. Xo. 32137. With analyz1'r, :x. 90.) 

Photomicro rra,ph of micropoikilitic rhyolite-porphyry. Iu this rhyolitc-porphyry thr• lllicro1>0-
ikilitic texture is much tiner than that repre •nted in 1''ig. A, and the quartz in the zones shows a 
tendency toward pherulitic deYelopmcnt. Owing to the extreme finene H of rrraiu it is difficult to 
di tingni h the cimirtz and feld par in many cases. The greater 1rnrt of the light areas shown in the 
photomicro Tra.ph are qnartz. The •lark area between the qua.rtz, all(l also some of the lighter areas, 
represeut irregular piece of feld par. (Described, p. 84.) 
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(A) 

(8) 

MICROPOIKILITIC RHYOLITE-PORPHYRY. 



• 
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PL.ATE XXI. 

Fm.A. 

(Sp. Xo. 32136. Without analyzer, x. 90.) 

Rbyolit -porphyry with aureoletl phenocrysts. The .finest-gi-ainecl type of micropoikilitir. 
texture is here repres ntecl. Tbe groundma. of this porphyry consist' of rounded area. of material 
("quartz epongeu e"), corre pondiu(J' to that forming the zones around the phenocrysts. Between 
the e areas there may be fonrnl in place small feluspars. These pbotomicrograpb ·, rPpresented in 
figs . ..d and B, Pl. 'X, :i.ncl in tbi figure, sllow every gradation iu the micropoikilitiG texture, from 
that which i' with tlifficulty distino-uisbahle as noh to the coarser-grained unrui takable variety. 
(De cribed, p. 5. ) 

Fm. B. 

p. Xo. 32136. With analyzer, :x: 90.) 

Rbyolite-porpbyry with aureol d }lh nocry t . This is the ame section as is represented above 
when viowe<l hetween cro etl nichol . The texture of the gronndmass iH brought ont somewhat 
better. The foldHpars e pecially become more noticeable. For instance, one 'arlsbacl twin may htj 
seen at the lower ri:;ht-hnnd corner of the phenocryst l)artly indenting the aureole. Other feldspar8 
may lrn noticed through tl.J.e groundmns . Iu other portions of the ,.,ectiou from which thi photo . 
micrograph i taken the •Lnartz pbenocry ·t baV<' uo aureol • and tbe 1rrouudmas }JUo e . • an imper­
fect micrograuitic textn_re. Thi fio-nre brings out clearly the gradation toward that textnn•. 
( D,•scribed, J). 5. ) 
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(A) 

(B) 

MICROPOIKILITIC RHYOLITE-PORPHYRY. 
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PLATE XX I I. 

Fm. A. 

(,_p. No. :~2732. Without analyzer, x 1 .) 

Aporbyolite howinr, beautifully de,·elop d porlitic parting. The p rlitic cracks are hrought 
out clearly by the chlorite which ha a1·cumnlated in them. (De crihed, p. 7.) 

FIG. B . 

, p ...-o. 32732. With analyzer, x 18.) 

Aporhyolite sbow·ing perlitic parting, when viewecl between cro sed nicol . The gron11dmass 
resol,·es itt:,elf into a fine-grained mo aic of qnartz nntl feldspar, showing microgranitic charac·ters. 
The perlitic parting is thereby almo t completely obscured. (Described, p. 7.; 
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(B) 

(A) PERLITIC PARTING IN APORHYOLITE. 

(B ) PERLITIC PARTING IN APORHYOLITE BETWEEN CROSSED NICOLS. 
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PLA T E XXIII. 

Fm.A. 

(Sp. Xo. 22953. Without analyzer, x 38.) 

Rh~·olite-porpbyry n•1Hler ·d ·histose hy cru 'bing. Granulation of the feldspars an<l tlrn r<'sult­
ing :production of scbi::;to e aggrcgatc>s of ccomlary quartz, fold pn.r, and s ricite h~ here i;bowu. 
The two large ureas shown near th center of the figure were formerly occupied eutirely by frlclspar. 
The greater portion of thi has now hecome alt<-retl, mere remnants of the original remaining. This 
secornlary ag!!Teo-ate has especially wcll-!ltn-elope<l paralleli m. (De cribe,l, p. 9~.) 

FIG. B . 

(Sp. X o. 327'26. With analyzer, x: 18.) 

Photomicrograph of aporbyolite-porphyry breccia, showing tho fractnrecl diameter of the 
quartz and folcl par. Certain portion~ of the ection show the perlitic parting, with accnmulatiom; 
in these area of cblorit (De cribetl, p. 93. ) 
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(A) 

(8 ) 

( A ) SCHISTOSE RHYOLITE PORPHYRY. 

<B ) APORHYOLITE BRECCIA. 
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P L ...\. 'T E X X I V . 

FIG. .A. 

( p. Xo. 2296 '. Without analyzer, x. 18.) 

,'ch!sto e rbyolite-porphyry with well-deYeloped !lowage structure. A feldspar pbenocryst 
whir-h has been more or less rounded by crushing, occupies the center of tl1e figure. There is also 
shown iu the upp •r left-haru.1 quadrant of the figure a small <;rushed <1uartz pbenocryHt. (Described, 
p. 93.) 

FIG. B. 

(~p. ~~o. 2296. \Yith analyzer, x.18.) 

\\"beo these ·tiou repre. ntNl in fig . .1 is viewetl bebveen crossed ni<'ol , the crn">b('(l charatter 
of the fel<lspar phcnocry ' ts i therehy well brought ont. The minutely gra1rnlar ch:.tra<;ter of the 
grouudma i' al o well showu. (Described, p. 93.) 
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(A ) 

(B) 

CA ) SCHISTOSE RHYOLITE PORPHYRY. 

CB ) SCHISTOSE RHYOLITE PORPHYRY BETWEEN CROSSED NICOLS. 





PLATE XXV. 

279 



PL TE XX Y. 

Frn. A.. 

p. No. 32116.) 

Photograph, with" •ry light enlargement, of the polil'\hed surface of a ~ery fine n-raiue<l bnt 
very amyg<laloidal ha alt. The am~-1Tc.lnles are of irregular shape, hut in general with n, round d 
or tubular character. Tho orfo;inal cn,·itie hn,· been filled with cblorite and c1u:1rtz. The chlo­
ritic amy...,.dule. are th mo t cornmou. ~'- few of tlw wbito quartz amy,rdule may be een on the 
left-hand sido of the figure. It ~honld be noted that owing to the softne..,s of the ch lorite omc of the 
amygdnles ha.ve berome impregnat •<l with the powder u e<.1 in polishinO' tbe specimen. This could 
not be removecl, and in maur c~s may he :-.een filling as wen a outlining the cblorite nmygd11les. 
(De cribed, p. 95. ) 

FIG. B. 

( p. No. 32903. Without analyzer, x L .) 

Photomir.ro:.,TTaph of a seetiou of the Hue graiued, possibly vitreous, amygdaloitlal hasalt rPpr1•­
seutcc.l in tig . .:1 of Pl. XXXII. Tho amygdnle • consist of chlorite, «tuartz and feld ·par. 'i'he greatest 
interest centers in the <Trount1ma s. Thi cou ists of n fine felt of ehloritP with minute epiclotc grainl-$. 
Trnvpr •inn- this, one sees in places d licate tlowage Hncs. This is belieYecl to repre:-eut a once vitreou 
ba alt. ,n cribPd, p.102.) 
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(A) 

(B) 

CA) AMYCDALOIDAL BASALT. 

( B ) AMYCDAL01DAL BASALT. 
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PL.ATE XXVI. 

FIG. A. 

( p. ~-o. 325-11. Without aualyzer, x. lR.) 

Fine-grained amygdaloidnl basalt. The only recognizable original con tituent in t110 ground­
ma sis the felclspar in microlites which most commonly fringe out at tho on<.ls. They a.re not infre­
quently arranged in ·h af-like aggregates. These are best seen with high-power objectiYes. The 
major portion of the o-roundmas consi ts of a. fine felt of chlorite, with minute grains of epidote. It 
is cousitlered to hM· resulted from the alt •ratiou of a, Yttreons ba ·o. The amygtlulcs consist of calcite. 
(Described, p. 99.) 

Fm. B. 

(Gp. Ko. 323-U. Without analyzer, x. 35.) 

Portion of section from which fig . ..:1. was tak n viewed with a high power. In this the shoaf-liko 
aggregates of feldspar can l>e seen. (Described, p. 99.) 



U.S. GEOLOGICAL SURVEY MONOGRAPH XXXVI PART I PL. XXVI 

(A) 

8) 

(A) AMYCDALOlDAL BASALT. 

CB) SHEAF-LIKE FELDSPAR AGGREGATES. 
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IL.ATE XXYII. 

FIG. .A.. 

p. Xo. 32903. Na.tural size.) 

Reprocluction of a very fine grained, po ibl,, vitreous, amydaloidal l)a. alt. Tbo amygdaloiclal 
cavities show very little contortion. The awygtlules consist of ,vh1to quartz, pink feldspar, and 
dark-green chlorite. Compare thi Iiguro with pbotomicrogra.ph fig. B, Pl. XXV. (Described, p. 102.) 

Fm. JJ. 

(Sp. :Xo. 32910. Katnral size.) 

Colore1l reproduction of ihe psendoamyg1l0,loiclal l)base of the sicleritc-c1uartz matrix which 
occurs in places Letween tlJe e1lip ·oids. Tile original matrix was fir,,t replaced in the zone of w"at h­
ering hy siderite. Deep burial of the rock re ulted in tho ma hing of the iderite and the snbser1ueut 
replacement of a great portion of it hy silica, leaving a fow oYal areas uu Hicificd. Drought into tile 
zone of weathering again by ero ion the '0 sillerite area :no remoYcd on the weather d surface 
giving a coriaceous appearance to it, as may be seon on the 1lgurc. (De:;crihed, p.135.) 

J<'IG. G. 

p.1.,.0.33507. :Natural size.) 

Fine-rrraiued ,olcanic cla tic. The water-J.eposited clu:.racter of this p cim :11 is nnqnc tiou­
ablo. It can he traced in the fielu ilown into a coarse bowlder conglomerate. The frngmental nat11r 
can only be se n und r the micro-,cope in the co::.rser-graine<l portions. The iiner-grainc<l material 
represents apparently the e.s:c h•ely fine-grain cl rnn<l cleriv-etl from the tritnration of the coars1•r 
fra<rment . The eolian-depo itetl llllll" anu. dn t lrnxe es 'entially the same appParance as the SJ')('Cimen 
here repr entec.l. Thti micro rope, however, sbo,v tho very angular character of the fragments in 
tho coarser-grained portion·. The ,ery fine eolian-depo ited tlust cau not be di tinguished from that 
which ha been depo~it ·d through wat •r. It is soruetiIDes ,ery difficult to determine the nature of 
rocks of this fine-grainP<l. character. (Doscriheu, p. 144.) 
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PLATE XX , III. 

FIG. A. 

( p. :ro. 32909c. Without analyzer, x 35.) 

Photomicrograph of _,ection of fine-oTaine(l basalt with well-cleYelopecl igneous texture. The 
feld par outline are now occupied chiefly by flakes of mu covite and grains of zoi ite. (Described, 
}), 127.) 

FIG. B. 

(, p. Xo. 3290~lc. "'iYitb analyzer, x 35.) 

Photomicro(l'raph of th same" ction when viewed between c-ro • eel uicols. showing tlrn obliter­
ation of the igneous texture. The lath- haped mineral is muscovit •. (Descrihed, 1'· 127. ) 
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(A) 

(B) 

(A ) BASALT SHOWING CHARACTERISTIC TEXTURE. 

rs ) BASALT SHOWING OBLITERATION OF TEXTURE BETWEEN CROSSED NICOLS. 
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PLArr E XX I X. 

FIG. A . 

~p. Xo. 32582. Without nnalp<•r, x 3 .) 

Photomicrograp!i showiug the normal igneous texture of a ha. alt. The area formerly occupied 
by the feldspar ubstauce is now o ·cupiecl hy n, granular aggregate of Yariou minerals. (Descriuecl, 
p. 12i.) 

FIG. B. 

(Sp. No. 323 2. With analyzer, x 3 .) 

The ame ection of ba alt when ·dewed between crossed nicob. The only indi<'atiou of an 
igneons textnre is shown hy the amy~11ul •s pr sent. The igneons textnrP of th<' rock i~ completely 
concealed as :oon a the ng•Tregates occupying thefeh1spar areas break up into their Collstituen t grain'!. 
(De cribed, p. 12i.) 
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(8) 

(A) BASALT SHOWING CHARACTERISTIC TEXTURE. 

(B ) BASALT SHOWING OBLITERATION OF TEXTURE BETWEEN CROSSED NICOLS. 
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PLATE XXX. 

FIG. A. 

(~p. Xo. 33313. Without analyzer, x 38.) 

Photomicroo-raph of a section of ha alt from a pyrnclastic showincr in or<linary light a di tiuctly 
amygdaloidal character. The alteration of the basalt has, however, reachetl uch a, stage that the 
gronndmas- materiab ba,e for the most part been completely altered, with the pro(luction of porphy­
riti, rhombohedrn of calcite and plates of mu. covite, which rnay ho seen in ahuntlance in the lower 
right-haml ide of the figure. (Describe<l, pp.129, 145.) 

Fm.B. 

($p. Xo. 33313. ,Yith analyzer, x 38.) 

Pbotomicroarn.ph of the same section of l>a alt, showing in ordinary light a distinctly amygda­
loi<la.l character when ,iewed hetween cro sed nicols. The igneou texture is almo t completely oblit­
erated by econdary product ·. The econdary calcite and mu coYite taDll ont very sharply from 
the Yery fine O'rained grom11lmn . (Descrilied, p.129.) 
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(A) 

(B) 

(A) BASALT FRAGMENT IN A PYROCLASTIC SHOWING AMYGDALOIDAL TEXTURE. 

(B > BASALT FRAGMENT SHOWING OBLITERATION OF THIS TEXTURE BETWEEN CROSSED NICOLS. 





PLATE XXXI. 

291 



P L A T E XX X. I. 

Fm. A . 

( p. Xo. 32909c. Without analyzer, x 35. ) 

Photomicrograph illn tratin the ir•u ons texture of th ba alt from the center of an ellipsoid. 
This ha already underirone adrnuce<l alteration, and tbo feldspars have b n replaced by a granular 
agcrre"ate of calcite, erfrite, cblorite, epidote, quartz, an<l albite. With advancing alteration the 
igneous texture i de troyed, and infiltrated calcite becomes more prominent. The photomicrograph 
how in the lower left-band corner a portion of the section in which a large quantity of calcite ifi 

pre ent. (Described, p. 131. ) 

FIG. B . 

p. No. 32909c. With analyzer, x 35.) 

Photomicro!!Ta.ph illn tratin" the igneous texture of the ba alt from the center of an ellip oid, 
when viewed between cro ell nicols. The io-neons texture is almo t completely destroyed by the 
breaking up of the condary aaarecrates. (De cribed, p. 131.) 
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(A) 

(B) 

( A) BASALT. 

CS ) BASALT SEEN BETWEEN CROSSED NICOLS. 
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PLATE XXXII. 

FIG.A.. 

( p. J.: o. 236.J.5. Without analyzer, x 35.) 

Perlitic partin('I' in a fragment from a. basalt tu.ff. The perlitic crack are marked by accumu­
lation of epidote grains. The remainder of the fragment con ists of an exceedinily fine cblorite 
felt, with here and there a small feld par microlite embedded in it. Thi wa proba1Jly a fragment of 
basalt glass. (De ·cribed, p. 13 .) 

FIG.B. 

("p. Xo. 23646. Without analyzer, x 35.) 

Photomicroo-ra.ph of a ection of basalt tuff. The illustration shows the ickle-sbaped bodies 
which are characteristic for the fine eolian-deposited volcanic ejectamenta. (Described, p. 142. ) 
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(A) 

(B) 

( A ) PERLITIC PARTING IN BASALT ( CLASS? ) . 

CB ) TUFF. 
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PL TE XXXIII. 

Fm. A. 

(Sp. No. 32713. Without analyzer, x. 35. ) 

,vater-deposited and. This Yolcanic sand consi ts chiefly of feldspar and hornblende. The 
rounded nature of the feldspar grains is readily seen, Under tlie microscope some of the show 
secondary enlargement . The hornblende is in irregular areas, and is presumed. to be s •condary after 
fragments of augite. (De cribed, p.144. ) 

FIG. B. 

( p. No. 32711. Without analyzer, x 17. ) 

Water-deposited ,olcanic ediment. This illustration shows very clearly the gradation from 
the medium-grained volcanic ·and in the lower portion of the section, through the finer-graine<l. mate­
rial, to the very fine grained dn t. The very fine grained material was depo itell following the con­
tours of a large pebble, which is shown in the upper portion of the 1io·ure. The fraITTnents of this 
sand consi t chiefly of ba alt. There are ome which were probably fel<l. par. (D scribed, p. 144.) 
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(A ) 

(B} 

<A) WATER DEPOSITED SAND. 

CB ) GRADATION IN WATER DEPOSITED CLASTIC. 
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PLATE XXXIV. 

FIG. A. 

( p. Xo. 23746. Withont analyzer, x 17.) 

Contact product of a granite. This muscovite-biotite-guei s , ?) is the re ult of contact action 
of a granite npon a graywacke. Complete recrysta11ization of the sedimentary rock has taken place, 
with the production of a porphyritic schisto e i.;trnctnre. The large porphyritic mu covite plates 
'een as white area in the photomicrograph evicl ntly repre ent the last products of recrystallization, 
as they include all of the minerals which have heen previously formed. They are pos1;ibly to be 
looked upon as the product of minera.lizers, to who"e action ma.y al o lie r •ferred the pr sence of 
tourmaline, which occur iu the section. The irregular white areas represent quartz and feldspar. 
Dark greeni h-brown biotite is included in the muscovite, and with iron oxides occupies the areas 
which in the fi<rure are dark. (Described, p.197. ) 

Frn.B. 

( p. Xo. 23226. Without ana.]yzer, x 17. ) 

Photomicrograph bowing the brecciafod character of the matrix which i at times found between 
the ellipsoid in the ellip ·oidal ba.. alt . In this specimen the schisto-e character is 11ot so marked 
a . it i at time.:!. IDe ' cribed, p.117.) 
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(A) 

(B) 

( A ) CONTACT PRODUCT OF GRANITE. 

cs) BRECCIATED MATRIX BETWEEN ELLIPSOIDS. 
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PLATE XXX 

FIG. A . 

( p. ~o. 26059. Without analyzer, x 18. ) 

Photomicrograph show fog an eruptive conta ·t between granite and metamorpbo ed sedimentary 
rock. As a re ' nlt of thi contact the elements of the granite have become partly automorpbic. The 
center of th figure is occupied by a quartz phenocryst which is partly urroundecl by tbe schistose 
metamorphic product. It contains, near the edge, g1·ains of feldspar and flakes of mica, and thus an 
imperfect poikilitic zone i produced. The mineral constituents of the metamorphosed sedimentary 
are arrano-ed parallel to the contonrs of the phenocry ts. (De cribed, p. 19 . ) 

FIG. B. 

p. No. 26059. With analyzer, x 1 .) 

The ame ection a the aboYe, viewed between cro s d nicol . (De cribetl, p. 198.) 

300 



U.S. GEOLOGICAL SURVEY MONOGRAPH XXXVI PART I PL. XXXV 

(A) 

(B) 

(A> CONTACT OF GRANITE AND SEDIMENTARY. 

(B ) CONTACT OF GRANITE AND SEDIMENTARY SEEN BETWEEN CROSSED NICOLS. 
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PLA1:E XXXYI. 

Fm. A.. 

(Sp. So. 32827. Without nnalyzni x 3,_ . ) 

Photomicrorrraph illu ·tratiug- n rather exceptional form of spilo:-itc with whitfl spots lying- in 
the tine-grained gronndma s. Alhi.te, with a very small amount of chlorite an1l epj ◄lote, for1JJS the 
pots. (De cribed, p. 206. ) 

Fm. B . 

."' p. Xo. 32 27. With aualyzn, x :-{ . ) 

This is the :-.ame ,ection as aboYe, viewPd hetween cro • etl nicol-... slwwi11!{ the aggrecrat1: <·liar­
acter of the spots of thi~ ::-pilo-.itc. (Described, p. 200. ) 
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(B) 

CA) SPILOSITE. 

CS) SPILOSITE SEEN BETWEEN CROSS NICOLS. 
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PLATE XXX"\II. 
Fm. ..d. 

( p. No. 32958. Without analyzer, x 1 .) 

Normal pilo ite. Oval spots of macroscopical size, in which chlorjte is the predominant con­
stituent, with ome quartz, fold 'par, rutilo, and mu covite, are sharply defined from the surrounding 
fin -grained groundma , consi ting of the am constituents, but with the muscovite in large quantity 
and the chlorite ·very subordinate. (Desc1·ibed p. 206.) 

Frn.B. 

( p. No. 32 61. Without analyzer, .x 38.) 

pilosi.te in which the pot are of microscopical size and consi t predominantly of chlorite 
aggregates lying in the fine-grained quartz-albite groundma s. (lJe cribed, p. 207.) 
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PLATE XXXVIII. 

Fm.A. 

(Sp. Xo. 32 26. ,vitbout analyzer, x 3~.) 

Photomicrograph illustrating; the passage of spilosite to a desmo ite. In the upper llOrtion, 
especially in the upp r left-hand corner, of the figure, chlorite aggregates imilar to those illustrated 
in fig. B, Pl. XX.XVII, are seen. The e become united, and thus there b n. passage into tho bandecl 
product. This banued character is well shown iu the lower half of the photomicrograph. (Describe,l, 
p. 20i.) 

:Bw. B . 

'p. Xo. 23755. ,nthout analyzer_. x 90.) 

Occurrence and nltera.tion of bronzito in bronzite-norite. This il1ustration shows tho way in 
which the brouzite occur-· in the bronzite-norite. It is frequently inclndcil in tlw hornblende. Tho 
lmmzite alters around the edges an«l along- the craeks ton. yellowish-green f.. hrous serpentine mineral, 
which is represente,l in the section by tho d:trk fibrous material next to tho unaltered bronzito. This 
secondary mineral th u alter· to a scaly aggregate of talc. These two -econdary proclncts can ho 
-~en hortleriug tl1::l bronzite, c peciully well where it is tra,ersed by a. crack. (De8crihe<l 7 p. 238.) 
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(A) 

(8) 

( A ) PASSAGE OF SPILOSITE INTO DEMSOSITE. 

( B ) ALTERATION OF BRONZITE IN BRONZITE NORITE. 
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PLATE XXXIX. 

FIG. A . 

c:'p. :Xo. 23321. Wit,h aunlyzer, x :1;1.) 

Photomicrogrnph ,,fa el'tion of biotite-granite from tho cent~r of a dikP 5 feet wi,fo. On tllo 
l>orders of the dike the ma).!"ma has crystnllizecl as o. normal miea-diorite witl10ut, quartz aud orthor·laiw. 
(Descrihetl, p. :?2tl. ) 

Fw-. B. 

(, p. Xo. 2602:3. \Yith analyzer, x :15.) 

~Iica-diorito ,..;bowin~ tendency toward nn ophitic tex:tnrc. l'lagiocla e is the mo!'!t antomorphic 
mineral. lliotite is next, but it i poorl;r dcYoloped. Orthoclase ancl quartz fill irregular :m•ai; 
bet wpm1 the plngiocla e. ( DcserilJed, p. '.?31.) 
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(A ) 

(8 ) 

( A ) BIOTITE GRANITE. 

CB ) MICA DIORITE. 
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PLATE XL. 

FIG.A. 

(Sp. No. 326-13. Without analyzer, x 35. ) 

Qnartz-mica-diorite-porpbyry. The pbonocrysts of feldspar ancl quartz stand ont clearly from 
the fine micro('J'rnnitic groundmass. Mica. phenocrysts are not een in this figure, which is intended 
chiefly to illu trate the charncter of the feldspar phenocrysts. ~In ·codte bas resnltecl from theit 
alteration. The zone which urronnds the altered center is ,ery fre-.b, and is rendered poikilitic hy 
inclusion:. of minute grnins ot quartz. (Descr1bed1 p. 219.) 

FIG.B. 

{Sp. No. 32643. With analyzer, x 35. ) 

Qnart:z-mi<'n-dinrite-porphyry. The same section, viewed hetween cro sed nicols, The micro­
granitic texture of tht, ,,.rotmdruass i well shown. ( Described, p. 229. ) 
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(A ) 

(B) 

CA) MICA DIORITE PORPHYRITE. 

CB ) MICA DIORITE PORPHYRITE SEEN BETWEEN CROSSED NICOLS. 
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P L J.\. rr E X L I . 

(Sp. :Xo. 23320. Without analyzer, x 1 .) 

P,lrphyritic poikilitic hornl.>lemle-gabbro. The bro,,'11 borubkudc occnp~·iu1,; the centrr of th 
phenocry t grndcs oYer into a dnll-greeu hornl.>leucle. Feldspar and pyroxene are included in the 
hornblende. (De crihed, p. 2.U.) 

Fm. B . 

p. :Xo. 233 l l. Wit,h analyzer, x 1 .) 

Horubleutle-rrahbro showing n. poikilitic tex:tnre. The tendency of che f·ldspars toward n, lath­
shaped <lernlop1ueut i Yery e,~i<leut. ,Yere they lath-shaped th,: textnre wonlcl agree with the L(vy 
definition of the ophitic texture. (Described, p. 233.) 
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(A) 

(B) 

CA ) PORPHYRITIC POIKILITIC HORNBLENDE GABBRO, 

( S ) POIKILITIC HORNBLENDE. 
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PLATE XLII. 

FIG. .A . 

CP· No. 2375-1. Without analyzer, x: 38.) 

A. moderately fine grained hornblende-gahbro showing parallel texture. This hornblende­
gabbro occurs in tlike cutting the coarse form of hornblende-gabbro. The specimen 1:;hows very 
clearly the parallel texture rather commonly found in section from these clike rocks. This texture 
i best developed neare t the contact, and is presumed to l)e a ilow texture. The chief mineral 
constituent -plagiocla. e, hornblende, and mica-can be readily distingni bed in the section. 
(De cribed, p. 2-i!.) 

FIG. B. 

p. No. 23754. With analyzer, x 3 .) 

The parallel texture in the hornhlmule-gabbro i brought ont somewhat hetter when viewed 
between cro ~ed nicols. (De cribed, p. 244.) 
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(A) 

( 8) 

(A) HORNBLENDE CABBRO. 

(B > HORNBLENDE CABBRO SEEN BETWEEN CROSSED NICOLS. 





PLATE XLIII. 

315 



PLATE XLIII. 

Frn. A. 

( p. To. 26070. ·without analyzer, x 17.) 

:::formal ..,.rauular hornblemle-ga.bbro. This illustrates the normal merlinm-gntinecl hornhlemle­
gahbro which occurs in thi' cli trict. The mineral constituents horn blen<le, felclspar, nn<l iron oxide 
can bo l'eadily di tinguished. (De cribed, p. 2-1 .) 

Pro. B. 

p. No. 26069. With analyzer, x 1 .) 

chi to. e hornbleude-gabbro. This illustrates a crnsbecl specimen of a normal hornbl<'ndc­
gabbro such as is rnpre ented above in fig . . l. In this the feldspar ha 1Jeeu partly granulatecl, and now 
felcl par and quartz ha re ultecl therefrom. The bornl,lende ba ' a.1 o to a considerable extent been 
recry tallizec.l. • light-green econclary hornblende. The mien. has becollle <:hloritizecl. Thea are tho 
important secomlary product . .A very fair chi tose strn tnre has 1·e ·ulte<l from the crnshing. 
Uanied to its full extent metamorphism of this rock wonhl result in vroclucing an amphibolite or a 
hornblende-goei • (De.scribed, p. 2-! .) 
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(A) 

(B) 

CA ) COARSE HORNBLENDE CABBRO. 

<B> SCHISTOSE HORNBLENDE CABBRO. 
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PLATE XLIV. 

FIG. A. 

( ~p. No. 23319. Without analyzer, x 35.) 

lloderately tine grained hornblende-gabbro. The constitueuts hornblernle, plagioclaso, aml iron 
oxide can he readily r'cognize<l. )fany of the hornbleucle indiviclual contain i~ great nnmb,·r of 
minute inclusion . (De:sl'ribe<l, p. 2J0.) 

FIG. B . 

.'p. ~o. ~3755. Without analyzer", x 35.) 

Brouzitc-n01ite. The rock consists of bronzite, horublen,le, a111l plagioclase. The 1,rouzito 
indi\·idnals show a tinge of green and pink, and aro slightly iibrone. duo to beginning alteration. 
'racks, filled with alteration products, cross them. The bronzifo is frer1uently snrrounderl by a, rim 

of bron-n horn ,Jentle. In some parts of the 1·ock it is partly automoq1hic. The hornl)lencle can be 
rea<lil)-recognizell l>y its stron" ye1lowish aml re,hli b-brown color. It is in anhedra. The pla~ioclaso 
is the white miuera.l including nmuo~ous minute dark specks. Jt, !Em the hronzite, is xenomorphic. 
(De-cribed: p. 2-14.) 
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PLATE XLV. 

FIG. A. 

(Sp. ro. 23356. Without analyzer, x 33.) 

Bronzite-norite-porphyry. The phenocrysts of hronzite lie iu a gronudmass of bro11z1t<•, mono­
. clinic pyroxene, hornhlende, and feldspar. In the drawing the hronzito and monodinic pyroxene of 
the grountlmas can not be distinguished. (Describeu, p. 2-17.) 

Frn.B. 

( p. No. 23353. Without analyzer, x 1 .) 

Fel<lspathic wehrlite. One can readily distingui ·h th con tituent -augite, hornblendo, olivine 
and fehlspar-in the illn trntion. The augite h1 automorphic where it is 11ear tho feldspar. It is 
surrounded by a browu hornblende zone. Between the oliviue and the feldspar there :uo always two 
zones. One, the inner one, best seen between cro setl uicols, is orthorhom1Ji.C pyroxene; the other, 
the outer one_, i compact green hornlJlende. This green hornblende i in optical continuity with the 
brown hornblende which surrounds the augite. (Described, p. 255.) 
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PLATE XLYI. 

Fm. ~L 

(Sp. No. 28353. With analyzer, x flO.) 

\Vehrlito. There are hown in this illustration tb P. zone of orthorhombic pyroxonn mH11iorn­
blen,l • whid1 lie between tbe olivine an<l foltlspar. (Described, p. 255. ) 

Fm. R 

( p . No. 23353. Witl.lout analyzer, x. 90. ) 

\Ycbrlite. The ramifying felth,par growths in th homblcu,le can ho Reen hotter whon tho 
section i ,,i•wetl with the analyzer in, as in fig. _l, (De:-.cril)ed, p.2,;5, ) 
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(B) 

(A) WEHRLITE VIEWED BETWEEN CROSSED NICOLS, 

<B ) WEHRLITE. 
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THE CRYSTAL FALLS IRON-BEARING DISTRICT 
OF MICHIGAN. 

PART II. THE EASTERN PART OF THE DISTRICT 
INCLUDING THE FELCH MOUNTAIN RANGE. ' 

By HENRY LLOYD SMYTH. 

'WITH A CIIAPTEH ON TIIE STURGEON RIVER TONGUE, BY WILLIAM SHIHLJ<:Y BAYLEY. 

0 HAP TE R I. 

GEOGRAPHICAL Lil\IIrrs AND PHYSIOGRAPHY. 

INTRODUCTION. 

The territory to be de. cribecl. in this and the four following chapters is 
situated in the pper P nin._ ula of Michigan, between the Marquette and 
I nominee iron ranges and i ., all embraced within T. 42 N., Rs. 28-30 W., 

and 'I''. 42-47 ., R. 30-31 W. The area of about 300 square miles 
included within the e town, hips had for the most part been covered hastily 
by previo1v rccomrni., nuce • of the Lake Superior Division of the United 

tate Geological UIT y, the results of which were placed at my disposal.k 

Our ta k wa to go oY r vdth special care those portions i11 which outcrops 
had b n found 1r our predeces ·or , or which eemed likely to contain the 
iron-h aring- formation:. At th same time much of the rest was examined 
more hurri d1y. 

ri he tract surv ye 1 in 1 tail ompri e a continuous belt about 30 
mil ,' in length, and of width rnrying from 2 to 5 miles, lying wholly 
within the drainage basin of th :;\fichig'amm Rh·er and its principal upper 

• tributar , th F 1 11 e River, and xt ncling 'Outhward from the northern end 
of th R public tongu wh r it was connected with rocks of well­
d t rrninecl Marqu tt t. '"Pe , a far a °' the south line of T. 43 N., R. 31 W. 
Fr m thi • line w pa d uthea t (leaving a gap of 5 miles) across the low 

329 



330 THE CRYSTAL FALLS IRON-BEARIXG DISTRICT. 

di-·dde b tween the 1\Iichigamme and the heaclwat r, of the Sturgeon, to the 
Felch "i\I untain rang , which was then carefully studied for a distance 
extending 13 mile to the east. 

Until within the la t few year' the larger part of thi area had been 
very difficult of acce , and much of it i ' diffi ·ult ·till. The rock Rmfa e i 
almo t wholl .,. concealed by a cover of glacial depo, it of various kind. ; 
den fore t and great wamps also ob cure th r ck and make traveling 
difficul and l w. It is therefore not a field to invite geological tudy. 
While exploration for iron ore ha here ancl there pa ed the frontier of the 
productiv ranrre ' on eith r ide, the general ill-su ce which attended the 
early ent rpri ha .. li couraged the acth-e ar h that would at lea. t have 
re ulted in important addition to geological kn wl drre. For th ·er ason ~ 
the ar a a a "·hole, with the exception of th Felch l\Iountaiu range, ha 
remained almo t unknown g ologically, until om work in 1892. Th re£ r­
en e .. t it in eological literature are con equently but few in number, and 
are for th mo t part merely the record of th uru-elatecl ob ervations of 
ca ual Yi 'it I"' . 

Th li '"' tri t neYerthele , deserve attenti n fr m both the econ mic 
and the geol O'ical tandpoint. The iron-hearing formation · of the Mar­
quette ran , xt nd int it from the n rth, th f tl , Menominee range 

uth. On the we t the ore clepo ·it f the ry ·tal Fall area are 
comic ·t i o· g-raphicall at 1 ast with th w t rn xt n ion of the Ienom­
in e ran . B tween th boundarie th ar a . tand., a ' the larg st one 
remainino- in }Ii hicrau in which iron-bearin()' formati n ar known t o ur, 
but a: yet not yi lding im1 ortant bodie • of >r . H r , t , if anywher ., 
th qu tion f th quirnlen e or n n quival n f th individual f r­
mations of th )Iarquett and Menomine ir n-b c ring :eri , ar t be 

an ''" re 1. 
It i • l r p r to tat that th fi ld tudy in ·on. qu nee of the condi-

tion. uncl r whi h thi w rk wa ' don , was alm .·t wh lly dir"' t 1 to o­
nomi qu :tirn s ancl that it ,,a:-; not origiualh- anti ip t l that tbe r :ult 
wer to b l nl 1i 'h d a ' a rnono 0 Taph n th <li ·u·i ·t. Thi ' will :.lxplain th 
v ry bri f "J 1 Y t d to th r h an in th f 11 wino· paO' . . 1 h field ' c 

w rk wa ~ l O'Uil an l n 1 cl in 1892. m that tun th r ha 1 n no 
PI rtunity to r vi it l caliti s and th on ·lu"'i n. n w ·tan 1 entiallyl? 

as th y w r r ach d in th fi Id. n 'id rin b th th h cm1.ty and m-
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plexity of the m'ea, it i very prob~ble that further study of important local­
itie. would clear awa .. many of the difficulties, as well as modify certain of 
the opinions now held. 

The writer wa efficiently aided in the field work by Messrs. Samuel 
Sanford and Charl ~ . Fairchild for nearly the whole period, and E. B. 
Mathew and H. F. Phillip for part of it, as a sistant geologists, and by 
Mes r . Lewi and Forbe as skilled vrnodsmen. 

PRELil\IIN.ARY SI{ETCII OF 'rHE GEOLOGY. 

The rock , of the Michigamme and Felch Mountain areas range in age­
from Archean to arly Paleozoic. orth and we t of the Michigamme 
River, where geoloa-ical boundaries are most susceptible of determination, 
the graui t and o·n i ' of the Archea1 t come to the mface in three oval 
area of great regularity of outline, from 10 to 12 miles long by 2 to 6-
miles wide, w bile the interval between the Archean ovals are occupied 
by hio-hly tilt d dimentary and igneous rocks of Algonkian age. The 
low r member of the Alg nkian ha derived it materials from the wasting 
of r k • lithologically imilar t the underlying granites and gneisses. In 
th .'outhern and ea tern portions of the district the edges of the tilted 
older ro k. are partiall .,. covered by a blanket of gently dipping sandstone 
of 1ambrian age, v ry soft and easily disintegrating. These rocks :first 
app ar near th l\Iichigamme River a detached outliers. In going outh 
and a ,t from that riv r the eparated patches become larger and more 
al undant, until finall~ .. a£ w mil beyond the ea 'tern limit of our work in 
th Felch Mountain rano- they unit and entirely cov r the pre-Cambrian 

formation . 
HAR.A TER 01!, rrIUJ SURF.ACE. 

In it mo t o·en ral a pect the surface throuo·hout this area is a pfarn
1 

·om what rollino· inde d which lope gently upward from the outhea t 
toward th nortlnv t. Th mface i formed partly by the soft and gently 
inclined Upper amhrian and.~tone and partly by the much harder ancl 
hi <rhl tilt d pr _ amhrian rock of diver e physical and mineralogical 
haract r ,, an I y t v r all it maintains a very uniform slope. On the 
nth ,a ·t, j11 th F I h )I mntain rano· , the plain ha an average elevation 

nh, v th .' a of 1,20 to 1 300 f et. In the northw . t, in the southern 
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ectiou • of T. 47 R. 31 W ., the average elevation i, 1,800 to 1,900 feet. T. 

ince the inten~ ning di tance i omewhat more than 30 mile , the gen­
eral lope its th ref r le than 20 feet t the mile. 

The minor topographical features ha eel upon thi plain are multitudi­
nou in variety and detail, but generally quit in ignificant in re1ief. rrhe 
maximum differen f el vation between the top f the highe t hill and 
tlre bottom of the neio,hhoring valley is le •• than 300 feet, and thi is 
reached in hut two a"es. The country 1o' e es no ommanding emi­
nence", and in the wide t panorama now and then obtainabl fr m the 
ummitK f glaciated knob' th backgronu 1 i re h-icted to a radiu.· of a 

few miles. In the th o·eneral venue "' of the ky line is u ually brok n 
only by th remnant.~ of the old fore t, which hav not yet imccumbed to 
fire and th lnmh mum. 

Thes 1 :,; r f atur 'have been hapecl mainly by th work of the conti­
nental ice-sh et, h th through th materials whi h it brought in and through 
tho e which it arri l awaY. In the area· und rlain 1 y relativel T ma -.·ive 
rocks parti<'ularly th Archean crystallin , the :mfa ·e ha· h en 1 ft mam­
millaterl with rn ky knob-- which donbtl ::;.' wer the unattack :id core, rising 
int the pr - la ic l zone f di integration. Th ·e ar , parated hy the 
imilar im~ r~e form:--. now for the mo t part oc ·upiecl by ·wamp:. In th 

4,rchean bonler~ of th 1 elch Mountain ar a wher he glacial cover was 
riginally thin th., p rioclical fire:; that haYe follow <l lumb ~ring perations 

haY burned 1ut the nrO'cmk matter from th oil an 1 . o loo, eued it that, 
on the ~t p r . l p s, it has been ntir ly wa h d away an 1 th rock 
nrfn . lai l l < re. Th hummock and howL· ar o- n rally 1 ngat d '<Vt 

and w st w·hich i,~ the lir ction both of the gn i.-.-i • foliation an<l of the jce 
mornment. Th I Ynti n ri8e often with , t p, ,·m th wall , for f>, 10, 
20 or v u in ~( m a~ :, 60 f t, ab v th int r·vening d pr . :jou:. The 
latt r h ld 1 u k o· t 1 th mus. In the w t ;ea n th y fill with water, 
,vhi h 1y rflow, to the n xt bo l below but 1 rrnan nt liu s f minor 
clrairnw , h r a' I.~ wh r in th Ar<'h an ar a· ar v ry infr qu nt. 

()y r mo::,t )f th nr a howeYer, th ic ha. ,•1 r ad;: ,·h .,t of till, and ha. 
h r and th r d po:it d the material , ·wept al no· in th 'Ubo,la ial ,·tr ams 
in ·hara t ri 'ti· mpl .·ity of form and T upin<r. Th mor promin "llt 

eleYati U' ar in fa ·t, clepo,'it::; of moclifi d cb-ift alth u.o·h rca.-ionally 
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small rock rnasse lik Michigamme Mountain, which is composed of mate­
rial that ffer a mo t -·tubborn resistance to all degrading agents, reach an 
levation of 100 to 200 feet above the general level of the surrounding 

countrv. The fact that the name "mountain" has been applied to hillocks 
of thi,' order by the urveyor and woodsmen, who have the widest knowl­
rlg of the Upper Penin ula, convey perhaps the clearest idea of the 

g neraJly level chara ter of the smface. 
Whil the detail f the topography are thus mainly glacial in origin, 

the broader featur of the next order of importance have often clearly 
b en d .ltermined by the pre ence of the more resistant rocks. The large 
tru 'tural domes of the Archean, which are uch characteristic geological 

£ ature , are al o indi ated by a general upward swell of the surface of the 
area.· which they occupy. The topographical transitions at the margins of 
th •.l wells are frequentl r abrupt, and sometimes for considerable distances 
ar mark.eel b r carp-like ,}ope in the O'ranite , caused by the almost ver­
ti •al 'Ollta •t" with th "ofter Algonkian formations. Considerable portions 
of all thr of th Archean oval in the northern part of the district display 
thiH ,·light topographical prominence. Marginal scarps are particularly well 
:hown in th l oval w Ht of Republic, in secs. 19 and 30, T. 4 7 N., R. 30 W., 
and along th . outh . idP of the oval which lie between the Fence and 
D l lr riv ln;, 11 ar th lir junction' with the Michigamme. The more impor­
tant hod i lH of green:ton also are generally expre' ed by a noticeable degree 
of 1 vation. Thus th .l oT at intruded heets folded in with the Lower Mar­
qti:>tte ,. lrim; in 8 c . 24:, 2; an<l 36, T. 4 7 N., R. 31 W., give rise to long 
broa<l riclgeH that c1o:"cly follow the changes in the strike. But in all these 
as l,. th l topcwrai hica,l mphasi i very light, and the plain as a whole 

ma v trul r b :aid to maintain it general lope with practical indifference 
to th 1 w :ath r-reRi. ti1w Iiff rPn • in the underlying rocks. 

'I h _,,, h1•• 0 ad lr •w 11.· f the hard r rock are eparated by broad, 
,·Ii 'htl , 1ower-1yiiw plain~ in many of which a valley character is still dis-· 
tin ·tl • r ~ccwnizable in pit of the fact that they especially have been 
favor d with cl po, it of moclifi d ch-ift. The pre ent drainage, in its main 
Iin ,.,, Jar,r 1 foll w th , older -valley , althouah much confusion, which 
i: :p rially noticeahl in the letaiI , has of cour e resulted from their 

partial <'hoking 1 y th drift. 
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DRAI TAGE. 

early all the smface Welter of this cli:tri ·t fincl8 it: way to Lake 
Michlo-an though the )lichigamme and the Stm·geon riv r., which are jnde­
pendent bran he" of the Menominee-the large ·t river flowing into Lake 
:Michigan from the we t. A few square miles along the ea tern boundary, 
however, are trihutm-y to the Ford, which flow ' into Green Bay north of 
the )lenominee. Of these the l\Iichigamme drain by far the large t part 
of the cli ---trict. This river heads in Lake l\Iichi amme, which it leave · in 
ec. 9 T. 4:7 ..... , R. 30 '\V., near the northea ' t corner of the area shown 

on the gen ral map (Pl. II), at an elevation ab ve the sea of 1,5 0 feet. 
Thence it fl W" for > miles ·outheast to Republic, in a, ·'Ynclinal valley cut 
out of th soft "Chi ts of the l\lichigamme formation. This valley, which 
is nearly a mile ·wide at the northern encl and le ·:- than half a wide at the 
outhern i~ bordered on both ,icle by the hard r Ar ·hean gra.nite.·, which 

Ti e with rather ste p Jop s to the general level f the plain. Throughout 
the lengih f the valley the river flows over glacial drift, hut at Republj ·, 
where the ~oft rock ' ·ome to an end, it hr ak • a •ro,' ► rocky barrier: jn a 
ucce "~ion of rapid:-,, and continue ' first nearly clu outh (leaving the (fo;­

trict c ,,·er d by our map), and then flows . outhw ·t OY r glacial d posits, 
which com1 let ly ma k the heel rock for 10 mil :. ~ ◄ outh of the Archean 
oYal whi h oc upic the we tern part of rr. 44: T_, R. 31 '\V. an l the a. t­
ern part f 'T. 44 . R. 32 W., th lime,·t ne and ·lates of the pre­J.. T 

Cambrian ar ao·< in expos d, and ov r these th l\Ii higamme flow,' in clo.-e 
conformity to th general trike as far a: the rano· line. 

In th ~ nth m se ·tions of T. 44 . R. 31 '\V., th .l )Ii higamme r ceiv s 
two tribuh ri , from th north-the Fence Riv r whi ·h c m ' from the 

a tern ·id - of th Ar h an ma s just mention d, and the Deer Riv-'r, wl1i ·h 
com • from it.·"' st rn "id . Th headwater of th DP✓ er and of th l w .·t-

• ern bran h f th-' Fen e flow throtwh th am :e ti n (21) in T . .J.6 ., 
R 3:.., '\f. north of th u:chean oval, but farther • uth th y <liv ~rge to an 
extr m di:.;hm ·e f 10 mil s, and afterwarl ' onY r :o that th ir point 
f jun ·tion with th :\lichiu-arnm ar hut 4 mil apart. 'Th., ar a thus 

incl ·ed i. bn adly con ntri ,Yith the rch au oYal. lu th ·rve of the 
at lea ·t th· riYer is placed within a wic1 cl pr .. ·ion ·oiucident with 

th ft r :--tn tifi 1 ro ks f the Algonkian and follow ' v .,ry faithfully th ir 
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general strike. Depo its of glacial sand and gravels are very abundant 
within this valley, and for these the river often ·swings aside acro~s the strike 
for a mile or more. In, ecs. 21 and 29, T. 45 N., R. 31 W., and in sec. 10, 
T. 44 T_, R. 31 ,v., excellent rock sections are afforded by such digressions. 

The old valley between the two Archean ovals west of the Republic 
tongu l (see Pl. III) i on the south entirely filled with glacial gravels to 
the level of the old didde , and the large brook known as the east branch 
of the Fence i diverted to the till-covered western of the two Archean 
ovals. The valley i • clearly indicated, however, by an interesting series of 
lake. , of which quaw, Trout, and Sundog, each about 1 mile in length, 
are the mo t con iderable. 

The area drained by the Sturgeon lies in the extreme southeastern part 
of the district, wholly within the marginal fringe of sandstone. The rela­
tion of it cour e to the geology is known in detail only whhin portions of 
th Felch fountain raiwe. This it first enters in the northern portions of 
s:.>c •. 35 ancl 36, T. 42 N., R. 30 W., in a loop into the Algonkian, from the 
northern Archean margin to which it again returns. Five miles farther 
oa:t it cro •ses the trough from north to south, transverse to the strike of the 
Alo- nkian formation to the contact with the southern Archean mass. It 
follows thi.1 contact ea:-,t'ward for 2 miles, and then strikes southward across 
the Ar h an to the ~Ienominee River, not again returning to the Felch 
Mountain nmg . 'fhe riYer valley in the Felch Mountain range is very 
di. tinct, and where bordered by Potsdam outliers is rather deep, with pre­
eipitou, bank . It is but lightly affected by drift deposits. Its course 
hm: , an almost com1 lete di regard of the structure of the Algonkian and 
r •h an ro k , and ,·o ha the u ual charactern of a superimposed stream. 

Th Michigamme Rfrer a vrns early noted by Pumpelly, has practically 
n astern bra,nchev within thi district. The Escanaba and Ford rivers, 
which r ach Lake "l\lichio·an directly, and the Sturgeon, which joins the 
fenomin ~ b low the mouth of the l\Iichigamme, all head within 2 or 3 

mil , of the httter, th cour e of which is transverse to their general direc­
tion. The nlichio-amme thu flows along the eastern edge of its drainage 
1Ja. in. Thi fact-th mo t triking in the general distribution of the streams 
of th 1 di. trict-is the f-':-,nlt of cau es which, in part at least, go back to very 

ren ote g ological period .... 
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MAG ETIC OBSERVATIONS IN GEOLOGICAL MAPPI G. 

°'ECTION I. INTRODUCTJO_._ ~. 

A ha been aid already, the area in which ur work wa done is 
largel drift overed to mewhat varying but u uall considerable depth ; 
the mantle on th whole is so evenly spread that utcrops of any rocks 
except tho e bel ngino' to the Archean are in man ections few and cat­
tered and ometirne arn almost entirely lacking ver whole town ·hip . 

Under the e circum 'tances, and ince al o the pre-Cambrian ro k 
tructur i complex, v n a general outlining f the old formation would 

be imp ible by the u ual o-eological methods, and if w were re tricted t 
the e ther would be no alternative but to map mo. t of the territory as 
Pl i to en . It happen , however, that the lg nkian rocks of Michigan 
contain a larg am unt of magnetite, which i kn wn fr m ob ervation in 
the <level ped range t be characteristic of certain ge 1 ofoal formation . 
It undoubt cUy ur "' in more or less amount in all the edim ntary ro ks 
and i" aL I r nt, metime" in con iderable quantiti , in r ck that are 
not 'edim ntar ~, a ·, for example, around the margin of the old intru ·ive 
cliorit b e"'. But generall., peaking, it urren in large quantitie' is 
confined • lo l .,. t d finite geological formation in ,Yhich it is found in 
haract ri tic a ciati n with certain other mineral , or to horizon. witl in 

tho e formati n. that it an be guardedly u ed in id ntifying th m, and in 
tra inO' th m fr m lo aliti • wh r th y outer p througl ar a.- in whi h they 
are buried. Thi" u. i n t onl T justified, from an mpiri al stanclpoint, by 
th pre:umpti n in fc: YOr of aualogi to whi h no x pti n • ( r kn wn, but 
it ha , a rati nal 1 a i , in the view of th late Pr f ·or Irving, 2 which i. 

1 Thi chapter i abridg d from a. paper of tho same titl pres nted at the olorado meeting of 
the .American Io titute of )lining Engin('ers in opt mbcr, 1 96. 

-z 'la ificntior of early ambriau and pre-Cambrian formations, by R. D. Irving: ,'even th Ann. 
Rept. U. . Geol. urvey, 1 , pp. 451-452. 
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, teadil y gajning ground that at least much of the iron of this magnetite was 
originally buried in th ame formations in which it now occurs, through the 
ag n<T of organic 1ife. From this point of view the magnetite is in a cer­
tain . en e a fos:--il, but lvith the iPtportant practical advantage over other 
organic remains, that it need not be dug up in order to prove its existence. 

The:e nrngnetite-bearing rocks always produce disturbances in the 
compa 's-neeclles held in their neighborhood. By a systematic location and 
comparison of these distnrb.auce. the po:ition of the rocks which produce 
thern can be determined ·with a consid rable degree of precision, even when 
they are deeply bmied. Besides their posit10n on the map, the magnetic 
observations may, and often do, indicate certain other geologically impor­
tant fact , such as whether the rocks are flat lying or highly tilted, the 
dire tion of ·trik ~ and clip, and, in some cases, the depth to which they are 
buried. The method · employed in the field work were based on those 
cl scribed by Unj. T. B. Brooks,1 who perfected the dial compass and pre­
dict cl th importance of magnetic methods in geological mapping; but the 
re. ·ult.· reached in interpretation were gradually developed in the progress 
of thiH work, as we w r daily brought face to face with phenomena which 
·allrd for explanation. 

It nrnst he •learlr und r tood at the outset that in the iron ranges of 
the south shore of Lak nperior magnetite i rarely concentrated in large 
1 odie:, and that, in fa ·t it "' known occurrence as such is restricted to a 
:mall pnrt of the w Htem )farquette di"trict, where in one producing mine 
it now form. · prnetieally the ''"hole product and in auother a variable but 
lL •trnll y important pnrt of th whole. It is therefore well understood in the 
Upper p .,11insula that cfo,turhances of the magnetic ueedle, however great, 
do not mean workahlc d posits of magnetite. ·whatever significance such 
<li.-tnrlmnces pos. css i , . trntigrnphical, and properly interpreted may lead to 
di •cov )rieH of rich or , other than magnetit , in formations to the position 
a1Hl attit wlc of whi •It th· nth·action • may furnit:ih a clew. But it may be 
a.~.. •rt )cl a: a general prnpo:-3iticm, the essential truth of which has been 
·stc1 lJli:hed 1,y th, expcri ,nee of many years, that iu the region referred to 

niagn ,tic cfo,tnrhan •c8 u ·mlllr mean that magnetic iron ore in a workable 
<lepm,it doe: not exist in_th area of di 'turbnnce. 

-
, Gcolo~icnl :-; 11 n,.~- of )Iichigan, Vol. I, Part I, 1 73, Chapter VU. 

::UON XXXVI--:2:2 
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E TIOX II. DE "CRIPTION 0]' THE l\L\.G~""ETIC ROCKS. 

The maanetic. rock of the Lower Huronian . erie;· of the we:t rn por­
tion of the )farqu tt area, which is of "' I cial importance to notjce Rine) 
it form on of tb chief horizon of re£ r n to whi h onr work i8 tied, 
i • the ...._.,. egaune iron formation. It i finely xpo~ J 1 at the .·outh enrl of 
the Republic trough; but farther north ha 1een greatly reduc )cl in thick­
ne or lo ally ut out altogether 1 by the ...pper }Iarquette denudation, 
and, where pr t,ent at all, is usually drift coY r cl. 

Thi. rock oft n po e a Yery listinct l anding, au· cl by the alt r-
nation of layer, in which one of the con tituent min ral: predominat 
O"rnr th th r ·, m fone , inclee<l, to their total ex ·lu, i n. In the lower 
part of th f. rmati u, qumiz and griinerite n. ti ut th hulk of the 
ro k, with magnetite atterecl omewhat incli. riminat 1y through th m. 
Hi h r up, the magnetit and quartz relativel - in r a. , until near the top, 
but elow the ja l er the griinerite goe out alm ·t ntirely, and the r k 
on i t •of quartz band , heavily charg d with maO'netit , in nlt rnation with 

barnL of nearl_ "" l ur magnetite. In th .i:Tegaun formation, a xpo. d 
at R publi th nuwnetite therefore ccur n utrat d in :om f the 
parall 1 1and8 , rnl di eminated through th th r.. 

In th ame di .. tri t th r i an th r mu h 1 i' promin nt lo u. of ma<Y­
netite at and n ar th ba e of the Upp r }Iarquett or ''hanging-wall" 
quartzit . 1 no· the strike of thi • zon , which i f mall thi kn .. , th 
di h'ibuti n f magnetit i very 11T 0 ·ular· anl £ r thi. and the additional 
rea on th( t wh n th magnetic portion f th .... ~ o-aun e f rmati n m . 
up t it th di turban '"' whi h it pro luc can n t l di riminat d fr m 
tho pr ln d by tl1e latt r, the po ition of th plan u. uall r can no h 
inferre 1. 

In th li tri t and its ext 11 ·i ll;" th re are tw horiz 1v in 
th 1 w r ~ ri ~ hara t rize l b th pr . n The 1 wer 

f th ~ fr n t kno,-vn t outcrop, but it m wh r n ar th jun -
ti u of th kl mit and th unclerlyinb· quartzite. Th m·10'1Pti • li.·turb­
an .. du t thi. f rmati n ar f bl , bu th y c r quit I r:i.'t nt in th 
F 1·h )1 untain ar a and hay thrown ,'Om ligh nth g ol O'iC'al Htructur . 

1 The Iarqn tt iron-b arinu district of Jicbigan, by . R. Yan IIi an1l W. . Bayl ·y, witll a, 

<:11apt •r 011 the R •public trotwb, by H. L. Sm~·th: ~Ion. U. . ({eol. urn:y, Xo. XXVIII, 1807, pp. 531,337. 

https://IRON-BEA.RL.TG


339 MAGNETIC OBSERVA'l'IONS. 

The other formation which produces disturbances is that which I have 
correlated with the Negaunee formation and named in a former paper 1 the 
Michigamm ja per, but which is here renamed the Groveland formation. 
ThiH rock, while nlrying a great deal in character, is generally much like 
that magnetic pha. e of the Negaunee formation in which the grii.nerite is 
rare or abs nt. From the fact that it now survives for the most part only 
in .'hallow an<l shattered ynclines, it often lacks the regular banding; and 
hematite i. ahv~ r pre ~ent in greater or less amount. The relative propor­
tions of th two iron minerals vary along the strike also. The rock as a 
whole, however, is very magnetic, but not so strongly so as the Negaunee 
formation in the R public trough. 

In the Felch Mountain range there is still a third magnetic formation, 
whi h seem to ov rlie unconformably the lower series, and is therefore 
provi ionally a ign cl to the Upper Huronian. This formation consi ts of 
ferrugiuou • chi L, inter tratified with layers of ferruginous fragmental 
quartzite. It i, a-en rally much le s highly inclined than the magnetic 
rocks of the lower eries as well as less rich in iron, and the disturbances 
produced by it ar rrespondingly small. 

Be ide. th er ck of edimentary origin, with which this paper prop-
rly rl als, jt may be mentioned that along the Fence River there is a 

con. iderable area of metamorphic eruptive., which are often exceedingly 
mao-netic. Th :e ar r •. tricted to a definite geological horizon, within 
whi h the magn tic di turbances are remarkable for their complexity and 
irr <rularit ~, no cl ubt a the result of a very irregular distribution of 
mao·n tite an<l of th £ rmations which chiefly contain it. The rocks in

h 

portionH of thi , belt out rop freely, and the disturbances can therefore 
ea.-ily be a igned to th prop r can es. 

'E TION Ill. TUE DI "TRIBrTION OF MAGNETISM IN THE MAGNETIC 
ROCI{ . 

Mao·netit occur: th refore, in these Algonkian rocks in different 
wa ~.,. In m in tan 8 it i" mainl r concentrated in nearly pure parallel 
la, ..rs. in others, it L more or les evenly disseminated through non­
mag-1 tic mat rial; and still again it i. present in both forms. Moreover, 

, Hela,tious of the Lower )Ienominee an-1 Lower :Marquette series of Michigan (Preliminary ), 
by II. L. Smyth: Atn..Tour. ci., , ·01. XLVII, 1 94, pp. 217, 21 , 223. 
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the. e ro k haYe all been folded, more or le· ·trongly, at more than one 
perio l • and whereYer they are exposed, they ar e n to be inclined to the 
horizon, oft n at hig·h angles, and to be traYer. eel by inter ecting set.' of 
joint-plane: and cleaYage-planes, some of which always cut the bedding, 
and often haY., he 11 the eat of the development f econdary minerals. 
By the cro '"'i1w of these ·rnrious smface ·, the ro k are divided into ,:mall 
unit ma ' ·e at the boundarie of which there i: :-1ither an actual physical 
partinO' or a break in the ontinuity of the mao-netite. 

It i , ·well known that when a 1ar magnet i: broken and the severed 
end are again joine 1, the two piece do not unite to form one magnet, but 
remain a two. It may be conceived, therefore, from the manner of di:tribu­
tion of the magnetite and the . econdary parting: exi:ting in these rocks, 
that their maQ'Ileti m i. eated in an enormou. • number of mall eparate 
mao·net • at lea "' t one for each of the physically 1i tin ·t unit volume:. 

It i.. a fa t f ob ·ervation, as will appear her after, that the upp r 
mfa s of th mao·netic rock invariably attract the north nd of the 

compas ., u eclle ' and, of c m"e, repel the Routh nd. From thi it mu;t be 
inferr d that th >-J mall rnaQ'llets are genernll~r imilarly 01ient d, au<l have 

1their uorth end , whi h ,Yould rep 1 the n rth ml of th ompass needl , 
pointincr downward and th ir south encl ', whi h attra t it, pointing u1 ward. 
A.: thi , i • the arran{)' ment that would re. ult from incluctjon from the earth': 
magneti. m it an l e c· n luded forth r (a. , of cur. might he as:umecl)l 

that the e r ks ar rnao·n tic from the arth ' inclu ti u. 
It is also w 11 kn "~1 that when . everal har magn t. are joined in lin 

at oppo it p le ., the ffe t up n a com pa s n ecll ·within the rang of influ­
ene i nearl~~ th . ame as if the joined rnagn t.· ,Yer r pla ed by' a single 
magnet of the combine 1 len6rth. For each m mber of th pair.· of int ~r­
mediat pol s ne attra ·tino· c ncl the oth r r p llin ,·, i: about th :arne 
di 'tan awny, and th ir effect i-;n balan _, ea ·h oth r. 'Ihe r ult, th •r:,­

£ r i • to I RY ·, on pol") unchanged in prn;;ition and to r move the otli r to 
the encl of th la t mag·n t add d. If nough mao-n t.· .-1· add d, tho final 
re::;ult i~ t 1 mTy th'\ m ving I ol o far n\\·ay that it ha: no appre ial le 
influeu up n th ne dl . Thi · i:-; a ·011dition whi ·h, from th • cfo,trihution 
of th rna~.rn tit and th:. partiug surface whi h nm through th· nuwneti 
m ·k~, mu ·t alw'ay h r a1iz _,d mor or 1 . s ·ompl _,t _.l,,~. it is a nee lssnry 
·oui', qnenc of "u h an arrang· m nt of t]w .·mall 111, g-n,t.· that in the ca.·e 
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of a thin sheet of magnetic rock lying at a low angle of dip, the buried 
north poles woul<l not be much farther rem°'Ted than the upper Houth poles, 
and cmrnequentl~T the compass needle shuulcl be relatively only slightly di._ 
turbe<1. Thi. i: preriselr what i. foun<l to he the case. 

Thus ther is firm ground for the conception of the magnetic rock." as 
inadc up of l'-heaves of small magnets, all similarly oriented in a general 
way and all having their south poles upward at or near the rock surface, 
while the effectiYe north poles, by the continual addition of similarly ori­
ented ..heaYe: belmY, are carried down, when the rocks are Yertical or 1;early 
·o, tn ,·u ·h depths that th ir influence is greatly diminished or altogeth;r 
imperceptible. In equal small areas the indiYidual magnets are no doubt 
of Yery unequal number or , trength. Thi:, can be • proYed by holding a 
~'Winging needle close to the surface of a magnetic rock, shifting its position 
without moYing it out of the parallel plane and ob erving the changes in 
th pointing. The:-:e are almost always large and are undoubtedly due to 
th .. variations in stre1wth of small area ~of the upper pole . In consequence 
of the la,,,. of magnetism, by- which the attraction ( or repulsion) Yarie::; 
i1rv~r.,ely a, the square of the di tance, the areas immediately surrounding 
th needle are very nmch more important factors in the resultant than those 
forth 'l' r moYed. \Vhen the needle is held higher up, or, what is the same 
thing, the magneti rock is buried, the effect:-:- are much more regular~ since 
a laro·er number of the unit area. enter into the resultant with equal weight 
d11<~ to ,,1ual tli •tance, and the extremes of indiYidual ntriation are lost in 
tli • o·enc•rnl mean. Hin ·e successiYe magnetic cross sections oYer buried 
ro<'k~ show 011 the whol a :"reat degree of regularity, we can finally con­
clwl(• t1 1nt the rnagn •tic force of these rocks is seated in an immense, prac­
tfoallv an infinite, number of small magnets, which furnish free magneti. m 
at tli.e upper Hll(l lower hounding :mrfare ' of the magnetic formation, and 
tliat on the aY<:rau·c there i: ahout the same number, of about the Rame 
:woTco·nte ~trcng-th or, in other ,-vonh, equal intensity iu equal areas of 
these :mrfoces, i/ the aren~ nre taken large enough. 

~ ECTIO. .,. IY. 'l'IIE L. .,.~TRrMBX'D, AXD l\IETHOD oi~ WORK. 

'I1] 1 , instrumcuts usecl in thi • work are Rimple and well known. 'rlie 
dial •,>lll}Hls~ iK an nnlinary compa ' S, carrying a 21-inch needle swinging 
inside a ·ircl , gra<luat ,1 tn tl gr e , "d1ich 18 further supplied with a grad-
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uated hour ir le. It is therefore a portabl undial. The gnomon is a 
thread which i,, attached at one encl to the center of graduation of the hour 
circle near the rear ight and at the other to a point in the forward sight .-o 
taken that th angle made by the thread with the plane of the hour circle 
is equal to the latitude of the place. "When thi in ·trument is leveled and 
et up in the meri lian on a unny day, the thread will ca·t a ·hadow on the 

hour circle at the correct apparent solar time, from whi h mean time may 
be determined by applyiiw the equation of time. OonYerc.ely, if it is so set 
up that the ~had w of the thread falls on the orre ·t apparent tim , the 
io·ht, of the in trument ar in the true meridian. In thiJ po 'ition the 

de linatiou of th horiz ntal needle may be read off from th graduated 
circle. At work, thi~ instrument is mounted on a light ,h1cob1

: :taff, or it 
may be held in the hand. l1he J acoh's staff, although often inconvenient 
to carry, i • pr f rable, a' with it the reading"' ar all tak n at the ·ame 
heio·ht ahoYe the gr und and the leveling is more exact and steady. In 
a correctly on. h·u ·ted in trument, ·with ~tood tinie. the reading:-; may l)e 
made to half a decrree. Oorrectne '"' in the time, lwwever, i: indispen able 
to good ,York nud thi • i • best , ecured by keeping· a ~h~ndarcl watch in camp 
and refening the working watche to it daily. • 

The <lip ne clle n eds no de ·cription. In o·eol ITTtal work that form 
known n:-; the X orwecrinn in which the needle i-, piYnted on a univer al 
joint i::. not ....o u:seful a. the t '"Pe in which th needle i: rio-iclly confined to 
on plan . In takino· the r adiiws, this plane jn whi h the needl h, fr ~e 
to swino- i-; made to coincid with the Yerticnl plane cl terminccl by the 
pointiiw of th he rizontal needle. The cir le i:-; graduated to single 
deg-ree::;, and with :-.k.illful wt rk the readino-: ar reliabl, t one or two 
cl •gTee,·. It may b • nclde<l that the south ernl i • ,Yeio·hted, in order, (~ither 
partly or ·ompletely to balanc the -vertical component of the earth';· force. 
It wa:-; found hett r not to balanc it compl ~tely but only to such an extent 

that th , north end nf th needle would clip al out 10° (th, graduation ½ero 
bei1w horizontal) in nn area remoYed from lo ·al di~turhnnce:. It i.:i no 
doubt d ~irnblc that all th dip needle:-; u ·ed in th .-,am, work shoul<l. lw 
brought to HMH' )ximnt ly the ~mne ind x error in ord --r that the r ·a,lin<rH 

may h mnr rlirc ·tly· ·nmpnrnhle. In practi ·e, howe\· ,r, it wn. found quite 
impo:-;sihl • tu k p our thre, needle:-; in unison on a • ·ount of the rough 
u~ag to Yd1i ·h • th ·y w ~r mu1soidahly ~nhj ... ·t ... d. \. • howeY ·r, th • form 
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of the dip cm--ve" is reaLy the subject sought, and since these, iu the pres­
en <:: of C'onsiderable di turbances, are sensibly independent of small differ­
ences in the index error, it is not indispensable that the needles should be 
exactly together. 

These instrument: are .. imple, and, of course, do not give precise results. 
But the observntions are rapidly and cheaply made, and to a sufficient 
degree of accuracy for the end in view. It may be stated agaiu that the 
ohject is to letect and ompare relative magnetic disturbances, and to find 
out tlw bearing of these disturbances on the distJ·ibution and attitude of the 
rocks which produce them. For this purpose the instruments are exceed­
ing] y well adapted. 

The fi Id work wa carried out by parties of two men each, one of 
w horn, a ,killed woo(hnmm, carried along the line and observed the hori­
zontal nerdle, while th other read the <lip needle, kept the notes, and 
attendecl to th geohwy. \.ccording to the general plan of the field work, 
a s<~rieH of parnl1e1 lines was nm either north and south or east and west 
H<To,·s <:rtC'h sect.ion. The dir ction of the lines of travel was chosen so as 
to ent the strike of the rocks at the largest angle. Tbe probable direction 
of strike for each day': work could be inferred in advance from what had 
o·on before. If it \rnre more nearly north and south than east and west, 
the trnven,e lines were run east and west, and vice -versa. These directions 
were in many cni-;es not. the most de irable for the magnetic work alone, but 
t11e choiC'c was practically limited by the lines of the U nitecl States Land 
•'urvey, whi •h give for each square mile eight points of departme (at the 
four eorners and four quarter posts of each 'ection), wl!ich are generally 
ideutifinbl, ou the <>TnmHl. On these lines of travel the instruments were

b 

r ·ad at vmion • interrnL-, from 5 to 10 or 100 paces, depending upon the 
In ·al complications. rrhe interYals between the lines varied from one­
~ixt •<mth to one-fourth of a mile and ,,,ere determined not only by the 
nuwneti • complication:--, lmt hy the character of the surface, it being 
·:pecially <lesirable that the gnmnd should be so closely covered that no 

out •rop could 1:-;cap tl ltection. The distances along and off the lines of 
trn vel were mcasmed hr pacing. The general accuracy of the pacing is 
r •nrnrkahle, and fa cssentiall)~ within the platting error of the scale of the 
rnapt;. rl'he avcnwe closing error for August, 1892, during which about 
100 miles of trnver:e line:, ,Pre run, WH8 20 paces per mile, or 1 per cent. 
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Two-third · of the error:-, aY raged 10 paces per mile or 1 in 200, while the 
maxjmum wa ~ 1 in 30. But this was Letter thau the av _.rage for the R a on. 

The ob~ 1Tatio11.: at each tation consisted in a reading of the horizon­
tal and dip needle . \°\ hen there .was no local magnetic di 'turlmn ·e, the 
horizontal neetlle ,,oulcl come to rest in the magnetic meridian, which in 
thi region i • about ...T . 2° to 3° E., or almost coinciding with the irue rnedd 
ian. Tl1e dip needl , lvhen held in the ·mne meridian, ,Yould indicate the 
index error. "h n however disturbing material wa; · pre: nt, the horizon­
tal needle ,,oul<l point to the ea ·t or we ·t of the magnetic meridian, at an 
angle determined by the direction of the resultant of the horizontal om­
ponent~ of the earth\, and the local forces. The dip needle would come to 
rest in the ~ame Yerti al })lau , at an angle with the horizon determined hy 
the amount and <.lu:e ·tion of the three force: the ·whole pull of the earth's 
fore , th whol pull of the local forceB, and the balancing w iglit and in 
general would ·h nY a downward deflection. After making and rerorcling· 
the set of ">h,errntion -, at a station, the party pro ·e <led to th .. next, arnl so 
on to the end of the day. At the end of each clay, or as soon as pos:-;ib1c 
afterwards, the day':-; vrnrk wa 1lattecl on a large-s ale map, on which t11e 
reading::-; of th horizontal needle were repre ntecl hy :;,hnrt arrow: clrawn 
through the station~, turned east or ,vest of the true m --rirlian, a;· th_. cas 
might he, and carryino· th<:: amount of declination ,nitten at the. arrow 
point. The dip oh-:errntiow were 1aid uff to I':> ale immedint ,Jy helow the 
station~, measnri1w all from the ~am horizontal lin and the points t1m 
establish rl were cum , ted hr a free-hand cmTe. 

1. OBSERVED DEFLECTIONS WHEN THE STRIKE IS NORTH AND SOUTH AND 
THE DIP VERTICAL. 

If n ,nuwu ti ·, rock ~trildng- north \md outh and clipping Yertically, is 
crn:;o.sed hr ,lll •ast-arnl-we.t tntYen,e, it i:-; fournl, as th• <li-.,turhing- h ·lt i: 

appr m ·h •cl, ~a:· from th :) we~t rn side, that th · lwrizont< 1 11 dle point: 
toward th :. --a~t uf nnrth, and that this ast •rly 1 intino· grncluall. • 
incr •as . to n maximum. 'nntinuing ea:t from the rnaxirnum point tho 
enstwanl declinntit n l • -r •a-.; s, all(l ~oon a station i. 1',:ach •d nt whicl1 tl1e 
ne <11 ~ point~ du• north. 1till farther t'a:-;t the de linati n clrn.1w •: to w \'t­
ward, and ~(H>ll th r •after reaehe:; a we ·t,vartl maximum, beyond whi ·h 
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again the westward pointing in its turn gradunlly derreases, until finally 
the needle reaches it~ normal eastward declination, after passing through a 
second zero. Th· dip-needle readjngs at the same stations generally 
increai;e ·lowlr at first, and then rapidly, and soon reach a maximum at th~ 
fin,t zero point l>etween the conYergfog arrows; beyond this to the east they 
clecreaRe orrespondingly . o that the dip cmTe ii, ,·ymmetrical east and vrn.~t 
of the maximum The:--e . tatements will he made clear hy a referenee to 
fig. 15, which repre~ents au adual tnn-er~e in T. 45 N., R. 31 ,v. 

2. DEFLECTIONS OF THE HORIZONTAL NEEDLE. 

It is evid nt that in cros:--ing a rock belt which stretches away indefi­
nitely in hoth c.lireetions, 011ly a limited part of it will affect the readings 011 

I 10 10½ II 12 15 U 11 8.½, 6 1 3 1 9½ II 13½ 15½ 13 IJ,½ 10,½ 
I' t t z: r rt z: t rz:,,,,,, ~,, 
w E 

Vig. 15.-:\In~netir cross seetion in T. 45 N. , R. :n "T· 

a given rro. s section. 8in<'e th pull of the poles of a magnet on a com­
pa:--H needle dimii1ishe:, with the square of the distance of separation, it 
follows that t.h l limit~ to the material that would noticeably disturb com­
p~rati v 1]y insensitiYe instruments wonlcl , 0011 he reached. If we consider 
for the 1;10m •11t nnh· the horiz:ontnl <·omponent~, and call the distance a 

(fig. 1G) at whi •li tl;, u) "}dle ,v<ml,l respond to the attraction of material 
pnH, ·<:Hsiiw the HHwnetic force of that with wluch ,Ye are dealing, then at 

any station, J>, th, material inside a circle dra,,rn ,vith P n.· a center and 
radius rt, (shn<le,1 in the fig-ur )) mml<l exert force on P, the material outside 
would not. If th<? cirde clra,Yn from a station, P', does not reach to the 
nuwn •tic 1, •It, th., 11eeclle~ nt P' will not he di. turhed. 1 

I~,or r lmm11s of ~ymm 'trr, it is ~cen that the attraction of the magnetic 
--· -------

1 Tho :ictual clislnnces nt whicli di:--tnrhauct's of tho net'dles <·an lJo cletected are exceedingly 
variahle i;inc:c they rlepl'ncl (a-; will he sho"~n hert>after) not 011ly npon tho lithological character of 
th, rnag·;10tic for1u;1tion, bnt also upon its trikt>, dip, t~_ickne 81 extent, ancl nearness to the surface. 
0110 formation in which all the conditions are cxcept1011all,Y farornble distinct]r deflects the r1ial­
c·o111p:u,s 11ee1llc at, a diAt an<·o of Hi mile~. 
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belt would act ak ng the line P N drawn through P perpendicular to the 
trike of the rock. 1 ince there i. a much material on one sicl of thi 

line a on the other the components perpendicular to it will balan ·e e:-1ch 
other and the in ·trument.' at P will be affected exactly as if all th attract-. 
ing mat rial were concentratecl along this line. The horizontal n edl will 
take a po itioi1 in the line of the resultant of the two force: which act upon 
it, namely, the horizontal omponent of the earth: mao-neti m ( whieh acts 
in the line of th magnetic meridian) and the horizontal c mponent of the 
material within th __, -·ir le of attraction ( which acts along the lin P J). 

The force whi h de­
flects the neecllP from 
it general local <lir c­
tion i: the component 
along P \ and it is 
vid nt that the great­

er this component the 
greater will he tho de­
fle ti< m of the needle, 
, in ·e th direction in 
"-hi ·h it aet.· always 
remai1rn the same at\ 
an ·tation C, for any\ 
giYen dir ".ction of 
:-,trike of the rock. 

R For if fl i~ tlie ~trike 
Fi~. 1'.- ird,· ~ of nttraction . 

of th· roek mea:'tued 
from the north and II and H' are the horizontal components of the eartli's 
and th rn k ±<w er sp .l tiY ly, it i: renclily ~·hown that ,5 th\ a1wle of <l ..fiec­
tion of the horiz utal needle at any tation, P is o-iv n lJ.,~ th, .. quation: 

GOS fl (1)tau 0 =II . 
Ji'± srn fl 

l~rom this quatinn it i: asily ,' 1 en that, no nrntt ·r hnw oTeat lllay be 
the horizontal ~,nnponent of th~ force of the magnetic ro ·k the horiz mtal 
n e<ll • an n t 1 l fl, ·t d pa~t th nrH'mn1. 
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As P rnove • towc,r<l the· magnetic belt the horizontal component at fir t 
increases, and with it the westward deflection of the needle. Finally, the 
maximum we tward deflection is reached, beyond which the needle begins to 
return; it i ' evident, therefore, that at this point the horizontal comuoneut 
ha. reached a maximum Ya.lue. 

3. DEFLECTIONS OF THE DIP NEEDLE. 

The balanced clip needle (i. e., without index error), iu an area of 
no local di:-,turbance, is in equilibrium under the action of two couples, 
namely, the --vertical component of the v 

..,---~arth's· uutgneti rn and th added weight. 
r ,vhen displaced from the position of --~-:_ 

e(1uili~rim11, the horizontal couple re) 
store: 1t. 

-~-_,,.----

In fiO". 17 let PP lP a balanced V 
Fig. 17.-Tbt> forces acting 011 the <lip r,ieedle. 

<lip needle ·which has heen (fo,placecl 
tlirough the angle a. At' the two pole the attraction and repulsion of the 
earth'.· magnetism may re~oked into horizontal and vertical components, b:) 

Hand V. 
'I aking moments nbnut C, we have, if a=O, the needle in equilibrium 

und r the couples, 

Y. 2v-mg. a=O, 

where 21J=PP, mg=th ad.den weight, and a its c1ista.nce from the center. 
If this needle 1-,n hc1lanced, is carried to a station within the influence 

of a mc-wnetic rock, its clip "~ill be determined hy the composition of the 
new fon:e~ with the old. 1 he Yertical plane will be that in which the hori­
zontal 11 ,dJc point.~ at the same station. The equations above give us a 
r ·ad,~nwans of d tcrminin!!: the nugle of dip in terms of all the forces. 

·:·uppm,e the ne ,dI fiunllr rornes to re ' t at the angle a with the hori­

z<mtal (tho nortl1 pol• hein°· clepres~ed). rrhen 

,\·Ii jrc II,. mid V,. signifr th 1 re 'ultants of the ho1-izontal and vertic'al com­

pnn •11t: nf tl1 nrth's nnd the local force. 

j (2) 
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Equation (2) i-. easily reduced to 

_ 2b . "\\- m.r;a,t (3)an a - --2b . l-I,. 

If, ho\\~eyer the clip neeclle is not lmlauc ..a, hnt ha:--, where th •re i:-; no 

local disturbanc , a constant index error O (mea. 'ur ·d from the horizontal), 
it is readily seen that 

t 0 _2b. Y-m,r;a . 
an - - 2b.II -

In an ar a of l cal clistnrhanee the angl" of dip a i.· given hy equation 
(3). Sin' Y and Y' alway~ act in the :nme line 

. ~~uh titutimr thi and the value of m_r;rt from equation ( 4), quation (3) 

h "comes 

_± V' + H tan 0,tana_- I -I . 
r 

If the index error i " f/ and the ·mTe ·pondiwt lefl ction a', we have 

tan a _± V' + II tan 0 
tan a' - ± Y' + II tai1 e 

Therefore at th . am ., sta.ti<.m th~ oT :.nt ·r th ind x error the OT ·nter 

is th an~·le uf clip in th ., ;-;nm or t'\\'o similnr i11:-;trnm nt.~. It is also evi­
d nt that th gT )at r th ., Yertical ·omponent of the pull of the rock, tli ~ 

le--s · will b • th· diff r ..n ··e het·wcen the de-A, ·tion:-- in th· two ·a:-. •s. 

Frmn an in ~p • tinu of equation (5) it i~ . ~ •n th~1t tan a= oo or 

a='.J0° only wh ·n Ilr=O. Hr i: ju o·eueral, o·iY--'11 1,y th. er1uation 

wher /3 i~ th - sh'ik th • rn ·k men~ur ·<1 from tho 11nrtl1. Hr cau t1H:! l'e,)f ­

for"-' •qual z •r• only wh ·n /3=;, or tlw rock :--trikt::-5 f!a:·t ancl '" • ·t, HlHl at 

th • :am• tim TI ' i.: nmn ri ·all:~ Clqunl tn H 1 nn<l ,wting- in t1w oPIH>~ite · 

dir •tion. Dip~ 1 f 9U 0 can not oc ·ur in otlwr <·ns ·.: 1w matt ·r bow . tro11g 
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th magnetic force of the rock may be. It is also evident th3:t in general 
Jt ha. its minimum Yalue when H' =-H sh~ /3. When the rock strikes 
north and south 01' /3=0, Hr is a minimum when H' =0. 

4 . HORIZONTAL AND VERTICAL COMPONENTS WHEN THE MAGNETIC ROCK 
DIPS VERTICALLY. 

If we a sume that the magnetic rock has a uniform strike in any direc­
tion, a vertical dip and a surface width or thickness equal to 2a, it is easy to 
, ·ho\v that the horizontal and Yertical components of the rock force are given 
by the following equation , where x is the horizontal distance of the station 
of observation from the middle plane of the formation, h is the depth of 
surface covering, a ·urned to be uniform, and m is a constant. 

H' h2+(x+a)2 

- -loo'
0 

----=-______,~-=---= 
• 

(6)m - li2+(x-a)2 

\ ' I -1 x+a t _ 1 x-a J- = 2 tan --- an --- (7)m h h 

In equation (6) II' =0 when :r =0; therefore a point of no deflec-
m 

tion of the horizontal n edle is found vertically over the middle point of the 
magnetic rock. It i. al ·o ffddent that at corresponding stations on opposite 
,·ide of the middle point, the horizontal components are equal, but act in 

oppo,'it direction ·. 
rro obtain the points of maximum or minimum values of the horizontal 

component, ·we differentiate the right-hand sjde of equation (6) with respect 
to x, and place the re ult equal to zero. Thi. gives 

(8) 

,vhich determine:-; two points at equal di tances from O on opposite sides of 
the rork, at which the horizontal component has maximum values. ·writing 
for {,C the men, •tmible di ~tance d, and qua.ring, we have 

(9) 

'I'hc thickne , of the mao·uetic formation i therefore always less than 
the <li, 'hmcc h tween the points of maximum horizontal deflection, except 
wli 11 ft= o, or the rock i " uncovered, in which case the thickness and sepa­

rntiou of the maxima ar the :,ame. 
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Br differentiating the right-hand ide of (7), with re. pect to x, it is 
ea y to how that Y' ha · a maximum value " ·hen ;r==O. ,vheu the rock 
.. trike" north and "'outh this al o corre pond to a minimum Yalue of Hr, a. 
ha aheacly 1 e 11 shom1: and, therefore, b r a reference to equation (5) it 
i , readily een that a point of maximum clip oin icling ·with a point of 110 

horizontal cl Ji ction i" h1 that case found o,·er the middle plane of the 
bnried magnetic rock. 

"'\\11 re the strike i' inclined to the meridian, the point. of maximum 
clip alHl zero cl fi tion will not coincide, ince th maximum value of "\ ' 
do not o ur at th ·ame station as the minimum value of Hr A, ha 
alr ady been shown Hr i • a minimum when H'== H in /3 (/3 being the angle 
of th ·trjke) and thi is in general on the ide f the ro k on which the 
augle made with an ea ~t and ,vest traverse i obhve. The point f maximum 
dip will be ituat u n the ame side of th ro k 1 etw en this station and 
the point of n h riz ntal deflection, and will a ppr ach the latter a the 
trike approa hed the meridian, and al o a ' in rease. relatively to II'. 

With tron()'l ma()'neti ro ks the point of no defle tion and maximum dip 
practically in i 1 on map platted to the ·cal of J in ·he to the mil , 
except whern the h·ik i nearly east and we ·t. 

5 . HORIZONTAL AND VERTICAL COMPONENTS WHEN THE MAGNETIC ROCK 
DIPS AT AN ANGLE. 

nd r the last hea lin , it wa as umeel that th ma ·netic rock dip 
yertically, and that it c ntinu ' indefinitely downward at thi anlj'l . In 
con quence of thi .. a umption, and al o of th on pti n of th mann r 
in "hi h rnao·n tism fa clistribut d throu()'h magneti r k , it ha: b n • n­
cluded that the north p 1 ' of the rock, which re1 l th north nd of the 
c mpa n ell ar situat cl o far below the mfa that th ir ffe t ma 
be ne ·lect d. h r for w haYe tak n into c unt uly the ·outh pol , , 
whi h ar . ituat d at th rock ,mfac . 

In the ·a· of r k: ,Yhi h do not dip at hio·h ano·l thi • a:sumption 
an not :-;, £,IY b me cl , nd the influ n • of th 1 tt m pole. mu.·t he 

tak n into ac ·ount. inc th fore of th : I ol • a ·t: in ppo ite clir Cl ·­

ti n from that f th upp r pol s, and ·ince the r ar m re d pl buri d, 
it w uld -' m that th ir influence in g n ral mu ·t 1 .. t diminish the total 
£ r which a t::; 11 n th n clle at any- tati n and th r for that th 



351 MAGNETIC OBSERVA.TIONS. 

deflections both of the horizontal and dip needles caused by the same rock 
should be le ·s in amount, ceteris paribus, where that rock dips at a low 
ang,Ie than where it dip at a high angle. 

In the cour e of the field work certain peculiar deflections of the 
needles w re encountered in traverses across rocks dipping at moderate or 
low augle . The e were not thoroughly understood at the time, but the 
can. e wa believP-d to be connected with the angle of dip of the rock. For 
example, it wa found alon°· traverses crossing · certain north-and-south-
triking rocks, which were known to have a westward dip that may have 

b en either hi0>h or low, that the two points of maximum deflection of the 
horizontal needle were not situated at equal distances from the point of no 
deflection b tween them, but that the distance of the western maximum 
wa,· much the horter. It happens in this region that no east-dipping rocks 
occur which are so far removed from other magnetic formations as to be out 
of range of their po ib1e influence, but, so far as they go, traverses across 
the e showed that the nearer maximum was situated on the eastern side of the 
point of no deflection. It therefore eemed probable that the cause of the 
in quality in the distance from the zero point to the maxima was the dip 
of the rock, and that the dip was in the direction of the nearer maximum. 

If the magnetic formation has a urface width =b, is uniformly buried 
to the depth ll, and dip at the angle LI, then, if l = tan LI, it may be 
hown that the horizontal ann vertical components at any point P, the hori­

zontal di tance of whjch from the lower edge of the formation 1s x, are 
given by the following equations: 

H' 12 7i2+x2 2i\. 
m=l +il.2 log h2+(x-b)2+1+12 

5 _1 x-b-Ah -tan_1x-Ah ~ . (10)( tau ,;\ x- Ab+h • Ax+ h S• 

1 1~ =2 Itan- T!-tair x h b J 
A 7t2+x2 2 

+ 1+,:t'.?logh?+(x-b)2 + 1+12 

5 _1 7z(l+A2)-A(l+x)_taic1 b+l h-x ~ 
. (11)( tan A.2(1 +x) h-l b+l x 5 
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If A:=x , and the coordinates are referred to axe , in the middle of the 
rock, these equation ... reduce to equations (6) aucl (7). 

By differ utiating: the right-hand side of equation (10), placing the 
re ult equal to zer , and solving for .c, ~he positions of the tations at which 
H' i a maximum maY he determined. This o·iYes: 

;·- A b+2h ± (A2 b2 +4kl h2 +4Jt2)½ . (12)., _ 2A 2A 

Oallino· the difference of the roots or the mea.-mra1Jle distance hetwe n 
2fl

the maxima, 2 d. and . ubstitnting for b its value -.-- 2 a being the true 
, 111LI, 

thicknes of th r ck, we hav : 
2 h 2+a:}

d == -.- ,, ­ (13)sm--1 

For rocb of high dip, th refore, the di, tance 1 etween the maxi1 mm 
point~ is 1mt littl 0 T ater than it would b W" ..re the dip verti ·al, and it 
increases inYer:-.el:· as the angl of dip. 

A 0 • n rc1l ala- braic <let nuination of th I< int at which II' i, • 0 and 
"'\ ' i:-\ a ma.·imum i · impos:-1i.ble, since it inv Ive: the olution of equations of 
a cleoT high •r than th fifth. However, by a.·. uming numerical valu ,' 

H1 Y'for i\., 7z and a m b) m·ve.· expres ·iug th ret ti n , h twe 11 - and . and 
Ci) Ci) 

x can be plott d, from which the maximum and zer p int: can he deter­
mined in any d sir d numb r of special ca:1e, . 

Let u:-- tir:..t a;-;:;urne that ,l =3 (or that the ro k clip~ at an, nglc of about 
70° 34'), h:=2, mul o:=6. Th ordinate to the ·mTes nf fig·. l, PL XLVII, 

H ' V' gi-v th rnlue-.. (>f - nnd rorresponrling io <lift r nt Yalue:-; of :1;. rn1e 
a> (ji) 

. II' ordmate" to --- ,.l not rnpro8 nt the d fl ction:· rS of th• horizontnl needle 
CJ 

frnm the rn ri lian, hut 11mmtitie:,{ tlrn t are cnnne ·tecl with those <l ~fketion 
by q nation ( 1 ). T'he defl tion:-\, howeYer, Yary a~ H ' YHric~ arnl will have 
maximum and minimum , alu i:-; at th sam point..;. 

J:i rom thi~ fi.gur • it a1 p ar:-;, fir~t, that the u i' r r mnximum i: ,·itunte<l 

on the dip :--i1l • of th=- rock; ;-;eeondly, that the p int uf uo ,l ,fl •(;tiou iH not 
oY =-r th ) mi Mle plane, but is n ar r th~ upp "l' lge; thirdly, thn t th , hori­
zontal for ·e of th r) ·k iti numerically 1 H.' at the n ..ar ·r than at the more 

https://inYer:-.el
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di taut maximum, and, fourthly, that the distance between the maximum 
point· i nearly the same for the inclined rock as for the vertical. 

In PL XLVII, fig. 2, the constants have the same numerical values as 
befor , except h, which now =4 instead of 2. The rock is thus buried to 
twice the depth of the former case. The ame conclusions are true for this 
ca. ·e as for the fir t. The zero point is still nearer the upper edge of the 
rock, a11cl the maxima are farther apart. 

L e1t it next be a , urned that A= 0.5 (or that the rock dips at au angle 
of about 26 ° 34'), h=2 and a=6. These data lead to the curves of 
Pl. XLVII, fig. 3, in which, as in the ca 'e of the rpck: ot higher dip, the 
m~vinrnm points are un 7mmetrical to the point of no deflection, the nearer 
lying on the dip ide. 

In Pl. XL VII fio-. 4 we have a rock of the same thickness and dip at 
a depth h=4; and the same conclu ions hold true . 

.r rom th e four mTe , which represent formations dipping at high 
arnl mocl ratcly ]ow aiwles, and buried to depths which are in the one case 
mall awl in the other gr at, relative to the thickness, it is probably safe 

to draw t11 followi1w gen ral conclu ions: 
(a) Th dir ction of dip of a magnetic tormation is toward the nearer 

aucJ (f r north-and- outh- triking rocks) the numerically smaller maximum. 
(lJ) Th point of no deflection between the converging maxima is not 

situated ov ~r the middle plane of the formation, but is nearer the upper 
eclg ~. But with .in •ren ·ino· depth and diminishing angles of dip, this point 
may p·t.-.· b youd the up1 er edo·e. 

(c) With •lightl. r in lined rocks, for moderate depths of surface cover­
ing, t1 1 , di.·turban • ... are "pr ad out over a much wider zone on each side, 
and th, ma ima are I :harp, particularly the maximum on the dip side. 
Und .:ir th 8 ·ircum tanc irregular and anomalous deflections would be 
exp •t d in practice a.· will be een in the following sections. 

(d) The urv ~. of th -v rtica1 cornpon nt h~w maximum values near 
th zero valn of th horiz ntal omponent only m the case of the rock of 
hio·h dip. In th a of th rock of lower dip, ~he vertical comp_onent ha 

gativ;; valu , or i , dir cte<l upward over a wide zone on the side of thea 11 

ro ·k oppo:ite to the dip :-;id . O-ver thi z_one :he readings of the dip needle 
will l :1 l .. , than 11 rmal r eYen negativ 1f V' > H tan 0. This is in 

,vith the fa t , of b ervation. 
::uo 
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It i.. al o inter ting to determine the relativ value. of the horizontal 
component. at the two maximum point , for different anO'l , of dip, and f r 
differ nt ratio f h t a-that i for different d pth f burial. Fig. L 
how in graphical .form the e relation, for all ancrle of dip b tween 90° 

and 0° for eYen differ nt ratio, betwe n h == ;~ and h == 4a. Th ordinate 

to th dotted cm·v ~ ( con ave upward) gfre th r lativ valu - of the hori­
zontal omponent at the maximum point n th di1 ·id (B maximum); 
tho~e to the full ·urve, ( onve_~ upward) th value · at the maximum point 

8 
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FIG. 18.-CUI"'\'es howin" the relation lwtwl't'n tho horizontal components at the JJ(Jin of maximum cletlectiou. for rocks 

tlippim~ at nn-ious augles anu bnri d to variou d r,tha. 

on the oth r ·id f th ro k ( A ma imum ). Th ;~ urv _. , show that the 
horizont< 1 ump n nt at th B maximum i: alway.: num ri all~· nnH'h I .. 
t-han at th ~\. maximum, and that for mod rat d pth • of burial it dimini:hes 
v ry rapidly at h th point: ,-vith . mall an()'l : of clip. 

6. DETERMINATION OF DEPTH. 

Th r lation: h tw n th clip and thi Im of a maO'n tic ro ·k the 
li tarn; 1 t,Y .. n th) horizontal 1rnL·ima, ancl th d ..pth of ·o ring are 
ofr~n in quati( n (13). By a~:umiiio- num ri ·al valu . for LI, and ith r 

f r a th half thi kn :.~ of th ro ·k, r for rl th .. half di.tan b tw ""'11 th 
maximum p int::. it i' pl t th~ ·mT whi ·h _.xpr ,.·: •: th r 1 lation: 
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~etween the other two quantities. If d is taken as the constant, the equa­
tion re pres nts a circle; if a, it represents a hyperbola. 

Thi equation may have a useful application in making it possible to 
iudge, in advance f a tual test pitting, of the probable depth of surface 
coverino· over a mao·neti rock, for which the original assumptions are ful­
fill cl, and the numerical -value of LI, a, and d are determinable. It will be 
Pm mbered that th an~umptions upon which equation (13) rests are the 
fundamental one of ection III, and al o that the rock has a uniform 
strike. In practice, the uniformity of the ·trike can be established by other 
trav r on each :id of the one in question, and LI, the angle of dip, may 
u.·ually be determin d by the outcrop of other formations in the same 
,'eri:.1:. 

For any practical application it is also necessary that a (half the 
thickne.~s of the rock) and d (half the di tance behveen the stations at 
whi ·h the horizontal <.:on~ponent is a maximum) should be known. From 
an in.·pection of th J equation it i • evident that any close determination of 
h, xcept for great d pths of coveriiw depend · upon very precise know-1-
edo· ~ of the ratio b tween a and cl. The practical difficulties in the way of 
th m aimrement of a and the e--ver-pre ent probability that the rock may 
var ~ from point to point not only in actual but in effective magnetic thick­
ne ·s (which is what a actually signifies), make it clear that for the most 
part h an only b c:. £ und approximately. Also, in the case of a rock 
,·triking due aHt and w t the methods fail, from the fact that 2d can not be 

d 't 'rmin cl on th O'l'Ouncl. 

Th determinati 11 of h i , therefor hedged in with important limita­
tion. ·: yet in man? •a ·e th infornrnJion upplied by the equation may be 
·v rv u, · •ful. The difficulti , in the way of measuring a are di posed of in 
th"' ~ev nt that along· one trnYer e on the trike of the rock his known, as it 
ma,~ h , by th sinki1w )fa te ·t pit. Thi rnlue of h at once gives a value 
of a, which may b., u~ cl on )ther traY I"CS aerosN the ame rock with much 
mor .. ae 'nrat , re •ult·, in the lack of di:turbing factor , than if a were 
known onl Tby memmrc:.m nt It should be added that ,vhen the traverse 
To:: ,8 th, ,· tri,k of th magn tic rock at the angle Y, the distance d mea -

un•cl 011 the Hn of th, tnn- r:e mu ·t be multiplied by ·in JI in order to get 
th .. valu, of rt to 1 e u:ed in th determination of h, and al o that h mu t be 

corr <'tecl for the heig·ht of th in '" trument. 
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fore general information as to relative depth of bmial is al o given 
by the dip curY '. It i ea ily seen that where the :up rficial v ring i, 
mall the v rti al component of the rock fore mu t remain . mall, xcept 

imm diately OY r the rock. Thi con<lition is, therefor , indicated by .-teep 
·lope, in the clip cmv •. On the other hand, wh r the depth of cov ri1w 
i • eon ·iclerable, th vertical component increa e:-; i;lowly and r-;teaclilv, begin­
ning at tation' at a di tance from the rock, and th r sulting dip curve 
approache • the maximum with gentle :-;lope·. 

7. SUMMARY. 

(1) Th ,·trike of, magnetic ro k is given by th line joinino- the 1 oint 
on ·u e •iye traverse~ at which the horizontal neecll i • not deflected from 
the local meri lian between the converging arr w~ or at which the rlip 
angle: are a maximum. , hen the rock i • verticc 1 thi:-, line li in the middle 
plane of th r ck and fixe, it· po ition. It may be call d a line of mao-­
neti attracti n. 

(~) Th lip of a magn tic ro k i" t ward the near r horizontal 
ma:xunum. 

(3) Th thi ·ku s:-; of the magn tic formation mu:-:;t if Luri cl alway: 
b less than th listan ·e bet-we n the maximum p )int:-,. 

(-1) ,n1 r the .-uperficial vver i: not v ry uT at a ·hancr in th dip 
of a nuwn ti • rock fr m moderate or high mwl .:-- to low arwl : i.- attend cl 
with a rapid le r a in th valu ~ of th h rizonb 1 ·ompon:.int, with a 
corr 'pondino· l ·rease in th deflection' of th ·;) h riz ntal needl 

'ECTIOX YI. PPLI •4\.TIO~:r::, TO , PECL\.L '..\. -'E ' . 

In the pr ' ling • ti n 1iain ·en re 1 con ·lu. ion: haYe h n ,.-tab­
li h l with r gard to th r latiY po ·iti n: nf th :--tation: at \ hi ·h th 
horizontal an l v ·1tical compon nt.· of tl1 • for • of a mao-n ti n k h·1ve 

1maximum and zero value~. Th cl fl tions pr du • d hy th .- ·omponent. 
from h I 'iti n whi h th magnetic 11 e 11 . a. ·urn un<l r th a ti< n of 
th earths f r e hav maximum and z ro Yalu .• at the :am .-tatiou.- at 
whi h th omp n nt ha • maximum and zer ·( lu •,, aml th .)r for, th 
conclu~·i n:-- a~ to th r la.ti,· p ::siti ns of th . r- point: a., tru for any 
nnO'l of strike. But • rtain muu rical r lation:-; l tw n t] t d "fl e1<'f iou. • 
cl 'P nd up n th ri ntati 11 or ·tril e of th magu ~ i • f n ati 11 anl up n 
th dir ·ti n 1f dip and th will now h e<m~i l r ~ l. 
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1. THE MAGNETIC ROCK STRIKES EAST OR WEST OF NORTH AND DIPS 
VERTICALLY. . 

Let us first take the case of a rock striking east of north. At the 
stationi;; within rauo·e of the looal influence on the east side of such a rock 
belt the horizontal needle i. pulled west of the meridian, reaches a west­
ward maximum, then points north, then on the west side of the belt, east 
of the meridian, and reaches an eastward maximum. It is observed, how­
ever, that the we tward deflections on the east side of the belt are generally 
not so o·reat as the corre ponding eastward deflections on the west side of 
the b It. The r a on for this is easily seen. At each station east of the 
belt the local pull act"' along the normal to the belt drawn through the 
tation. 'rl1i.· no11nal makes with the local magnetic meridian an acute 

an()'l . The needle will come to rest within this acute angle along the line 
of the r:.1sultant of the horizontal components of the two forces, the earth's 
ancl the local fore , "rhich determine it position. However strong the 
local pull mar be the horizontal needle can not be deflected past the 
normal. 

\.t the corresponding tations on the west side of the disturbing belt 
the local 1mll al. o act along the normal from the station to the belt, and 
ha.' the sam numerical Yalue. But in this case the normal makes an 
ohtrn; angle with the magnetic meridian. For two points equally distant 
from the ma<rnetic belt, one on the east and the other on the west, the 
re. ultant for the we tem point will, therefore, make a larger angle with the 
meridian than that for the en tern. 

On the other han 1, ,d1en the rock strikes west of north, it is observed 
that th horizontal <lefl tion" a1~e greater on the east side than on the west, 
an l th:. xplanation i , entirely- irn_ilar to that given above. 

1.1he dip-n ledle b ""ervation, at the ame stations show general phe­
nom na quite like tho in the ca e in which the strike of the rock coincided 
with the meridian. The ~ gradually increase to a maximum near the sta­
tion, whero th h< rizontal needle stand at zero between the converging 
arrow. , and grn<luall d crea. e from this maximum on the other side. It 
i. not d, how ~v '.)1•, that the r ad.in°·s are not equal at corresponding stations 
on opp site side· of the maximum. vVhen th strike is east of north, the 
w .•torn ;tation , •hmv , a hio·h r clip than the eastern; when the strike is 
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west of north the ea tern station shows a higher dip than the corresponding 
tation on the we t. Generally stated, then, the tations n that side of the 

magnetic rock on which the angle between the trike of the rock and the 
line of traver ~e is obtu ""e how o-reater dip angle" than the corresponding 
tation on th 'ide on which this angle i acute. A · the ana-le of dip are 

repre.'entetl o-raphically by a continuou: curve, thi" i the ame thing as 
ayi1w that the dip urrn i , steeper on the icle f the a ute than on that of 

the ohtu ·e < ncrle. 
The e fact" are ea "'ily explained by the following con ideration . The 

vei·tical ornponents tend t lower the needle, and "oulcl any it to a ver­
tical po ition except for the action of the horizontal forces, which t ncl to 
keep it h riz ntal. At any tation on the acute-ancrle . i le of th magnetic 
belt the re ultant of the two horizontal component., i: larO'er than at tl e 
corre p nclino- tation on the obtu e-angle , id the two being repres nt cl 
hy the lonrrer and hort r cliagonc L of a parall lo<Yram. 1inc • th vertical 
f rce are th , ame at th two tation:, it follow· that on th obtu ·e-an<Yle 
·ide the anp;le of dip mu "" t be larger than on the a ute-angle ide. Or, 
expre,:ed alo· braicall ince H1. i the only variable on the ri ht-hand 8icle 
of equation C) it i~ e--vident that tan a, and therefore a, the angle of clip, 
increa e, with a d rea e in Hr 

If the rnck clip at an angle les than 90°, th se re ult ar eith r 

int n ified r gr atly modifi d de1 endinO' upon the lir ·ti n of clip. It 
"'a, h wi1 in the la ' t se tion that the horiz ntal • mp n nt f th rock 
force i smaller on th clip ..,ide. If the strike and dip are both t ward the 
--ame side of the m ridian ( e. o'-, if the h'ike i n rthwe:·t and the clip :outh­
we t), i i." Yi lent that the numeri. al clift ren b tw n th cl fl tiom; f 
the horizontal u edle on th two sicl . of the ro 1- ·will l 
if th roc:k w ..r __. Y rtical. On th otb r hand if th strike ahd dip are 
to,Yanl oppn ·it ~id ~ f th meridian (e. o·., if th ·trike i • north a a1 l 
th dip north"- .·t) th <liffi r nee betw en th defl ti n n the two , ide 
i • 1 ·s than fur a ,- rti al dip, or may v n 1 r Y r • rl. 

The ( l fl ·ti IL of the clip ne dle in th ca: f ro k: <lippin at anc:rl . 
1 :~ than 0° ar als err atl. T infiu n cl b.,'" th clir ti u f~ dip. If 8trike 
and dip nr toward th same ·ide of th m ..1'irlian tl e diffo.r n not d 
aboY in anµ:1 f di1 on th two sicl : f th r ck i. Ii utraliz <l., and th 
dip cmT t 1ml tn h m "nun tritnl; w·hil if th 'Y ar t ward pp ite 
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ide. • of the meridian, the difference is increased. It is to be noted that the 
influence on both in truments of the directi~n and angle of dip of the rock 
becomes weakened with an increase in surface covering. 

2. THE MAGNETIC ROCK STRIKES EAST AND WEST. 

When a vertically dipping magnetic rock strikes east and west, or 
nearly so, th traver e line must be run north and south so as to cross it 
a: nearly a po ible at right angles. In approaching such a belt from the 
south the in truments give little warning. The readings of the horizontal 
n etUe ·how either no deflections, or else very slight deflections, from the 
magnetic meridian. Pa t the middle of the formation the horizontal needle 
i: , trongly defl cted, often through an angle of 180°, so that it may point 
due ·outh. But a, the magnetic rocks having this strike which were 
encountered in our work were not deeply buried, and had also quite irregular 
upper surfaceR, a-enerally the needle pointed either east or west of south on 
account of the weight which the nearness to the surface gave to the aclja­
ceut material, either from the irregular distribution of magnetite or from 
t]1 }H'Otrusjon of mall ma" es above the general level. Oontinuina- north 

b ' 
th horizontal defl ctions gradually diminish and eventually disappear. 

rrhe behavior of the horizontal needle is explained in the same way 
a.' in the preceding ca, e . The position of the needle at any station is deter­
mine I by the resultant of the horizontal components of the two forces-the 
arth's force and the rock force-that act upon it. South of the magnetic 

ro •k th so tw component act in the ame direction and essentially in the 
am line, since the maunetic meridian practically coi;11cides with the true 

merirlian. The r ultant, therefore, i. equal to their sum and coincides with 
tliem j11 direction, an<l con equently there is no deflection. North of the 
ma<rn tic rock the tw horizontal component act in opposite directions, and 
·wh 11 they are in the same line the needle takes up its position in the direc­
tion of th greater w·hich determines that of the resultant; when H' is 
gr at r than H (whi h often happens near and north of the rock) this direc­
tion i , du outh. ,v1ien the two components do not act in exactly the 
:ame line, the n dl will point east or we t of south at an angle which 
depend on the ano-1 between the two forces and their ratio. 

, till farther north the horizontal component of the rock force dimin­
i. h . rapidly and we con quently fir. t pa through a zone of large and 
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dimini Iring deflection to the east or west, depending on the side of the 
meridian on ,vhich thfr component falls; and finally, when it becomes 
in en ibl , the ne dl re t again in the meridian. 

In th ca "e f a ro k triking east and we t, th point· at which the 
horizontal c mi on nt f the magneti m of the rock ha. maximum value 
b come indeterminate by the method ~ hitherto de. ribed, from th fa ·t that 
tlu·oughont the tray r ·e th two component. act in or nearly in the same line, 
and the cleflecti n from the local magnetic m ridian, therefor , ·10 not 
indicate the relafrve treno·ths at different , tation of the horizontal com­
pon nt of the r k for . 

The dip-nee 11 readings for an east-and-we t-. triking rock are a, fol­
lol,. ·: At m di 'tan e outh of the rock the angl :-, ar con. tant at the 
index error. ~ th r ·k i • approached, th angl ' of dip <ler nu up n th 
depth of burial. If the urface covering i • consid rabl , an in r a ·e in the 
dip angle b .gin~ at a on iderable di tance away, and prcwr .•. e.· continu­
ou ·ly a ' th magneti belt i ' approached. If th r k i: n ar the mfa • , 
the dip ne clle how~ eith r th con taut incl x err r or I: angl . of dip 
le . than the ind x rror f r all tations outh ex ·ept th :-,e Yer r n ar th 
outhern margin t>f th rock. The maximum readino- i • • ttain d 1101ih of 

the middle plan f th rock, at a distance from it w·hi h al o depend..· up u 
th lepth of Y rmo'. Farther 1101ih the dip angl .- d er ase . ·1owl and 
ar in general r at r than at the corr ponclino· tation. ; uth. The form 
of the dip- m·ve, there£ re, show , a teeper ,} p . uth f th magn tic 
ro k than north of it. Th reas ns for th ._e cli:fferen : will be civideut 
from the foll wino· c n i<leration~L 

L t it b , upp , cl f r the ake of simpli itvr that thr uo-hout th 
n rth-ancl- uth tnn-er ·e th hrn horizontal comp n nt. · a t in th sarn line 
in the m ridian. • t any tati n outh of the maa-n tic r ·k th y , t jn th 
am clir 'tion c n th ir r ultant. will be their num rical .·um. t the 

c rre:p ncling ,_· tati n north th y act in oppo it dire tion:, and th ir r sult­
ant will b th ir mun ri al diff .renc . Th anO'l of dip i: giv :111 by 
equation C): 

tan a ==V' + i tan e 
r 

For th t"- orr :l:p< ndi1w station:-; Y' will th_, ~am . Th otll r 
quantities ar .t11 n:-.tant.~ x' pt H,. F r th., >' uth :tati n Hr= II' + II; 
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for the north, tation, Hr= H- I·I1, where H and H' are, respectively, the 
horizontal component of the magnetism of the earth and of the rock, as 
before. The numerator of the right-hand side of the equation will be the 
,·am for both stations, vYhile the numerical value of the denominator will 
b less for the north tation than for the south. Consequently tan a, and 
ther foro a, will b greater for the north station. • 

For great depths of superficial covering, however, these differences 
become almo.'t imper eptible, owing to the fact that H1 is so small that 
Hr i • essentially the same at the two corresponding stations. The tendency, 
therefor , as 7z in rea e is for the dip curve to become symmetrical. 

In the special ca e in which H' =-H, Hr= 0, and the dip needle stands 
at 90°. This ·an onh~ take place north of the rock, and may, depending 
on th tr ugth of I-I1, b found at two stations, one on either side of the 
station at ·which I-I1 i: a maximum. At the ame stations the horizontal 
needl i, not ., ct cl ou by any unbalanced force, and rests indifferently in 

any position. 
The clips les than normal which are often observed at stations south 

of a maO'netic rock which lies Yery near the t:miface are also easily under­
,·tood hy a reference to equation (5). At the e stations the resultant pull 
of th rock is .·o n a.rly horizontal that the vertical component V

1 

is very 
. mall ju compari ou with th horizontal component H

1
• If V

1 

is a negligible 

quantity, quatiou (5) b com s 
H 

tan a ==H+H'. tan 0 

In •uch ca . the miµ:l of dip i therefore les than the index error. '\1/ith 
north r ;outh dipping rock , where V' is negative, tan a becomes negative 

whou "\ ' >II tan 0. 

3. TWO PARALLEL MAGNETIC FORMATIONS. 

Th ca e, . far con "id r cl ha.Ye involved only one belt of magnetic
0 

rocl whi ·h ha , he 11 a ,8mued to haYe n uniform ..-:lip in one direction, or, in 
h ;. ,vord,' to b a, m 11 clin '.). In practice howeYer, owing to complexi­

ti : of ,· tru~tur and otli:->r can s, which will be considered hereafter, it 
. tli·it tn-ro or more H,]J]Jroxiinately parallel belts are foundfr qu ~ntl. y l1app 11:; < " . • • 

'th· of ()lie au tber mfluence. Under these circumstances 
w1 m t11e rang c 
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the effect produced upon the magnetic n edle are orr spondingly com­
plicated. 

For the purposes of illu tration it is. ufficient to con ider a few extreme 
H' V' 

ca es, and to repre ent the values of m and m for the~e graphically. Let 

it first b a. um cl that the two pa~·allel belts ar Y rtical, that the distance 
between them i, , and that a=3, and h=2. Thi repre:ent • th conditions 
when the cli tance of ~eparation js large compared ·with h. The ordinate. to 

H'
th curYe of Pl. XLYIII fiO'. 1, give the value of mw·hich correspond to 

the different 8tatic ns of ob e1--vation. Tho,'e I art: of the curve whi h are 
above th h riz mtal axi of coordinates represent th p 1'tion of the trav­
erse in which H' i: directed tmvanl the we:t· th part.· below, tho e in 
which it is directed toward th ea t. It i een th~ t l e:ides the middle point 
there ar two ther points of no horizontal cl fie ti n wbi h do not exactly 
corre ·pond with the point ' Y rtically over the miclcUe of the magneti • forma­
tion , but are ·omewhat near .r the acijoinin°~ edge"· and al o four points of 
maximum cl flection one n each ide of each rock. The maximum point 
in ide of the two formations have smaller clefle tion, than tho e out irl , a. 
hmvn hy the r latfre length.. of the . ordinates to th curv , and al:o 

between th i1dde maximum points the h riz ntal c mpouents are dir ct d 
a-way from th~ middl 1 point. 

. Y' 
rr h cmT oi - r pr "'ent d by th clotted lin , has two maximum 

Ci) 

Yalues whi h foll n c rh~ o-ver th two ro k. . 
If n xt we a:::;ume that th:) di ·tan betw _. n the rock: i.· , aucl that 

a=3, and h- , we obtain th:, cun~e of Pl. ./'LYIII fi,,._ '2, wJ1i ·h rJpr . :lnt. 

the Yalue f !' wh n h is larg om1 arcd with th rli ·tane, of .• paration. 

This ca~e ~how" but on pl int >f no horizontal cl fl ·ti _n lwtw" "I the two 
n t:k: and 1ut tw point of maximum d fl tion n1 on the ut ·ide of 
ea h. 

Th ~urY d hY th dott l lin ·how: th intere. tino-

£ atur of thr rnaxu rn1 point~ on at th • nt r anrl on ov r a h 
r ck. If h wer r hti ,. 1Y a littl oTeat r th .-e would vid ntl :r oincide 
at the nter. 
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If the two parallel formations are not vertical, but dip in the same 
direction at the ame angle, the resulting curves are somewhat different. 
Pl. LIVIII, fig . 3 and 4, show two cases in which the elements are the 
, ame, except the depth of covering and the thickness of the intervening non­
magnetic material. Here the rocks dip at an angle of 71 ° 34 '. and the width 
at the rock surface i 6.3 for each. 

In fig. 3, Pl. XLVIII, where h==. 2 and the width of the nonmagnetic 
b cl i.· 10.7, and the covering is, therefore, relatively small, the presence of 
tw rocks is distinct! hown by the curves of both components, and the 
hief result of their intemction is to introduce an additional point of no hori­

zonfal deflection between them, on each side of which the horizontal arrows 
<liverg . The po ition" of the maximum and of the other zero points are 
hardly disturbed, and on equently the d~rection of dip is very clearly 
imlicat cl. 

In fig. 4, Pl. XLVIII, where h==.4 and the formations are separated by 
nonniacrnetic material J.7 . wide, there is but one zero point, nearly over the 
midcll of th upp r formation, toward which the pointings of the hori­
zontal needle conv rO'e. ,v t of this are two points of maximum eastern 
(left ction, betw en whi h a faint minimum represents the backward pull of 
th ., lower formation. 

Tf th two magn ti~ formations are parallel in strike, but dip toward each 
oth rat equal ano·le , th re ultincr curve of the two components are hown 
in Pl. XLVIII, fig . 5 and 6. Fig'. 5 illw~trates the effects on a syncline 
with teeply dippino' , i l , th UJ erficial covering being relatively shallow. 
Th . cou<lition, r imlt in a point of no horizontal deflection over the mid­
dle of th trough with diY rg'ing arrows on each ide, and besides a point 
of n horizontal cl fl ction oYer each rock, toward which the arrows con­
ver<r . The po ition" f th two maximum pointN for each rock, and of the 
z r b tw en th m, i. n as] ~ the ame a if the other rock were al:».ent, and 
, n. · qu ntl the fact that th rock dip toward each other is clearly 

indi at cl b th un ymm trical di tance . 
In fig. 6, Pl. .LrL"\ III, the depth of the rock urface is much greater 

r L ti v 1 r t th insid di tanc between the leg of the syncline, and the dip 
i., In thi a, e th r ar but two point of maximum deflection, one 

011 , h . icl of th .,,11 lin , and but one point of no deflection, over the 
mi<lclle of th troua-b.~ Th maximum point repre ent the outside maxima 
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of the former ca ·e and the result of the interaction of th two 1 g ' i to 
increa e th num rical n1lue, of the e, as well a t hrin<-r them near r 
too-eth r. It i , Yident that the deflection · of the horizontal needle in this 
ca could hardly b di tingui h d from tho e that w uld 1 e produced h ~ a 
ino-le Y rti al f( rmati n buri cl to a, con iderabl d pth. 

L t it n xt b "uppo d that th two rock · dip toward each oth rat 
di:ff rent ano-le • th "trike remaining parall 1 an 1 al ' O that the rock of 
lower clip i • bmied to th o-reater depth. Thi th n i.- a ·a ·e in which the 
rnao-n ti e:ffe t of one limb of the ynclin i much , tr nger than that of 
th other. 

In PL ... L, III, fio-. 7 th curve of th tw c mpon nt are giv n for 
the p ial ca. e in which the right-hand limb uf th :yn linal lip: at an 
angl of ( 0 

, an l ha .. a "'urface covering h =2 while the 1 ft-hand limb 
dip · at an anl.)'le of :.,6 ° 3-:b' and has a ,urfac • Yeri1w h=-1. It i • inter 't-

Fi~. 19-Tru ucat t> d anti.c liual foltl with gently di1-Jpin ~ limb . 

ing t compar th tlw r ti al re::;u1t: of this figur with th ·urv -'S of Pl. 
..._'"LYIII fi<·. whi ·h repre , nt d fl ·ti m .· actually oh: -'l'V cl, an l 1H t 
compon nt·. 

In th latt r fiO'm· th titrik ) of th tw r ck i • r •pr•. nted lJ_ ~ th 
h avy lin •,_. Th two r ks are th ,'am_. form a ti< n1 brought up 1 y fol fling 

i 1 f a yn liual trouffh. 1. h ~ s~n1 linal i. • .·liµ:l tly pu:h ,dC, 

YPr ~o that th a:t m ro + dips 1Parl. ~ Y rti al, whil" th, wc:t •rn ha: a 

mu ·h low r clip t ·war l th a:--t and is al:--c mor l -- c~ply huri cl. rl he8 
fa 't~ r :t on ind p 1 llll ut Yi leuc ' y -'t th r micrht all h _. iuferr •d from th 

b erYati n r rd d iu this fignr . • 
Th lip 'mY in this as ~· ho,Y • two di ·tin ·t maxima :: ,·mall r und •r 
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the zone of retardation and a larger over the point of no horizontal deflec­
tion, which correspond re pectively to tho two magnetic rocks. 

If the two formations are parallel in strike, but dip away from each 
other, the urve of the horizontal and vertical components for different 
angl :1, • of clip aucl different relation, of thHmess and depth of covering are 
lwwn in fig . 19 and 20. In fig. 19 the formations are widely separated, 

h i relafrvely , mall, ancl the angle of dip are equal and low; the inter­
a tion of the two rock.. ther fore extend ' oYer a narrow zone only, and the 
curves of the compon nt • clearly indicate the presence of two formations 
ancl the direction of (lip of each. In fig. 20 the anticlinal is so truncated 
that ma(J'netic material occu15ies the whole space on the rock urface 

b tw 11 the outer boundaries 
of the two formation . The ~ 
angles of dip are qual, and are :______ .J/ ~>---- s 

high r than in the pr ceding '·=- ,:___: w ,//.
4 R 

ca:-; j' while th depth of cover- R ··-F-. ........_______ ..-

ino· i. · relatively mu ·h 0 Teater. 
Th horizontal com1 onent i 
z ~ro in th a.. ial plane of the 
anticlinal, and ha. maximum 
valu . at tw point, ue on 
ea ·h . id of tbo zero. The Yer­
ti al omponeut i ' a 1rn1.xinrnm nat one point, al. o in th axial 

Fig, 20.-Truncated antiolinal fold with steeply dipping limbs.plan . Tl1e cl 1ft ction..• pro­
clu · •<l by tho • <'On<lition • could 
not b (fo,tinguish 1 in practice from those produced by a single vertically 

dippinO' formation. 
Ing ral, th r f r:l when two ma 0·netic formations lie within range 

11 
of aeh oth(•r's infiu nc th defi tion are d tormined by the relative 
rna<ruetic .'tr ugth: of th tw roclc, by their di tance apart, by their strike 
and clip, and by th ir (l pth f burial. It i evid nt that for certain given 
r ·latimrn ammw th,:-; factor th pecial ca above de cribed will occur, 
aud it is found that th r )ally do occur in practice. For other relations it 
i.· not po,.sihl, to mak .. a o· n rn1 ·tatement either as to the number or the 

po:iti 11 of th, maximum and minimum point'. 
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ECTIO:N" 17:I. THE IXTERPRETATION OF MORE CO)-1PLEX STR CT RES. 

Th exi ' t nc of h'm parallel belt of mao-netic rock , may be accounted 
for o·eoloO'ically in more than one way. They may represent two di. ·tinct 
formation· nrrinO' at different horizon in the am:.i ries, or th y may 
re1 re ·ent the ·ame formation either duplicat cl b-v folding or faulting or 
·eparat cl into two part8 by the intru ion f a ·he t f io-ne u rock parallel 
to it bed lin •. in ·e then, two magnetic line the exi tence of which has 
been e ·tabli ·hed by ob · rvati n, may have mor :.i than one int rpretation, 
th di rimination f these a -es, when po · ·ible is of ·pecial irnportan . 

The qu tion wheth r any given ca b lo1io-.- to th first f the :. ·at -
gori can O'enerall. ~ 1e -ettl c1 only by following th line f attraction into 
a di tri t which aff rd, a O'Cological ection aero,.-. the formation: involv d; 
or by the •·a ·ional outcrop of the rock whi ·h giY to the disturl anc .·, 
in which ca· lithol o·i al re ·emblan e.· or cliff'. r n ·, th r lation • to oth r 
formation-, and th b erved ·tructure will cle i<le the matt r on wa r or 
the other. In th ·p ial ca' in which ither or both line an b follow d 
complet ly rotmcl an anticlinal l me r a yn linal ba.'in whi h of course 
can nly rar ly hap1 en, th que tiou would 1 .: ttl l affirmativ ly, eY :..n if 
outcrop • wer ntir 1~~ la ·king. 

In th th r in tanc th mao·neti olr rvati n. th ms lve. often oive 
m an .. of di · rimination even wh n th out rop • < r .• f w or , ob.· ·ur 
a to be in them -.elYe indeci ·ive. It is ·hara ·teri.· ti of th fold: in the pr -

ambrian r k,, f thi ~ reo-ion that th a.xe, ar not u. ·ually parall 1 with 
the h rizon f r I n°· di tanc , but are often in ·lined to it; in other ,rnrds, 
when foll we 1 f r 0 -reat r or le s di tanc " they I itch. The uteTopping 

clo· fan_'" f rmatiou invol-ved in au anticlinal r :ynclinal foll whi ·h ha· 
been cut by a plan of denudation will be par, 11 1 to ,a h oth r wh ,r v :..r 
the axi" of th f ld i" horizontal, but ,-vill approa ·h ,a ·h other wher th 
a:xi • is in lin (l. In an anticlinal fold th c,y couY 1v .. in th lir ,ction in 
whi h th a.xi ~ink" while in a synclinal th y ·< n l'O'e in the dir ,ction ? 

in whi h th a..~i- ri " •. If th fonnati 11 i. a m, 0·1 •ti • n • on£ rrn,1 hl 
plac d b tw ;n 1 d • nf n nnuwn :itic chnra ·t •r, th mao·n .. ti lin : t which 
th out roppin°· e 1 • .,' 0 iv xi 'e will th r ..for~ run parall 1 to .1ach oth r 
when th a..-i' i • h riz • ntal and will nY :iro'e < r div rg- when th axi. 
pit h •. Th nYero-en e or Jjy r 0 • n :- tak ~ l h oTaduall , in·, th 
ano-1 , f pit ·h u mtll}- ar not lnrg . 
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In the ca e al o of a ingle formation which stands on edge and has 
been split by the intru ion of a sheet . of eruptive rock parallel to the bed­
ding planes, the magnetic observations will often show two parallel lines, 
which, at the extremities of the eruptive rock, where it wedges out, merge 
into on . 

In general, therefor , tvrn parallel magnetic lines which represect two 
distinct formation pre 'erve their identity, and do not pass into each other; 
when, however, they repre ent the same formation, they will often come 
together if followed far enough. The principles which have already been 
applied to the analysis of simpler case are useful in discriminating among 
th three cases of onYergence. 

1. PITCHING SYNCLINES. 

Let u fir t eou ider a pitching synclinal fold, which is represented in 
plan and by sue e ive TO section m fig. 21. It is evident that on the 
linu-; of traverse alono· ection , 

IR IVI ctn cl II the deflection~ f the II V 

n edle will observe th usual 
. • queu e for two parall l belt , 
th detail., clepeu ling upon 
, • '-'pc:tration and depth of over­

PLANi1w, while on line along ec­
tion. • III, IV, and V th ph 

I II m IV V 

non ena will be tho c:au ~ed 
- \\T/'(/V V V 

b_ r a ·inO'le belt of ma(J'n tic V CROSS SECTIONS 

ro ·k. Also, on account of the 
FIG. 21. - Plan and cross sections of a pitching syncline. 

ri. • .l in the axi , the . outh pole 
of th rock are brotwht c ntinually nearer the surface on these successive 
To •.· ,· ction ,, and therefor the two omponent of the rock force will be 

smaller for each trave1" than for th one preceding. Since the magnetic 
mat 1rial com "s to an nd at A, it is no longer true that there is as much 
ma()"uetic material on on .,i le of the .. e ctions as on the other. Oonse­
cruEmtly th horiz ntal component due to the pull of the rock does not 
be • me zero at au r p int along the ection , but for every station has a 
po,·itiv numerical valu and a ,t ., in the general direction in which the syn-
linal pitch '. t the station in th plane of ymmetry of the fold thj 

A 
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component act" parallel to the axis. The direction and amount of the deflec­
tion depend upon the direction of trike and pitch of the ynclinal. 

Let u' uppo e fir t, that the axi of the yn linal strikes north and 
pitche north. In thi case ection I, in fig. 17, is the most northern, 

ection , the mo 't 'outhern. 
The traver along ection I and II display the u ual phenomena 

for two parallel belt . Ea t of the eastern limb ancl we ·t of the we tern 
the horizontal nee lle will be deflected toward the : ncline. Between the 
two limb th re nrill be at least one point of no cl flection, and frequently, 
dependino- upon the r lations between the depth of burial and the thickness 
of the interveninO' nonmaD'netic material, eith r two other point of no 
defle tion or hv zone of retardation, one on each i le of thi middl z ro. 

Alono' S tion III, n and V there will b hut on point of no 
defle tion of the horiz ntal needle, which will c rre pond , ith th axial 
line of th £ ld. ince thi axi "' i north and uth and :o oincicl .• with the 
maO'n ti mericliau the horiz ntal component f th ruck t rce coin id . in 
direction with th horizontal omponent of th earth' , pull, and on qu ntly 
there i"' n l fie ti n of th horizontal n edl . F r ther , tati nn ea:t and 
we t of the ntral , tation the deflection are t ward the we ·t and at, 
with the u:ual maximum point . 

The d fl ti n ... n u e --ive e tion outh r w ·mall r, sin e the 
angle b tween the two horiz ntal compon nL pr err .• ively dimini:h •. 
The relatiY Yalu of th horizontal compon nt f tb ro ·k for· al. 
pr O'l'e iYely limini h "' th thinnino- of th mao·n ti mat rial clue 
to th ri , in the axi f th fold brino- • the l uri cl north I l .-.. into promi­
nen . Th r £ r th defl ction of th horiz ntal n :.ell after th mag­
netic rock h· ,., l n 1 ft b hin l very oon b • 11 im1 er' l tihl :.. 

The dip n dle 1 fl ti n: for th north rn • 
their maximum Yalu ' at th usual point.·, ov r th 
th ut -.. id z r ., <r p int ' f re ardati n. F r th .' uth rn ,· ecti n ' the 
dips oT w le· ,, ,'ii th :. horizontal r ·toring • upl... du t th rock ha. 
alwa a p itiv mun ri al Yalu , an l al o 1 ·au,· th Av :.rtical ·omp n nt 
of th r ·k f r limiui h : owin°· to th n arn s: f th ;· uth I ol :. 
the , ·h s th limit· f th magn ti 1 iaterial th point.· of 
maximum lip l m l s -- an 11 '} ·s cl arlv cl fo c1 and th rlip curv .. 1a::e • 
int an irre(fular line ·lio·htly d :.pre • d below th lin of no d fl cti n. 
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The reasons for this are, of course, obvious- from what has been said 
above. 

In the case of a synclinal fold pitching south, Section I (fig. 17) 
becomes the mo t southeru, Section V the most northern, line of traverse. 
Sections I and II pre ent the same general phenomena as before for both 
need.le . In Section III, n , and V the horizontal component due to the 
rock has a positive value for all stations as before, but in this case acts in a 
generally opposite direction to that of the horizon_tal component of the 
earth' • force. Therefore, on these sectj ons we should expect at first greater 
deflection of the horizontal needle, which would diminish rapidly as the 
sections approached and pa sed beyond the northern limit of the magnetic 
material, but which, for corre ponding sections, would be greater than for 
the northerly pitching fold. The deflections of the dip needle would also 
he greater for the ame rea ons. 

For a synclinal pit hing west, Section I is the most western, Section V 
the mo t eastern, traver e. In this case, along I and II, the deflections of 
the horizontal and dip needles are dependent for their details upon the ratio 
of lepth to di. tance of eparation, but if far enough to the west will show 
clearly two belts of magnetic material, approximately parallel, and striking 
approximat ly ea t and we Nt. For Sections III, IV, and V, in which the 
di ·tance of eparation i either nothing or relatively small, the phenomena 
will indicate but one belt. On these sections, owing to the fact that the 
horiz ntal omponent of the rock pull is nowhere zero and has everywhere 
a g neral we terly direction, the deflection of the horizontal needle will be 
w :ter]y throughout, and will reach a maximum north of the east-and-west 
ax:ial plane of the material, where the angle which it makes with the magnetic 
m ridian is more than U0°. 

In ft, cordance with th general principles stated in the discussion of a 
ingle b It with th ame trike, the angles of dip are in general smaller 
'Outh of the yncline than north, and the maximum dip is reached at a 

point north of th , :ixial plane. On sections farther to the east, near the 
limit· of th rock and beyond them, the dip-needle deflections, like those 
f the horizontal needl , rapidly diminish and soon become imperceptible. 

'I he. e fact., are weJl hown in fig. 22, which represents a series of north­
and-.·o 1th traver 'e acr s the Groveland basin, the limits of which are 
<l fin Cld Ly outcropH n the ea "t rn side . 

.. ION ..~xvr-24 
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Iu this :figme it i • in, tructive to notice the small clip angle: m the 
ectiou ea "t of the end of the Tncline. In the fir 't of the. ·e the clip 

cmTe ·l10w • a hollow near the axis of the fold or angles of clepre. sion les.1 
than the normal. Thi:- i;, ea 'ly uncler~tood upon considering that, Hince 
the ·urface coYeriug i • here :;;mall, the Yertical ·omponent of the roek 
force be ome. Yery :--mall at these ,·tation.' compared with the horizontal 
component. 

For an eastward-pitching syncline it i: obYiou.- that the fact· will 1)e 
entirely similar to tho e ·tated above, except that the deflections of the 
horizontal needle will he to-ward the east in tead of toward the west. This 
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1-'i T, 22.-.::'\Ingnetic mnp or the Grovelan1l Basin. 

i al ·o well , h "n at the ,Ye. t 111 ncl of th 'r velan<l hnsin in fio·. 22. 
Thi: ba in (lne~ not "'hmv- the })henomena of two line , howev .,r, from tho 
fa.ct that it i~ o nnrr w and shallow that it do ~ 11( t in ·lncl ~ in it.1 int rior 
any OY rlyiug· uomnagn tic material, and th r, i • a • ordingly no ,•eparntiun 
of it rim'"'. 

2. PITCHING ANTICLINES. 

In the ases of pit hing anticlines (fig. 23) th• .• •quence of ohst:>rva­
tions in th ar a nf R paration of th rim:.; i.· Y ,ry ·imilar to that of pit ·hi1w 
"'ynclin , . In th zon of coincidence the . tru turc 1 liff •r(.,11C in tlw two 

as ::; is that h nu terial doe not come to an cmd hut <·<mtinue. a · 011 

hand whi ·h n. th nxi:-: sink ', i: progre " ·iYely huri ~d to cL oTeat r depth. 
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'rI1erefore, in general, the buried north poles of the magnetic formation are 
uot brought nearer the mface; and this, together with the fact that the 
material continues ou in the line of the axis, produces characteristic phe~ 
nomena in the magnetic , ections. 

These phenomena, the details of which can be easily followed out for 
any given direction of pitch, and need not here be described, show in gen­
eral two Iino:-; of attraction merging into one, which continues in the same 
direction as a strong line, showing, as it is followed, the peculia;ities due to 
an h1creasing depth of burial. The points of maximum deflection of the 
hodzontal needle continue to 

nseparat from each other on uc­ m IV V 

ce ·sive Hections. The dip curve 
how a definite maximum 

rlo. ely corresponding, except for 
due ea t-and-·west ·trike::;, to the PLAN 

J>oint of no horizontal deflection. 
1Vh re the axiH of the folcl is so IIori nted that the e points can 
b" establi ·bed, tliey indicate the rv 

nature of the fold. If the trike 
i. • east and w st, in which ca e 1/\\

CROSS SECTIO'NSthey become indeterminate the 
Fig. 23.-Plan and cross sections of a pitching anticline. 

continuity of the line and its 
Yery gradual decrea e in power may give an excellent basis for inference 

a. · to the nature of the fold. 

3, FORMATIONS SPLIT BY INTR USIVES . 

,vben a sh1gle fonnation has been split into two by the intrusion of a 
11omnag11ctie jg11eous rock, there are in the area in which the igneous rock 
occurs two parnlleJ magnetic formations, which give rise on cross traverses 
to phenomena tho precise feature of which depend upon the strike and dip 
of the forrnation mid upon the relation which the width of the intruded 
ma ·s bears to the depth of bUl'ial. To describe these would involve a mere 
r ·petition of what ha been said befor<?. Such jntruded masses always have 
a clcfinit limit in length, which is usually not very great. When the limits 
are rea •h cl, the two parnllel lines pass into a single line which continues on 
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in undimini"'hecl Yigor. .Also, such intruded ma~ e:3 are seldom confined to 
definite horizon for great di tanceB and :-;eldom ::;plit the formation into 
ymmeh·ical halve:-. Two nearly parallel line" of unequal strength, which, 

a th y are followed, become equal, and then again become unequal, with 
the trouo·er on the oppo ite side, are often, therefore characteri. tic ph uom­
ena of thi , ca e. A good illustration of the unequal divi ion of a magnetic. 
rock at different point along its sti'ike by an intruded heet which wedge 

S8 M 9$ 3& 40 40 40 60 61 16 59 18 69 64 80 .&a 
, t t t r r r t ''tr , 

1
, 'I , 'I , 

. ---\, i \✓---------
'i.... \ 

11 3-1 36 CO ~ 45 48 G'f 1t 48 ?4; 91 98 1, 88 

~ ~ 3-1 

·----
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.. . x-- ---­
, 41'._ 

85 \ • ,A ), 1~ 43 

Fig. 2-L-Magnetio map of a single formation split by an intruded sheet. 

out at both 
er-e • from t
clrillinO'. 

nd .. 
he n

i' given in fig. 24. Between the 
orth end the exi tenc of thi, ,_ h 

e ond and thixcl 
t ha· been prov ·

trav­
d h ,.. 

4. SUMMARY. 

The mean:-1 of <.li rimination amo1w th :, a "e of conv rg ne ar 
therefor £ m1d J on th deflection in the critical ar as, wh r th ..parate<l 
band~ f nu-wu tic mat rial merge into on . . 1 tr ng cl fie tions tm yar<l th 
p int where the .. run t gether, with a rapid di,,app arnnre of all cli.·t ll'h­
an e ,Yithin , , h rt li~~ tun e of thi ... point, indi . t a pitchino· ynrlinal 
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fold . A long continuance of the disturbances, ·with the characteristic phe­
nomena attending deeper bmial, beyond the point of coincidence, indicates 
an anticlinal fold. ...\. coincidence in both directions and the continuation of 
the disturbances without diminution indicate an intrusive sheet. To these 
may be added the delicate criterion which the un ymmetrical distances of 
the horizontal ~naxinm from the central zero may afford. If in the area 
of eparation the two belt depart from each so far as to be out of range of 
each other's influence, and it is found on successive cross sections that the 
neare~t maxima are in ide the lines of no deflection which directly indicates 
the po. ition of the rock, it can be concluded that the rocks dip toward each 
other, and, on the other hand, if the nearer maxima are outside these lines, 
that they dip away from each other. In the one case a syncline and in the 
other an anticl~ne would be indicated, and, of course, in either case it woultl 
be certain t-hat the phenomena could not be due to an intruded mass. 
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CHAPTER III. 

THE FELCII :MOUNTAIX RA~~GE. 

~E TION I. POSITIO:N, EXTENT, AND PREVIOUS WORK. 

Our map (PL XLIX) of the Felch :;)fom~tain range include~ 12, ections 
in the ·nuthern tier of T. 42 X, Rs. 28, 29, ancl 30 ·w., beginning "·ith 8CC. 

33, '11. 42 l.~., R. 2 :-. ,v., on the east, and ending with ,·ec. 34, T. 42 i:T., 

R 30 ,v. on the we:;t. 'I1he range i:-, kno,Yn to externl h •yo1Hl the e limits 
both to the en:::-t and to the ,Yest. Rominger :-5tat.,, 1 that it ha:-1 been traced 
4 miles east of our eastern boundary, and al:,o west of our western boull(lary 
to the )Ienominee RiYer north of Baclwater Village. From a hasty rncnn­
nais~anc:. of the · ·tmntry to the east it seemed probable that but few addi­
tional fa ·t • could he d termined, because of the :--wamp~ and the exten~iYe 
cover of the Pal )ozoic sandstone, and the:~e :-, Jction.~ ,~·ere therefore not 
.·tudied in rletail. \\ e were not able to continue the work to the we t, on 
a ·ount, of the lntene~s of the sea ·on, hut it i:-; dcsirahl) that thi:-; .-houlcl he 
done at some future time. The sc ·tions ~m··v ·y _.d indude, howeve1:, that 
portion of the range in w1iich outcrop: are most abnndant ancl which has 
been the prin ·ipnl ~eat of ex1>loratinn for iron 0re. 

'I ho strong magnetic attrac.tinn::; in sev ral of the e . ections and the 
prumin nt out ·rop~ of fi rruginou~ jn~p r' at Felch Mountain in sec. 32, 
T. 42 l"T., R. 2:-') \V., and in ·ec. 31, rr. 42 ~ .... , R. 2!J ,r. wer0 •arly noticed 
by the Unit cl tat ~s laud snrrnyors and indicat ·d on the iow1d1ip plat·.I 

,Yith the rapid d ')Yelopment of the :i\farc1uette range aft ·r the close of tho 
civil "~ar the att ntion of miner" wn:3 quickly drawn to these as to ot.h r 
outlyiiw pro::,p •t:s, ,vith the result that vi 0 ·nrou • .. xploration wa,· begun on 
thi • ra1w, even nrlier than on t.he Menominee rang· prop r. 

1 Geological r port on the Upper Pouinsnla, tif :Michigan, by . Hominger: GPol. ,:urYoy, l\1i('h., 
Yol. V, 1 95 p. 3fi. 
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The following abstracts of the published literature upon the Felch 
:\-fountain range are given as far as po sible in the author's words: 

1850. 

BeRT, ·wl\r. A.. Geological report of the suryey, "with reference to mines and 
miJJerals,'' of a district of township lines in the State of Michigan, in the year 1346, 
and tabular statem~nt of specimens collected. Dated March 20, 1847. Thirty-first 
Congress, first ess10n, 1849-50. Senate Documents, Vol. III, No. 1, pages 842-875. 
With map. 

The earliest mention of the part of the Upper Peninsula included 
within the Felch Mountain range was made by Burt in describing the dis­
tribution of the talcose and argillaceous slates of the area covered in the 
course of his land ,·urrny iu 1846. Ile states that the argillaceous slates 
"are ,levelnpetl iu parts of township 42, ranges 29 to 30 west" (p. 846). 

rrhe existence of the iron ore iu this area vrns discovered by this 
explorer. 

The first ued discovered of this ore was found w bile traveling from the Pesha­
kumme Falls, 11car the .:\Ienomonee River, east to Fort River, before it was survbyed 
in May last, lmt was not discovered again during the survey. It is believed, however, 
that this bed of iron ore is not far distant from the corner of townships 41 and 42 N., 
between ranges 29 and 30 W. It was found in a low ridge about 3 chains wide, 
cour ·e ·w~nv. This ridge appeared to be uearly one mass of iron ore, stratified and 
jointed; conse<ruently it may be quarried with ease. This ore bas generally a granular 
or micaceous structure, bnt specular varieties sometimes occur; color, iron black, pass­
ing into a steel gray; In , ter when fresh broken, metallic, but soon oxidizes when 
expose<l to the atmosphere. This is supposed to be an extensive and rich bed of iron 
ore. The variation of the needle was taken on the east side of the ridge at the cross­
ing of a hunter's trail, and its north end stood S. 82° E. 'I'hree or 4 miles west of 
this, on the north side of a ridge, near a cedar swamp, the variation was N. 450 30' 
W. Probably in this vicinity may be found another extensive bed of similar iron 
ore (p. 849). 

1851. 

li'osTER, J. w., aiHl WIIITNEY, J. D. .Report on the geology and topography of 
tlie Lake Superior land di trict. Part II. The iron region, together with the general 
geology. Dated November 12, 1851. Thirty-second Congress, special session, 1851. 
Senate Documents, Vol. III, :No. 4; 406 pages; with maps and plates. 

Fo.-;ter and "\VhitueY, in Bketching the distribution of the rocks of their 
Azoic syRtem, which c~m1prise ' '' for the most part gneiss, hornblende, 
ch1oritc, talco~e and aro·illaceon ., slates, interstratified with beds of quartz, 
'accharoiclal marble, arnl immense depo its of specular and magnetic oxide 
of iron" (p. 8), after d scribing the main area of these rocks to the north­
w .· t and north of the Fel h )fountain range, ay: "Another arm about 
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L miles in length aurl 10 in breadth extend :;a:ter1y into T'. 42 and 43, 
R. 2 " (p. 1-!). Thi:; E:.a, t-and-west trending area corre ponds in part with 
the Fel h )lountnin range, but al o include~ two adjacent trough ', one to 
the north of it and the other to the outh. 

1-s\1b~equent to the aho-ve report , nothiiw is known to haYe been pub­
li ·hed ·ontainino· any matter cone ming thi ir n-1 earing area until 1869. 

1869. 

CuEDNER, HERMANN. Die vorsilurischen Gebil<le der "oberen Hall>insel vou 
Iicliio·an • in 1:Toru-A.lllerika. Zeits. der deutschen geol. Ge ·elJ., Vol. XXI, 18GU pp. 

516-568. \Yitb map and three plates of section . 

In ,r duer • article we find a considerable a h:ance in knowledge 
concerning the r lation of the rock of th F 1·h :Mountain area. This 
a h·anc i iudicat (l by hi general map (Pl. IX) and by hi. · two profiie,· 
(fig. 3 Pl. IX, and fig. 1, Pl. X). 

In protil ..1.. ~o. 3 o·oing from outh to north the granite i.· r presented 
a: OY rlain by 1umizite eparated by a narrow interYal from the m( rhle, 
which in it· turn fr oYerlain bY a great thickne.· of the ore formation. rr1i 
dip i.: ·teep to th · north. Unconformably up n the le :t two formations-th 
marble and the iron formation-there are cap · of P t ·dam ·and ·tone, ·with 
the bed· dippino· flat to the north. 

In fig. 1, Pl. X. the o-neis overlain by ihe quartzite clipping steep to 
the n rth are th only pre-Paleozoic rock ' lw-wn. Th :ame profile shows 
the uu ·onformable Pot dam, with Silurian lolomite re ·tiug conformably 
upon it. 

In the t xt there i mention, with an illu trati n (fig. 5, Pl. 1/), of the 
o-ranit dike ntting aero the iron formation in th .. upper cour of the 
'turgeon RiY r. Beyond thi no ref rence t the area under cli:cu.·.·ion 

occur, in th . text. 
1 73. 

BROOKS, T. B. Iron-bearing rock (economic). Geol. Surv. of :\Iichigan, Vol. 
I 1869-1 73, :Sew York, l '73, Part I. 310 page,. With map;-;. 

In the y ( r 1 73 l\laj. T. B. Brook.~s Y ~ry important ,:tucly of the 
niichigau ir n rancr , appeared, and in it th F ~kh .. fountain area for the 
fir t time i di ·tin ly ,~ pa.rated a "the .... .,. orth Ir 11 I aiw _. from the " outh 
Iron Rana-e' f th :u nomine River fron re ri u h th t <>'ether, how ~ver, 
on~titutirw the Menomin e. 

The north iron raug , about 12 miles from the other in the ,·ontb part of' T. 42, 
R . ~ , 20, and 30 i in places a promiueut topographical feature. The capviug of 
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horizontal sandstones, which has already been mentioned as characterizing the 
Menominee hills, gh·es a sornewba.t more even character to the crest Jines and in 
places produces a strikiugly different profile (p. 72). ' 

As stated by Major Brooks in a footnote on p. 157, the facts contained 
in the chapter on the Menominee iron region wer~ derived largely from the 
:urveys and explorations of Prof: R. Pnmpelly and his assistant, Dr. H. 
Credner. The follo-wing passage is the most important statement concern­
ing the Felch l\lountain area, or the ''North Range:" 

Tlte north iron belt or range has a course nearly due east and west, and is all 
embraced, so far as kuowu, iu tlie south tier of sections of T. 42, Rs. 28, 29, and 30. 
The most ea,'terly di covered exposure of ore, known as the Felch Mountain is in the 
N. zof sec . 32 aud 33, T. J2, R. 28. Tranliug due west, fragments of iro1; ore are 
found in NE. ¾of sec. 31, T. 42, R. 28; after which no absolute proof of the presence 
of iron is found (although it is probably coutiuuous) until we reach sec. 31, T. 42, R. 29 
wltere, in the ce.nter of tlrn section, is an immense exposure of iron ore in an east-wes~ 
ridge, which can be traced westerly halfway across Rection 36 of the next township. 
The natural exposure of ore on ection 31 is larger than at any other point in the 
l\Ienominee region, and the quality is as good, if not better, so far a.s can be judged by 
surface indicatious. :Magnetic attractions and iron bowlders found farther west and 
southwest on this range prove its extension in that direction. ·whether the westerly 
course continues, or whether it curves to the southwest, as seems probable from the 
po ' ition of tlie lower quartzite and local m~gnetic attractions in the northw·est part of 
T. 41, R. 30, ha not been determined. The latter hypothesis is most i11 accordance 
with the known fact , although the southeast dip of the quartzite on sections 17 and 18, 
observed by Dr. Credner is not explained. If this hypothesis is true, the iron range 
should cross the Menominee somewhere in secs. 24: or 25, T. 41, R. 31, into Wiscousin. 
There can be little doubt but tllat the north and south belts belong to one geological 
horizon hence somewllere come together (pp. 159-160). 

A ' geological section through the north range on the line between Rs. 
2!) and 30, 1"'. .J-2, i. O'irnn, and is also repre ented as section CO' on Atlas 
Plate IV. The ~ncce , ion from south to north is as follows: 

Gnmite. 
Quartzite. 
Interval. 
Marhie. 
Iron-ore formation. 
Int •rval. 
IarLle. 

Interval. · 
Granite-0·11.ei. and hornblende and mica chi t. 

h 

A: represented in the 'ection, the bed. all dip toward the north at 

https://Granite-0�11.ei
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high angle~. In ntt ,mpting to nrrelat thes rnrinu:-- heel:-- with those of t11e 
·outh iron belt: Brnnk~ experience~ <lifticulty with the upp ~rmo:;t fommtion 
of granite-o·neis~ and :--chist. Ill~ says: 

The p;nei:-;s and granite outcrop above describe<! may be almo:,;t regarded a a 
typical Laurentian ro ·k in its appearance. lf fnture imTe ·tigatiou' prove them to be 
Laurentian, a very tronble~ome :-;tructnral problem would be pre ented here, as we 
would ha,·e Laurentian rock couformably overlying bed· unmi~takably Huroniau 
(p. 175). 

A · will b · s en. this ohje tion which Brooks hncl nnticipatecl wa • rai. ,cl 
by later workers in th · area and wns explained by Romi1wer. 

The main point:, uf Brnnk~'~ conclu:-;ions may hri fly he snmrnarizc,cl: 
(1) The ir rm-b •aring rn ·ks of th~ ~'.[ nominee ren·ion o ·cur in two 

approximately parallel en~t-aml-west belt · (t\e north L --1t. being the Fel ·h 
Mountain rang an l th · ::-outh b 1t the l\Ienomin • • rano·e), ·eparat ·cl by a 
broad o·mnit • ar ,a which ncHTOW "' tmvnnl th we::,t by the convergence of 
th· iron b It~. The n<.>rth-arnl-::-outh be1t:-; w re not tmc ·d into each other, 
but thnir prnbabl • c mn ctinn wa inferred from th ir bernling- towar(l each 
oth r mvl frc m th • ·curr ·nee of ruck:-; of th, irnn-benriiw serie • we ·t of 
th, granite ar •a. Th equirnl nee in age of th • two h lt wa i11forre<l. from 
th ~ lithologfral and -.:trati!.!Taphicnl ~imilarity exhibit 11 by the gr at quartz­
it , and marhl formation •1 by th prohah1e continuity ahov • r ·forr •cl to, 
and hy th, ~imilar r ·lati< 11;-; of th -~, formation::; to th hn:-, •rne11t µ;rnnit •s. 

U) The ir m-b ari1w formation~ of the F l h )fountain rmwe were 
believed to 1_ ·nr at two horizon ~. That nf Fel ·h )fountain itself in :-; •c. 
32 T. 42 ...~ .. R :? ,v., wa~ h ~M to be a fornwinnn::: pha , of th lower 
qnnrtzit . ->n th uther harnL the ·xposnrc:-- of ~ • •. 31, 1. 42 .L"!' ., R. 29 ,v., 
" "' •re r O'ard l n... b ]nn~·in~· tn a horizon al.Jny 1 th 1, w -'l' marble, an<l. as 
th • ·lo~ ·quirnl ·nt 1f unimportant 1 m1 nPs of the )I nominee rmwc. 

(3) In °· 1 g-ieal strn ·tur • th l Felch ~ fonntnin area wa.~ held to be a 
n rthwar I-clipping- monoclin •. 

( ) \~ a n ....equ nc of thi~ ·•me· ·ption of th . tru turc, Major Brook!-3 
uppo cl that th r w r ; t\,· ,_1 marble formntiou ~· · 

1 --so. 

BROOK~, T. B. Ihe (T olo 0 -y of the Menominee iron re!tjon. ea. t of the center of 
Ran l'e 17 E., Oconto Comity, Wi con 'in. G-eolo 0 ·y of \Yi co11 in, 1 ,3-1879, Vol. III, 
pulJli ·hed in 1 0, Part , · II, page' .J:~U-fiflU. 
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. In Vol. III of the Geology of "Wisconsin, published in this year, Brooks 
reiterates the view previously published in the Michigan reports. The 
only new material added is a table (p. 447) giving the estimated minimum 
thickness for the north belt as 5,200 feet. 

1881. 

ROMINGER, C. Geol. Sarvey of Michigan, Vol. IV, Part If, Menominee iron 
region. New York, 1881, pp. 155-241. With map. 

'I1hi:,, the first of the reports of the geological survey of Michigan pub­
Ii he<l while Dr. Rominger was iu charge, contains a great number of details 
concerning explorations in the Felch Mountain range, as it is thus called 
(p. 194) for the fin,t time in the chapter on the l\fenominee iron region. 
The iron-bearing belt along the l\1enominee River is refarred to as the 
Quinnesee range. 

Rominger critici es Brooks's position with reference to the age of the 
granite and gneiss along the northern border of the Felch Mountain ranae 

t, 

as follows: 
.l\fajor Brooks declare tlle granites and the gneisses nortll of the Felcll Moun­

tain ore rauge as youug~r tllan the ore formation, which like them dips northward; 
but their superposition upon the ore formation is nowhere observable; on the con­
trary, the south side of the ore rauge exhibits in several places the rlirect superposi­
tion of the ore formation on the granite. This fact is known to Major Brooks, but 
he "Olves the dilemma by identifying- the grauites ou the south side of the ore forma­
tion with the Laurentian; those on the north side, he claims, represent the youngest 
Ifuronian rocks. How he can do so I can not conceive, as the concerned granitic and 
gnei , 'oid rocks north and south of the ore formation are so absolutely ident~cal that 
no one who ever see~them cau doubt for a moment the S)Uality and age of these rocks. 
l\loreover, this ideutifi~atiou of tlle northern granite with the Upper Huronian, aud 
of the southern with t110 Laurentian, implies another abnormity; groups of rocks, 
usually. eparated from each other by thousands of feet of intervening strata, are in 
this ca;'e thought to be in immediate superposition, which does sometimes occur, but 
not in coinciclence with another improbability like the one stated in this instance 

(p. 207). 1887. 

IRYINU-, R,. D. Is there a Iluronian group f A.m. Jour. Sci., Vol. XXXIV, 1887, 
pp. 204-263, 365-374. Read before the National Academy of Sciences April 22, 1887. 

In discu, -ing this question, Profe or Irving takes occasion to refer to 
the structure of the Felch Mountain range: 

In the cnse of the Felch ::\Iouutain belt, which does not exceed a mile in width 
all of the trata are <.le cribed by Dr. Rominger as dippiug at a high angle to th; 
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northward; and in cros ing the belt from the outh to the north, after pa ing the 
middle, one traver e a repetition of tbe belts cro sed farther outb, but in an 
inverted order. It would eern that we have to do here with a case of a syncliual, 
who"' e ides are folded clo ·e together (p. 256 ). 

The relation ... of the Felch )fountain ranO' t< th rocks of the Menom­
inee River and the :\Iarquette distri ·t ar ·hown on a profile. The fa t: ar 
mentioned as having been derived from an unpuhli. heel manu cript report 
(18 1 to 1 84) of RominO'er to the Ai hiO'an geological survey.1 

1 

IRVI~G, R. D. On the clas ific. tion of the early Cambrian and pre-Cambrian 
formation . Seventh A.nn. Rcpt. T . Geol. urvey, for 1885- 6, Wasllington, 18887• 

pp. 365-!54. 

In thi ' article the 8tatem nt~ mad above are repeated (p. -!35). 

1 ( 1. 

Y.AN H1sE, C. R. An attempt to harmonize ome apparently conflicting vi w 
of Lake Superior tratigraphy. .A.m. J our. Sci., Yol. XLJ, 1892, pp. 117-137. 

The author f thi: paper, aft r di~ u~sing th ·ignificance of the variou: 
unconformiti " olrervecl and after cfrvicliucr the rocks of the Marquette di. -
hict into a Fundamental omplcx aud a Lower and~ n Upp r :eri , attempt· 
to correlate the rock · of the Men< min :. re 0 ·ion with th se diYision~. 

Pas ing now to the :ar nominee and Felch l\Ionutain di tricts, onr information i 
le~~ exact. It i howe,·er: clear that. in both of the e areas we bav tlrn Fun<.lamental 
Complex-that i", the 0 -ranite and tb gnei ~e a~ ociated with cry talline cbists 
having the u ual '-eruptive contact•'"-tbe quin1lence in every r sp ct of Law·on'. 
combined Laurentian and Contchiching p riod. ,.. bove this complex, Profes ~ r Pum­
pelly, with whom this whole ·ubje t ha b u di ·u • ed and who lla gr at farnil­
i< rity with the utir Lak "up rior region uo-o- t a" exceedingly J)robal>le tlJat in 
the Felch ~fountain iron-bearrng erie ouly th equivalent of the Lower .Llarquette 
occur , the pper ·erie , if it once existe<l having ueen removed Ly ero ion (p. 133). 

VA...'7 HISE, C. R. Correlation pay r ·- rcbean an l Algonkian. Dull. ~ 

Geol. urvey, ..1.: o. 6, 'Wa llington 1 ':., pp. 54 . 

In a . ummary of the lit I'<"ttnr on the Lake 8uperior r 0·ion the :--tat -
ment quoted al OYe i ~ incorporat d witht nt ·hmw (p. 190). 

1 P ubli hm.l iu 1 tl0. Yol. , ~. 
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1 '03. 

W AmrwoRTII. 1\l. E. Report of the tate geoloo-i t for 1891-92. State Board 
of (ieol. Sun·. for tlle years 1891 aud 1 !l~, Lau iug, 1 93, pp. 61-73. Dated October 
17, 1 UJ. 

In thi " brief report Dr. Wad worth call attention to the granite which 
i., intrn. ive into the dimentary erie iu the Felch l\lountain area. 

In the Ieuominee region. e pecially in the Felch Mountain di trict, these granite 
dike. are well expo._ed. Ilere they are een not only to cut the gneiss, but to pene­
trate the Republic or iron formation. ::\Ir. Wrigh~, in 18 5, pointed out one of these 
dike. cutting tlte iron erie near the Ietropolitan mine, on ec. 32, T. 42, R. 28 w. 
(p. 101 ). 

He inclnd the F lch l\lountain dolerites (p. 104) in hi Republic for­
mation, and c rrelates this formation with Van Hise's Lower l\farquette serie . 

1 95. 

Ro:mNGER, C. Geological report on the Upper Penin ula of Michigan, exhibit­
ing the progress of work from 1881 to 1 4. lron and copper regions: Geol. Surv. of 
l\Iichigan, Vol. , Lan ing, 1895, pp. 1-94:. 

Chronolo<rically, thi i one of the late t report upon the Upper Penin­
. ula of Mi higau, y t iu ju tice to the author it hould be considered as 
having priority over any article puhli hed ince Irving's, in 1887, to which 
referen e ha. alr a ly b en made, a in that article frying made use of the 
oh · rvatio1v r cor le l in the manu cript of thi report, giving Rominger 
full er clit for them. In Rominger' report, in the chapter on the Granitic 
Group, th <rranit 1ik cuttino· th iron-b aring formation in the Felch 
l\Iountain rano-e i: d ·crib ,cl (p. 7). H al de cribe a ,vedge-like intru-
ion into th, hio·hly ont rt I .·trata in c. 33, T. 42 ., R. 2 "\V., a ' follow : 

,ve have h re vi,lently before u" a erie of strata plicated into a ynclina] and 
another, ntic]inal fo1<l, the latter ruptured by au intruding granite ma , whicll rock 
i there the eneral surface rock and come ou the south end of the expo ure in 
conta with the uppermost ferrugiuou trat, of the overtilted anticlinal fold (p. 8). 

Th I ortion of the chapter n th iron-ore group which deal .. with the 
f :)11 min r gion i: cl vot d to the F lch Uountain rano-e and to outlying 

pro.·p cts a. fi{r north as Michio-amme M untain. The de cription of the 
1~ el h Mountain area i in a-1eat part a onden._ation of earlier cattered 
oh· rvntion •. 'I he :trata ar giv u a dippi1w high to the north and 
c n ·i:tin" of th following :ucce ion: 

Th underlying ro k of t11e iron formation i. alway formed of cry talline rocks, 
gr, nit or diorite. Tbe lowe ' t strata are generally heavy lio-llt-colored quartzite 

https://MOUNTA.IN
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beds, with interlaminatecl thinner ledges and chisto~e seams, amountiug to consider­
able thicknes ~. 

A.born tbb, belt au equally large ucce" ion of well-laminated, even-bedded, often 
fissile; slate-like micaceon quartz- chi ts follow, which have a sil~ery lu ter. Xext 
above them comes a series of mica eou"' argillites amounting to a belt even larger 
tban the former, which varies greatly in hade of ('Olor, firmne of grain, etc.; omc 
layers are whitish, others 0 Tay or bluish and greeni h, but the greatest portion of 
them is intensely reel colored by hematitic pigment. A part is a fatty, impalpably 
fine ma of silky or al ·o pearly luster according to the size of the mica bales 
incorporaterl with them. Another part i rongll and gritty from the prevalence of 
arenaceous constituents. 

At this horizon aud rather in the lower part of it occur locally large bodies of 
crystalline limestone ledges, some snowy white like Italian marble, but of coarser crys­
ta11ine grain and intermiugled with radiatiug clu~ter of a bestine fibers and larg·er 
pri matic crrtal of colorless tremolite. w·hich ·ometime forms larger concretiouary 
seams in the lime rock, and are then intimat ly a ociatecl with crystal mac. es of 
sahlite, one mineral penetrating the other in a manner which ugo-ests either a process 
of paramorphosi in progres. , changing the sahlite into tremolite, or the original 
conditions, when the calcareou • material combined with the ilica by a light modifi­
cation, indnced imultaueou 'ly the cry tallizatiou of the almost identical chemical 
combination: in one and the other form· which latter 'uggestion is more u 'tained 
by the actual coudition of the mingled mineral" than the first, as some of tlie cry tal 
of both minerals tightly grown together are so })erfoct in form peculiar to each and o 
sharply defined that they mu t be con idered a cry tal indi ,Tiduals which formed ide 
by ide and alto 0 ·ether in<lependent of one another. In other localities where such 
cry talline limestone belt occur, the tremolite i ouly paringly intermingled, but in 
it place colorles mica cale of nacreon lu t rare plentifully disseminated. 

In the place of marble-like lime. tone, , ometimes also ordinary lime rock of dull 
a pect with conchoidal fracture, and T"ariou Ir tin creel, occurs; it i then u ually full 
of flinty iliceous ~ earn , resembling the lim ''tone of the Quiune ·ec rauge • the 
quartzo'e earn locally even: prevail over th calcareou.:. Incuml>ent on the abo,-e­
mentioned micaceon ~ argellite' , ucce d • n belt, about 800 feet iu width, compo eel of 
thinly laminated, banded ternicriuou . quartzite led 0 ·es of dark purpli h tint or llav­
iug a metallic lu~ter from intermix:tnr of specular ore granule . The banded porti n 
are formed of an alteruatiou of n< rrow earn" of pecular ore with siliceou ·eam not 
so richly impregnated with the oxide. Other trata in the succe ion are porou,, 
cherty rock,, charged "ith ochreon • yellow or brown oxide of iron and iu lo ing l>O k t 
of the limonitic ore. Al ·o blood-red ar(Tillitic ~earn,, occur in the , ncces"ion, and with 
them ometime pocket· of oft crumbly hematite ore. 

Within the fir t-mentioned banded alternation of narrow ore ,' 'am with <1nartz 
searus1 larger depo its of pecular ore iu slnty or in compact granular, or al o in the 
oft friable condition of the ._o- all d blue or f th <~uinn e • mines occur whi h 

con titute the principal "torage of ore . ouo-ut for by the miner, besides tbe hematitic 
and limonitic depo it,, mentioned before. The fir t impre ·siou of every observer xam­
ining thi above-described ro k ri swill induce him to con ic.ler it a an a ceudinrr 
succe "'ion, a tbe layer follow on anoth r in apparent conformity; but in some lo •al­
ite , after having cros ed thi :ucces$ion o far if we proceed farther in the ~ me 
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dil'ectio11, we inter ·ect the same series again iu an inverted order, but retainino· the 
f-ame dip, until we have reached again a large belt of comp,tct quartzite ledges in :lose 
contiguity with granite or al. o diorite, as it may happen, which latter rocks then form 
tlt" ·nrface rock of large areas 011 the north ide of the Felch Mountain ore formation 
(p. 03 ). 

The only . ati •factory explanation which I can give of this repetition of the rock 
bed: in an iuvertecl order is the sngge tion of a folding of the beds and the overturn 
of the fold l>y a pressure acting principally from the north side. If this is the case 
we woul<l have to con i<ler the lighL-colored quartzite next to the granite as tlle most 
recent deposit' aud the dark, ore-bearing, banded quartz beds as the oldest, which 
would l>riug the . trncture of the Felch 1\fonntain ore formation in perfect harmony 
with that of the Quin11esec ore range (p. 3-!). 

, E TIO ~... II. GE~~EIL\ L i-,KI..~T 'H 01:!' 'l'IlE GI<~OLOGY. 

The rock.· of the Felch l\Iountuin range extend from the Archean to 
the •arly Pnk•ozoic·. The I alcozoie i: rcpre ented by the Lake Superior 
, aud:tone, of t--upposed Upper Cambrian vge, and the overlying Calciferous 
lim .-·tone. Th •s, fornwtiorn, were nri<>'inally laid clown over the uptumed 
,clge.· nf the ol<l •r ro •k in flat sheet' or with low initial dip.~, and have not 
:in•• :-;uff •red relative di placement to any notable degree. As ha already 
lJ , ,n :tatecl, , ·ub: '(JU ~nt erosion haH to a great extent removed thi over­
h·i1w l>]anket and laid bare tho old lr rocks, except for the covering of 
1.' •cent ,,..facial dupo:-;it·. The \unbrinn , and:tone, and to a less extent the 

1alcif rou: lim ,,· to11 •, :till, however, oc upy considerable outlying areas, 
cl(i ta •li •d from 011 another throughout mo ·t of the di tri t, but gradually 
·oal ,sci1w l>evon<l the eastern encl "Th re they completely cover the older 

rocks ~ ml limit all further geologi ·al ~tud~T of thes in that direction. 
·The J>aleo½oic; rocks will not h) t·mi.:i(ler d further nt. pre ent. On the 

d ·tail ·<l F ,1 •h Mountain map (Pl. J. .,.LIX) their known outcrop are repre­
., nt cl bv appinpric1t) symbol:, hnt 'X pt in the lar()'er areas, where they 
•o c;ompletely conceal the older ro ·k: that the di ·tr~bution of these can not 
lJ, <l ·tcrmined, they are ~v:-;m11 ·d not to be contmuou~, ancl to be 11011-

·.·i. t mt, arnl in thi , resp •ct stand upou the ~ame footi1io- as the Pleistocene 

glntial ·overing. 
The \rch •an, which j here nrnde up of o-rnniteH, granitic 0 ·neisse , and 

v:irinn: kirnl: of cry,·talline schi:t.· i: th:. ba: ment 0 Toup of the region. 
'1 li , ar •a: in which the ·e rock: nr now xpo::-i d at the 'urfa represent 
th,~ core: of the ]ai·o-m ~,rchc· whi ·h w r :. ·on~tructe(l ov r the whole region 
h:· th) ,arly manifestations of mmmtnin-hniltliiw aetivity, and i:;ub equeutly 
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truncated by the deep \unbrian lenudation. m studio haY dealt with 
the Archean only in narr°'v marginal zou ~, and h~ Ye included littl more 
than the location of it, out r l undari ,"' :xc pt idien it ·was n e .·ary to 
go deeper in order to complete th work t wr n full section. Con._ equently 
no attempt at ela • ·ification ·an b mad upon th map. 

The rock·, chiefly of ,_edimentary oriofo, ,Yhid1 are intermediate in age 
betw en the ....\.rch .Aan b l°'Y and th Paleozoic ah Y and ther for fall within 
the "°Y t m to which th mun ....\lo- nkiau ha.· be n given 1 y this LUTey, 
occupy a narrow -trip nowhere mor than <t mile and a half nncl u uall -
le than a mil wide which a: ~ ·wh l run:· alm ··t e:xacth- ast and we t 
for a dHance of OY r 13 mil ". This ·tri1 on titute the Fel ·h fountain 
range. On the north awl "outh it i • borlere l b - the older Archean. The 
lowe 't member of the lo·onkian upie" pan 11 1 zones 11 xt t th Archean 
both on the north an l nth, and i;· .·u 1 d tow~rd the interior of the 
trip by the younger m mb r·. ·w1 il th g nernl tru tur , therefor , i 
yn linal, a ingle fold of 'impl } type ha 11 wh r Cl been found t up r 

the whole cro. 01 e tion of th lo· nkian £ rmation~, but u ually two r 
more Nyncline • c ur ~eparated 1y anti line~, whi h may ha·rn different 
deo-ree, and dire tion" f pit h and di:IB rent "'trike', or may be sunk to 
differ nt depth, and omplicat l i le both 1 y ubor linate fold. arnl h r 
fault:1. 

mono· the lo-onkian r cks w di.·tino·lfr·h two main divi ·ion. r , ne ,
7 

which are probabl ~ .: parat cl from ea ,h th r l y an un onformity. wing 
mainl.. ,. to the peculiar lith 1 r:ri ·al :rn l w ak phy 'i al hara t r of the 
y uno-er of the ·e tw .·eri ' a tual onta t • bet,veen th m haY n t 1 n 
£ und, and th videnc f 1111 ·on£ rrna1 ility <'On qu ntly c nBi.·t· no :o 
much in h ·ervecl di:cordan of ·tru tur aH in an inferr 1 d dii,; • H'clan e 
ba ' d up n th ir r latiY urf. distributi n. Thi~ evid nc will l folly 
tated hereaft r. 

In the low •r f th tw . ri s ar inclnd d four formation· which 
clearly appear to b id nticnl in 1ith . I al hara ·t r and ord r of . up r­0-1 

po ition ·with th four f r1 rnti ms tln t far a~ i:-; kn wn, mak up the ]my r 
iron-bearina- rie • along th ... fenomin Riv· r. Th s ar , reek uing fr _m 
the ba~e up·war 1, (1) th tnro· n quartzit, (2) th Rarnlvill do1omit (3) 
th nian fi ld • ·hi 't: (4) th +rov ~land ir 11 f rmation. 

b Ye thi' erie f )How:, th y mwer • ri :, ·which lithol o·i all ~ arnl iu 
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it· an•al r _.lation: is Y r ... incom1)l •t h· knowu. It iu ·lud mica- chi ts. ~ :, 

£ rru<riuous ~ehi.·ts, ancl thin int "rh dd cl £ rrugiuous quartzit s. Th~e• 
rod::s, ,vhi ·h from our jmpcrfeet kn w-1 ,do- mu. t for the pre ent he grouped. 
a. a .·iuo-1 • formation, ar0 b lieY ,d to haYe been d po ·it cl contempora-­
n •ou:ly wjth the :omewhat f\imilar ro ly: that occur in the l\Ienominee 

ar a, at Iron ~fonntaill, hut ar mo:-.t Pxt n~iYely xpo: d we t of the. 
)1 norni11<:' , Rin:'r all<l e:--1wcially in th.. mnmonw 1 alth and Florene . 

di. h·frt jn '\VL·(·oH:i11. 

HEC'rIO~..,. 111. 'l'IIJ~ _\.H{'IIEA.... ,.., 

1 h" ~ \.n,·l1<·c·ut occ·urs in th' E ,}<,Ji )fountain di. trict in h,·o l> Its, W l • UCIl , 

limit th .Alo·011kian ro ·ks 011 the north and n the :outh. The north-

•rn lJ '-'l for tli<' mo.·t part doe: not fall within the limit:.; of th-- detail map 

(Pl. -'-TLI X). It otcnpie: ,~ triaugufor ('Orner in secs. 34 and 35, T. 42 N., 

R. 30 '\Y., ~tt tl1, Jxtr Jll' w •stern end >f th area Hmveyed, and even in 

the. ,. it l1a:-; not I>, 1 11 din•dly oh· rY d hut its pr -'senc 18 inferred from 

outcrop. in th J acljoiuiwr ;-;edions we:-;t arnl north and from the ob8erYe<l 

. trike:-. jll tlie overlyi1w .A1°·<mkian formation:-;. For the n xt 11 mile ea •t 
ih :-.outliern hon11<lar:· Ii•:-; in th ti Jr of ,·l•rtinn:-; 1Pxt n wth of th >:-;e mapped 

in <l •tail mHl prob,d>ly ,tlwny: les,· than a mile awn. y. This l>0undary is 
tl1 •r Jfon• uot y •n· at<·urat :1]y clrn,wn a;-; on]:· rnnwh outer p:,:; ,Yere vi ited 

to permit its po:ition to 1, • fixed in a 0 • ·n )ral way. Our work fir t touche 
the ,·outh ,rn ~m•, of the ,\n•h '-',l1l, whith i:-- muth h tter known on th w 8t 
i11 , •<;:-;. 3 mHl 2 T. 41 ~ ., R 30 -w. a :--hnrt. diManee , outh of th town,'hip 
lirn!. ·r1 h •iwc for 3 mil eastwarcl th_. hmm lary follo~·s th-' town ·hip lin , 

awl in ,' J •. 31, T. 42 ., R 29 ,Y. nosse.-- it with a trend som --what north of 
•,1 -t. From th , w, t ]in • of s •c·. 31 to th' east li1w of s ~e. 3G T . .J.2 ........ , 

R. :..D "\\ ., th. \.rch ,a11 o<·<·upi •:-; th., ,·outh ·rn thinl of th 1 .·onth ti :}r of et­

ti n '. rnl '•ll(' l for ct mile cl}l(l a half it l •nd:-; north la:-;t and in se '. 32, 

rl. 4~ _.. ., R. 2/ W., reaC'lie:-; its fartl1 ·st north in th t lnt r of th ,'e •tion. 

I◄ rnm thi.· point th, homulan· runs sonth ~a--t with a ._'iuu u, •mbayment to 

· th . .,0 nth, aucl pa,'.'<:.' ont.·ide the limit.' of th' map n littl l north of the 

.• mtlH~a: ·or11 1 r of ,·eeti n 3'. 
rl Jtrouc,·hout th, Fekh )fountain nuio- _. th ' :outh lrn n·h 1 an i • mu •h 

h<_! tt ~r ,.ypo,· ~cl than an.,T of tlw other t •1Tan ':--. In th) we.·t rn pmiion of 

tl 1 • rarW<! where }iar<ll • n1<m~ than the <'Olltact znne falh, within our limit., 
:\10... L xvr--~5 
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outcrop" are not e,'pecially numerou ; but in th ix ea tern , ection , whi h 
include a belt from a q ua:rt r to half a mile wide a Yery con iderable por­
tion of the urfac i bar rocl··. Thi x epti nal degre of expo. ur ha.' 
been, brought about by th for st fire·, which, by loosening th thin :-;oil 
and de troyino· the pr t cting eo-ver of Y o- tation, have facilitat 1 it· 
remo,al from th "'teep- 'ided kn b, .that '-ffe "uch characteristic fea,ture, f 
the Archean topoo·raphy. 

TOPOGRAPHY. 

The Archean area:, particularly th ·outh rn ar distinguished by 
a chara teri "tic rouo·h topog-raph~ -. Th , urfac j ' exc edincrly un Y n 
on rather a ·mall , ·ale, and ha., alr ady 1 e n d "'cribed as con i ting of 
hummock~r elevati n,, alternating with 1 ,v-1- h,ipe 1 depres, i n . B th 
hummock an l bowl"' ar lono·at 1 in an ast-and-w st dire tion, in a· rd­
ance with the preYal nt crneis fr foliation. 

While the :tufa i~ thu:-; ·n full nf :-mrnll 1etails that an ad quat 
delineation of it i • the 1 ~pair of th t<. p 0 Tal h r, th a tual r li f i: 
insiv-nificant. T m 11 br cl on th flat plain., of the lower lake:-; a.· w r 
most f the early ~un~ .~or:-; an 1 xpl r r:, it may rn1iturallr lrnv a1 p ar ·d 
mountainou~, , inc rouo·lm '· i: a qualit:~ l miicularly noti • )ahl in t wil­
d rue,_. like thi ·, that ·an h tnffel d only on foot. But from a broad r 
p int f view the irreo·ulariti ~ nr alm< ·t wh lly ln;:;t. 'I h hi(J'h r :ummit: 
in the ame 11 io·h1Jorhoo l ri,., to within a fe"· feet )f ~a('h otl1 r. The 
di tant 1.,.v

.) 
lin i., v n in all lir ·tiou~. fh P i8, how v r a o· ntl 

a cent from ea:t to w :):t (1uit ir 1pen· ptihl on th 0 Tom1d aucl 1 1mle 

evident nly hy th., g· n ral • ur~ f th ~tr am., <r bY 1 
1 n • the contact' 1 ~tw n th .,_ r h .lan and .,_ lgoukian .. st m:,; th r 

u ually but not alway· xi 't, a t p 0 Taphicnl depr ;-:;, i 11 o ·n1 i l y 
warnp r ::-;tr am:. ....Torth of th ·outh ru ~ ·ch an ma~s this d pr ;:;. jon 

• • a w 11-mark d linear Ynll -, -'Xt mlinO' with 'OllH: int rrupti n from 
se . 33, T. 42 . R. ,v., on th ~a:t, ±< r o mil s ,. :-1t to :e •. • 3 T. 4... X.,:.d 

R. ·:. ,v. F r 2 mil , in th .. mitl 11 of thi: :-;tr tcli th •,111 y- i:-; oc upi l 
by th ~ tm ·eon Riv:)r; tlwne w .. t £ r 2 mil :-, bra ·mall f l ..r ( f th 

nu·<r n, whil th ea:-;tErn thinl h ld, ··wamp with ill-clefin d uraina~· )_ 
Ou the • uth th ..... r hean 1 omular • f thi:-- ntll Y 0 • u rally ri: : wi h 
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t"ep ,'lope , which ar frequeutly e carpment-like in character, and for 
sh rt di tance. pre ·ent mooth face , to the valley. In sec. 33, T. 42 N., 
R. 28 W., tlP mural face which runs outheast aero ... the eastern half 
f the , cti 11 with the reguiarity f a ruled line i • a true fault carp. 

Towarcl th w . t ru end of thi vall y in C. 32, T. 42 ., R. 29 w., 
th.. floor o-raclually ri 'e ' ancl th l swamp area broadens penetrating the 

rc·h an in , 11 twork of thick r and thi ·ker me h about the higher hum­
moek. • until theH :.i ar fi11ally overtopped. 

PETROGRAPHICAL CHARACTERS. 

Th ro k of the \.r('h an ,treas 1na:y 1 diYidecl into four quite di. tinct 
tn ,,· nmrnlr: (1) Cnmite' or granitic O'll i ' , (2) o·nei. s s with banding 
or cli. ·tinct lami1rntion, (3) mica- ·chi ' ts and ( 4) hornbl .}nde-gnei '. 'e,· or 
amphibolit .• . B ,tw 'ell th first two <livision ' ther :.. i:.; an extremely clo:e 
min ..r,] gieal awl ch "llli ·al lik 11 .. ,' whil in th •:.i re:p ct · the fourth 
di ,·ision .·tarnl. · ,v,,airn,t all the others in :tr 110' contra ·t. 

(1) 'l'h oTanit .. · of the fir.,t divi ·ion ar , n see11 in th fi Id or in th 
hawl ,·p c·im 11, holo<-r. ,·tallin rocks of fin l to m diurn grain, in which the 
ye can rea<lil , di 1tiugud1 th pr sene .. of quartz, pink f ld par, muscoYite, 

and hiotit . In •olor th .. , ar ..1 pr Yailingl)? of pink or reddish tint , of }j o·ht 

.·had .-. ► 'tru ·turall:v, th '-'Y fi· -' (!ll :.i ntly- app ar in small area ' to be ntirely 
rna . iv hut ..v n in th mo:-;t ma::iv .. o ·eurr n ·e' the hamm r can usually 
pHrt th "Ill al mg rmwhly- parall 1 ,' urfac s whi h gli ' ten with pan<Yle,· of 
mi('a indi , tiJw } <"~rtain degree of alignm nt in th Be constitn nt. G n-

-'rally how v ... r H rucl<· foliation i~ mor • or l · s8 <.listinetl.'r vi ' ible and i, , 

.·om ~tim ,' X(: -'-'<ling-]_\' w 11 ch v lop •<l .. ,. ~n t< t)p point of fis '•ilit.'r· It i , 

alway: a1 par ntly ,lu • to th .. parall ..l arrnngenPnt of th mica , which 
ar .. m r abundant as th .. fo]ia6on h •com :-.. mor di ·tin ·t. 

1 be fi ]d r hition:-; show that th , mas:--iv and mor .. or 1 .- foliated 

v,lri< ti _.,. of thi: di ,·i:-;ion ar, do,' l:· hournl tog- th r hy indi 'tingui hahle 
g-ra<lation.· aud irnl •cd oft :.in con., titut<: a vi:ibly iut .}g-rnl ma '~. The u,'ual 

arranµ: "Hl nt of tlw mi,·as is not parall I t< a 'urfae 1 but µarall l t) a line 
vvhi •h i: ,,. 11 ..rc1lh· i11di11 cl to th 1 horizon at <mg-1 •s Yaryiug b .}t"· n 10° 
arnl 35° _ han;l :p ('im ..1 11 wh 1 n tum 1 l al out th<: dir ctiou off liation as 
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an a:x:i , how -- a parallel anancrement f the mica on all ide , and a con­
tinuou gli ten follow the reYoluti u; while on a urface at right angle to 
thi direction the mi a: are not parall 1 and wind about the other con titu­
ent indifferently. In th more fi~ -- il nu-ietie" the outcrop often haY a 
rough, channeled ·mfa , no'ge8tiv of the , urface familiar in clo ·elY 
crenulatecl mica- ·chi t ·, r on th 1Tuo'at cl wall "' of a fault. imilar or­
rugated .·mface frequently part mor ma"siv from more fi ile I art, of th 
, ~ me outcrop. 

nder the micro' op th :; ntial on --tituent of th granite and 
ornniti gnei .-. are :--eeu to h quartz iiho la mi ro line, plagio la:e, 
biotite, au l mu --covite, with th· ll'on or ", titanit and o casionally a1 a tit 
and zircon a:- acce:--sori ~- In the ma -- +~~ phat\e~ the gen ral r lation • f 
th :se mineral.· t< on anoth r, and th ir nn.l -'l' of ry~tallization, in no r :-:-pect 
liffer from th s of igneou: <>Tnuite. Th quartz, ,vhich i: the la ·t min ral 
t f rm ·ontain~ muu Arou~ fluid and g-a:, in lusions the former oft n with 
a m ,ing lmbhl •. f th f lcl I ar~ mi -roc1in i ~ nm h th mo ·t c mmon, 
th n I lag-i) ·lase whil orthocla:' i: ~: n rally ·omparativ ly rar alth uc.rh 
·ometime • it i:-i more nhnrnlant than th mi ro Jin . The plagiocla ·e from 
its relief and xtin ·tion nno'l • i, pr hal ly lH t low r in th ' cal than li<rn­
cla.· . 'The orthoclase i.~ u~nally dmul d with alt ration produ ·t • and . 01 1 -

time~ th dull interior is surround d ,vith a narrow nnattack d rim. Hoth 
miC'a: are alwa:~s pre::-ent a · original min ml:·,, arnl on th whol hi tit i: 
the mor ahun lant. 'I hey<)· ·m· in small stout er)~ 'taL-, oft n a~ inclu:ion , 
iu the <1uartz ~ncl f 1<1 ,pnrs. niag-n tit, j.., nu , but oc ·nrs in ic1ion 011 l i • 
form· in the later c· nstituent:-:- n: llo als( minut erystaL- of zircon an<l 
apatite. Thin ~ection? of eY 11 th:. mn~t nrn~:--iY l-lonking sp cim 11. · inY,ni­
ahl:~. how the effects of pre,"''ur in th lm<.lulatm·:~ •xtinction of tl1 quaitz 
and in the h nding arnl o • ·a:-.ional fra ·tur of th frl<lspm. 

In tLe folint .,(l Yari :.)ti 1 ~ ,-rith which th.,~:. lllcH.;siY n ,ri .1tie:-; ar :ln:-;eh~ 
a. ..,< eiated th ffect:-; of m ehrrnienl -.,tr-,:--~ : nr the strikiiw mi To: ·01 i 
ph uomena. The c< n~titu 1nt min ~n ls ar' '~:--<:ntiall.,· the ::;am, a: iu th"' 
ma:--. ive pha: ~B hut the 1 1i ·a:-. ar r Ii. tivt>1:· mor n lnm<lnnt. rrh 1 quartz 
and f 1d ·par individuals ar' fraetnr ..d awl strained, ancl occur in irr ~o·u1ar 
c re ' eparc t d by mwst< mo~i1w zt ne.: of n fine q nartz-felcl.pnr 11w:-;ait-. In 
th ;-e la-.,t, n w mica ·, in lnng- t·mT11w iwlividual:-- arnl elu~t rs, ]ul\·e 1 (.. n 
de\·el ped in oT :.at numb r •. 
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The followi1w analyse. give th ch miral compo ition of the e granites: 

Analyses of granites. 

[By Dr. II. N . • toke~, r . s. Geol. urve) .J 

2.2 3 .2 

,_'i<> i -·- - - • - - - - •• - - - - - - - - - - - 7fi.10 72.17 69.6H
TiOi ____________________ _ . 07 . 27 .29
col ____________ .---- ---·- Xone. 
P;Jo .. ____________________ _ . 02 

12.95 H . .J.p 15. 643 
CriOi ---··· -----· ---- ----
Ali0 .1 -----· ------ ··-· ----

Noue. 

Fe.0 :1 ---·-· -·---- ---·-··· . 65 1.02 .90 
1:<"'eO ·-···- ------ -·-·-· -· •• . 09 . 99 I 1. 62 
~fuO ··-··-· .• --· ---· --·- Trace. • --• --•• --1 _-• --. --.. 
J ' i .. . - - ....... -..... -- -. :Xone. ,____ ·--··- -·--··---· 
CaQ ____ __ --·- .--·-· ·-··-- .12 . 69 J. 22 

~fgO. ···-·· -·-· -··· -·--·· 14- . 70 . 66 
1{.0 _-- . ·-. ·-· ----··. ·---· 6. 50 -!. -l 5. 30 
"\"a :O .. __ - . - . - - •••. - •• - - - - , 2.36 3.65 :~.31 
II Oat 110.J . ----· . ... ---· .17 --·····--· 1---------· 
H. above 110° . ··-··- ; ___, . 4 

Total-··----------- 9}1.65 i··----- · -- :----------

1 Ba, , r, Li, 'I, , , , 0 .1 wrre 11ot looked for. ·' \Yater not deternnn d. ~ Include P iO -, . 

Xo. 1. '1wcilll<•11 31677, Lake ' uperior Divi ion, C •. Oeol. :--tu-v., 1,933 N .. 1,0-10 \\.... sec. 2, T. 41 N., 
It ~o \\'., pper Penin-.,ula of firhigau. 

o. 2. pecimen 31 '.? , Lake, uperior J)ivi ion , U.. c+eol. nrv .. 300 .. . , 1, .)0 W .. 'ec. 36, T. 4.~ N., 
I . 29 ,v., pp •r Penins11Ja, of ~liC'hirran. 

o. 3. pecinien :3G081, La.ke, 'uperior l >ivi,-ion, lJ., . Geo!. 8urv., 15 N .. 1,025 W., ~ec. 31, T. ,12 N. 
I<.. ::18 \\'., pp<•r J>enimmla of )Jicbigan . 

.. To. 1, whfrh i: rather low jn alumina, inn, ancl lim is a granitic cmei:-;,­
in w]1ic·h thP aburnlant .'(' ·ondary rnfra whi ·h ha ' grmn1 jn long· cm-Yiiw 
pl<1tt!.' i11 n arly parallel zmw~ of 0 T,mn1Mion, j • wholly mu~coYit . "" 0 •. 2 
and 0 an, fine·- ancl M~lr~e-grained pink grnnite~, whicb :-;how comparativ :i]y 

little· cTu:-d1ing :rncl cl .. voloprn nt of ;;; ·condary mineral:-; in thin ection. 
The ro<·ks of thi: divi ,·ion th lrefnre han~ th l clu.1mical ompo ition a, 

W<.! ll a: th• ph,'- ·fral m1<l p trographical eharact .)r:-; of icmeou , oTanit R. 

Tl1<~po:iti" .. proof of igneou orittin hn .v Yer-adual inj ction into old r 
rode -w • have not foun<l. frruptin• ('Ontn ·t.. ma:· po. ,'ibly xi ' t, a1H1 

m,1.'· liav, <".Tap ,,l tv, sin<' l neithrr th<: Ar ·hean a~ n whole nor it int .)rnal 
ndation: w r _. th• ohject: of ,)H}J l<•inlly rigid ·crutin.'·· Ign ou. crranit(•.' 
of Algonkian or lnfor a()' 1 mwht to h • found within tlw .L\.rch an area,' , for 
.• :Y )rn1 g-rm1itc• ,liJn ~ ,tr_. known tn }) )n :.tn t varion:-; m mber: f thi~ ov r­
lying ., ~ri ,.,_ , lwther th) known µ:rnnit l~ within th ...\r h an are r ally 
1nwc;r-l~vi111~· awl larger rnass<':-- with whi ~h su ·h dil s ar l gc•u tically c01;_ 
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nected i not known but the po~ 'ibility- must b a lmitted. The band cl 
gnei c,e. are often o faintl:~ foliat d and r ' rnl l the o-ranite .. "O clo el~~ in 
color and grain that th di ·tinction tan 1 mad with only the mi -ro 
and io-neon'"' contacts b tw n them mio·ht a ilr b overlooked. 
certain. how v r, that if th OTcmit R hav heen inj cted into th 1and cl 
gnei..,~e.~ it ha , not h en in th form nf narrmY di}~ ~, and th fact remain: 
that no case f an igneous contaet is re ·nnlecl in our note . . 

Th o-nei:;:ic memher:5 of thi~ division ar m r ly crush cl granit s. aml 
mYe their foliation partlr to th cru~hing and pmil ~ to th gr ,yth of fr sh 
mica in the fractured zone~. They diff r from th band d gnei ·-., • in fnr­
nishirw both fi lrl and mi ro~ ·opir pn of of th way in whi h th foliation 
wa:-; formecl arnl nf th ro k: from "~hich they w· r cl riv cl. 

(:.) Th banded o'n i: ,.. nf th secornl gnmp hav :s ntially th ame 
mineral ·omposition a~ th crranitit gnei~s :.; of th fir. t. 'I h ar distin-
'ui·hed by th eY mainly by th fa ·t that th mpon nt min ral o • ur in 

more or le "';~ di ·tin t layer , from a frartinn nf an inch upward in thicku ::. 
The laminati n ·which only rareh- i .. Y IT r g-ular ~ m. to b ·au din most 

1J .._ .._ (.,...: 

if not in all case:-; by th alt nHtti n f lark r lay~rs whi h ar r latiY Iv 
rich in bi tite, with liaht r lay r.--, " ·hi ,h ar c:omparatiY lr and . om tim 
wholly fre from it. Th:. light lay r-; . r .. almost alway... eoar • r ir t xtur 
than th dark r and fr qu ntly ar eoar:;;; ly p O'matiti . Theinclividualhand: 
ar not indefinitely I r~it-t 1 nt but "- lg out to knif - :. lg s. Th banding i: 
om tim ;-; ~n intlefinit a~ tu l lost in th ltarnl sp ·im n th larg . mfa ~ Jf 

an out n p l iuo· net .":ary t briner t ut th ~Iicrht dift r rn· ~ in sha l . In 
c lor th .• nwk: are light grar, dn1l whit , or pink. Th ba11cli1w h w.1 <>T at 
variation," in a1wl of dip hut th .. strik i:-- usually fairlr eon:tant within a£ w 

cl gTe • )f ea ·t and w ·t. In a f w 11 > ·aliti • • fo,tind contortion wa ... o1 : 1T d 
in th o·nei,".~i • ban lino· and l itehi11~· fol ls. Th lamination of th :-. 6·n ,is· : 
is, .., > far a: observ 1 f th 1la11 -pnn 11 l typ . 1 h hmd: ar, tlwrouo~hh~ 
w lded too- th r and a· < rule th, l'f ·k hr nb i1Hliff r<.->ntlY n ·ro ·: th m. 

Un 1 r th mi ro:-- pe th L'nmpo--itinn of th s rocks <lo s n >t cliff r 
from that f th crraniti ro k • of th .. fir:--t liYisi< n. Th l structural ·hara -
ter , he , ~ v r m· in str 1w EY n in thos :--pe ·im -'ll~ "~hi h 
l O,"s • the nw~t incli 'tinet ft liati 11 c 11 th, mi1wrnl~ are •lono·nt l in a 

. n mon dir ti 11. \ hil th in liYi l u l oTain:-- i11 rnn ' t ens-':-; show· 1·1 r 
r le-.;· ~train an<l ar fr 1u -'ntly fra ·tur .<1, th<::ir nmtun 1 houmlari ,s ar 

u ·ually .·harp and clear an 1 it i vid ut tl at th l form .· ar uot th • ir _, •t 
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re:ult of th pr •~sur) that has affect .l l th ir optical propertie The 
vicl -'ll • i,· <1uitc cl )m• that th minerals n w pre 'ent have cry tallized in 

parall :1l clongatecl form , and it i8 to thi~ th y owe their prevalent lamina­
tion <:n- -'ll ,,Then th;; c-nlor handing· j~ irnli ·tinet or wanting. 

~ 'ub: "(Ill -'llt to the tirn of cry ' tallization ther hav been expo eel to 
the a tion of gr at .-tr :. which not onl:- have 1 ft a r cord in the trains-1 ', 

now fr qu ntly perc '.lptihle in th min ral:-- of the arly er rstallization, but 
al. o in many ·eves h:we prncluc- d roughly parallel fra tureR and fracture 
zon : :ornetime. <·oin ·idincr with and .·om time ohlique to the early lami­
nation. In th se zou •:-; c-oar. miC'as ha-v 0Town, r enforC'ing the old 
laminati n wh ...u pandlel to it, ancl when oblique producin(r a le , regular 
.- , 011<lary foliation which i: entir ly aualog·ous and probably ontempo­
ran "'OU: with th foliation of th crush d gTanites. 

The following anal. TR s of th se gneiR ... ar inter tin er a" ·howing 
tli ,ir :trjki1w ('hemi ·al r latiorn~hip to the granite. (analv 'es of which are 
g-iw_..u on p. 38D), with which they ar intimately a. ociated: 

~lnalyses rf fJnei ,'. 

R:v llr. JL l\. ~tok 'I'.!, G. ::-. <,eol. 'nn·ey.) 

]. I 

------ -------.-
i) ·- ........... - - ·- ..•••••••• - •• 74.37 7:~ 7:T 1::·,m1 

'fiO~ ............. ·• •••• ·•••• • ···- . 07 . 3:'5 . 09 
~one. 

. 01 I 
('() - - .. - ..... --. --. -........... --... - .. - ..... -- .. .. -- - -.. - .. .. . . ... -- .. - -. --
P.O .. ·········-·····-············ ' •• -jj: ;9,~ · , • •• i;: 9,;.;.13.3-!·I AtO,. ······ ··•••• •••••• ·-·--· ··-· 

1 r_() I • • • • • • • .. • .. • • • ............ • .. • • .. • • • .. • • • • • • • .. •., • .. • • • • • • .... • .. • ........... .. 

Fe. 1 .....•........•••••••••••• - • • 92 1. 10 . 35 

f~t:::::):;;::;;:;;!):;:\ _·:_'~Il-- ·::::;:;;:: ::::iir 
;:\I 1-;0 .. - •••• • • • • • • • - - • • • • • • - • • • - • • • - I • ' • --
K O......... _... _........... - - - . . 6. 70 1 3. 79 6. 73 

.. ra.0 .... . ···••· ···-·· ···-·· ····-· 1 2.50 4.~9 2.55 
H.>atll0 
HJ> al,ov 110.., 

•••••••••••••• 
........ • • • • ..... . 

.12 

. 4J 
................... . 
..... - . - - ........... ! 

Totnl ...... •·-··· ••• -· • -··. 99.45 

, Ba,, •r, Li, l, :, , •o3 w re not looked for. -~ "\Yat r not <.letermiued. .. Include P~Or,. 

Xo. 1. , 'p ciru u 31 26, Lak , up rior Divi. ion, • • • -.eol. urv., 240 ., 1,250 ,v., c. 35, T. 42 J., 

H. !! W., Upp1·r Pcuin~ula of ~fichigan.. . .. 
~~o.2 . .'pecim•n360:i ,Lako 11per10rl>1nt11on, -~·; ol. nrY.,32~~. 1,225W., ec.36,T.-l2N., 

R, :!!) w., rpp r J' 11ill nla. of )fichiga.n. . . . . C , , _ •)- • 
...Jo. '.l. ,•r, •ciuH!O :360 o. Lak upenor I>1v1 wu. l . :-.. ht•ol. ~mT., l.> 4 ., 1 0-.>" ., ec. 31, T. t2 ., 

H. :! W., t ppn Peuimmlti of :\Ii ·hig-:w. 
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(3) The mica- "chist • are not wid ly listribut d in th portion of the 
Archean area ' included in the Felch )fountain map. They ar w 11 rep­
re ented in the northern rch an area beyond th limit of the ar a mapp cl 
,but within thi" limit they ar known < nl~? in c '. 34 and 35, T . .J-2 ... _ R. 
29 ,,..... where an overthru t fault brings th m into ucces ive ontaet with 
the Randville dolomite and turo·e n quartzit for n, di tane of thr e­
fourth "' of a mile. An excellent ,"' ction ·which include.. the faulted c n-
tact with the dolomite, i ' expo eel al ng· th turg on RiYer b lo,Y th 
dam in the northern portion of ·, ction 3-. Th uo·h o f ebl. ~ r pre.~ nt d 
they 1 e ,,, an unu ual int re ·t b th iu th ir fi kl r lation an l in th ir 
micro., opic hara ter". 

The mica-, chi..· t:-; ·when fresh ar dark gray rath r ·oft rock of fin to 
medium grain, with a g nerally ,, 11-d Y 1 p d ;-- ·hi tos tructur 1 h 
most noti able ·on 'titu nt, in Rl it of th dark e lor, is mu ' ·oYit whi ·h 
occur.;; in pearly flake., of larg ~iz ple11tifull:~ "l rinkled along th ·l aY­

aO'e sm·fare aucl i:-; :p iall:~ eharnct ristic f thin t\ ams, which ar muth 
more fi , ·il than th rest of th rock and part it iuto parallel band , f nm ·h 
regularity. Biotit· hffwe,? r i , th m r .l abuncla11t mica, althouo-h in 
ma1ler and 1 _. .. con,pi uou p]at '.ls, aul t it th dl\rk e lor of th rock i.· 

clue. Quartz and t-nm time f l<h-1 ar may ah;;n h r cognized. 
The e rock · off r littl re i tau • t< th w nth r. The biotit giY ,· up its 

iron with uTec t ea ·e, :shtinino· th outerop a tlull r d. Th final pr cln ti.· a 
lio-htlY ct hereut f rnwiuous mi..-tur • in which th larg muscoYit plat : 

alon are re·< o-nizabl . t a 1 .'H a{h-an ·etl t--tng- of weatherincr the alt rna­
tion of lay r • mor rich in hiotit pn <lu : <.'( lor h~ ncling in r ds and oTay:. 

I'h mi a-.· hi~t ~ ont~ in mauy intrn i l llik s and h t • of fl h- ·olnr cl 
pecrmatite t ncl ahm of nm1 hibc lit l th f '\Yhieh ar ,r -'llerallr l arall ..] t) 
th Lliati n. Th l o·matit --- ar t,-pi 't 1 , ·hrift-0 Tanit·, 'thef.)l<l:par h-'in,<r 
micro ·line. Bothp O'lllntite' andam1 hib lites slH w rag,0 ·ecl a11d intrn,•iy ·011-
tact~ with th ·chi ·t!'5 wh nth ·e nr .xamin"' l i1ul .tail. Both al ·oar foliat "'d. 

~ ncler th mi p th mi 'a-. ·l i.:ts ar • thoroughl: T ·tallin -' ao-gr -n_) • r 

gat • 1 f quartz bi tit and mu: ·oYlt \ alwa. with m r 1 or 1 ss mic:r clin .T ., 

)Lo-netit i ahrn_ "' PP' nta ·aprimarymin ral,anlh ma.tit rson hydruu. 
tw n h 1 matit and limonit 1 i.: Y rr abnuchmt in th n Jfz 

weathering. B "'-'icle.- th .. 1 , tourmalin • j-.; an abundant ne s:,,or T in H m .. 
li l .-.; . an l apatit ~. zir 'Oll titanite. pyrite. ancl ·hlorite also eommouly • • ir. 
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Quartz o ur in mall and oft n partly rounded area , ome of which 
have a v ry cla ·ti appearanc . Ex pt a tated b low, it i geuerally free 
from inclu:ion. of th micas, whi h :urround and terminate ao·ain t it in 

b 

, ueh a way a.· to indicate that it cry ·ta1liz cl the earlier. It it, often crowded 
,Yith fluid aucl <r a .' in<'lu ion, , and an o ca "ional grain bri.. tle," with radiatiiw 

b 
·lu:t I" of rntile 11 ell •. Minut crystal" of magnetit are al ·o frequently 

iuclo: d. 'Th iuclu ·ion: of all kinds ar fr quently O'rouped in roughly 
val area: n ar th c nt '-'r of the grains, whil between the nuclei and the 

wauderino- perim ter: the quartz iH r ~lativ ly free from inclu ions. 

Biotite var '" iJlO' in color from dark brown to light yellowi h green, is 
th predominaut mica. It oc m ~in irr O'Ular plate , generalh.,. much larger 
than th quartz· th ., great abundance and uniform alignment of the e plate 
pre clu • th<.' H<·hi.'to ·e i-;tructure. , alr ady tated, it include and i ther -
for., Y<>Wl<r 1 r than th, quartz <r n rally, hut it iK al ' O found, thouo·h rarelv 

J r • b J 

arnl ahva , iu very minute plate ·, includ din th mall quartz grains ·which 
ar .. .- . al U]l(lant ju th fre. h mi recline~. The latt r o ..currences belong to 
an •arlier O' .,ueration than that of the larg r biotit ' . The chief intereRt r 
atta hing to th .. hiotit., i: ju its alt ration under the attack f the weather. 
rJ h _. iron · •par:-ti ,,. out almw the leaYa0 • in little , pheroidal drop and 
fl: tt ,11 d plate-': 1Yhfr]1 ar, r d mHl tran.Jucent but not quite of the deep 
·olor of 1Pmatit<:. I>ouht]ei-;: ther ·ontain .., m water, and are po ibly 
·lo. to o-iithit, in (·ornposjticm. B ,tw ~ -'ll th red globul s th biotite sub­

. tmH· .. bc,c·ome:-; pak,r, it: pleo ·hroi.·m dimini 'h R arnl doubl refraction 
in<·r •a. <:': aml finally in a slid C'nntaining no ba.·al s ction , it an not be 
cli .tiu~·ui:h ,cl from 1~1rn,· <·c>Yit '. Th 1 

;-; ,parat d £ rric o.-id ~ r main ' in the 
mic-a aucl whil, th , rock r -'llU1i11:-; firm <lo l s not trav 1 and titain th other 
•011.·tit,u nt:-;. In tl1 ,s l Htag -'K the ;-;licl -' cc ntain~ a v rr faintly olorecl 

lJlcacli, 1 1 iotite: which i: HprinHecl tlmmo'h and throu<Yh with th littl 

dot · of brio· r-, ht r .,d iron ore. 
Mn:--covit, i • llnt v -'l'Y al uwlant. It i ' ;-;c rn times int roTo\,n with the 

large hiotitC>. a}l(l <H·curs nnclcr similar ·ornlitions but it rhi fly com : ju 

litt1.<' raiG-1-' ,<} ii1<·lusiom; in th ~:eemular:? mi Todin . In the form of agoT -
1ratc~: of ;,;(•ricitt· it c·ornpo,' '· t}1) 1rnH•rostopi ·ally ·011:.;pieuous pearly miea -- , 
awl ab, j.- an ~tbrnHlaut <·011 ·titu 'nt, and :-;om .i titn -'8 th ~ onl T r pre , ntative, 
of tllf; partly ab:orb ,cl an1l older fo]clspar. incluclt)d in the microclin . 

. Ii T din i: alw~ ·: a .'( ' ('<>11<lary miu •ral, and is pre ·eut in variah]~ 
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amount · in different :, rtiow. It inclos :-. quartz th mic<ls rnngn tit and 
an _lder fell "'par. Thes in l :-;ures are usually ~mall; they oft n li in par­
allel alignment in th .._ am. arnl adjoining microclin and the line. in whi hN 

they are di po eel ometime" b ud a1 par ntly indicatino· that the riITTnal 
rock wa. minutely puck r cl. Th in 1 -.; .d quaiiz om time~ in los ., 
. maller flake of biotit an l mu.._·c< Yit , a· "\Y 11 n • nmo·n tite and rutile 
needle.. The in losures in th littl grain" of quartz ar fr qu nth- con­
centrated in the enter., ,r in the ca:-. of .- 1m nf th quartz ut i l the 
micr line:-i, a "' de 'Crib cl ab v . Th mi r clin ·cnnetim s orcun, in a, £ w 
~catter d oTain ·; ometime' with it· in lusi n , it mak 111 alm , t the whole 
ro ·k. In it" manner of oc mren , it,"' in lusion:-;, and tr, way in which 
these ar di ·po ·eel ,vithin it it is :--triking}>~ lik th s conclary albite of th 
Hoo 'ac • hi:t" _f w . tern )Ia ·sachu~ tt: d •~ril 1 hy Prof. .T. E. Wolff.1 

The microcline' ar li·tin tly ..Jono·at din c direction parall 1 t th 
foliation to which th y thu:-; contribut . In a f w ea ~· the el mO'ati n i ... 
I arallel t a line, an l doe .... Ill t a1 p ar in thh1 ... ction ut n rmal to thi • 
uir ti n. But in mo ·t ca· ... th TY tal c r flatt n d parall 1 to a plan . 
The "'e form ... nr tho: of cry:tallization: • pt alono' th conclary fra ·tnre 
plan ~ the mi -rolin i.- entir ly fr fn m hr akin or granulation. 

Th following 1.· a ompl t anah-. i:-- of a r pre ntativ p imen of 
the mica- • hi "" t: 

Analy,·is of mica- 'l'hi t. 

[By 1>r. H. :--. Stok •i- , l . :-.. neol. Sur~ey.) 

TiO1 ---- ---- ------ ---- ----
CO: ___ . __ .. __ .. _____ .. ___ . 

P_O-. - - -.. - - . - - . -- - -- ... - - . 

A.1:O:i - - - - - - . - - - - •• - - - - - - - - • 

....--

1. 

61. ,1 I 
. ,2 )In-I 

~. OU . J( . . ...... _.... _........... 

1. 

0.0 

2.97 
I 

:i.h3 

L 3 H ab'" 110"-·----·-----·~:i-1.: ~::: ::::::::::~~~~:: I 
Total---·-·--·-·-----·· , 99.44 

)Io( •• ·--- ---· - --- ----·:·· I Trn. 
L___________ - - -..:---- -~ 

~·o. 1. ~pecimen 3-l 2:! Lake .'uperior Dh·ision, r. ~- •~ ol. "-nrY., HIOO ., 1310 '\Y., F, <,. 35, T. 12. - ., 
R. 2. W., pper Penin uln. of Iichign.n. 

1 >Ion. t · . ._. G •ol .. nn- :. \'ol. XXIII. pp. ;;!l-(i3. 

1 
. O:! .•n_O _. ___ . _..... - - - - - -.. - - - .11 

16.4'~ I It at 110 => ........ ____ .... • .:H 

2. 79 
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In jt, low silica c ncl lim , and high iron and mag·ne. ia, thi rock differs 
m important particnlar.-i from the granit to which in it:-; mineral com­
po:ition it i:-; alli d. In th , e re p cts, a" ,Yell as in the great excess of 
pota8h over ·o<la, it clo. ely appr ximate the compo.ition of certain clay 
:lat :. 1 

Th original charact r of the mica-sc hi t. is iudet rminate. They may 
l e alt r d ,' lim nt ·, a. the chemical analy i ~ indicates, but if o thev 110 

Inn J' r c ntain an.,. material whi h an b I rove<l. to be in it original f~rm, 
anrl in Yi w of the ,ompl t recry talliza,ti n, for which the viclence is clear 
arnl . trikin~·, thi: onl l not h expected. Th ir mineralogical relation hip 
awl do: a.·:ociatioa ·with th grauit : and gn i es i p rhaps a reason for 
regardil1g th m as autoc]a ~tic rocks cl riY d fr m ori0 -inally ma. ive granites 
hy clyn· rnj m t< moq hi:m. If thi~ h true, th 11 the cru t movements 
which Tu:1l "cl th ~par ut granit b long to pr -AlgonHa.n time, for the later 
. tr .... ,. .• whj h fol<le, l a1lfl hrought th schi:-1ts into faulted contact with the 
Han lvill Cl ancl ~ 'tnrg -'Oll formations found ti1ern with a parallel foliation 
whieh it h nt arnl <·rumpled and no p riod of great ►.c tr ', earlier than this 
i.· known in lo·onkifm tim . The c m11 t r cry" tallization may be 
r :.i f :irp<l with probability to th period of qui sc n e followino- the faulting 
c111<l fol<lino·

bl 
lurin which ahio oc urrecl th r ·om1)0 ition of the older 

.Algonkian f muati ns. 
(4) Th amphibolit :l,. >r hornhlen l -o·n is~ .. ' ar widely and abundantly 

r 1 r ),• nt<'rl in th \r bean. )[a T ·opi :ally th y ar hla k or dark­
<Jr •n ro •ks of m di 1m to fairl coani g:rain, th fre h fra tur ' of which 
rli. t"'ll with th •l a ao·e ·urfac s f h rnbl nde, which i • much th most 
cl mcla1 t and ft nth only r ' o·uizabl • con, titu nt. Th ~ r are univ rsally 
LliatNl parnll 1 t tlP foliation of th • cs o iatecl gnei e , and exhibit, 
1 u in :- 111 r .. mnrl cl cl gr Yari ti of tructur . The folia- . 

• ti m j., _.a:il r •o<rniz d by th a: du to the parall 1 arrang ment 
of t} homhl<:'r cl prbn:. D pend.in rnainl - upon the p ._ ition of thel 

h rnbl ncl .. ,, r le tiv, t th oth r con, titu nt "' th 'tru tur either 

1f th.. phrnt'-I :mdl l or lin ar-parall 1 typ , th 1att r t ft n "·up rb1y 
<1 ,y ,lop .. cl. 

rh .. ,s: ntiHl c.:011, titu nt. f the8 r ck: ar eommon O'l' 11 h rn-
1n1•n( 1; l>1ag1• 1a:-; b1·ot1't , (l"'llCl r1lrnrtz• < • Tht:lc ~t1·11 t111· ~ 1·.~ tl1c>1·011c)·l1l r c1· s-

, :-, :r uuly •s qnoti-«l hy K mp, Handbook of Rock:-:., p.107. no . -! and 5.1 , 
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talline. The homblende o lll\"' in lo1w pri-'ms 3 to 10 mm. in length, which 
lie clo"e together and in lo" paTtiallr ·urround and abut again t ,'maller 
angular grain, of plao-iocla"'e. The pla()'io la~e i:-, quite unstrained an 1 is 
u ually fre h and clear, and ntirely without crystal bounclarie, . Brmn1 

biotite i"' universally pre ent in small amount h1 lono· plates parall 1 with 
the foliation. It doe "' not seem to h an alteration product from th ltorn­
blende. Quartz i the lea ·t abundant constituent. It i crowded ,vith :flui 1 
caYitie" and needle" of rntile and ~ften inclo -- " minute cry tal. of horn­
blende. The plagiocla~e, from its hio·h extinction angles and alteration 
product. i, ev-idently basic. A littl nn gn tite i~ pre ent, but titan.it ha: 
n t b en ob"'erYed. 

The ,·tructural feature ' ar w .11 brought out in thin ction In th 
linear-parallel typ the hornblenJe:1 ll lie ,Yith their cry. tallooTaphi axc. . 
parallel t a line. A thin ~ection 1 arnll 1 to the foliation cut.· e sentially ~ 11 
in the z ne of th pri m or 11 ar it; n a .r ::;1- th foliation giYes only s .. -
tion-· aero s th pri,'m. The grains of phwin la --. are o·en rally lono'at l 
without . train. Th ir outlinel-'.i ar m ;-;t irregular and quit indepen l nt of 
the twinni110· lam llc . Th ir o' neral < Pl aran i: that which would lJe 

pre ·ented if num mus <-rushed c mtig·uou • a-rain~ had united hr som pro -
es of annealino· or ab::;orption to f mu the 11 .l\Y in<lividnal ' . In th plan~­
parallel typ th onl:- differ nc i ~ that th hnrn11 nd priRmH haY., grmn1 

parallel t a plane, in ,vhid1 how Yer, ther mar haY anr ori ,ntation ~\._n 
incli ·tinct bandiilp' i: al ' often ohs .,rYal 1 iu thiK t;q> , caused h)- a partial 
gT npino- of the lio·ht and dark enu:,.;titu )nt:s in parall l layC-\rs. Tb orcl r 
of cry tallizatiou ,· e ms t lun-, h., 11 }Lwiocla~ fin..t, hut 11°arly • nt mpn­
raneous with the lwrnblern1., and hi tit~ and th quartz hl't. 

The amphibulit s o • ·ur in n mparntiYelr muTow hau 1 • of ind :tinit 
lenrrth in the <rranit .,,. and ~m i~s ~- r h • wi<lth u. uall :i- lo ~ not x • rl ' 
to 10 feet and th ir tlip it'.i ahrn_n, at hi h ang·le;-;. Th, hournhu-i •.· ar • 
inYa.:riably sharp and fr ..qu ntly ·ut th, foliation of th amphi1mlite within 
and of th gnei ·~e: "~ithnut ~nm ,,dint t)bliquely. Th rP i: a gt u .,ntl uni­
formitr of oTain throuo·hout tl1 • w11th; th wi 1 r hand · are not c·oar.... ~r 
than the nan wer. 

https://titan.it
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Th following complete analy. i8 , hows the chemical character of a rep­
re.· ,ntatiYe ,·p Cl ·imen of amphibolit : 

Analysis of amphibolite. 

(JlyDr. JI.~- t--toke~, Lt--. Tt·ol. :--ur'\'ey.] 

I -_-_-
-~ 

,'iO. ····--··············· ,30. HG ...·io ........ ·-········--·· ......~~! 
I Ti 0 . .... -··. ··--· ·-·· •••• l. 77 Can . ·-·· .... .... .... .... 7. 5 

'(} , . . .. ............ :.... . ::'\ouc. )Jg()· •••• ···-···-·-··-··· 3.55 

P i ,. ........ . .....•. • •••• . 20 K;O .... ·--··· .... .... .... 1.14 

.\l.O .... . . .. .... . . ...... 1:t:W ... ·a.n .............. ·-·. ... :?. 11 

CrJ> .................... ·-·· ...... l-U) at 110 .... ...... .... .16 

FP 0 , ................... . (i. 30 ICO nhoYe 110 . . . . . . . . . . I. 55 

I F<· . . . ... - - ...... - . . ••••. 9.34 Total.............. m1.5g 
l_ MnO . .... . ... . .......•••• 

Bn, 1--r, Li, C'J, , ·, , 0 :1 were not looke<l for . 

... · o. 1. :--pe •im •n 3(il07, Lak1• !--nporior Divi i011, r. ,'. Geol. Rnn y, 1140 · ., 1000 \\'., sec. 32, 

T . 12 X., H. 2 \Y., L'ppt!r P1•11ins11la of )!ic·hig:m. 

From thi. · anal_\·:i: it appt'ai·:-; that th ro k has ss 111tially the cnmpo­
:--ition of ,fo1ba:<1 or lm~alt. Th Cl l'omposition of thCl rnnphibolites, a: 'hmvn 
h:- tlu;: ah0w, mwl_,,. ·is, alHl tlwir ti ~kl n,lntimr 1 a Ye little room for doubt 

that tb ..y nrv ol<l dike:•:-: of lmi-;ie rock. 
Th ..jr pn:,·t'nt c'J')'Hh1lliz::1tio11 j:, of ·m1rH not that clu to orio'inal 

cooling' :-lin<·C' amm1g· nth •r reasons it h 'ell';-, no r_:iJntion ith r to th .. ir 

thic·kJll':-,, or to 1lista11<·(' from th' walk Th' Yi<lence of ·ompl t r eryH­

tallizc1tio11 iu p1a('c aft<'r <·on:-loli,latinn which they thrn;; afford and the 

llll<J.lW:--tionab1<· <·rnnmtmity of orig-in h ,tw en their foliation and that of the 

0-11 .. i. ·. ,,· an· :--ig11ifi<'ant fn<'tK in th' m tamorphic hi:tory of the Arche:m of 

tlti • diHtrid. 
It i.- for tlii .· rcc1-.;0Jl that they nre cl( scrih id with th' Ar h an and not 

with tlH.! intrn:-li,·1·:--. \Vll<'th ·r the~- are r •,111~~ ...\.rch 'i:lll intnviom; ancl not of 

... \l,roukiau ag<> c·,tll !lot, perllHpK, 1,' known with certainty. Ba. j, rocks 

h,n·ing· ;ipprnxiniately the· Halll<' c·nmposition m· klH)\\·n to h,nr, pen trated 

tlH· .. \ lg-onhau hut tlw_,· hnv(' not nrnl •rg me thv :-lame r •cry~tallization. 

Tlu;~ <: Ja ·t 1><· . id •s )1,1 V<' tlit:,i r known crnalogu :}:-. 'lfllH 11~~ mm1etamorphie in 

tit<· .\n·l1<~~u1 it ·elf. For tl1c•i:w l'l'HHnus it ~(.. •rn:-; probahl that th arnphih­
<1lit<·-- wPre intrud<:'cl into th,. ,\r<'lwan l ~forp the .,\lgnnkian ncks of thi~ 

d i:tri<:t ,,·<tr<..: <lc!po:--;i tee1. 
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"ECTIO... ~ IY. Tirn ' TrI ..-EOX QL\RTZITE. 

The low :-;t m mb r of th ... lgonkian in th_, } lch fountain rano·e 

1:; a f rmation ., n.~i:ting mninl:-, hut not xclu;--i--vely of coar:e ,'ih·eous 

quartzitB. T:1)ical expo~ur s of this formation, as well as one of th nu· 
contact:-, betwe n it and th uwlerlying· Arch an, ot-em· almw th., ~ 'turgeon 

RiYer, and it i: ther for~ 11am d the turgeon Quartzit .''"1 

DISTRIBUTION, EXPOSURES, AND TOPOGRAPHY. 

Th 'tlffo· n formation 11ext tn the Hmuh-ille dolomit , is th nw:t 

wicle:prea(l member of th lo·oukian :-- ->ri :-- in the Fekh )Iouutain ratio- . 

It~ g neral di:h·ibutinn throuo·hout th ar a mnpp., l i~ in two parall l zou s 

of Yaryino· ,vidth imm cliat ly a ~joining· the north rn awl :-;nnth .,rn ..Areh ..an 

exc pt when <-fo.,pla • ,1 from thi:-; position for relatiY -'l:· short distan •p: hy 
fauh . The· ... zone: extend ea;-;t and we~t for th \Yl10l-1 le1wth of th'-' rano- . 

Th ir . urfa ·:. width Yarie • with th.> enmpl -'Xity of th• strueture arnl th 

depth of en ;-;ion. In part of :.; e. 35, 1. :? ~ ..... , R 29 ·w., th hio·h ..r 

formati 11-, l1cff h n ntir ..}y r :.moY <l and th twn zone:-; eome tog(.-'th--r, 

leaYill/ the quartzit., a:,; the only jJg-onkiau rock at th pr 'ent :urfa · _._ 

11 th whole th ~ 'tur0 • "'Oll formation i~ fairly \Y 11 hut Y .,r:- uneY .,nly 

exp --ed. Beµ;inning at th w "':-it th .. zou in <·nntad with th, .--outh .. rn 

Ar ·h an furni-.,h s fr qu nt out('rop:-- from th, :--nnth quarter po:--t of ~ <'. 34
1 

T. 4:.. ........ , R. 30 "'\Y., to th :--outh <1nart ..r po:t of:-; :,c. 36, T. 42 X., H.. • (l W.... 

a di. tan ·e of 2 mile.. Th "11 foll, rn-:-- a p:ap nf a mil'-' jn w-l1ieh no >Ut<'r(lp ­

hav h enfournl. ..."earth northawl:--outh<1uart rlin•of:,;--'('.31 rl.-!~ ... -

R. 29 "\V. they l o·in ouc .. m1 n- ·, awl nr :--npplem nte<l hy t -1:-;t pit:-; a.· far 

a~ the w t :--ixt nth lin of . --'<'tion 32, 11 .. :xt •n~t. 

Th 11 f, llow. aunth r 0 ·ap without :xpn ·ur s :. \ mile:-; in l -'uo·th. 
_,_"earth umth-arnl-...,outh quart r lin • of :-- , •. 3-J '1. 4~ ....... P. :?! ,\~. 

ut rops beo·in ~wain au l ·1n1tinn for , mile tn th en:.;t, with fr ..cru ut iut ,r­

ruption a: far a· th .. unrth-arnl- outh <1uart r liu .. of ;,; ldinn ~35, wh •r ... in 

th YalleY of th '1tur0 • •on th, south •ru ½< 11, hrnadt--'llH arnl join:-; th, uorth­

ern1 in 011 11u nc of the ~- ,11.,ml w ,...,twnnl pit ·h which ha.- <•,arri ... ,1 th 

hio·h r formation:-; ahoY, th pr .. ..., nt urfa ·.. )f d •nwlatwn. Ea:t of thi: 

point th quartzit i-., h1< wu in unly a f "'W ~ ·att r '"'<1 1 >caliti ·s. In th 

~outh rn part nf -. ·e. • , '1. -!~ ~ .... , l . :2l) \V., it i: in '<.mtal't with th 

Ar ·h au on th :--outh hank of th ... 'tnrg· 'OH Pin..r. ~\mth of} ..kh )foun-

https://rlin�of:,;--'('.31
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tain, in ·ec. 32, 'I. 42 J., R. 28 W., it outcrop-· inunediately south of the 
abandou d orthwestern miue, and ha ' al 'O been found in ~drilling on the 
w :;t an<l in t :-,t pitH on th:> ea ·t of the natural exposur s thr >Ugh a, distance 
of half a m.ile. In se •. 33 T. 42 \Y. R. 28 W., a small ledo·e a few feet 
·quar oc ·ur: h twe 11 the overlyiug dolornite and the Archean, 200 feet 
a,'t of th" road to the Ualumet an 1 He •ln, (iron) mines. Ea t of this the 
·ontact b tw:. n th Archean arnl the Al0 ·<.mkian i~ a, faulted one, and the 

quartzit i: huri cl heueath the overlying formation;:;. 
rJ h northern zou of th~ tm·o·eon f rmation i • not nearly so well 

:.xpo.-ec1 nor for thl-:: most part <loes it fall within the artificial line that 
l < uncl.· our <1 tailed work on the north. C"'. 3-1 an l 3;, T. 42 i:T., R. 30 '\V., 
on th .. w ·,. t contain a f ~w .Tatt red uterop~ on of whi h j ' of exceptional 
1 b· >nTaphica1 int r "Ht anc1 tn he notiee<l later. The next expo ure,' are 
fJ mi] .1 •a. t, a1mw and ju t north of th ) north line of ec. 35, T. 42 N., 
R. 2 9 '\ . The mai 11 northern zon f th turgeou formation coming from 
th, w •:t 1i ,· ,·outh of theH expo ' Ul'eK c:1nd i ' <."ntirely coYered. Between 
th• two th, tongu<' of rch an Hthi:-;t:-- Hlr ~a ly de~crihed is faulted up. 'I'wo 
mile•.· fartli •r ast c1uartzite twa,in a1 p Hl'-' in te ' t pit' low-1 ring outcrops 
awl ,lrill lw] -'H along the n rthern bord r of ,·e . 31, 'I'. -1:2 ~ ., R. 28 E., 
an<l i11 ,· ,c-tion 2~) irnme<liately north of H ·tion 32, is well exposed in a broad 
h ·lt that r ,aC'h ,., uorth a1rno:t to th:. H 't-arn1-west quarter line. 

'I h • <iuartzit oft ~n formH <.fotinct linrnr rido·e ·, whi ~Ji in :,pite of the 
C'}1 ,rnfral stability and :-1,pparent homo<Pneity of th rock ·eld m ris t the 
rn •an c1ltit ul .. of tl1 neighboring \rchean arPa:--. .\u exe ption to thi rule 
i. tlu .·nc·c·c,·,· ion of ridge;-; formed by th ~outh~rn zone in the 3-mil , tretch 
w<>, • of :-- ,c. 31 'l' . ..t::., .). T _ I\. 2~l "\V.; th.,~, fr .1quently OY :>rtop th adj a ·ent 

Archc,m1 plat-'alt. •r. r fr .)CJ u ntly, al~o the <JUctrtzite zou " oc ·np)r lower 
uTom1<l not ou1 · than th, rel1 ... an hnt ,Ten than th immedia.t l>Tov rly­
i1w dolomite. The: soutlwr11 zon • for: m ... unh1ow11 r a · u i ' a di tinctly 
weak l dt ..a,'t of:<·. 32 rr. .J.2 T., P. 2c "\. and for :everal mil~ · form' 

the; lw,1 rnc·k of tli., 'tnro· "on and th .. eonnectiug Yalley •. i 

FOLDING AND THICKNESS. 

It i.· c,xtr .. m ,} ,~ cl1fficult in most •a:-; ..., to det •nnin" dir ·tly th attitude 

1f tlic• }1 tm·0Ton formation ov ing to its ()' n rally llhtssiY ::i and homogeiPous 
<'ham ·t<~r. 'l hi. · j,· d1w, a~ will 1 e ;.:;h1 wn h ~r aft '1', to the eompl t 11 of 
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the recry ·tallization, in c n ·equen f "hich th ordinar edimentarr 
feature~, that it originally po, 'e •'ecl hav b en almo t entirely oblit rat d. 
Faint color banding it:elf of ec ndaTy development, but no doubt pr -
serving a di tinction in original omp ~iti n, al ne remain , and nly h r 
and there, a, a guide to the former , tratifi ation. B scattered indi ati 11: 

of thi, ·ort, and by the better eviclen ·e aff rd uby the overlying dolomit 
often ver}~ di tinctly banded, it i" known that the ·outhern zone f 
quartzite on the whole clip' toward the 11 rth. outhward clips al "O oc ur i1 
thi: b lt, by which it i known that ub rclinat foll· o cur within th quartz­
ite it~elf. From th on id rabl vn.riatiou • in th urface width of the forma­
tion we are led t ·u"Pe ·t the exi ·ten e f mor f th ·e little fold: than 
we are able to prov . How ;)ver, the • ·tmclary ·yncline, whi ·h xt 11(1.· 

from the off:·et already r ferred to in-"ci •. 3:"'> T. --12 ..... , R 30 ,V-., for 6 mil :­
to the ea t to "ec. 35 T. 4:.. ....T. R. :? ,Y. "nd in ludes n formati 11 higher 
than the <]nartzit i' very definitely d t rmiu l. 

In the northern belt of th turg 011 formation the iudicati 11.' f lip 
are o·enerally 11 rthward at v ry high au()'l 8. Th :,e indication , not in 
them eh- • conclu iv ar r 11£ r d 11... a rr 'l oudino- attitud in th 
oYerlyi.110· dolomite aud it i __ th r c,fnr pn l able that ther i, a general rat 
lea t wide 'I rea<l, overtmn in th di1 )f the north rn b lt. 

in th outa ·t • of th tm0 'e n formation with th und :.r}yi111r 

Ar ·hean and with the o-rnrlyino· dol m1it ar ( x pt in on ·a~.,) COY r cl 
it i, imi o • ibl t< obtain the data for v ry ae urat d )t rmination f it· 
thickne ·:. Th un rtainty in m 't out ·r p n: to th dip of the quartzit 
intr .du • : an ad litional diffi ·ulty. 1-Imv Y r, in • . 35 T. 4:3 R. 30 ,r.T., 

on the ,,·e ·t nd f th ran°· an 1 in ~ •. 33 T. --1,:., ., R. _/ \\. 11 
mile: farther a:t th ·ov red int rvah, t( th~ limiting formation, ar n t 

o-reat arnl if th couta ·t.· ar lll t f; ult d ( whieh i.· far from • :.rtain) th" 
minimum thi ·kn :, i: d .,t rminabl within a r ,t • nahl .1 limit of nor. 

In the we ·t rn lo ·ality- th" ·urfa ·c~ width of th zon probah1y un 1 r­
lain b~T quartzit i: about ;son f t. 'I h quartzit it~ lf 18 stru tur l .... , 1 ut 
th < rnrlyi1w ,lolornit lip:; rn rtlnrnr l at an anal of ab ut ~ 0 

If the ,am dip h lcl: in th (1uartzit its tru thi kn ,·s L· ab ut 4 7 
In th ea:teru lo ality ·imilar ( latn l •, d ~ thi +n ·s:s of n larl " 43 t t.tt) 

In the"'e tw s ction • th quartzit .. zo1 i: mueh rnuTo,v r than it i • 
->ith r h > ·a l--i--' lll cl ,t -'Ctt>tl fault-.... has .. r <lu' ,a it, or b .. ·aus it i. 
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uncomplicatecl by subordinate fold·. It i" probablv safe to conclude, in 
Yiew of the uncertaintie:, that the average thickness of the formation is not 
le. s than 450 feet, and may be considerably 1~ore. In a preliminary paper 
on the <li. trict, 1 written before the field notes were fully analyzed, I have 
pla~ed the thickness of the quartzite 3t about 700 feet; but this figure is 

probably too large. 
PETROGRAPHICAL CHARACTERS. 

The ► turgeon formation inclu<les a fevv very closely related rock 
Yarieties, of which quartzite furnishes the great majority of the exposures. 
The qmuizitcs are u.. ua11y light gray in color, and break with a coarsely 
<rrauular or rdas.T fracture. To the eye 0 nartz is often the onlv reeoc:rniza-o ~• • 'l J o 

l>le eonstituent h1 the body of the rock, although the numerous joint and 
:heari11g planes shimmer with little sikery plates of muscovite. Occasion­
ally a weathere<l :mrface is dottecl with minute specks of an opaque pinkiRh 
·ub:tauce, which leads one to suspect the presence of feldspar. Ohlorite 
al:o is now and then visible iu the darker Yarieties. 

rrhe quartzites are almost uniformly ma 'SiYe, except for the secqndary 
frnctur ,:; ahoYC mentioned. At :cattcrccl In ·aliti 8, however, a faint color­
harnli1w, due to the presence of layer' of a pinkish hne, which are iucle­
pernlent of the , ·ccorn1ary fracture:-;, Reem:; to indicate the original stratifica­
tion. The color lJa11<ls nro genern1ly only vaguely defined; occasionally, 

howev •r, they· are munerons arnl Rhnrp. 
110 . eh~ as. ociat •d with the massirn quartzites are sheared quartzites, or 

micaeeons ;~uartz-,'cliists. These rockR are m 'rely varieti ls of the quartzite 
in which ~ecnndarY shearing plane~, with their attendant growths of new 
mu, •ovit •, m·e mm:e ahurnlant than usual. The shearing surfaces almost 
iavarinl>ly inter:) •t, with the result that tho new structure tends to-ward the 
li11e,tr-pan1llel type, awl is often ai; similar ·in app arauce a" it is in origin 
to the . •trueture c11r lady de· ·ribed in conne ·tion with the sheared granites. 

In a locality nlr ady reforr ,cl to, on th south bank of the Sturgeon, 
ill ,·e •. 36, 'I. 42 R 29 "\V., wher' the Sturgeon formation is in Yisible T., 

contact with the Archean, the qunrtzitc i~ underlain by a considerable 
tliichi •:: of v ,ry {b,ile HlllHCOYite-biotite- 0 ,nei" , which inclose rather 
·pariiwly oh:curc pcbh1 }s of granite an<l quartz. Thi~ g·nei . , ·wfoch no 

, H,ilutions of tl11! J,owor )lcnomim·c aucl Lowt>r ~Iarquette cries in Michio·au (Preliminary): Am. 

,lour. ,_c-i., Yol. XLVJI, 18!1-1, 11· 217. 

Mo...·xxn--:..W 
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doubt wa formerly an arko e rich in feld par ha, Tecrystallized and after­
ward" been heared; the coar e mica· to which the fissility is due, together 
with other new minerah, have grown betwe n the fracture l surfaces and 
recementecl the broken ma s. It afford· beautiful example of foliation 
parallel to a line. 

The thin section, of the Stm·ge n quartzite are of exceptional intere t. 

The principal constituent is, of tour 'e, alway~ quartz. ..With the qua1iz are 
associated, iu mueh ~maller amounts. and not nece arily all in th .·a1 1e 

section numerou: acce:.'orie"' includino· muscoYite, biotite, chlorite, micr -
cline orthocla ·e, pla(J'iocla e, titanite, rutile, zircon, apatite, and the oreR. 
The relations of the quartz to the other conHtituent • present Yery- mm. ual 
feature. , and indicat ~ that the m tamorphi • hanges by which the present 
completely cry, tallin ro k ha b n made from an original granitic f-iancl 
ha.Ye proceeded along line~ not hit1Prtn dh;tinrtly recognized in the forma­
tion of rock , of thi" ehara ter. 

Among the large number of ·lides xaminecl, a broad di. tinction can 
at once be made between tho~e whi ·h ~how the ffect • of stre $ in a pr -
noun·ced cle()'ree and thoH in which ~u h effect: are subordinate or harcllY 
noticeable. Connectiiw thet- two lass ..., i:-. a perfe tly graded :-;erie:-;; and 
it i-., therefore certain that tho e of th, fir~t are merely the rnore or le:;~ 
modifier.I varieties of an earli r stag , r pre:-i 1 nt :.d more nearl? hr the :;--' 011<1. 

In th slide~ in ·whi h th l eff ·t~ llf pr ::;~un: are lea:--t appa_reut the mic:rn­
..:copi • eharacters ar as follow:--: rl hl· ht ·kgrmmd i:-; compo~ecl of 1aro·e 
irre<rnlar <rrains of quartz, the }<hes of wliich int rlock with the mo:-;t minute 
and ...haqJ interpenetration~. 'I h lnn,!.!.· _.~t dimensions of the 'e grain. nuw 
from 1.5 tn G mm. 1 aY lrn.gi1w p :.rhap-- ?. - or 3. Ther ften have a rath-'r 
vao-ue parallel elongation whi ·h l'Orr _. pt n1<ls to the alignment f the min •ral • 
whi ·h the inclo-,e. ► 'cntt red Yery ahmHlantlr through these larg quartzT 

grain · are th acee '~OrY min •ral~, ~nn1 pr dnminatino· in one slide, other· 
in another, but the mien-, arnl ·hlnrit , u • ·mTing in all. rrhrough ·ac:h 
slide the ace •·ory minerab, ,Tith th x ''l tions note<l below, lie vdth 
their lono· axe, in a ·nmmou dir, ·ti m nm1 frequ ntl~T -ro ,.. the serrat ,l 
boundarie~ between adjat: nt quartz ;;;_ 'I h, in ·lu:-;iorn; in many ca.· : lwv 
the form and other chara ·t r~ of da4i ~ min •r:1b, and thus pre: 'rve th only 
m1 ro -·opi • evidenc )f th.) orig-inal 11atur' --if th rock. 

Th in ·lud <l mi ·ae on~ min ·rnl-- ar n uall r in :,;mall plate:, ranging 
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from 0.05 to 0. 7 5 mm. in longe:t dimensions, but few, however, exceeding 0.2. 
1Jany of the e are bent and split, the clear unstrained quartz of the host pene­
trating from the frayed edges into the interior between the partly separated 
leaves. Biotite and muscovite, and . ometimes chlorite, occur in the same 
individual, indicating alteration before inclu ion in the quartz host took 
plac ~. Be.,ifle • its common occurrence a8 an alteration product of the 
biotite, a few rounded areas of chlorite, made up of little radiating tufts, 
. ·eem to b , p. cudomorphs of garnet. Inclusions of titanite and magnetite, 
<r a related ore, are not uncommon in the larger micas, and the biotite and 
d1lorite ,·ometimes inclo ·e beautiful ~agenite webs. Many of the smaller 
mica.-·, however, have dear .·harp edges and depart from the general paral­
leli:m of the other inclusions. These arc either contemporaneou~ crys­
tallizations or el.·e, perhaps, were primary inclusions in fonner grains of 
elatitic quartz which ha:-; sine di appeared. Some of the cla.5tic plates of 
biotite are hlea<·h('(l and include Hpheroidal blebs of red iron ore, similar to 
tho:e <le:crilJed in the •a:-;<.~ of the Archean mica-schists. 

The mirroc1ine inc1usions are usually· elougated in form, and frequently, . 
1mrti ·ularly in the ea;-;, · of the larger, ha.Ye well-rounded elastic outlines. 
Th , lorw clirn<-m.·iou, which usually coincide -- with one of the cleavages of 
th • mineral, nu·<.·ly exceecl: 0.5 mm. or fall: below 0.08 nun. rl'he periphery 
i." fi· ~queutl y partly 811rrom1<le<l 1 >ya thin nlm of biotite. ·within the micro­
din ..., ar, ~ometirne~ containod littl • bleb:.; of quartz, ·which are not oriented 
optically with the host, arnl also, more rarely, small plates of biotite. The 
microcline inclividua]:-; ar, immet.imes hroken into two or three differently 
oricnt<;d part., wliieh niay lw ~wparat "d from each other, in which cases the 
quarh of the ho ·t has ('.omplde]y filled th inter paces. Fracture in the 
fel<hpar i: oft •11 unattencle<l with th) slight l •t appearance of strain in the 
indo.,inµ- Hncl <:ementing c1uartz, which extinguishes as one individual, and is 
t.hc~nlnre unmistakably to be attributed to stresse:-; previous to the cry tHlli­

zation of tl1e qwirtz. 
B ,:-;icle,· microcline, both orihoelasP and plagioclase are . ometimes 

hic;]ose<l j11 tlw h rg·e qtrnrtzes, but nnwh more ._ paringly. They ar invari­
ahl v 111,,r , or I,,._. <lecornpo:ecl, and are sometim Fi surrounded partially or 
wholly by a filrn of fornwinou' mat rial. Th y show the . ame phenomena 
of fra •tur , and oc ·asiona11y of separation with p netration of the ho t, as 
th<; microcliw~ awl occ:nr ill g-rni11s lt, vi1w a .· ilnilar rang in •ize. 
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Titanite i:-; of frequent, zircon of rather rar , orcmT nee. The titanite 
found not only inclose<l 1 a~ already stated in hintit and chlorite, but al:-;o 

in well-rounded tlnKtic ()'rain' which are oft n bonl reel with an opaqu ore. 
Zir on oc ur:, in hroken oTain~ with, ut doubt elastic, and al o in . mall 
cry,tal~ which show no :-;io·n~ of \\" ar. These last were probably entirel:· 
emberlcled in original da:--tic o-rain8 of quartz. 

Be~ide • the ahoYe min rab of u~ual ol·cm-r nc , small quartz grain: of 
different orientation from the matrix ar Yen· nlreh· found includ .-..cl in th. . 
large quartzes nf the g ,nernl hackgrnurnl. Onh· two or three HU ·h ca : 
haYe b en oh-;erv d arn1 in th ~s, the in lwle 1 grain iK , urrnmHlPd almo t 
wholly ,,·ith thin plat : of mica. It i~ l> lieve<l that the~e are oriofoal 
cla"tic oTains which, perlrnps becaus prote ·ted h:· a film of material now 
repre-·ente<l hy th mica:, ha,·e e~cnp <l th g·eneral fat 1 of their n .1ighhor~. 

One or two enmposit, indusions. made np <>f mi ~rocline, th .1 rnfras, ancl 
quartz haYe al-.o h 11 uotic <l. Th ~, ·eern to represent original p =-hhl ..: 
of o-ranite or a (:rYstalliu, s ·hist. 

The pres. nr., effi ·L begin "·ith th appearnnee of optical strain and 
cle icled elmwation in th~ large <1nartze • of the oTomulmass. This i • fol­
lowed by fra tur , ither along nr <1nit .. imlepend nt of tho original ,·utur •s, 

the crack oft n hnlting in th int rior of a grain. Th fra ·tures pre:--erv ~ 
Yery roughly the 'am, o· 1 11 ml dir .. ·tion, but frequently inter:ect at v ry 
a ·ute angle~, or come to 0 • :it.her in sw ~ ·ping ·urYes. The breaking i~ fol­
lowed l y moYement ,11Hl thi~ r ults in th production of a fine-graine<l 
quartz mosai • h twe n th~ part 'ld ~urfae ~- In th final stag~~ sh "·n in 
the eri ..s of ·lid s in my ·oll •ct.ion, th ' r > ~k i:; made up of loucr, rnn-rnw 
I nses, eaeh of whi h i~ an =-norn1ou:-;l.' -.train cl quartz inclivi<lnal, H .1parat ~d 
by narrow '"ma:4ornozi1io- zon ,s of v Jrr fowl:· sulHliYi<l d quartz. fter th 
fra ·turing- toolr pla • _. ther • .. , rn~ to hav _. b .. 11 110 further <fo,tortiou of the 
len. "' for th echr : of mljncent indivic luals folhrn ~imi1ar curve. , whi ·lt ar .. 
often reYer~ed, and in many ·.1s ~ conl,l h • hrnught tog- th ,r with an 
a urat fit. 

If the ► 'turn- •on quartzit., r ,pr :-. nts an ori()'inal snnd:4ton }' it. i. .Jvident 
from th fa ·t • . tat <l nhm· that tht~ < 1d quartz grnius lmv undergone • rn­
plete re -ry tnllization. Th .. u"'unl ·011c ·ptinn. ::-in • ' th} tirn of 1 rby t f 
the pr • h. • whi ·h quartzite. ar formed from original <leposit of ..,and 
i the t new quartz i: d po-.;it 1 around Paeh orit6nnl fnwm ntal qmu·tz grain, 
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in :irnilar crystallographic orientation with it, and that neighboring grains 
t}m:-; ,nlarged finally interlock by mutual limitation of one another's growth. 
Tl1i.- ,xplanation evidently can not account for the background of huge 
int "rlocking quartz areaH in these rock$, for if it were true it would be nec­
e:-vary to a:sume that the quartz grainH were le s numerou in the original 
<1 po:it than those of almost any other mineral, in , ome slide even than the 
titauit or chlorite. Thero se ms to b but one e cape from the conclusion 
that the larg., quartz areaH mu ·t '.)ach repre ent a number of original frag­
rneutal quartz grain:, which, ~v depo it d mu ·t have lain in the rock with 
th ir ·ryr.;tallog-raphi 1 a:xe, dispos d entirely at haphazard; arnl that is the 
hypoth ,,,j. , that this quartzite was not orio'inally a sandstone, but consisted 
main]y of :olnh1e and a..il? replaceabl mat rial, ~uch as limestone, with 
tl1 fragmeutal particl l8 ,•c·attere<l through it, and that the large quartze of 
th· ba('1qrrnuml hav., replaced thiH ~oluble ~ub tance. I have been able 
to find no J?O.'itiv ;l "Viel u ·c to :upport thi hypothesi , and I am com­
p ·lle<l to 1wli w~ that the rock was a sancl "tone in which, in some way 
uot ea..y to nnclen;tand, ron._iclerahl numbers of adjacent quartz grains 
ha-v united to form or haw been absorb c1 into a new indiYiclual, leaving 
ah.-olut ly no traf'., of their form r ·eparat) existence. The introduction 
of 11 ,w .-ilica, or the s panition of Hilica from decomposing siHcates in the 
r >ck it. ·elf, may w ,11 Juw, he .:.n es.' ntial factor in the reCl)"Stallization. 
I ,·hall make 110 att lmpt to xplain th proce::;s further than to point 
nut it, proba.hl<, analoo·y- with the proc )H, l y which the new mi roclines 
\Y ,r ,A form ...a in the Ardteall rniea-s hist:. 

rl h • cln,· , alignm ,ut of tli i clastiC' min rals inclo 'ed ju the large quartz 
anm.· tlieir fr que11t fra •tnr •, arnl their o a ional ,' paration, indicate that 
th • tim ~ of cry,,talliza6on prohabl." follow )d a p riod 0f str ' S • while the 
"·r r vagu. p;u·all ~1 1lo11gatjon of the indiYfrluals of the background in the 
tm.-traili(,<l .·e •ti n • ,Yonld ,' m to show that th :)y cry talliz d under ·tatic 
<·on<lition:. nqu :l,'tionable proof of a period of stre.· ~ later than th crys­
tallize tion is given by th mun 1 rou' ,}ide ·, in which these o-rain' are seen 
t , have ,·uff red fra •tur aud diHtortiou. Th micro copical .. tudy of the 
quartzit ,,. tlm~ .-upplie: important vid nc , not afforded by th outcrop', 
a. t , t]w oroo· ~nie Jii.·tory of th di •i:J:ict. 

https://proba.hl
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8ECTION Y. THE RAi.~DTILLE DOLOMITE. 

The Stmgeon quarizite i::; 'U ce ded by a formation consisting, so far 
a· i known, almo:-:;t wholly of cry,talline llolomitic rock . Excellent 
exp "'Ure c, belongiiw to thi , formation are ·ituated within a hort di tan 
of Randville :-;tatiou, on the l\Iihnrnkee and Northern Railway, and it may 
therefore conveniently b named th Randville lolomite. 

DISTRIBUTION, EXPOSURES, AND TOPOGRAPHY. 

Owing both to it~ great thi knes., and to it~ intermediate po ition in 
the serie , the Harnlville dolomite in the Fel h Mountain range coYel':, a 
larger ~har of the ~urfa ·e than any )th r member of the Algonkian , uc­
ce~s10n. The overlying formation , ar frequently interrupted, becau. e of 
the change" in direction uf pitch of th ::, <:omlary .:yncline~ in which th y 
occm. In the:e o·ap" the dolomit coYers the whole interior of th yn ·li­
norium. Where the hio·her formation: ar pre~ent, they cliYide the dolomite 
into two or more parallel 'a ·t and we ' t h lt::-., on 0f which lie south of the 
northern quartzite and the other north of the ::-outh rn. Only in portions 
of ·ec-.. . 35 and 36, T. 42 ....... , R. ~~l \\---., ,dPr the rise in the axis of th 
main ~yn ·line ha. · lift d it aboY ' the present --urfaee of <1 'llll latinn, is the 
dolomite entirely absent from the main trough. 

.....y-attll'af exprnmre, of th tlnlomit are not i-\O llllllH.ffOUs as of th 
quartzite but they ar, mnr, •yenly dh,trihnted. MoreoY -'r, owing to it ·· 
proximity to the GroYeland iron formati 1n, th· flolomit, has b 1 eu pen trat .,cl 
by many te:--t pit~ Hll<l dianwnd-thill hnring·s put down in sear('h of or , 
aud the::-e supply important informati n1 in th cnYerecl area:'. } rom th 
we ·tern end of th •· map to st•c. 34 T. 42 ......... , R 29 '\V., the dolomite i: f( r 
mo t f the w·ay s ·pm·at ·d into two or m r l 1 arall 1 helht The southern 
belt i e~pecially w ,II expo:-- <1 in :::. ·:-.. 35 and 36 'I'. 42 N., R. 30 ,Y.i awl 
in ·ec. 31, T. 42 ., H. 29 \V., and for 2 mile:-:- to tl11 uorthea ·t h yond 
which it Im. been fonll<l only in test pit ai 1l drill hol s. In the middl,:> of 
~e . 35, T. 42 ...-.-. R 29 -w. th has;; of th , formation is hrought to th • 
'tuface by th we:t rl. • pit ·h nf th 1w in fol<l arnl iH w 11 expo:ecl a1ong· 
turge n RiY r. 

J..~ orth of th-' ::-trik, fault which, ns nlr •ath· dtscrih -'d, ha: hrouo'ht th. ~ 
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Archean mica- chist • into contact with the dolomite and quartzite in the 
northern part of the same section, the RanclYille formation runs east in a 
. i1wle belt, which probably continuously widen: as the thro-w of the fault 
diminisbe.'. It has been found in several places in the north half of sec. 
31, T. 42 N., R. 28 W., and near the east line of thi section the appearance 
of th overlying mica-.·ehists again Jivide it into two belts, which pass to 
th~ north and Houth of th Felch Mountain syncline. The northern belt 
Jias heen proved byte ·t pits only, but the outhern i~ well expo ed naturally 
in the neigh horliood of the Northwestern mine. Other exposures also 
o ·cur ,·outh of the unconformable mica- chi. t and quartzite of the upper 
:eri :.,•, in the c:entral portion of sec. 33, T. 42 J_, R. 29 vY. 

The rlo1omite i.· relatively a weak rock, and generally occupie lovver 
gr<>und than ~ith ~r the quartzite helow or the iron formation ab(we it. The 
helt in c011taC't with the south rn helt of quartzite especia1Iy is Yalley 
mnkinc.r throtwhout most of its extent. The ontcro1)s usuall).,. form low 

b b ' 

:tcep-side<l knnlJ:,; elongated with the strike nncl of slight relief aboYe the 
ba:em ut; thes .. o ·ca:.;ionnlly unite into lin ~ar ri<lges, ns in see. 38, T. 42 N., 
R. 30 \V. Th~ northern belt i:-; one of low general relief, from which, how­
CY •r, .·imihtr i:olated knobs often protrud l_ The large::-t nud most prominent 
of th(..~<· i:-; th , 1wak in th l north aKt quart r of N"W. 1 see. 36, T. 42 N., 
R 30 w·., ,vhid1 ri:-;e: 80 foet above its ha:-;e, eoYering 8 or 10 acres. 

,. o adual ('OntactH lwtm:>en the turg :ion and RnndYille formations 
lu ve h, •n fouud, hut from thefr elose a~~ociation and confornity, aR well as 
from th, strnctnrn] ehnracterH, when thebe nr d _.terrninable, they seem 
~vervw·lt r, to he :--trictlv conformable. :N enr the quartzite the dolomite 
h •cn~ne: cli:tincth· mor<'.> impure mul <·<mtnins a larger prnpnrtion of silicates 
awl <ruartz. It j:·. alt<wetlier probable that hetwe n th lJU ('Orne transition 
hc~,i.., a: irnl(.,(:d i~ :--hown hy some of th· drill recordc. In oue of these 
"t} leky mica-:cl1j 8t:-;: miC'aceous linH':-;to11 ~, alt red actinolite-schist, and 
q uartzit ' arc de:crihecl as h ling i11terbedded nem· the junction. 

rr he clekrmiuation of tlHl thiC'kness of th l Han<kil1e formntion is beset 
with th :am .. <limcnltie,' as are eneount r ~cl in the cas(:; of the quartzite, 
wnn ·1 ,, tl 1 • unc ,rtaintY a: to the e.·nct po~ition of the contact~ and the 
po:--sibilitr of faults an,'i subordinate folds ,vi.thin the formation itself. The 
l><;~t s<;ction." give a wicl nm<r • of valu s fr m a minimum of about 500 
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feet near Felch Mountain to a maximum of n arly 1,000 fe tin th we tern 
part of the cli ·tri t. 1"\ hil the di.-crepaneie. may h partly due to lack of 
preci ion in the data, it i~ prohahl that th thickn ,'Hof th formation i.· not 
uniform hut really increa.-e8 from ea:-;t tn west. On the Fence River, 1 
mile:-; north-we ·t of Randville, the thickne--:-- i., probably about 1,500 feet. 
Accorclin(j'ly accepting· a ·h of th s d t rrnination.- as approximately 
corre ·t 700 feet may be taken a· a fair e~timat of the aYenw thickn ·, 
of the Randville dolomit., within th F l ·h Mountajn rano·e. 

PETROGRAPHICAL CHARACT£RS. 

The outcrop. of th Handville formation eon ·iHt xcludvely of dolo­
mite mor or le:s pur , and alway thnnug·hly ery 'talline. A few 
comparatively thin layer8 of ·hi.-t~ prohahl~~ both micaeeous an l 
amphiboliti • aml ah.;o of quartzit , ar mention d in c.· 'rtain drill recnr 1 
to w·hich I have had a ·ce ·: a:-; • ·nrri1w interh 1dd cl with th clol mit ; 
and while th lithologi ·al determinations ar p rhap • not utitl cl to mu h 
weio-ht, they at leaHt proY:. th exi. ten of rnrk., which ar not dolomit 
within the f rmation. In th fi ld lHnYeY :lr, :3u h inter1 dd d lay n; do 
not outcrop and they mu.-t '< n~titnt, an xtr m ly :,;mall part of the total 
thicknes". From th re ·ult ' of my work th Rall<lvill formation appear: 
a._ a lithological unit. 

, niar.ro::--copicall ~ T th d lomit s ar • rather ·oar:-; ·-grain cl marhl : of 
variou.· ·hades of ·olor of whi h pinkish r hlui.-h whit ar-' th mo ·t 
common. They alwa} .' in ·ln-. • m r nr I ss nlmndautl:·, laro· Bak ~ aucl 
a(r regates of tr:imolit "·hi ·h ar parti ·ularly noti • "'abl from th ..fr proj •­
tion ab Ye th w -'at.her . d surfa • ~. • •a:-.innally tr molit and oth r sili ·at , 
are the mo. t abundant, and ~mm ·time , for . mall thickn~sHeH, ar e ·: ntially 
the mlY con ·tituent~. Quartz a111l ·hl0rit, nr al:o oft n pre: ut, hut in 
much ·maller amount . Th w nth · r .. a urfa • i • u.·1rnll ,T <lull cl to a li(J'h 
br wn or reamy y llow in a thin .:np rfi ·ial . kin but iH not <le ply iron-
tain 1 exc pt wh n th ·ilicat •111tainiug· f rrou' iron ar pr~~ nt. 

The followiiw partial aualys : f thr, sp ·im -'IlH from different part 
of the rano·e ,"how that th earl onnt i normal clolmnit .... Th in~ >luhl .. 
portion • nsi,~t·· chi ..fly of tr nwlit '. Th•:-,, anal:?~ }s w r mad• for m 
bY Mr. G. B. Ri ·hard:s<m a oTn luat tmleut in o· ,olocry in Harvard 
T niver ·itv. 
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Analyses of Randville dolom,ite. 

I. II. 

InsolubleinJICl ............... 2.0 9.7 29.1 

Fe;O.i .... : . ...... ····-··-·· .... 1.2 i 2.1 I :2.2 

C;tC0,1 ........ -........ ... ..... I 53. 2 4-8. 9 3H. 3 
)!g-CO , ......................... I 4-2.3 38.0 27.7 

,------
Total...... ..... .... .... 98. 7 98. 7 98, 3 

The outcrop , while often entirely ma 'sive, u~ ually possess decided 
·tructural features. T1hese are indicated by color banding, by differences 

in texture, and by the handed arrancrement of the components. Slight 
variation.· in the hody color of the rock, proceeding from no distinguishable 
variation in composition, often occur in alternate parallel layers, which are 
IPr:ist ut within the limits of obserrntion. \Vith the color banding often 
go Yariations in textur .,, wbjch, however, are neither so regular nor nearly 
o per:h;te11t. The characteristic form taken by these is in thin layers, 

whi ·li aH they continue open out into nodules. uch layer.' consist of 
lo.· "ly packed <Ty;talline grains, Yer:v much roarser than the body of the 

rock, whi h hav CJ'rown normal to the boundarie . ..Adjacent layers are 
not strictly parallel an<l Hometime:-; cro..<.' ach other. They are believ-ed to 
repre:ent ancient fractur ~ and slipping smfa e , whieh followed very closely 
th origina1 lJ d<ling, jn which the new carbonate individuals have had 
J'()( lU for laro' "l' crrowth. rrhe arran°'ement of the acce sory minerals 

b " ' 
.. .-pecia11y the tr->molite, al o is mmally a banded one. Layers rich in 
tr m ']jte alternate with layers poor in tremolite, while within the layers 
th~ ori 0 11tation of the tremolit incliYidual~ is u 'nnlly at r~ndom. The 
.:tru •turn brought out in thes ' variou, ,vay i ', on the whole, a parallel 
,·tnwtnre. 1t <'Ol'l' ,sponds with th strik and dip in all the localitie where 
th~.·, ran he iudep "ll<lently ronfirm d by the nttitnde of th ac1jacent for­
matiou .· , a11<l it also lia, been t.hrown into minor folds. I ther fore regard 
t11 .. ;tructure as lmvincr oria·inate<l partly in ch mica] difference in the 
mat riaJ orio'inally depo,•ited awl pclrtly in ~ condary growths in the open 
'lJaC<:'.' and rul hi11g zone, detormin d hy r latiY 1 movem nts along the sur-

fa<· •. • of •a. •i ·t fracture at the tim) of the arliest folding, and for both 
rca ou, · pr ... er hw in the ,·ub.· quent m tanwrphi 'lll the true tratification 
f tl1 • formation. 
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Under the micro cope the dolomit , how no featme of special inter­
est. They are thoroughly cry tallin rock~, chiefly composed of coar e 
grain of dolomite with which i a, ciated a con iderable number of acce"­
sory mineral~. Of the e the mo:t important ar trem lite, diop icle, chlorite, 
muscovite, phlogopite, quartz, anrl rutile whil apatite, tourmalin , pyrite, 
and magnetite are rare. 

The dolomite is by far the mo"t abundant con tituent in mo t f the 
slide , and furni ~he" the general 1ackoTolm<l for the acce sories. The ha1 e 
of the grain, in many ection~ i, de id dly oval and the long axes lie in 
the ame direction, thu, producing a folic ti 11. 

Tremolite i"' abundant in Home of th -·e tions, and i entirely ab nt 
from none. It occur in long-hladed individual· and agO'regat s, usually 
bounded by the pri m, but one or hoth pinacoicl' are al-.o sometimes pres nt. 
It include- portion of the arbonate ba ·kO'round. Diop ,iJe iB rather rar ; 
it oc ·ur, u ually in :mall 'i1wle indh·idual, svith sharp cry- tal outlin s. It 
i ometime:-i blUTounded h~~ tremolite, fr m which it is di, tinguishecl by it· 
high obliquity of xtincti n and it:-. alm ~tr tmwular cleavage. Parting;~ 
parallel to both pinacoich, a8 well a~ a tran:ver pnrtino· in l rismati • c­
tion are al?o ob 'en-al le. Quartz occur' in irr o'ular gTaius eompl tely 
interlockino- -with the dolomite, and in 'Ome em; s with tr molite. In the 
slide, examined it i in all ca::, : a sec:ondary a' ·well as a rare constituent. 
In no ca:e i. there anr indieation that it i~ cla ·ti . hlorite is an almnclaut 
constituent of s me of th l41ides whil from oth rs it is entirely ab:ent. 
Mu ·c< Yite in littl frayed I lates i~ pl ntiful in :--om s ctions. Quite p . -
ibl y ome of the maY be ri0 'inal clasti • 1mrticles. The mo 't int r ·tiner. . ~ 

mica, howev r i.~ phlogopite whi ·h i. very al undant in 011 ~ locality u ar 
the ba e of the formation. It o •·ur~ in laro-e cleanly bound ,cl plat 
ea h f whi ·h i a nmltipl twin, au l ·vid ntlr a product of ~ etmdary 
cry ·tallizati n. ..·ome of theH plat s haYehl u stro1wly b nt thm, sh wing 
that th dolomit , lik th" quartzit , ha:-. h ·n d •f< rmetl Hin· it <.T_\?tallize 1. 

The thin ection:· th r )t r ~hffw that th, ro •k-.; of thiH formation ha,· 
exp r:ienced eYen mor) n arly eompl t .. r ·nustru ·tion thau i$ ,'hown in 
th ·a~e of the quartzit ~ for lPre uou of th 01ditu )ntK, xc pt po ':ibh~ 
some f th :mall r mi •a:, ar pre. ,nt in th •ir orio-inal form. ..:\h;o the "'Yi­

denc £ r di turban... aft •r 'IT:ta1lization i., nt' similar <'harnct r aud eqlU Uy 
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:trong. Accordingly, a clo e ag-reement in the sequence an 1in the charac­
ter of the principal events thu indicated in the history of the two rocks 
may be recognized. These con. ideration make it quite ceiiain that the 
recry. tallizatiou of the two formation wa "' essentially contemporaneous. 
From the chara ·ter of th acce,., or~- minerals in the dolomite it is probable 
that th crystallization was not ac ompanied by the introduction of foreign 
material from out icle, in notable quantitie ·, but consi ted in a mineralog-
1 al rearrangement of the element " pre"ent in the rock from the beginning. 

I 'ECTIO VI. TIIE 1AX "' J<'IELD scnr T . 

hove the Rawlvill dolomit com s a formation compo eel chiefly of 
fin - to medinm-oTainecl rnica-s hists. Owing to their exceedingly ·oft 
charac;ter and :-miall thickne~s, the ·e ro ·k. are exposed naturally in only a 
f w loeaJitie.· in the Felch 1Iou11tain ar a. A eries of phyllite less meta­
morphi • hut oth •rwii-w similar and occupyin°" the same stratigraphical 
positio11, jmmecliat ly above tlie dolomite outcrop characteri.-- tically at the 
l\Ian. ·fi Id mine, and "Hpeeially- north of it near the l\Iichigarnme River, in 
T. 43 H. 31 "\\'- For th .)Ker asons it i ' convenient to name the forma­"T., . 

tion ·for the )faw,fi ~Id loealitr. 

DISTRIBTJT!CN , EXPOSURES, AND TOPOGRAPHY. 

The e ri, ·t nee of th 1 :Mansfield formation in the Felch :\fountain area 
i~ ]mown main} y fr m test pitn and th:} r •cord of diamond-drill borings 
arnl -early ,xpl;mltinus. Fortuuat<•ly th ~e are :-30 ,Yidely di tributed that 
the persl.'t nc, of the formation i:-; w 11 proYed. l\Lmy drill holes have 
pa:.,e<l through it into the ,lolomit . Imm )dint:ll? above it come · the mag-
11 •tic Gnw ..hm<l forniaticrn, which even wh 11 co,·ered hetray:, it. presence to 
th, eorniHn-v 1w •rll •. With the upper aud lower limits thus determined, and 
with th• larcre l>o<lv of datH snppli 1 hy th tc't pit and record ', there i. 
no difficnlty i11 ill<licat.ing- itK appr xirnat :l bouuclarie ' for the greater part of 

th, nrnp. 

11 the w,~st, mica-.·cl11Hts h lo1wing to th :\ fa.nsfield formation have 
he ..11 provecl l ))' c1imnond clrilling to o ur b t.w en th lolomite and Grove­
lawl formatio11:; in t-lw ,'OUth lrnlf of ,' "'('. 34, rr. -12 .e., R. 30 w·. Farther 
·a~t tlH:l'O is a line of out<;rops in th •a8t rn portion of ·ection 35, and the 
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schist have al o been found in te t pit , on both ide of the we tem exten­
sion of the Groveland syncline in ·ec. 36 T. 42 .r ., R. 30 W. In ec. 31, 
T. 42 ., R. 29 ,v. (the Groveland ection), they have been penetrated in 
10 drill hole , le ide numerous te't pit .. o-iyino- altogether a cro s "" tion 
more than half a mile in length from north to , uth. In the northern half of 
section 32 and 33 numer u • te ·t pits have expo eel the Mansfield formation, 
proving that it borders on hoth 'ide • th narrow yncline, thB interior of 
which for a mile and a half is occupied by the maO'netic Groveland ja per. 
Through e . 34, 35, aurl 36, 'I. 42 . R. 29 ,,,.._ and sec. 31, T. 42 .l\ 
R. 28 "\Y., the mica- hi t ' haY not b en lis oYer d, probably both becau e 
they are but feebly represented and becau but few te t pits hav b en 
sunk through the Cambrian blanket. In , cs. 32 and v3, T. 42 N., R. 28 
W., the mica- chi t • have been found in cattered te t pit and borings on 
both ide , of the interior ja"per of the Fel h )fountain yncline, and al o 
on the outh ·icle of section 33. 

The thi kne ' S of the Aansfield f rmati n i. o 'mall-not more than 
200 feet-that it produce· no very n ti eabl effect "' on the general topog­
raphy, in pite of the ea 'e with which it weather". In the we ·tern portion 
of the di hi.ct, through ec . 34 and 35 T. 42 T. R. 30 W., with the dolo­
mite it underlie. a broad low-lyino· plain, which i' bounded on the , nth 
by a ridge of the Sturo·eon quartzite ba ke l by the ...h hean plateau. On 
the north a broad ridge, through ,vhi h dia()'onally pa ' the r 'hean gran­
ites and gnei·· ·e ·, the quartzit , and the cl lomit defines thi>" valley a~ far 
ea... t a , the middle of . ection 35 • in the n rth rn and 'entral portion~ of thi 
section it spread· ut into a ·wampy lowland, diY rifi tl by glacial sand 
plain ', expre • ive of the oTaclual rid nin()' of the trough and of th gen­
erally horizontal attitude of the ft ro ·ks 1f th int rinr. The most defi­
nite top Q'raphical feature dir tly- lu t th )fan ·fi kl ~chi ·t • i • the narr w 
teep- ide 1 valley which runs a t fnm thi~ lo\'dand for uem·ly 2 mile', 

on the • uth ·ide of the Gr v land ~yn ·lin . Th l ancient tream vall y 
filled w-ith th ambrian H,md:ton alr ady m ntiou cl, follo, : alou 0 • thi' 
narrow b lt. 

PETROGRAPHICAL CHARACTERS. 

The hand pecim n:-; from th Yarious t ~t pi ., th drill c r , and the 
few mall utcropH imlicat that th Man fi kl formation i • quit m1iform 
in chara ter thr uo-hout th:. Fel h .. fountain ar a. Th oT at majority f 
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th ·pecimens axe of fine-grained mica- chists, the color of which varies 
from light to dark, according as nm._, coY-ite or biotite i the predominant 
mica. Garnet:, ju Home lo alitieH, nre very abundant, esp cially near the 
contaets with intrusiveH. It appear:-; from the records of explorations that 
thin .:eams of ja:pery iron ore int ,rlaminate<l. with the schi ,t ha-ve been 
"'lltountered in o('casioual drill ho}(,:-; awl te:-;t pit , but no Rpecimens of such 
occurrence: have been obtained. rl'heir existence is of interest, as showing 
tlw likene:s in an important clum1eter of these more altered rocks with 
th, :late." oc(mpyi1w the Hame relative position in the Iron .Jfountain and 

orwny ar ,as. 
The outcrops and sp ,cime11H ar fr quently well banded in lighter and 

dark •r layer:, the color banding in some ca ·es not coinciding with the 
schi.-to. ·ity. ,hvt sonth of the Groveland mine, in a test pit which was 

• :inkin<r nt the time of mY Yisit, the color ,band ' which nrnrk the true strati-
b ~ 

fica'tion, a · shown l>y th .. contact with th underlying dolomite, are closely 
crumpled awl •ut by the foliation of the roek, which i much the more dis-

tin ·t of the two :-;tructure:--. 
i:Tear the contact with the overlying Groveland formation the mica-

s •hi,·t.· hecome both more siliceorn.; and more ferrnginous, and there is 
acc;ordi1wiv n ,listinct passage between the two formation'. This doe: 
not nece.:;;trily f;ignify a transitional character in the original sediments, 
but may b .. nltog ..tlier due to the downward transportation of silica and 

iron from the upp<!l' rnck. 
_rrh .. mica-:chistH are g nerally v ~ry tender rocks, and the material 

011 the <lump~ of test. pit:; sunk in th •m it, mmally far gone in decomposi­
tion after a fow ye~m;' expmmr .. to the \\' at her. Fro1n even the freshest 
•pc •im _.118 the lit~le flakes of miua, oft ~u rub off on the fingers. ·where 

peuetrat ·<l h. , intrnsious, however, as in ~ :i '. 3fi, T. 42 .1?. R. 30 W., and in 
·ec. 31, T. 42 r· ., H. 2/ \V., they h • ·om, Yery much harder. 

l; rnI ·r the mi •ro:cope tho rocks of this formation are s n to be in the 
mai11 thorono-hly crysU111ine, though v )ry fin -<r-raincd, aggregate of biotite, 
nn1.·covite, ch]orite, qnnrtz, and f ld, ·1nn-, with th,. iron ores, rutile, tourma­
liw;, awl apatit , as th , acee. sories. am )t are abundant in ·ome of the" 

. .,ctiou., arnl with th,., , alRo oc ·ur a ·tinolit )piclot , titauit .)' aud an unde­
t ·nuin ,a color1 ),•: amphibol ~ in stout singl ~ prism '. In th io-ht thin •ec­
tion.- which I lu1v) examined from this formation I have found no material 
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which 1s certainly orig-inal an<l fragmental, although almo t every licle 
contain" grains that may pm,sibly be nch. On the other hand, it is evident 
that the large majority of the indh'idual <rrain have formed in place. 

The mica are in most case· the most abundant constituent; sometime. 
mu covite, though u ually bi tite, pred< minate ' . The two micas are often 
intergrown. The biotite i usually v ry· d eply colored, both brown and 
green, and: except in the thinne 't :-;licle, i::; almo:,;t opaque even in cleavage 
ection:;. The larger mica flake· do n t ex ·ee<l 0.5 mm. in length, and 

average not more than 0.25 mm. 
Quartz generally occurs in irregular oTain , full of fluid inclusion~, and 

inclo ing the variou~ acces:orie ". It fr qu --ntly appears in little triaiwle , 
in the inter pace' between adjac nt flake • l f mi ~a. Rarely part of the peri­
meter is rounded and embedded in a mica, tlrn~ :uggesting a elastic origin. 

Feld, par is very abundant in :--om of th ~lide>' and entirely absent • 
from other . Both microclin ancl ph 01, la e o ·cur and in forms similar 
to the quartz. Biotite ometime~ penetrate -· in irreo·ular ·hredde<l. edge: and 
:filament~ into the interior of the feld ·par , ancl in such case may b :i a 
metasomatic product, n described by IrYing and Yan Hi e 1-in the mica-
chi t f the Gogebi • di trict. But mu ·h of th feld~par, a $hown hr it:-. 

form and fre lmess, ha~ re ry,· tallized. Th alignm "llt of these minerals is 
with. the ~chi:-to ··ity of the ro ·k, whi ·h th ~ thu • determine. 1Vhcn th 
chi °'to ity cut the line::; nf :tratificatiou, a - i frequently doe , the latter ar" 

but faintly marked in the thin secti m hr Y r: ~liuht mineralogical <liffere11ce-;. 
Thus a dark hand whi ·h may h Prr ~triking nrncro~eopicnlly, may he clue 
merel:7 to the pr :,dominan • of le ·ply ·• l< re<l hi tit ; a light band, to th 

; 1predominance of nm ·mite. om ,tim :.:-;, hnw \· r, in these 1arnh, a grain 
of quartz, or a .,tout flake of lllllt-;Cnvit • lie.. nut nf th ... <reueral ori )ntation 
and with the direction of th band. ,'ueh gmius nr ,. -'l'_\' pos~iblr original. 
The ~ hi to ·e ·tructnr ', as ha..; alr ~ad~v b, .,n tat d, i:-. cletennin d h • th 
general 1nualleli m of th long ax ~ >f th... ·oustitu nt <>Tain,'. Sin ·e the 
greater part if uot d monstmbl~· nll of the~ 0 -rain~ hav • formed in tlti: 
po ~ition aud have not hee11 for· cl m ·hani ·ally into it the eas s in whi h 
the ~chist -·ity ·ut~ th h )dcling- --upport th ... inf )r n • as to th time <Ji' 
the O'eneral re ry ·tallization of the .:eri • <1-round l on th fact· ob.'erved 

1 The Penokee--Gogebic iron-b nring district vf ~Iicbio·an and Wisconsin, by R. D. Irving and 
C.R. Van Hie: Ion. U. ". Geol. 'urYey1 No. XIX, 1 H:!, 
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in th· lower formation, namely, that thi,' time follo1Ved a period of great 
:tre::e . Al. o a period of still later stress has affected the recrystallized con­
stit1wntH of the :-;chists, just as jt has tho'e of the quartzite and dolomite. It 
i: :hown by line,· of fracture cros ing the slides along which ferric oxide has 
infiltrate<l, and by occasional i:;training and bending of the quartz and mica. 

• J-an~etiferou.· rnrietie:,; of the schist· are found in clo 'e proximity to 
La:ie igneou~ rock.·, probahly h1 ever? inMance intnu,ivt1s, and are evidently 

_ the result. of contact meta.morphism. 'With the garnet· occur actinolite in 
felted mat and clw,ten,, and abundant magnetite and pyrite. A colorless 
amphibole in laro'e ,·ino'le cry tal • bounded by the prism and clinopinacoid, 
awl givin<r low xtinctiou ·, is often a:-;:-;ociated with the actinolite. 

:-;E ''l'IO.X vrr. THE GROVJU.J.AXD ]tORl\L\'l'ION. 

Th, ferrugiuon:,; rork:,; which compose thi • formation are \vell exposed 
m th· central portion of :;ec. 31, T. 42 .i: ., R. 2~) '\V., in the vicinity of 
th,. <rovelan<l miue, and thu • may properly be termed the Groveland 
f(>rrnation. 

DISTRIBUTION, EXPOSURES, AND TOPOGRAPHY. 

'l h • rnagn •tite, w·hich i:; always an abumlaut con 'tituent of these 
rn ·k.·, lia: 1w~de it pos:ihle to tra •.. them for long di 'tances throughout the 
trouc,·h, by m(m,n:-; of the distnr1mnces dfocted in the eompass needles. The 
:ame ,li:t,mlmncc~ lwd l<·d to the sink.ill!.!' of a great munl>er of te 't pits on 
tlH~ part of fornwr explorer,· for iron ore, and the material thrown out of 
th ,:e •ha , ·erve<l to clie<'k awl sub:tantiat, the iuferenc:es from the magnetic 
a.ttnwtio11 •. Finallv in sev :1rnl }ocaliti ·~ 'Xeellent natural '.lX})Osure • of the ., ' 
iro11-h<~ari11g- roc;k:..; occur. ► •o, c1ltogeth ·r th 1 nYailnble datc1 ns to the surface 
di ·trilmtinn •of tlie (1 roveland forniat.ion ar' fairly satisfactory. 

( )n tlie w •st th<· pr,:-; •nc • of tli • 1 

rov )land formation through 'ecs. 3-!, 

3:, awl 36 'I. 42 ... ""., It 30 \V., i:-; shown hy one principal and other minor 
lin •s of attn1<_;tion, a~ w -.11 as b)r test pit~ and out rop •. 'I he principal line 

of attnwtion 1, •gins in ,' •ction ~4 n ar th' southwe ·t ·orn •r, :md runs to 
tl1e north -•.l.'t, in crn1f'orrnity with the :,,trike of the north :irn h 1 lt of dolomite, 
fiw11) y ·rnlj 11g in the ll<>rtlwm;tern portion of s ·ction 36. This line of attra •­
tion i.: vcrv vio·orou:s and strongly mark •tl.. T'wo other lines, parallel \:vith 

J • 

tli. prin •ipal }i11 •, but, more f ..ebl 1 mid mu ·h ~horter, cross the houndary 
b •t.w •tm:.; •ctio11:,; 35 and 3G, alJ(l on tlt ' north 1 r11 of th)' f lTUo'inou r ck 
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outcrop in the we"tern part of se ti n 36. ... ear th center of . ection 36 
another line, markino· the western end of th +rm-eland yncline, b crin-. 
and continue." for a mile and a half east to th eastern portion of e •. 31, 
T. 42 .1. -r _, R. 29 "'\Y. long th west rn po1tion of tbi~ line are many te:t 
pit and in section 31 the fin:, expo:mr :-. of th f 1 ron1land hill. 

Four hundred pa ·e • north of th• cent('r of sec. 3~, T. 42 N"., R. 29 "\V. 
another line nf attrn ·tion h ;)<rin:s, and may he followed toward t}1 1 a:t 
without int rrnption nearly to the east lin .. of section 33 of the same town-
hip. Alono· this line, "-hich is comparntiv ·ly feeble and crosses ·wet 

ground, there ar • hut £;),Y t :,st pits. In th eastern part nf ~e ·tion 33 
be\oncl the point at whi h th· nttraction~ c a~e many pits luwe been sunk 
to an<l into the :\Iansfield formation, ,vhi h i~ ther somewhat forruO'inon:. 
From thi point ..a ·t for 4 miles th .. Gnweland formation has not been 
recognized. 

In the northern part of :--ecs. 32 and 33, T. 42 r ., H. 2, 1 -w., the f ..r­
nwinou!-i rock~ ar:. airain w ll xpns cl on F l ·h Mountain for nearly a mile 
along the trike, and may h., id ,utiti <l f-n- half a mil:. farth r by the Yio·or­
ou: cli:,tuTbance~ prmluc ::.cl in th., mnu-n ..tic n) :.dles. In th 1 :-;outh .,ast •rn 
quart r of se tion 33 th., GroY ..}an l fnrmation is ao·ain '11 ·ountered in a 
small arnl mu ·h-di ·tnrb <l ar ,a, in fault · ,l ·nuta ·t with the Arch ..m1. 

The rno:-;t con:-;picnous hills within th., Al 0 ·< nkian 1> 11t ow .. theh· r ..}i f 
to the fa ·t that they ar uud -rlain hy th Gnweland formation, hut ls -
where thi:s formation has 1 ft but littl impress ou th 1 topography, p ,rJwps 
b cau the lo ·al ha· =>-1 Y ;)l:-, ar::. ·ut ll ":.11'1 y to th bottoms of th 1 synclinw 
in which it i~ pr ~· Arv =>cl. Th • two hill r ferr :.d to-F ,1 ·h Mountain in 

•. 32 and 33, T. 42 .... , P. 2, . ,Y., and th· GrnY larnl hill, in ~ •c. 31, 
T. 42 ....... , R. 29 ,v.-starnl 100 fo •t ll' mor. ahnv l th" averng l 1 y:.l of tl1 

urroundinn· . l 0 ·nnkian t rritnr. ~, HlHl i11 both i11~ta~1co~ the infnl<l <l t-i corn1-
ary ::-,. rn•lin ~ are exc:)ptiouallrd·}) anl hnwd. Th• lllllt>'ll 1 tie li11 whi ·h 
indi ·at th nth r ~yn ·liu •~ pa ~ throug·h low ~-romul, all(l th 1 1>clts of dis­
turban · are mu ·h nnrrnw ..r than in th· cas . of th two principal hill ·. 
Ther .... m..: tn b ", n far a~ th, coll ·t, l mat •rial wmT,mt:; n jrnlgm .,nt, 11 > 

lith 1 Q1. ·al <liffi r nc h tw, 11 th • ro ·h of th· narrow an<l tho. • of th, 
broa l and ue p --yn_lin s, arnl n ·e >r ling-1. r th r Ii .f of th 1 latt r i. b •Ii .. y ,d 
to be ·au. d by th ir cl ~pth h ··lo,Y th • adja • •ut ha~ 1 -l Yels and not by th ..ir 
mor .. r., ·i ·taut ·hara ter. 
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PETROGRAPHICAL CHARACTERS. 

The rock:.; of the Groveland formation have a general family likeness 
. ' 

whieh mak .- it very ea:,;)' to <liHtinguj~h them in the field from all the other 
rnemb--r: of the Alo·onkinn i-;erics. Among them two main mineralogical 
kind , may be recognized, tho usual one of ,Yhich consists of quartz and the 
anhyclron. oxi<le.· of iron whih~ the other, which i ... murh rarer, is made 
up e:-;: :antially of an iron mnphibo1e, quite similar to the griinerite of the 
Marquette range, with quartz arnl the iron nxide:-l as associate . 

.A:,; . e:.;n in the field, the rorks of t.he first kind are g·enerallv siliceou 
<. ., ' 

heavy, alHl dark colorP<l, the weight and olor, which has a tinge of blue, 
h ·i1w due to the prmmncc of abundant crvstalline iron oxide . A large part 
of tli , ~ilica i. · easily recogniz(•cl as crystnlliue quartz, in som instances, 
iud cl, in th J form of d ~trita1 grains. The Yit,ible iron oxitleH occur both 
t':-:- little ,pa1wl s of ,pecular hematite and also in irregular dark-blue 
mnsse.s awl ·inµ:1<· grnirn;, the Jatter oft n hnsing the crystnlline form of 
magn ~tite. :\Iany if 11 )t mm;t, of the/'\e hu-~t, however, 'eem to be really 
1rn1rtite, a, they µ:i ve a dark pmple . treak, and in fine powder are not 
attra ·t ,l ln,..., a hand 1rnw11et.M 

In the fin,t kind t1wre is much YarietY in external appearance, deter-
min _.tl l>y th• vnrial>l, proportion: in wl1ic.'.h th chief constituent · occur 
and liy th, di~ 1 r •nt wavs in whfrh theH ·on~tituents are arranged. Con-

~ '1 

,id ·rnh1, ar a. ·, for exmnple, c·ouNist nrninly of gTanular quaiiz merely 
<lark ·11<.~<f 11.r the intimately mixe<l fron >xicle~, mid in these, .. o far a the 
ey • cn11 jwlcrp, th J rock iH n ferrngiuous c1nartzit . Closely connected with 
..:m·11 f c-em-rences, or in ·Jncl <l rnoKt irr ~rularly in them, are other::; in which 
t11e fcrnwiuou, c·o11Htituont:,; :WC' Ho abundant and the quartz o Hubordiuate 
tlwt. thc~y wonlcl pa.-H for I lan iron ore~. B t,-ve n ueh rare xtreme' we 
_foul all i11t •rm •<liat :. proportion: of mixtur / of the quartz and the iron 

1xi<k::--. 

One form of arr:mgern ..11t of th· constituent mineral ~ i. in narrow 
l, rnll<-•1 l,nnd:, in which tli 1 qunrtz; :md th~ iron oxides alternately predom­
imw·. ► 1 uch H1tern:-1tionK ,m' somctimeK KO frequent and regular as per­
f •c·tly to r •prnduc·c..: t.h<~ ] •:-rn flag on•s' of th Marquette raugc.1 Regular 
harnliw~· howev ,r, i~ not. c:ommou. U:-lually th' light or dark l anch are 

1 c:col. /-.11rvey ~Ii<·bigan, , ol. I, Part I, hy T. H. Brooks, pp. 9~3- 94 . 

)1 N • • ·vr--:27 
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·mltlenly cut off, a·· if by faultiug or tap r to thin edge· or occur in ,.epa­
rated pebble-like form::;. ....Teio·hbori1w leuses and fragments of bands nr, 
mo t frequently roughly parall ·l with on, another, hut often they ar • 
jumbled tno·ether in the ~Teate. t 'on.fu. ion. Th :.y 110 doubt repre~ •11t au 
original more ontinuon~ handing which ha~ :--nff r d hrec ·iation. l\fa .. s • 

thu • shattered are also traY rsed and ·em >nt :id hy nuniernu8 ~mall Yeins 
filled ·hiefly with quartz, ·hal ·edony, and :-;p ·nlar hematite. 'I h, pni­
tions in which the eparat cl pat ·h • of the xroYelarnl formation now 
surviYe; namely, in nnd 11 ar th bott m. d' . y11 ·line:, and therefore at the 
point · wher hari) turni1w and ·rnwdin~· tng th -'r haY tnk 11 place, suffi­
ciently explain th xt n:irn hr:.· intion oh erYed in the:e brittle beds. 

"\ ery prernl ut in all the ·rnri ti.,~ of th fir~t kind of rock, in ma~:-.h· , 
banded, and br c ·iated alik i::; th) o • ·mT -'11 • of ~ome of th) on titu nt. 
in ·mall n undi ·h :-;p t. whi ·h giY, to th whol) formation a Y r.,. <letrital 
a pe t.. In the quartziti pha. ::;, as ''" 11 a. in the mo. t f ~rruginou: han ls 
th ey r o·niz ·, he ·ide: the littl gTains of ·I ar tJnnrtz, which ~ m t 

.; L. 

be unqu tionably <l trital mun r u.· .~mall lot:-; of hlu hematite and briO'ht 
red dot· of ja ·per. The::;e ar m w ahundant in :-;om' layer: than in oth rs, 
but .: em 11 ver to be ntir:ily ah,ent, an l aP ·x' •<:dino·ly ·harad risti • of 
the formati n wh rever found. 

In a £ w localiti ..: th iron ·011:-;titl; nt is almo~t ntir 1 ,. in th form of 
little mi ac on' s al :l f ,·p ·ular h mntit ·, whi ·h haY a para11el arnmg ,_• 

ment. H matit "-. thi:t • how :>y •r ar not Y rY t'nmmon. Th l)e:..;t •xam­
ple · o ·ur in the north rn part ,f s ·e. • n, 1. -1-2 X. R. 30 -w·., al01w th .. 
n rth rn syn line. 

Th -', on<l kind of r< ·k • of th f, rmation th griiu rit -~ehi.·ts, liav 
b en found in .:mall thi ·kn :-;. au 1 in on, lo ·alit~~ only nam 1..., in thl' 

uthern part. of s •. 33 T. 42 .,.~. R ~ ·w. wh ·r th y uud lrli., in n 
eri .: of , mall anti ·line. and :-syn ·lin :--, hand ,l :--ili '-inus h )<ls c·ompn:.;ed nf 

qumtz and mngn ·tit· nr martit •. 
~n<ler th mi Toscnp • th ess 11tial ·onstitu ·nt:-; nf th' fir.;;t >r pr val ·nt 

kind of ro ·k of th.. •nw ..Jarnl formation ar • qm rtz, nuwn tit , mnrtit • and 
hematite. ,, ith th .,s .. ; much smnll ,r (1uantiti •~ of ·hlorite pidot .., an l 
apatit ar, <r n rally a~so ·int .. l • a f rnr 'r o • ·mT •n , ar, 
cal it and pre bal>ly :--id rit •: s ·ri ·it·: tr mnlit, o-riin 'rit, pyrit , li111011it •, 

hal ·e,1 ny rutil ·, titanit •1 tc >m·mali11 ·. mi ·r ,din ', ;.md plagi1 la~>. 
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Quartz oc ·ur. • in two way ·-fir ·t a· rounded detrital particles, and 
secondly a. <>Tains which have cry tallized in place. rrhe detrital grains, 
,vhi ·h are ea,·ily Pcoguizod by their form, ize, and freedom from inclusions 
of the ore· con.·i ·t of, ingle incliviclual ', often urrounded with rim, of later 
0 Towth~ They are also u ually larger than the 11eiO'hbori1w h1digenous 
<1Tam:. ·whil, <letrital quartz i:; not ab_undant and, indeed, i~ often entirely 
ab. ,ut from th, thin :-; ction:, it· oc ·urrence i' of intere ·t a.' conclu ively 
,:tabli.·hi1w the H ,dimeutary origin of the iron-b arino' formation. 

rrhe 8 ·orn1ary quartz grain,· are the mo 't abundant constituent of the 
thin ; •ction:, awl form the general background for the other minerak 
They alw·ayH inclo:e .'eparato eryHtal • f the iron oxide·, u 'ually in great 
u1mrn1au • , and often al ·o chlorite and little pri, 1w of apatite. These 
grain. u:ually have the ,•hape of irr o-ular poly0 ·on bounded by straight 
line:, frequently with r .,entrant angle·, and adjacent grain completely inter­
lo ·k. In . ·iz, th, , ..<'ondary quartz graiu ra1we from about 0.03 to 0.4 mm. 
in diameter. Grain,· of approximately th --ame 'ize occur together in bands 
or iu the round ..d ar 1 a, • to be m ntioned lat r. 

'I'h, iron ore: include both nrngn tit , or martite, and ry talline hem­
atite, th• form 1 r heincr much th mor abundant. The magnetite ancl martite 
·an 11 t h:. di ,fo1o·ui ·lied in thjn s fam, a: their color in reflected light and 
-ry.·talline form ar th ·amc. They oc ur in irregular band' compo ed of 

agcrr •gat , of Ty:tals, the dg ' of which interlock with the adjoiniiw and 
in ·l .- .id ar a: of quartz, and, how th trimwular, rhombic, and quare sec­
ti n: of macrnetit • iuclivicluah,. foo-u tit aL"'o o ·cur, in i.:olated, irregular 
acmT •gat0,' int rloekiug with th s ondary quartz grain::;, and of imilar 
dim ..u,·iou.- to th=>, , but i: sp ciall ,. abundant a:-; sin()'l minute cry tal 
iuterpo, .. d in th (l'rain,· of : eondary qnnrtz ra11gi1w in ·ize from uch as 
ar • Lar •lv r 'co<miznb1) under a, o. nohj 'tiYe t) octahedra 0.03-0.05 mm. 
in diam ; .ir. A :i1wl, quartz crrnin !i mm. in diam .)t r may inclo e alum­
c.lr •cl or rn r .. :melt minute inclividual8. II matit i' much rarer than mag-
11 1 tit, and :; l ms to he found only in th , c ndary quartz oTain. or in 
v ,in:. In th . form 1r it o -cm-. in Heparnt e1Tstalline plate·, of deep red 
•olor j11 tnrn,'mitt •cl lio·ht, urnl r the sam c uditions a to number and ize 

it.' tlie 1ww11 •tic c;ry.·tal:. rrhroughout ., )lll ~<.:ctions, and in e rtain baud 
mHl romu1 ·,cl ar ,a: ji1 oth ~r :ectinn:, it i.- mor ahun<lant as inclo:nr.) than 
111ag11 tit'. ,_\wh ronnc.fod an\rt.' form ·d of s "'Y ml quartz individual·, each 
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of ,Yhich thn" hold. a, great nnmh r of h "'lllatit) plates, appear ma ro. copi -
ally a the littl ja ·per dot: already cl h., Tibed. hlorite and apatite ar 
also oft n emhedcle,l in th :ecom1ary quartz a:rniu~ the form -'l' in thin 
plate:-, and the latter in :--mall hexagonal prisms. Epi<loto i: quit common 
in . mall inegular area' int ..n.:alatecl betwe n th quartz (]'rain.· or in th .. 

magnetite bamls. 
l\Iany of the ,_lid s contain a ~mall amount of rhomhohedral arhouate 

much if nqt all of ,vhith i • cnlcite. It 1> • nr. ('hi fly in the quartz hand', 
in irre<Yular grains whi ·h int •rlo ·k "·ith th sc: cnndary qumiz grains, and, 
like them in lo e little crystals nf nrngn tite and hematite. Specim -'ll • th .. 
lie.le: from "·hi h ·ontain l'<.lrhonat ,. eff •rYe • • freely in 'tatt r cl . pot· 

with cold dilute acid. Jfo:--t of th ·arbonat -':-. ar ·lear whit) U]l(l ,r th_. 
micr ~ ope, and are ,-id •ntly ·al ·it·. :•om :ltim •s, how Yer, the carhonate 
area lun·e a v ry li0,ht-hrmYn tint, au l ar partially :urronml )d with a 
limonite bnrcl rand p netrate<l by hrowni~h filament: almw t11e deayao· ... ~. 
In ·u ·h a"e • it is diffi -.ult tt d ide wh th r th ~- are calcite Htain cl with 
limonit or jderit partially oxi<liz •<l to limonit ). How ver, if part. of 
these area ar ~iderit it i: n 'Y rth 1 ~-- e rtain that the Hmall rnagn -'tit_. 
and hematite •.ry:--tal~ whi h th ·y incl)-.,(_; lun·, n t h n d -'rivecl from th -'lll. 

The~ littl:. ·ry:-;tals ar inelos •11 in th l'arhc nnte • ju~t a~ th . • ar, in th , 
adjoiniiw oTain. nf _. ·011<lm·~- f1nartz whil ' th) alt .rat1011 of the :-.i<1 •rit if 
it i --id rit i~ to limouit •. arhonat s also oe ·m· \\·ith tremolit )' quartz 
chalcedony, epi<lote arnl h ... matit· in th' mun 'rnu • thr ad-like y :>in.· whi ·h 
traYer:--e . mne of th, thin :--ections. 

The feldspar:; haY lp u fouutl in >11ly a f •w thin H<:ctiorn, a. w 11-

scatt •r cl but minut angular 0 T, in • of mi ·ro ·liu ' antl plagforla: '. nfauy 
~Jide • hnw .,·er cc.1ntain ar n. of mn t • l .., •ri ~it all(l quartz which prohal ly 
represent original oTuins of f ... l<lspnr. 

Rutile an<l tourmalin arc al..o n • •a:,;inna1ly in ·ln.~ed with th:. iron or,~ 

in th arain • of .: • ·ornlary quartz. ;·mall rnm1<li~h ar a~ of titauit l prob­
abl:- d trital

1 
o • m v ry spari1wly in a f .,,. )f th· thin :--el'tiomt 

Th... mo ·t iut r •. tin~ f .,atnr • of th • thin "' ·tin11: ar:. e •rtain v -n-Y 

distin ·t :tru tural arrang Ill nt:,, of th. quartz arnl irnn ()l' '~. In almc>. t 
eY _.ry li,l in ordinary polariz ,,l lirrht (with th' nnal:·z •r out), th, miuut 

inte11J iti n: of the irnu or ar • :c ·n unt to h • ·qtrnlly distrilmt .<l throuo'h-
>Ut the ha k 0 TomHl hut to h • ·on' ntn t •1l in roull(1 or OYnl ar>a..,, 11 -'Y •r 
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exec ding H milfoneter in diameter. These oYnl formR are confined to the 
mor, .-i]i('cous lrn.nd1-,, and arc rnuch mor distinct in some of the licles than 
in other:. Often the outlineR are re nforced hy rim8 of closely set mag­
netite in<liYirluals .-omcwhat conr: r than the dust-lik crY ' tals within. The 
long cljameters of adjacent oval;; are parall I to oue anotl:er and to the hand 
j11 which tliey fo., awl are often clo:, ,Iy packed like pehbl s. Occasionally­
the littl :.> O'rain. • of iron ore within the oYnls haYe a distinctly concentric. ., 

arrangem ,ut. 
Dehv en crn8~e<l nicols these areas are seen to lun-e had in some 

in:-;tance.1 a distinct iufhtc1 ne .. 011 th • cry8tallization of the secondary quartz. 
"'\Yh n th -'Y ar larg .) arnl dos ·ly pack d each oYal h1elucle8 a large number 
of i11terloeki1w cprnrtz gn1i1rn, arnl ocen:-;ionally in such eaRes there is some 
differunce in . jzc• lwtween th l c1uartz grainR in ide and those out ide the 
ov<tl •. In the triangular and quadrangular areas lying between the larger 
oval.-, arnl homul •c.l by curving segment_ of their perimeters, the ccondary 
quartzf': nro fr <1uently lnrg _..r tlrnn tho. e within, an l are placed normal to 
th• lJoun<lm1 s, pre •j ~ely as if they had grown outwanl from the ovals into 
free i-;pac ... .,_ Oft •11, how v 'lr, a Hingle in lividual of e ondary- quartz lies 
pmilv within arnl partly without th oval. On the other hand, when the 
oval: ar ;mall, 011 , or more may h completely or partially iuclosed within 
a :ingl .. <1uartz indh·idual. Th interlo kino· quartz grains within the large 
oval.· .-how no ill<lic:ations of lia ving f( rmed in open spaces, e-ven when the 
inc:Iud ~cl iron or,., hav, a tendency, a: > ·casi mally happem,, to a, concentric 
anmwem ...nt. rl h faulting and hr e iation plainly seen in many of the 
thin ,· ·tiou: have also <lisplaccd and , 1rnrat <1 the OYal areas. It seems 
p •rf~ ·t1y cl ar to m that th ):-.e form ' repre ' nt a tructure originally 
po,.· •:.· ,cl hy th , rock from whi h the variou~ pha of the iron formation 
hav, h :.en cleriv <l, and which hns he n pre:--e1Ted through the .. ubs quent 

m )tamorphi:-m1. 
} rom tlw fa •t. · <les ·ri1, cl ahew , it i:-:. e,,.ideut that th GroYeland for-

mation i. ma,lc up of highly metamorphic ro k~, which , till, h nv ,-er, retain 
:om• original dastic nrnt ·rial as well as • rtain <riginal trnctural characters. 
,vi h th -, ~xc _..ption of the rcttlwr nu· l chvti • grain.· of quartz, titanite, 

fillcl ·par, <~tc., th• miw•ral. · which now chi •fly '(m1pn::1 th rock ~-uamely, 
quartz awl th"' C'ry.tallin • fron oxid 'S-ar l not ·la:ti , but hav) cry. talliz d 
in plac •. It i.- a matter of gr<"'Ht int )r M th r for·, to determin if po 'ible, 
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in what form the econ tituent were pre ent in the original deposit. On thi 
que tion the microscopic tructure eem"' to me to have a di tin ct bearin<r. 

Form imilar to the oval· in the"'e rock occur in the iron-bearing 
formation of other di trict' h1 the Lak uperior region. In the Goo·ebi 
district of }lichigan and Wiscon in R. D. Irving and C. R. Yan Hi e 1 haYe 
suppo ed that uch form" luwe re. ulted from proce es of solution ancl 
redepo'"'ition after the rock wa formed and are therefore concretionary. 
They regard that portioi1 of the formation-which they h~·rve named f r­
ruginou • chert -in whi h ,. uch form occur, as an alteration procluet from 
an original depo ·it of cherty arl nat of ir n. On th other hand, J. E. 
Spurr 2 ha· ·hown that imilar form.;; are exceedingly abundant thr01whout 
the iron-bearinp- formation of the )fesabi rante of )Iinnesota, ancl are there 
original. In the lea:t-altered Rtcwe.;; )Ir. ~-purr ha· found that these oYal 
and roundi h areas are filled with a 0 T n , ub.,hmce, which chemi ally is 
a hy(hou • ;·ilicate f iron, _in compo~ition Yer~r clo ~e to glauconite, with 
which it i al "O opticall v identical Th .. o,·al and rounded forms, moreoYer 
are tho"'e ·luua terh.;tic of g·lauconite in gr en ::;and:· of all geological ao·es. 
~"'itarting with thi original ;.;nb tan ·e, whi ·h i-- Y ry unstable when exposed 
to oxidizing ancl carbonated wat rs, Mr. ~purr has traeed au inter . ting 
erie~ of chan°·e ', the final r ~ult of. whi h aloncr ne line i::; the complete 

oxidation of the iron to hematite or nuw11 tite nml th separntion of the 
·ilica a~ chal ~edony and t1uartz. Throughout the e ·hmwei-1 tlt orio'inal 
form of the o·lauconite oTain~ it> preserY ,d in th nmY mineral:-;. ,Yithuut 
goin<r into the detail • nf th 'e thang :-,, nntl ~Yith ut accepting· l\Ir. ~. purr'. 
conclu-.;ion-, in their entirety a, to th, :st 1 p-.; im·olY • d, he has clearl~r sh )Wll 

a:-- I haYe . ati~fiecl my ·elf from th stud_ ~ of the large number of nI 1,abi 
~lide in my own ·oll ·tion that th gT .. n °·lnucnnitic substan • j;• th 
'Otu·ce of the iron and ~ilicn of th:, f ...11.·uf!·iuous chert· of th l\[ ·ahi ranu· , 
and that the pe uliar -'pott d :--tru •tlff • ,f th:) d1 -'rt~ is 111h lrit d from th 
original form:· of the glnuconit, g·rnin . 

Betwe n th f 1Tun·innu-.; quartzit of th 'lrovelantl formntion awl th 
ferru,rinou.~ hert:-, of the ~I snbi nuw th re i::; a v rY ·lo~e rm, ;ml>hm •~, 
e"'pe ially in tructme. The p: ntial cliff •r nee i~ that th form r eontain 

• Loe. cit., pp. '.?01-257. 
z The iron-bearin,., rock of tho Mc al>i rauge in ~liuue ·uta, hy ,J. E. ~purr: Hull. <:col. awl ~ ·at. 

Hbt. Snrv. of )hon., Xo. X, 18H1. 259 pp., 12 pl . 
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little or no clmlc •<1nny, th , ilica beincr cry tallized quartz, while the latter 
haY n o-r at cfoal of chal ecloni • ilica. ...\.1 o the former contain mall 

amount: of detrital mat rinl, whfrh th latt r gen rally lack, but the es, en­
tial cliff renc, betw n th m is on of d 0 Te of cry. tallization only. 

f th, :ilica of th )I ,·ahi chert: had originall;¥ crystallized ei~tirely as 

quartz or if aft r passin<r through th ;'taµ;e of mix c1 chal dony and quartz 
it had ~mh:; •qu ..ntl :· erptallize<l as quartz th re would be no e •ential 
,liff •r .. n • • b •tw •en the iron formation · of the two di:tricti',. 

rr her .. ar, th 11 at 1 ast two possibie form:-- in whid1 the iron and silica 
f th, hov ,]awl formation may haw be n d ~po ·it d orio-inally, a::; indicat d 

lJr th, eo11clu::-ions of ob:erver;-; who lurv ·tndiecl the jrnilar iron-bearing 

formation: in other di:trict.· of the Lak up rior ro 0 ·ion in \d1ich the eI 

forn1c1tio11~ ar • ]es: alt •r ,,l tlrnn her·. Eith r of th se forms-namely, a 

eli .. rt_\· iron carbmwt •, ai', 011 tlic (hwchic ran°· ', or a glau ·onitit oTe<:11 "and, as 
011 tli , M ,. ,11,i nrng- •-could giY • rii',e, muh•r the action of vi 0 ·oromdy oxid­

iziw,· wat 'l'- ' to roek · of th 1 rnineraln°·ical t:ompni',ition of tho~e in flue ·tion, 
awl . inc, no tra •, of lither original form hn-.; b 'en found in th) Grm-eland 

formation th <'hni<' • 1> •tween th 1 m may p .irlwp:-:- he reo·anl cl as still open. 
Jlt owll opinion ha ·eel on the mi To~copi' ~tn1 ·tur whi h, a ~ I interpret it, 
J1ow~ that 1lie ◄ roY •lm1cl formation wa. in th-. b ·ginning largely made up 

0of ro1md1~, l particle: ha vi1w the :--am 1 
' n ral form a · the glnu ·oniM o·min: 

of th , Jlc~a1,i rn1w -, i:-- that the in 11 and ~ilica wer e.1 ori 0 ·in,dl~v pr "~nt 

htrO' ·ly in t1H~ form of <daucouit '. 

:-,J•.,CTH> .,. , ,. ru. T1n; MIC.1 -:-,<1III~T~ ~LTD Ql .i RTZI'.CE 01◄" TIIE ePPER 
IICJU>. LL sEHn~:-,.T 

'l hrnng·li tl1c ca. tel'll part of • '('. a:?, rr. 42 .... T H. 2 ". and ntirely. 

aero.. ,. ·ctina 33, runs c1 I, It of mien-:-whi::-ts Hil<l thin-beclded fernwinous 

qunrtzit<.:~ w!ti,·lt ::; , •1n to ha,·' unconfnrmahl • r lation: with th ~ formation 

ju. t. cl .. crihc:d. rl 1i ,. • rock. ar 1 
,· 

1 111 on tl1 • w ·' ·t in a cut in th .i::rorth­

w, t(!l'll Hc1ilwnv ia t.11 : 1 K ,l of the .i. .,. E. l of.:''. 32. \.t th w ~tern end 
of thi: ·ut ·th. :trike b 11orthw }:--t awl th., dip north ast at an angl, of about 

?f,0 . .. t th, ca~t •rn PtHl tli •re i: a <l ·id •cl h •1Hliiw in th· ::,itrik 1 
t) cnnore 

1w,1rl \~ c•,t. Hm<l-w ,. t clir • ·tio11 nrnl th h lclin!!.· :•mrfac:e: carry ::,itriation 

wliic•}·1 dip ·a. t at an a1wl' of 10° all in<licati1w that th ,:e out rop:-- prob­

al,k lie; u 11 tlw :outh fonh of n °' ·ntl:v a~twm·d-pit ·hi110' ~yn ·linal fold and 
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near the axial plane_ Ea ·t from thi" point similnr schi c. t ~and quartzite. 
form a ridge low and flat-topped which extench immediately south of th 
raihrny almo "t to the ea"t line of ection 33, t ml sinks gradnallr hen ath th 
great ·wamp of the ea:tern portion of that -;;eetion. The formation notice­
ably di..,turb: the compas ' needles, ancl thi~ fa t, to 0 ·ether with the ru.'ty 
appearance of the outcrops, has proh( hlr led tn the sinking of th num r­
ou. te:::-t pit-s b.'- which the continuity i:-. chieflr e:-.tahli ·h <L But lcnY-lying 
natural exposure::-. are not lacking. 

nrth of the cent r of th ,.E. ¼of ec. 33 similar . chi t • luwe heen 
found in two te ·t pits. Al~n, parallel with the outcropping sonthem h .1lt 
and a quarter of a mile or more forth r north a faintly marked z<me of 
ma~meti • di~turbance· runs ea-:;t and w ~t thn uo·h the wampy ground 
south of Felch Mountain and probably c< rn1 ct~ th ]a 't-mention cl oc ·ur­
rence. with the exposure:-- of the railway cut. It therefore ';,em;; likely 
that the low oTound tlm no·h th;, midcll t f s .ctions 32 and 33 i:-; wholly 
occupied by an open ·rn line of th s soft and easily di ~inteo-ratin<1' 
rock. -

Between the expo.·ed s<mth rn limb of thi: . yncline and the southern 
Archean the lower .... lo-onkian formati llt-- ar found in the Routh a:tern 
portion of :ection 33. Actual c9ntact ar not Yi~ihle, but there ar n< t ~­
wo1ihy di:cordance. in ; trike arnl dip, l ncl :-;pecially clear proof of oT at 
di. tmban e., in the lower rocks in "-hi h th:. upper hav<? uot hared. In 
the , 'E. 4 f the XE. i of the 1 \Y. l of . :>c. 33 about 200 £ t thicknes~ nf 
the Ranch-ille <lolomite :triki1w ea t an l we:-.t and c1ippin0' north at a hout 
70°, i • expo: cl betwe n th ~""turo· n quartzit b }o."r and the mica-. chi:t 
to the n rth_ Betwe n th dolomit} , ncl th : 'lfr·ts is a 'OY red interval 
of " me '40 feet. The latt :\r al:o trik a1 out ast and 1Y st, but dip n(,rth 
at 3 ° or le s. Betw en a quart r and thr ;\_ ~ighth;::. of a mil~ east uf thi, 
locality (the interval b ino· without >Ut T p ) th :\fou::;fi la an,l GroY •land 
f nnation li against th r h an o·n )i~s ::- with a faulted c ntact. 1 li y 
haYe 1 n thrown int a .·eries < f ~ ath a~hnml-pitching rninw fol 1·, and 
hav been iutrud <1 l>y a mass >f diahns arnl also by a pegmatit <lik :.. 
The true . trik nf th se formation~ at this lo nlity is t 1ward th north a~t, 
and the dip, a ~hnwn both by th dir ;\ ~tion nf pit h nnd th or 1 r of. up r­
p ·ition i: toward the . nuth ast. FiY _. hunclr t1 f t north of thi di turl --cl 
area and <lir tl v acros:3 th t--trik of th • l< w 1 r f rmation therein, the 
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upp(~r .-d1i~h, m1<l <piartiites rnntinu th •ir south a, twanl strike "~ithont 
d,,dctt.ion. 

Th •:-;c g '11 •ml r ·lations in<licnte that the fPrruµ:inous mica-:-.d1i~ts and 

quartzit •s ar part of an upper :--erie;-; whi h overlie:-; nnconformablY the 
Grov ,larnl awl all th• low r formntious. This :-;erie:-; ha: not 1> f~und,11 

eh ·wh •re in th, Felch )fouJltain area. 

PETROGRAPHICAL CHARACTERS. 

rrhc roek. · of this formation, ,1:-; :cen in the outcrop:-;, are principally 

;oft awl ,fo 'ply iron-stained mi<·ct-schi:-;t:-; in whi<·h necur fr quent thin heel 
off •rru 1rinon~ and mic-ae •ou8 <Jlrnrtzite. 

T11<ler th• micro: ·ope th ' :-;chi:-.t:-- ar • composed mainly of hintite, 

quartz, nm eovitc, alHl rnngnetit '. Chlorit ~ a: an alteration pro<luct of the 

biotitc~, i • freepi :;utly ahtm<lant, awl gnrn •ts also <H'eur in some sections. 
Th,_., , chi:t • Hre nrnclt coar.·er in µ:rain than tho,'e of the l\Ian ·fi 1<1 forma­

ti n and ar 1 wholly crystnllill '. Xo c:la.tic mat rial ha~ h "'en r cngnized 

in tlie thin :-. ·<·tio11:. 
Th <prnrtzit : alHo are thoroughly r ·eompnsecl ro ·k , ,Yitl1out reeog-

11izabl, cla:·tic partid ,,8. Quartz is the mo t alrnndant C'OllHtituent and with 

it mt1. ·eovit , lJiotite, mHl m:wnetit .. ar"' e<m~tantl:- a~soeiated. 1 he mica 

au<l the magn .,tite ar • frequently inclo:-; "d in a hnckgnnmd of laro·e inter­

I J ·kiug quartz grains, which i' Y ry similar to the background of the ► tur-

,. •011 q unrtzit<•. ► \ich inclo.·m·es Ii in °' :)n rnl alignment throuo·hout the 

thin .: •ctiorn:;, hnt unlik • many of th' in In. ion: of th.. tur0·eou quartzite, 

tlH.!Y . c:cm1 not to 1J, ·lasti • particle ' hut tn hav • cry:-;talliz cl in plac . In 
on:·. licl, nmmw th , ill<'lusion, in the laro·., quartz'·' of the hacko-rouncl i · a 

•olorl ., ., i. otropi<· suhstnn • 1 of low r fra ·tion oceurrino· in laro· polyo·onal 

ar ... cl~ lmt without <l<,finit 1 c-rystal form. It i~ usually ·taiu d with limonite, 

whie;l1 ha.' p<m ,trnte<l from tlt 1 marµ:ins along ~traio·ht lines n • if following 

•1 •av,"'..... '1 hi: int r );•ting min 1 ml, whi •h' is ertainly not o·arnet and 

probahI y 110t opal, cl s rvc: further inn stio-ati m 
The rock , nf th 1 upp r H •ri -'s, lil·e thos ~ of th •lower, rie, nre O'r atly 

alt •red. I◄ rnlll th •ir min 1 ralno-i ·al eompo. ition and structur it i • eYicl "llt 

that a: originn11y clepositcd th •y cmL i:-;t d of beds of mud separat d h. ~ 
Jiinn •r h ·d of sa]l(l. But as th')' now stand th y haY 1 h n a, greatly 
•1wng· ,d from their ori,dnal <'nrnlition ,h th h tl<l cl rock, h 1Inw. Also, 
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since the time of metamorphism they hav-e been subjected to stres , as i 
clearly howu by the optically ·trained con lition of the secondary quartz 
grain~ and. the bending- nncl t"·isting of th mica8. 

From the:·e fact" ,Ye may rea ·onably infer that the general metamor­
phism of both erie"' wa · accornpfr,hed after the depo ition of the upper 
serie.· ancl before the latter ,rn • folded. Re on "' truction o complete as 
that hown by the upper ·erie • i~ not heli Yed to take place except at con­
siderable depths below the :,urface, and hence the part of the upper ·erie 
now yj ·ible mu "' t .then haYe been de ply coy r d by- ornrlying rocks, which 
were afterward:-; entirely ~,Yept away h for the depo "'ition of the Cambrian. 
In the earth moYement • ,vhich fold d thi • ma:, · of material and brought it 
up within the reach of denuding agent~. w ~nay recoo·nize the cause.· ,Yhich 
have trained an<l hr ken th ec rnlarY mineral· of hoth series alike. 

The Algonkian fornintion~ nf the F .,kh :Mountain area liaYo been cut 
by later iutru ' i ve~, amo1w whiqh hoth a(·i<l and ha ·ic rockl, are r pr ·sent d. 
The latter lu: ~ the1,·e al o been re ·o<mizecl in the r ·hean, in which, indeed 
freshet and lea ·t-altere<l o ·m-renet·-.. Jun· 1 en found. 

The acid rock;-; ·on:5i~t of fin·- to ni--,-lium-grained pink granite·, 
oc ·mTi1w iu uruTO\Y dike ·. A umuh :.r nf the~e dike:-; haYe been fomul in 
the .~turgeou formation, both in th• are,1 of fin, exposur on th south ~icle 
of ~ec. 3.): T. 42 X., R. 30 \Y. all(l al-..1 in ~e ,..,_ 3-! and 35 T. 42 X., H. :..9 ,V. 

T\\-t_ o-ranite <like:-; arc a1:--n known in th~ hio'h st memb ~r of th lower 
. erie-.., hut non• have heen det ·t ~Ll in the Rand ville or )fonsfielcl forma­
tions. < ne of the~e o • ·ur:-; on F •lch Mountain the other, a Ycry ·onr:--e 
peo-rnatit . is found ·utting tl1 hovelnn,1 formation in th::. ~outhern part of 
:ec. 33: T. 42 ...-... R. 2, "\Y. 

Ba:Si dik _.~ and iuh·u~iv ~he ·t~ ar f urnl in many localitic:i. ~om., 
ar:.. hio·hlY ·cl1istose and 0 T •ath- al ·r tl uth c.r~ are ma~siYe and lmt littl ~ 

~ ' 

·hauo-ed. They prohahly helon~· til man~· •rn:; of 'ruption. Th I •a t 
altered :. r:. diaha~e-.., in on o 'CUlT --uc • of whi ·h, from the ...\r ·hean, the 
augith are alm -.;t intact. 
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By referenc to the general map Pl. III it will be . een that·an oval­

, haped Archean area, about 11 miles lmw from northwe t to Routheast arnl 
haYing an extreme breaclt.h of 1H:1arly 4 miles, run through portions of 

T:-i 44, 45, aIHl 46 J..T_, Hs. 31 and 32 ·w. 'I'he country to he de crjbed in 
th .. pr ·sent ·hapt r inclwles that portion of this Archean mas (together 
with the yomwer roc·lrn on iti:; eastern horder) ,vhich lie east of the line 

b ·tween Raiwes 31 mHl 32 "\V., as , ell a.' the tel1'itory to the south in the 

prolon<,.ation of the axial line, a,' for a8 th' south lin of 'r. 43 J., R. 31 "\V. 
A c,·ap about G mi]es hrrnicl not covered hy our work intervenes between 

thi:-; arbitrary :onth rn boundary and th w teru termination of the Felch 

Mountain worl at IlHn<kille. 
In the northern portion of the ar la nmy und lr consideration (which 

lie· al01w a11<l i. twice ·ro:;sed by the F u ·e Rirnr) the geological structure 

is xc"' •cHngl:· Himp1 , while in the :-;outhern portion, especially iu the neigh­

lJnrliood of }fi •hi<ramme .Mountain, it is rather complex. The boundary 

l>etw 'Cl_l th •s, two divisions falls in th n ighborhoocl of the mouth of the 

Fene .. Hin~r in . ec. 22, T. 44 N., H. 31 \V. It ii-; therefor conYenie11t 

in wlrnt follows to r ..f •r tn th ' northern portion as the I◄ en e River areat 

and to the ;·onthem a: the Michigamme Jfonntnin nren. 
Hy r ,f •rriuc,· to Pl. II I, th) hrnacl geolog-i al ,'tructure of th) whole 

t •rrii01:·,. nf which th , ahov •-mention )d Arch an (Wal is the center iH eYi­
d •nt. at' ~ 1 o·law: •. It i~ an auti<·linal dom :., the corA of which i Archenn, 
arouwl whieh the yo1111g r Algonkinn formation' nm in a ·eri ,' of concen­

tric ring":, 011 all . ides clipping outward from th l inn r nuclcu . In the 

1, <;H<:<; J.{iv •r ,lren on th , cnst ·rn lmw ~id.. f th l dom , th A]o·o11kim1 
fornwtion: hav ~ a con:tant. :u-;twarcl dip, ancl ar) fre ") from important 
.- •ec_1wfor r fold:. In th i\fi ·hict}l.mm ~ Mountain area howeYer, which lies 

in the prol01wation of th") main axi:.:; of th clom) th se }ncircling fnrma-
1:1, 

https://hict}l.mm
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tion.· fall amly <Pntly to the south in a series of waYes, proclu eel by 
seYeral concentric minor fokh tran:--Yerse to the main axis. Of the. e min r 
folds but one is at all flistinct to th • enst of th 1 general antirlinal axis 
\d1ile to the we:-,t of thi:-; axis at lea~t thr l' are w ::.ll made out within th,. 
:Michio'amme Mountain ar .,a. Th<.· much oT 1 at "'l' breadth nf the ...\lg-011kian 
formation::; on th · we4 sicl 1 of th .. <lnm .. than <lll the ea:-;t i~ probably clue 
to the per:-;i.-tence of these minor fol,b tnmml the nortlrwe~t. 

The general ·ham ·t 1r aucl a::3p., ·t of the formation::; of th • two area: 
and their su • "~~ion i~ in ~o mm1,,- re~pecb identical ,Yith the formation:-- of 
the Fel ·h 1fountain rnng • that no dnubt can b 11t )1tain )<l that they ar • 
really the "'ame fornrntinn~. .... T eYerth ,}e:-;s ·ertnin diff =-r .,nee' mark the:-;e 

roch with a distin ·t iwliYidnalitY. Th ..~ diff ::.r -'lices will h ... con:id .1r ..a in 

detail in the de: riptio11s of tlw s<_.v ral formations. In genern1 they may 
be summarized a· iin-oh·ing a great r ·tluctiou in thic:kn :-,:-; of the i 'tm·o-eon 
formation, with a ·orr" ·pornlin~r in -r 'cbe in the Rnnch·ille dolomit •, th .. 
appearanc of :·urfae ig·n nu: rocks nt th· )Inn~field horizon in the F nc 

Rh-er area, and a le:--t-i uniform and complete metamorphi~m in the w1101 
Algonkian ...;erie •. 

, 'ECTIOX I. TH E AR IIEAX. 

The ro ·k of th Archean cor., ar • w ·11 xpnsecl through th w "St­
central ·ection"' of T. 44 ......... , P. 31 "\V., whil • forth ·r north in T. 4- i:T., H. 31 
W. outcrop, are few and . attered. :Mu ·h 1 .:: att ntion was pail to thi 
area than to the r, 1 ·h .Mountain Ar ·h "HU: our W< rk, a· a rnl.) stopp .-d 
with th location of th .) hournlary, arnl, th .,r for , the following brief tate­

ment a· to it· chara ·t •r emhotly ob~ rYati Hl ._ alonc:r th 'Outh =-rn and a~t­

ern maro·ins mly. 
The pr valent rock in th Ar ·h •an i~ g-ranit , ntrying from m dium t< 

coar:-;e g-rain, and oft •u ·arryhw Yer~· larg., p rpbyritie Carlshn<l twins of 
fie ·h-colorecl micro ·lin . Bawl .. ,l g'll •i:-..:-.e • arnl miea-gneisse: and mi ·a-
·chi~r, u ·ha.· ar • ·o al unclant in tli., F ·lch Mnuntain .Ar ·h an, HT-' rar., 1 ut 
not entir ly ab,.ent. ,, hil in many lncnliti .• th~ gTm1ites nr mu ·h crush ·d 
arnl eY ~n ~he te<l along a(\jac ·nt pnrall I 'rnetur ,~, th "'ir originally uw... fr , 
chara • r b ~nffi ·i ntly ,yicl ·nt. Th r haY th~ ·nn1po:ition and :-;tru ·tur 
of typical ign ..nu: gnmit •, . rl h, pnmnrr min ralt, are •ntire1Y without 
definit nrrang ~m •ut. 
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In the ...\.rchean area:.; granites of two ageH lwxe been found, the 
young r in the form of uarrow clike •. Ba ·ic igneous rocks, also in dike 
form, ar, rather a1rnnclant. One of the~e under the microscope proves to 
he a but little altered <lialxu-;e, in ,_vhiC'h the augite is almost intact. These 
aeid and ba;·ic jntru:ion:-; are probably connected with the ·urface flows of 
like character which are .·o abundant at thr Mansfield horizon along the 

Fen·., RiYer. 
( f much interest is the occurrence f a small mass of quartz-porphyry 

iu conta ·t with th '.l Archean, and below the lowe t Algonkian sedimentary 
formation. The lo ·ality i. · in see. 21, T. J4 :N. R. 31 ,V., in the southeast 
qua<lraut of the Archean oval rrhe upper :-;nrface of contact of this sheet 
with th Jowett .-ecliments is covered and he11ce it is not entirely certain 
wheth •r it is intnvive or extru 'IYe, and therefore whether it belo1ws to0 

Ar ·h 1 an or Algonkian time. The gen ')ral relation , however, appear to 
iurli<'at .. that it i: a .· urfa('e flow which suffered erosion before the deposition 
of the ln1.·cd A1gonkiau memher, aucl i~ therefore to be cla ·sed with the 
Archean. 1 h-' •xpo:ure i: 250 feet Ion()' by 100 broad. The ro k. consists 
of a v ry fin ly granular matrix of a warm gray color, through which 
ar., .· prinkle,l <ruit., uniformly little grain of hlne quartz, and larger rounded 
grain.· of pink f .1ldspar. Flakes of biotit are scattered through the ground­
ma . .- and •oat the ·l av;,1ge surfoc .1:-;, whi h are developed in two distinct 
system.·, iut •r: cting at ,m angle of ahout 10°. Immediately below the 
porphyry i.· c ar:.;, porphyritic granite, sheeted in waving smfaces parallel 
tf th •onta<·t, whi •h dip.· a:twarcl nbout 40° . The lower portion of the 
porphyr , rnntain:-; a number of fnlgmentK of th underlying granite, one of 

whid1 i: nv .. r 4 f, --'t in length. 
uder the mi ·rmwope the groundma:-;:-; is a fine-grained crystalline 

iwgr <rate~ of ffW:trtz, oTeeni,·h hiotite, and n little feldspar. The quartz 
ph "'llO •r r:t: ar, b antifully corro<l •cl, and hav th clu rncteri ·tic bipyrami­
dnl onn whil· th f,1,l.·pars are ext llHlY-'ly- alter cl to biotite, ericite, and 

quartz. 
Ui tit .,_<,.11ei:-is s related to thi: porphyr:T in xternal appearance occur 

nuwng th, \.rch ,an outcrop,· in('lnsed in t.h ' B' line of m,lo·neti • attraction 
' (:C. 7, T. 45 r., R 30 '\V., arnl may b l .:crihecl here for compm·ison.i11 

The r ar, <hlrk-C'olon•<l, fine:grnine<l rn ·k.· which weath )r to light pink. 
rl'liey ,1r, ,,uin •11t1y K< ~histose, n11<l th ·lea, iwe Hurfa ~e' nre coated \\tith 
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biotite plates of medium "ize. 1fiuut grain · f blue quartz are occa, ionally 
cli tingui ·hable by the eye. 

-.-nder the micro 'cop the e gnei ~e haYe a fine to medium. grained 
groundma • • compo:ed of quartz, micro line, orthocla ·e, p1agio 1a ·e, oTeen 
biotite, and mu 'Covit_e, and a littl ::-.catter d epidote. Within it are large 
roundi h area · of quartz and feld par, ~ometimes ·ingle jndividuals, but more 
often con i ting of everal fra<Yment ,. The gnei " ic foliation is pronoun ed 
and i • cau eel by a gen ral elongati n f the con tituent minerab in a 
common direction. The nly e ' ntial clifferen e • between these gnei. ·: . 
and the porphyrie • de cribed above are thi ~ trong foliation [lncl the coar ·er 
groundmas •. 

ECTION II. THE 'T ~RGEON FORMATION. 

The 'turgeon formation as a di 'tinct member of the Algonkian .- rie 
1 hardly known in thi "' area apaii from th Rand·dlle formation. -rev rthe-
1e "', purely cla tic ediment unmix cl with th arbonate of calcium and 
magne ·ium were depo ited and ar now Yi ible aloug one section between 
the Archean granite· below and the cl lomit ' ab v , and for the e it i 
convenient to retain the name, alth u 0·h th ir total thickn i o mall 
and their continuity o un eiiain that th r an not be hown on th ge -
logical map. The general conditions of ' dim ntation here w r 'neh, 
perhap in con equ nee f the lo,v r li f of th n ighboring land, that ]ime-
tone began to form a r latiYel~r ~ h rt time aft r the ·ubmergence of the 

Archean urface o that the two low r ....\.lo· nkian formation ' prol abl r by no 
mean-, repre ·ent equal period , of tim with th ·ame formation· in the F 1 h 
l\fountain range. 1. he tim r pre , nt l 1y l th too·ether is p rhap • not 
greatly different in the two ar a ' but in ·e iu the ntir ab ·enc of fo •·il 
evidence it i~ impo, ibl to (h·aw th lin f equi al n 'e, wbil at th .·ame 
time the litholoD'i al br ~ak i' a hnrp H , it ,:e m , de,•irable to carry OYer 
the Fel h fountain mnn, ,, xt mfaw th Rand ville d )lomit downward to 
the lower limit of . lime ·tone de1 ·ition t ud r taining the name Stur n 
formation £ r the ba al . ediment. whi ·h ar} fr from carhouate '. 

The e ba al eclim ~nt. · are found _1ily in : c. 15, T. 44 ., R. 31 '\V., 
where they are exp s d !11 low-tfoo- <ut T p~ in the bank ' and b d f the 
Fence River. El:.;ewhere throu~rhout th .. 1 r 1:., mil • throuo·h which th 
Archean extend · in thi' (. rea no mt -r p • licw b n f und in th flat and 
generally wampy belt whi h inten n : l twe .. nit and the dolomite ab " . 
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Th expo ·ure referred to con i, t nf . oft light-weathering slates and 
gra ·wackes, with ·which are interbeddecl h1 . .,,ers of coarser texture. They 
ar '-' ,;,·er r evenl)· hRnded in pale shade of yellow, red, and oTeen and the 

. b ' 
:tru tur _. thu.· hro1wht out dips ea..:twarcl at an angle of 52°. Besides this 
a , , •on<lary ·lenYagc is quite promin nt, especially in the finer-grained 
heel.·, al.-o dipping ea tward, but at a on. iderably higher angle. At the 
-'n.·t rn ,"ide th l fate ' are overlain by the low t marble bed , here 
"Xtr mel r impure and highly charged with chlorite and quartz and. The 
thickne:: of lat : expo ·eel i; about 100 feet, and between the Archean and 
the mo. t w t rn out rop there i room for about as much more. The 

total thi knes , then, can not exceed 200 feet. 
thin s •tion of a pecimen from one of the coar er layers hows it 

to b a graywa ke, the mo,'t prominent con tituent of which is quartz in 
. mall rouncli. h and oval grain . The · are embedded in a groundmass 
omi)O: cl of chlorite in minute irr gular plates, ferric oxide, and kaolin. 

Th quaiiz grain. while havino- generally la tic shape are bounded by 
minutely rough <lg , whi ·h interlock with the fibrous minerals of the 
rr un<lma '-'· Evidently much new quartz ha been deposited round the 

n inal grain.,. 

'ECTIOJ; III. THE RANDYILLE DOLOMITE. 

DISTRIBUTION AND EXPOSURES. 

In th Riv r area the dolomite a already tated, lie on the 
a. t •frl ~ of th r •hean, and oc upie a, b lt over half a mile in width, 

whi •h , t wL· from th mouth of the Fenc River on the outh for about 
1( mil0.' t, th n rth and we t, to our we ~tern boundar r n ar the north­

. R. 31 W. In this di:-tance it i • twice cro ed by 

th riv r, mid on th l,· natural ,· ;\rtion and in their neighborhood the only 
kn >Wll outcrop: f th <lolomit l hav h n found. The northern riY r ec­
tion pa..-. · ,, · through e -. . i2 and 2 ', T. 45 i:T_, R. 31 1N., arnl li lo e an 
'X , .. lJ mt : .. ri ., of ·losely onn cted 1 XJ) ur for a di ~tanc of about 

2 !) 0 f ·<•t, m ,a:ur <l at right angl : t th ·trike. Th onthern , ectiou i 
5 mil .- forth 1r ,·outh, ancl js much le,'8 ·ontinu u ' laying bclr th xtreme 
upp •r and lowPr portion. only of th formation. Elsewh re through the 
dolnmit, b ..Jt th • roC'k ,·ur:fa ·e i.' cone alccl by s,vamp.. or ofa ·ial drift, to 
which la-ti ·ontribut ,' but few catt r l l wlder" of n ti abl ·iz . 
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'outh of the rchean dome in the )Iichio-amme Mom1tain area the 
dolomite tops the lffw arch in a broad 'rumpled sheet, in the minor yn­
clines of which the higher formatiou • are more and more implicated as we 
go , outh. Thi. broad sheet, with its included tongues of phyllite extends 
to the ·outh line of T. 44 .i.?., R. 31 \f. be. ~ond vd1ich it disappear beneath 
the higher formations, except in a t-ingle narrow belt w·hi h continue· along 
the main axi c. for about a mile farther $Outh. Exposure sufficient in mun­
ber to indicate "everal minor fold · are fpuncl along the l\liclrigamme RiYer 
and ·cattered through ·ec •. 21\ 32, and 33, T. 4:4 N., R. 31 W., and ·ec. 4, 
T. 43 ....-., R. 31 -w. 

FOLDING AND THICKNESS. 

In attitude the Handville formation in the F nee Ri-ver divi ion of the 
district i • an ea tward-dippiiw mono ·line, the inclination of which i gen­
erally moderate. The rock.: are usually heaYily bedded and nearly alway 
how di tinct alternations in coan.; ne s au l olor, so that tructural ob. er­

vation." are made with much mor certainty than in the Felch l\lountajn 
range. 'I he more ouspicuou • minerals ,.,ec ndarily leYeloped her - ·oar'"' e 
carb nate~ and tremolite-hase form d hieflyin th old plane" of be<ldin6. 
Oblique "tructure • are O'enerally ab::-ent "X pt in the clo • Yicinity of the 
ba ·ic dike which inter:-;ect th formation alon°· the upper 1iver section. 
The smfac~: of r<mtHct with the dik , tand at high a1wle , and n arly 
parallel to the ·e the neio-hborii1°· ,lolomite ha:-i 11-deY"eloped cleanlge ,,,? 

along ,vhi h new mineral · luw formetl. inter:-,ectino· the true heddinO'. It 
i evident that the ;tro1wer io·neou~ rocks in th :-;e ea "e ' haYe furui;.;h cl 
reRi"tant ..urface • again~t whi h the dolomite ha.' been kneadecl in the 
general tiltino· of the ,:eri ·s. 

The ea:·tward-dippino· monoclin 1~ < ~impl on , y t th observ l 
angle · of inclination are b ? n menu~ nnif rm. Thus, along the upper river 
:ection the dip ranO'e • from :.5° t >0 ° , ,-vith 0° a the m an of about a 
dozen ob~ rnltion:--. Th variahl clip:-- ar ·eattered throtwh th er , 
:·ecti n a~ to irnlirat no wid :pr ad roll in th formation a:-; n whole, but 
rather a great munb ~r of minor undulation "' pr bably di. tribut d thr01wh­
out it.: thickne:. . :'u ,}i umlulation.: ar vi:-.ihl .. in favorabl loca1itie.·, a , 
for exc mple, 11 the north hank of th~ riv r in tht. NW·. 1 of N,V. 4 : . 

28 T . 45 ,.._, R. 31 ·w. wh )r ~ fr ·sh ~nrfac ::s hilv h n xposed in bla.ting 
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for the dam. The light-blue and pearly-white layers of the beautiful mar­
ble here seen are thrown into a series of unsymmetrical folds. The western 
sicle. of the little anticlinals are . hort and overturned, while the eastern 
8ides ar ~ lmw and gently inclined. Evidently, if the sam~ system of sec­
mHlary folding hold. throughout the entire thickness of the formation, sur­
face oh:-,ervatiorn; would show everywhere ea ·tward dips at variable angles, 
dependent upon the portion of the fold ,,~hich happened to constitute the 
parti ·ular outcrop, and gentle dips would he more abundant than steep clips. 
Thi. woulcl completely explain the oh e1Ted variations. 

1 
1imilar variations aud lack of regular sequence in the dips are found 

in the :-;outhern river section. Five good ob 'ervations range between 20° 
and 5t O , all ast\vard, hut none of the exposme is sufficiently extensive to 
,'how minor fo],l;-;. The mean of these ob 'errntions is about 40°. 

The :urface width of tbo dolomite zone on each section is a little less 
tlrnu 3,000 f~et, a::-;uming that a fair proportion of the covered zones on 
each . idc i. underlain hy- the same formation. If the average observed dip 
is taken to represent the average dip of the rock, the thickness in each 
ca:e would be a little over l,!J00 feet. This i probably too great, and is 
certHinly too gn:at if the ,·ame kind of internal crmnpling Yisible in parts 
of the upper river section is characteristic of the formation throughout. 
The aYerage dip c--virlently woul<l m< re nearly be represented by the clips 
of the 10110· c::vt •rn limb.· of the little anticline". A "nming that these are 
l :,s than the mean w find tho a,verago of th dips below 40° to be 30° for 
-'}1el1 , ' •ction. Thi:; criyes a thickne : of about l,fi00 feet, which still is per-
hap:,; beyond th<-' truth, bnt is probably much n arer it than the first value. 

It i. · i11t r ...ti1w to conqmr, this re~ult with the thickness of 500-1,000 
f •et ol)trtin ,,l on th, two F 1lch Mountain s ~ ·tions. A part of the increase 
i:s prol>n bl y <lue, a:; a.Ir )a<ly •xpfainetl, to the earli~r be0 ·inning of limestone 
<1 •po. itiou· in the }Ii ·hi<ramrno nrert. But an importnnt part of it is prob­
abl. , 11ot depo:itional nt all, bnt is the re~ult of plication ' . Tho whole 
. ,ri<::-i h ·r, i. ' but w•ntl. r tilto,l ns compared with the waJls of tho Felch 
11ountah1 trou,>'11 mi<l hence tho strong horizontctl pre8:mres have acted 
iu a dired.ion hut slightl.Y inclined to t.h h dcli1w. T'he result ha: been 
th, . (~eoiHhlry cnm1pliug- within thE formation which mu t contribute in au 
importaut <lecrn'<' to its prei-w11t app,lr •nt tbi kn s:-;. 

In tlu~ :cntterecl outerops of the Uichigamm Mountain area, the 
)!OX XXXVI-2 " 
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dolomite trikes and dip~ toward all point~ of the compass. 'I'hi;-:; inegularity 
is can~eel by the gentle arrhing 1_n-e.r the gen ral uorthwe~t-southea:-;t axis, , 
combined with mueh harper lu ·al ·folding about a :--eries of axe:, whi ·h nm 
more nearly eat and \\·e:-;t. Th ... hest-c.lefined east-and-,vest folds o cur 
"~e~t pf the main axis in ~ec. 32, T. 4-! K., H. 31 ,Y., in which three ,.yn­
cline~ and three autidine;-, are found alnno- a 1wrth-aml-south :-s ctiou 4,UOU 
feet long. The two :-.~mthem s~~neline~ an• ~nfficiently deep to inclml the 
oYerlying ~Ian~field phyllites. The .~ _,cornlary folds die out toward the 

main north-awl-~nuth axb and broad ::.in to,Yanl the \Yest. Ea:-;t of the 
r~ain ax:i , hut one secomlary fol<l ha:-; heen reengnized, muuely, the synclin ... 
which form · )Ii ·higamm Mountain. 1 his i • tlw deepe:-;t of the Becondary 
fold:-5: and the only one containi1w th i-nwelan,l fornwtion. 

PETROGRAPHICAL CHARACTERS. 

The Rand-ville formation in thi" area i~ rid1er in lithnlngicnl vnrieti :.:s 
than in the Felch }fountain ran°·•. A:-- originally llepu~ited, n nm~h larger 
proportion of :-;,md awl mud wa:-; mingle,l with the carhounte::;, ancl th pn,~·­
re~ • nf ;-3ubsequent metamnrphi~m a1:--o has h :ieu l '·:,; uniform. Depe11<ling­
upo11 the interaction of the::;e two fa tor-.., we rind, a the extremes of -variation, 
on the one harnl coar.- ~m harniclal marhl ·~. immet.imct'\ Yerr pur., lmt 
mo..,t oft Ju filled with :,etomlary ~i1i ·ate"' and nn the nther harnl ti.ne-grain ,,l 
little-altered lime:-.tunc:--, whi ·h o ·cn-..inun.11y ar _. :-:;o impure as to be rn.th ·r 
calcareou • or dolomitic sanchtoue:-; aIHl ~hal .. .._, The more impure Ynrieti ,:,:; 

occur, a ~might be expe ted, u ar th· ·onta ·h with the a,ljnceut formation:--. 
On the Fence H.iY •r, in ser. rn: 'I. -14 ........ , R 31 '-Y. the ba:-;e of the 

dolomite re-..,t--, on the Stm·g-:•on formation. The rod~ i~ filled "·ith oTain~ of 
quartz and felcbpar arnl scale: of ·hlnrit ancl i. so ~oft that it mn:· b .. 
crushed between th" finger . I u ~ •. H:.: T. -1-4 ....... , R. 31 ,v., the top of th 
formation i::; iu eon tact ,Yith th:, Ma11sfi hl ~lat)~ and bet\\·e ~nth m iti n com­
plete ~erie~ of transition h ,,h;. ... ..,. ear th• jmwtio11 the limestmw hecon1es clarl~ 
colored and contain~ thin band.- in whi ·h th .. da:· .,y material µ;r )ntly exc, ,cl" 

the carbonate..:. These are ~w ~<', •<l '1l b ... alt ;l'llilting he<l:-- nf :-;late nrnl impun: 
lime tu1e in uearl. • qual Yolum , and it i.' nnl:· hi<'.·h np in th 1 slate JU ··mh •r 
that th _,, ·al ~areous harnls enmpl .,t •ly di"'app 1 nr. Apart from thc:-\e h .,lt: of 
exh·em irnpurit. • at th} lm-..,p ancl top llf th, fornrntion th" pr ':--e11 ·, of ,.,,c•at­
tered fra0'mental grain:5 of quartz and C,l1b,pm· i~ rnther µ:en lrnl throng-h(lut. 

Th • pr :.n1.1 nt eolnr:-; ar ~ whit • rnrinu:-- ~had •~ of pink, both light nnd 
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<1<.:,~p l ,1ne, awl pale green. vVhere weathered, the u~ual colors are lio·ht 
b 

1mJWll or huff. Th lighter-eoloro<l rock:-; in general are ·haracteristic of 
th, I◄ enc.;e Hi,· 'l' area, where metamorphism i:-; more uniform and more 
i11te11~ .. , aud tlie ,larker color:-; of the Michigamme Mountain area to which 
the It~-.::-; 0ry:-;talli1w form:; ar' wholly ·onfinecl. Bamh differently colored 
ar • 11 •arly ahvctys pr•~ .)ut in the ~am• outcrop. 

fa tl1 • )lichig~1mnie }fountain area th tor -ional Htrains nttendant upon 
tlH; formatio11 of fold.· in two direction~ hnn~ deYeloped two systems of frac­
tmc i11 the clolrnnite. In the~e secondary c1uartz hai, formed, occat,ionally 
in lc1rc,· • m11ou11t. Of n1ud1 int •re~t i: the occurrenc.:e in clo:e connection 
with :,;ueh Yei11 <1twrtz uf oc<.;a.fonal 1hiu hand· of pegmatite, doubtless aris­
i1w from th• adio11 of ,l • •plr cl •riv ·<l water~. In ~imilar :-ipace:.; c.;oar:-:ie 
:--<.:<·01ulnry earl,011atc~, trcmolite, and oxide· of iron alBo luwe commonly 
forn1<.-:cl. ( v •r tl1 , ~nwll anticliual ax ·s awl dome:-:; of this nrea the original 
band.- of th, ruck Jui vc often he .. n :-ihntt •reel, and are nnw recognizable only in 
di. plac<~,l fra,o·,w;nts · •me11ted together h)· the new mineral:-;. In the Fence 
Hi,·,;r ar ,a the gen •nd :eco]l(lary fol,li1w ha:,; heen attended with differential 
111nve111 •nt:-; along th, bedding, whi ·h left narrow op 'll Bpaee:-; where the 
c1dj,H~•nt :mfac •:,; foil ,,l to fit in their final position of rest. 'rhese f-paccs are 

w,w indiuated by •oar::-e1y -rysta1line earhnnate:-; and silieate:-i arranged uor­
nrnl to the origimd walls. Where the spa·• wns a wide nne the outer walls 

tmj n ·trnlly line<l with eonnm calcit ·, while the interior is filled with quartz. 
In the Michio·am1ne Mountain c1r •a •1 rtain pink liarnl· of the dolomite 

lrn\·e ah •antiful oii]iti • tcxtur ,, which is mo~t ·l arly brought out in "·eath­
·ri1w ln' the ,,. •ornetric:al r ,o·tilarity of distribution of th harder 8hclh; or 

c()n.: • uf\lie little nrnndccl grainH. 'I1h 1 formK nr· nut different from arnl are 
quite a: <1i.tiuct a· tho:, in the oii]itic 1ime:4ton ·~ of rercnt depo ·ition. 

Th, diernical composition of th 1 dolomite:-; i:4 illu~trate<l by the follow­

i11g partial awil,r:c: by l\Ir. H . .T. For~.'·tbe, of Harrnnl rnin1 rsity: 

-lnalyscs <l dolomilt•s from Jlicltiyamnrn Jllo{udffin area. 

I. II. 
J-~ 

I lfoai, h: o ius,:L i u 11 C:~ • • - - - • • • - - --.--::-. j 1,1. :.?5 1 !.UI 

I A}z(l· oJO~...•••• - - - - - • • • • • • • • • - • • • • • • • · } 11. 15 12.57 

7. 1 15. !l'l ~:~~~L ~ ~::: ~ ~:: ~: _.:: ~ ~: ~ : : ~ ~ ~ ~ ~ ~ ~ ~ ~~:::I 1 . ·1 Hl. :.?:.? 

,~-1 
................ 

5.3~ 
:W.tlO 
lo. 3. 
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The ratio of CaC03 : ifg003 i:-; too o-reat for normal dolomite hut 
approximates that for 2 ◄ aC0 3 +)IgC0 3 . 

Under the micro 'Cope the hi f difference~ in the Yarious thin sections 
are in the degree of metamorphi..:m and in the quantity and character of the 
foreign fragments. The least altere<.l Yarietie are those highest in the serie~ 
from the ~Iicluo·amme )fountain area. These con ·i.-t of a )Jackground of 
extremely fine-o-raiued calcite, ·with a few round d fragmental quartz grain;-., 
and ·catterecl particles of chalc dony. Mixture· of .~mall quartz particle~ 
chalcedony, and calcite ·lirrhtly coar:-; r than th background occur i11 short 
vein-like ga he". The prevalent deep color of these rocks is clue to the eYen 
prinkling thro·ugh the backoTonnd of a hlack opaque pigment which may 

be carbonaceou '. ...-\..!together th micro' opic characters are tho~e of a 
little-altereq., lio·htly ·hertr lime:·ton : 

The more cry talline varietie ~ of the dolomite contain ~eYeral secouclar. -
mineral -·, namely, tremolite, cliop 'ide, chlorite, mu ·co--vite, phlogopite, pyrite 
ancl the oxide, of iron. Of the 'e, tremolite i" ,·ery- common and abundant 
e"'pecially in the Fence River ar a, wh r • the rarer pyroxene, liop id , ah-o 
i found. Phlogopite come· in hut two of the thin sections, while mu ·coYit:. 
occm-. in nearly all. Th,, o·en ~ral hahit of th se Hi1icatei4 i: precisely the 
ame a-- in the dolomite f the l: eleh :\fountain ran°·e. They are cleY lop ... a 

pari pa "U with the passag • of the nunlter d dolomite into mnrhle. 
rrhe fragmental in lu~ion~ within th\ dolomit are of interest. Th ,.:--e 

are little pebble· of quartz, f lclspar, mi ·a titanite, magn ,tite, and augit : 
and are e·ddently derh·ed mainly from pr :)exi ·tiiw gnmite.· or 0·n is:-, . 

Titauite aud augite are Yery rar ; th nthl'.r:,; are repre~ented h1 almo:,t 
every, li<le. The quartz oTain nr s ,ldom mor than a miilimet r in diarn­
eter and commonly are mnch :--mall r. . ·while the g .,uernl Rhnp" i:-- ornl or 
rouude l in mo ·t ca ·c ', the perim ··tcr~ ar) u~un11.. , extremely irregular and 
interlo k with the ·arbonat 0 Tain~ of th) ha ·k0 ·rournl, which indicate. tlwt 
thev lun-e been eular<red :in~ tl po:ition hy the fr rmatinn of n w :ili ·a. 
This is y ry vie.lent in th· f ~w in tmw :.s in whi ,1t th:) original :mo )th rnt­
line, 1 r part of it i, pre~en· d hy a film nf cliff rent material iu~id ~ th~ 
pre ent perimeter. The t ldspnr p 1 bl : in ·lwl 1thoela~ J microclin awl 
plagin ·la· , mi ♦ r cliu, b ing the ·nmmon ·p cies. The:~ are usually mu ·h 
decompo "(l arnl iron 'tniu cl 1 h, foll par~ ar ~~p cinlly abundant ju the 
·licle~ from th• F n Riv ·r ar a. 
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Th<-! elastic 1whbles give us , triking proof of the general and seYere 
int ..rnal :trains :uff red by the dolomite the effect of which have healed 

v _.r ,vithnut a :car in the ca,rhonate mMrix. The pebbles are always 
optieally ·traine<l. Very often they are fractured and the parts eparat~d, 
arnl sometime.-· th ? luw :i b )en reduced to small fragments. In these ca "'e, 
tlw br "'ak • luwe h :.en completely healed by the :flow or redepo~ition of the 
grnurn1ma:s in the interstices. The.'e effect~ are found in greater or less 
clegr _. _. in _.v0ry thin .·c ·tion. 

Th .. oiiHtie varieties are very interesti1w under the microscope. They 
cou:ist of littl,. oval or round areas, avera<ring 2 mm. iii diam ter, packed 
tog .. tlwr as <'lm; ly a.· po.,sihle. Each oYal ·onsists of a single or c:ompournl 
nucl u~, .-mTomHled by several thin and very even concentric layers. The 
uudeu.' in H few ase: j:-; a single roumli h quartz individual, evidently a 
·la:tie <>Tai11. In m<d case·, however, it is c.:ompo eel of a great number of 

mi1mt, quart½ grain.·, or of several coarse calcite grains, with films of iron 
o.·icle hutw, •n. Th, arrangement of the._e ~rparate quartz and calcite indi­

vidual.-· i.· sud1 a:-; to indicate that they haYe filled interior ca·dties. The 
.:urrnuwling thin layers arc calcite in all ca' s. Hometimes two at1joining 
unclei •a ·h ·within it· own rim of sewral layers, are together included 
within a ·ommoll ~ •ri s of .·hells. In one ~mch ca~c the out'ide rim trav-
.. r--: •cl th<: •dcr ,,~ of th riugH smToumling- one of the nuclei with a decided 
m1<;011formitY a.' if th 1att 'l' harl been •r clecl b "}fore the depo ition of the 
fornt<;r. Th..,e oiilitic structure, I belie,~;;, ha:-; not hitherto Leen noted in 
lim ,stu11 ·,. of urnloubt cl pre-Cambrian acr '. 

, E 'TI<YN IV. '"l'JI:b} l\IANSJ,~IELD }'OHMATION. 

Th, t_ ypical lncaljty of th )fausfielcl formation is the l\Iichigarnme 
Hin.n- valley ill th, vicinity of the l\Ian ·fi lcl min , whie.h lies a. mile ,vest 
of th, 1H>rd···r of my ii ,Jd <~f work, and i.· a,_. Tib d by- i\Ir. lement~. Tlw 

~· ,rnw forn1atiou how •vcr, is present in th l\Ii hi<-ramm l\Iountain area, 
w]H.;re it. r.,lation.- to th acljaceut formation.- nr· ·I ~arly defined. Iu the 

F ·ucc Hiver area rock. · of ,· •ry dif~ r nt drnra ·t r and derivation o cur at 
tlH.; .\Ia11.-fielrl horizon. The:-:; o • ·ur in t Tpi ·al cl Y lopmcnt to the w "'t 011 

tlt • JI •1lll •k m,· •r :rnd are lH,ncv (·nlle<l th, II mlo 1 k formation.
1 
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DISTRIBUTION, EXPOSURES, AND TOPOGRAPHY. 

The :\Ian ·fiel<l rock:, of th )Ii ·higmnme l\lotmtaiu area consi 't of 
phyllite;, or mica-::ilate::i of Yarion::; ·olnr~. They- are found in the . erie~ of 
ea~t-,Yest ·yn ·lines, sd1ich ha,·e already been <le~crihe<l iu <·onnection with 
the Ramhille formation. The he.t expo:;ure-_ necur in ::iec. 32, T. 4-4 .1.. .... , 

R. 31 ,Y., bet,veen the center awl the west <1mu·Pr post, and ·till farther 
north alung the south bank of th ~Ii ·higmrnne in the 1101-th"'Bi-lt quart ,r of 
the :-:ecriuu. They are abo found round the· western edge of the )Ii ·hi­

gamme l\Iountain syncline in ~ee. 33, T. 44 X., R 31 '\V., and in ~e '. 5, 
T. -13 .....,.. R. 31 '\V., but here the exp<hure, are mainly in te~t pits. rre~t 

pits haYe likewis _. penetrated them in :se •. 10, T. 43 X., R. 31, where they 

succeed the dolomite as the ·nrfa ·e roek nver the general arch. Their 

extent in the coveretl portion· of thi area is probabl.'- considerable, 1 ut 
the ::;trn ·ture ii:i ·o compl x aud the out 'rops so f w a~ to forbid any but the 
mo ·t approximate ondinino· of their ~a-en :)rnl bom1<.larie8. 

The O'eological po ·itiou of th:. :\fan ~fi-.hl rotks is free from doubt. In 
the priu ·ipal ,. ynclin, of :-,e ·tion 3~ th ·y ar _. ~ • ,n to (>Y ,rlie t~1e dolomite ~ 

and to pas..., d°'n1wanl into th 'lll hy c1 r --lafrr )ly ~low gradation, ·wliil • 011 

the bol'ller..., uf the Mi ·higannue :\fountain ~ynclin' they are proYe<l to 
underlie the GroYeland formation. Th pns--age to the higher formation 
likewi:;e j..., u·nuled though mor • rnpi<lly-1 awl i~ marked in eertain bm1<.ls lJy 

au increa ·e in ·la tie quartz grain~ aml hy ·lumges in the chnra ·ter of the 
mah·ix in which th .A~e are .,et. 

The poliion..., of the urfa ·c und rlain h.'~ the .Jansfiel!l formation are 

without ~pecial f ,atur ·::-, awl are inrli~tingui~hahl, topooTaphi ·ally in the 

o·ently rollin°· plain th, gr ,at •r p >rtion )f ,d1i ·h is form "d iu th• dolomit ,.:. 

lu ·e ·tiou 3:? the outcrop. ar • miniatur ridg ':5 •lnngnt ·tl with th" .·trike, 
the heirYht ,f whi ·h hmYeY r, i.: 1 ~~ thnn th 011t rnr interYal of th, rna}_). 

FOLDING AND THICKNESS 

._; Orrhe fnl,liwr nf th • 1Ian~fi ,]d rod~~, for cl:-- it ('illl he <letermilH:;d 

in thb ar a, lw:j alr ..n<.ly be '11 d •:-.crib-.d in th· n ·count of th' pr .. c ..ding 
formati m, th •rli ... kumYll n11ly\Yhich ·r (ff Th• n, ·h, m' • in th• :,; , ·-
ondary "~ ·11 ·line:-; whi ·h Ii" tnm:-;Y ·r , ti_) th· geul'ntl direction of th~ 
main axi,.. outh of th• Mi ·hi~·, mm PiY •r. In th'-' :...outh :-.rn of the..-, :-;~·n­
clin •-.,in.- •. 32, rl. 4-1 ... T., 1). 31 '\\'"., li•t,Y· nth• lim,:-;tune r1m~ uu th---
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north a11<l ::;outli, a ;-;uperficiH 1 width of about 1,800 feet of phyllites is 
-'X})O::- •d. The most Huuthem expn;-;un,;-; 1lip rnntlnYarcl at a low angle. On 

the 11orthern rim the true be<lding- i;-; nearly Yertical. EI~ewhere the Yer­
tiC'al clearnge ~tructure alone ii; 1lii.:;tingui~hable. The upper limit of the 
formation i~ not found in thi:; syncline. )faking the mo~t liberal estimate 
fm po::; ·ih]e minor c·nrn1ple;-;, it i:-, irnprohable that a le:--~ thickne:5 • than 300 
to .1-()Q fc~ct occur;-; her•. On the en;-;tern ~idc nf the main axi:-- the phyllites 
h<~low tl1 , Gron~lan<l formation are Yer-v nmch thinner tliau this the thick-

. ' 
w~:-< nt the lntcrrnnge exploration, for example, beiug 0111~· about 100 feet; 
lJut tlier<!, n~ w ,]l c1 • along the whole wc:-;tern edge of the Michigamme 
~ lr,111J1Hi11 :-yn<'liw~, the lower conta ·t with the dolornih• i:-; probably fault<.!cl. 

It ·<·111;-; entirely :-,;af •, th •refore, to plal'.e the aYerage thickness of the 
Mm1:--liclcl formation in the :\Iichigamm l l\Ionntain area at not less than 
400 f<•d. 

PETROGRAPHICAL CHARACTERS. 

Tl1, Mansfi ,],l fornrntinn cousi:,ts almost entirely of Yer~T fine gn1ined 

rni<·,1-:-date • or pltyllit, •. The preYniling colors are dark gTf'en, l>lark, and 
li 0 -lit oliY •-green. Tlie~e arc often rnott:le<l i1Tegn1arly with reel, clue to the 
infiltration :,f irnn oxid ,:-; along the sc• ornlnry clenYnges. Th., ·leavage 

:--urfa<· •:; liaYc c1 dull 1nl-3ter, cnu:e<l hy the ]HU',1llelisrn of the micaceous 
mi1wrah;, wlti •It ar, too minute, limnwcr, to h • distin:>·uisherl L~r the eye or 

l<JH:--. 

'l h<:. pltyllit<;~· are often finely baIHk<l in differeni colors and ~hades. 
1.,. •ar ti!(~lms,1 of tit, fom1,1tio11 band:-- of limcstnn 1 nrnl near the top thin 

hrnd.. of gra_nqt<'ke ar, illt •rhucl<lucl, n~ lws alread>· been :-;fated. Quartz 

and c·alcit<~ lens,_. cir 1 not mm:unl iu th ' minutely puck<.•red portions of the 

funw1tion. 
Tlu..! . e<·ondmT cleuYag-c iH the promin ·nt :-;trudnre, awl, irnleecl, the 

n11h· :-.truetnn, of' tl~e onf<'ro}.>K whc•re the <'ol<,r ancl texture haudinµ:i'l <lo not 

,l}'];<;ar. It:-. g-<·llernl direction i;-; transnff::-,<~to tlt(1 main areh, or nearly ·eai:;t 
n11d we . t, .111<! it;-; dip i:,;; alrno~t ,·ertic ..1l. 'l'ht· north-snuth rnmprc>:-;~ion tlrn 

appc.:.tr:, to lw\·e b '<'11 the :-;trongcr, or to have b) '11 aetiYe 1'10m )what later 
in point of tim,; tlum the <•,1st-w<:1Ht c·on1pr ~:-;.' inn. 

wl"r dw rnicru:;c:np' tl1 'ph>·11ites an• ~t•eu to b • ·omposccl principa11y 
11f ti110 l<~aY<J:- of 111us •ovit • nnd d1lorit' often also with n little biotit 1 and, 

with n variable nnd usually s111all ,llllotlllt of quart ✓•• feldspar, and som ,time:-; 

https://appc.:.tr


440 THE CRY"TAL FALL IROX-BEA.RING DISTRICT. 

calcite. MaQ'Iletite ilmenite, and limonite are usually rather abundant. 
Pyrite also occurs in a few 0 Tain, in nearly eYery· 'licle. The differences in 
color depend mainly upon the relatiYe pr portion· of the chlorite nncl mu:-i­
CO\""ite, the former being characteristic of the dark-colored, the latter of the 
light-colored, rock:. The rnry dark-green or black --varietieB contain abo 
an opaque and probably organic. pigment in Yery minute particle.. The 
quartz and feld~par grains are usually wry mall and inegulnrly shaped. 
The larger, howernr of which a fe"· occur in the slides from the le,,' com­
pre . ed rocb, have well-ronu<letl contour.·. In other case' extremely 
flattened and ~truno·-out len 'e, compo:e l of many small particle, represent 
what ·were doubtles • ori<rinally ·ingl cla~tic grains. 

Two :rnrietie • of clearn°·e are ,yell illustrated in the thin section:--, 
namely, that can ·eel by th parallelism of the component minerals, and 
' a1rweichun0':s-cli-nw .'' The former hi chnra teri tic of the coan~er­
grainecl varieties, and the latter of the fiuer oTained, wher the direction of 
pre-, ure ha· made a lnrg nno-1 with th~ hedcling. In some cases the little 
leave, of mu·covite outline parallel and equal fold', less than 0.2 mm. from 
ere t ti ere t, each of which i ' ruptured .ometimes with Hlight dLpla ·t... -
ment"', ;-;ometimes with non ., ntirely ,1 ·rot-s the ~lide. The ·tructure is mo~t 
cli ·tinct in the red phyllite-;, in which th· fra ·tnre~ and the arrangement of 
the mu 'C vite plates nr learly outlin ,1] by the ferrng-inom, :stain. Ea ·h 
kind of deavage iu a different way t •ll~ the :--tor:· of extreme pre":mre. 

'ECTIOX Y. THE IIEMLO K FOR .. L\..TIO:N". 

The ~fa1rfield formation of the )Ii ·hi 0 ·amrne Uonntain area ·hmw .... 
alono- th~ 'trike iuto rock~ of an ntir .,ly different character, which, n: 
alreadv aid hm~e been nam d th ~ Hemlu + formati n. 

DISTRIBUTION, EXPOSURES, AND TOPOGRAPHY. 

The Hemlock formation in the Fen· RiYer area consi:tR of :-;eYernJ 
varietie • uf . chi:-it. whi ·h oc ·upy n l ·lt h :.tw) ..n 2 000 nn<l 3 000 f ·e in 
·width h tween the tlolomit on th w ~~t aml th GroYehmcl formation 011 
the ea~t. rr h., b ,:3t --xp sur ,-.; o • ·ur ()11 th two riv -'l' s ttions alren<ly 
referred to (p. 431 ), but out ·rop · ar .. 1y no m 1 Hn • lacki1w el' wh .. r.... \t 
th northwe.t orn r of th, ar ,n in -s •. f.i, T. 45 \ H. 31 \\ ., the , ·hi")t 
ar f mn<l trikino· T_ G0°-70° \\~.. and dipping 11( rthea::-t about 40°. En" ' 
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of tlw center of :,ee. 1(), T. 45 N., R 31, a few exposures occur, the 'truc­

ture of ,vhid1 :-,trike:-- a few degrees ,Ye:-,t of north and dips ea.·twanl at 
a11°·l • .. ' of J:5 ° to :)()c. Iu sectimv 21 and 2?, a mile and a half outh, uumer­

ou: out ·rop: in . ·imilar attitude::; are fouml along the northern riYer section. 

lH :--ee:,;. 3 arnl 4, T. 44 N., R 31 "\Y. a fe"- seatterecl outcrop:s only ham 
been fournl, but throughout ·ection 10 they are Yery abundant. For the 
11 ·xt 2 miles :,onth through 8CC8. 15 and 22, rr. J.4 N., H. 31 ,Y., only a 

few . ·mall ,xposnres have been discovered which have the 1:mme northe~rly 

trike arnl eastwarcl dip. Thu.· for a dHance of 11 mile: along the strike 

expo ·ure:-; o • ·ur at comparatively .:hort interrnl ·, the lono·e t gap being 3 
mil ..~. 

In general this belt is one of :light elevation above both the dolomite 

countn" on the w ~st aud the iron formation count1T 011 the east. The areas. . 
of 1> ·:t expo:ure are d1aracterizetl Ly Yer~- rough topo 0 Taphical detail8, 

whieh are entirely lo,'t in the generalized ·mTes of the map. Abrupt trike 

ridge", ·eparnted 1Jy narrow raviueH, suuueecl one another at short intmTals. 
111 tlw eov ,red ar •a:; the .'Ur.fare, while r :ltaining it "' general eleYation, has 

lH; ·u l<~v •l ,<J off hy th:. clepositinn of till in the hollows, and ha' the monthly 
uwlulati11g ·,mtour► ' <'haraderistic of till-rovered area ·. 

FOLDING AND THICKNESS . 

. 0 S(~COlHlar · fold ' lian, be >l) det _. ·t ·d \Yithin the Fence HiYer area of 
tlH; lle1nlo •k fon~mtion, and on ac ·mmt of th .. metamorphi:•m1 and ·leavage 

:truetur;d ohs<~ITation • are not' po:-;sihl .. from which they might hJ inferred. 

Th • 011ly <"kmr •vicleuc, as to the attitucle nf the rocks was affonl cl by the 

contact nt. 011 , lo<'ality b -'t\Ve 1 11 h •cl~ of am:·gdalnid and ao·o·lom •mt). 

Th •re the~ clip i: en:twanl at an mwl) of :)0° . The :,urfac) ,d<lth of the 

fornrntio11 vari ,s l,c;tw .. 1 11 2,000 and 3,000 feet. If 50° ii; takeu a:-; the dip, 

the thi<'kll •s,' wonl,l I, .. frolll 1,f>OO to 2 300 f et. If the l.ffernge dip i • 

as~lllrnJi_l to be 40° or the a,· "l'cW • of the observecl <lips of the underlying 

<lolo111it •, tll!., thi<:lm •~:-; would 1>' from 1 300 tn 1,900 feet. Or if 30° be 

tnk •11, t11e a,· •nige of th .. ]ow ~r clips of th .. dolomit ' , th' thiclm •:,;:,; would 

b • 1 000 to 1·,r,o) f • •t. \V' may ,'ay, th ,refnr \ that the thickne:-:;:-, north 

of tluj :ouf li •m rin~r R .. ·tion is prnhnhly ll()t l •s.' than 1 000 nor probably 

more tlia11 2,300 f .. t. ~ 'outh of tlw :-;outlwrn 1frer .·ee.tion th thiclme;~ 

din ini:,d1 •:-- rnpidly. 
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PETROGRAPHICAL CHARACTERS. 

The expo ·nre~ through section 10 and the northern part of sec. 15, 
T. 44 X., R. 31 \\.-the southern riYer :-;ectinn-giYe U8 a nearly complete 
:-;equence aero -~ the 1fem lock formation, the principal gaps being on the 
extreme east and "·est tlrn~ leavi1w th details of the relations with the 
dolomite · below arn l the iron formatiou ahu,·e mH.li~clo:;ed. In this se ·tiun 
of 3,OfJU feet in length, the ro ak:~ ar.:. ·hiefly ch1nritic cmd epidotic .:chist', 
with which are a~:-,n<.;iated s ·hi~t~ bearing bjotite, ilmenite, ottrelite, and 
amph.ibole. grec,n~tnne onglom ~rat ·s or aggl1n11erates, and amygclaloids. 
The ·e nwb nre characterized by a g u :.rally fin:. and eYen grain, by a lack 
of ~edimentary character~ arnl h_v a dnnhle strn ·ture. In most of the 
Yarietie-.. min -'rab, whieh ham form ,tl quite indepemlentl~v of and later than 
these _, tru ·ture:-, are maerostopieally <:t n::;pi uou •. The preYailing eolor j::3 

green, pa~:-in<r to dark purple awl black in the ·nu-ietie' ju which biotite, 
hornLleucle, c:UH.1 m::umetite nhnmHL... 

The distinction macl ~ in the fi ,]d bet,Ye 11 the :-iCYernl Yarieties of the 
~chist::i is a rou:>'lt nue, im licntin~r the pre(lominatinff mineral ' rather than 
implying the absence uf the others. In fo ·t nll the n1rietie • arc intimm:el~~ 
relate<l. The chlorit -:-; hi~ts are Yery foie-grni11e1l green rock·, u::iunlly 
from their color eYidently Yery 'pidoti ·; the:· \\' ather to greenish or piuk­
i ·h white. The ·1eava 0 ·o ~urfa • •~ are ,ften pl ~ntifully ·prinklecl with little 
flakes uf bintite. Fre<1n ·ntly abu blnck n ,dles of ilmenite, brilliant plate::; 
of ottrelite, and large' cln:--ters of t ·tinolite nm irregularly through them, 
quit independent of th· ·l ..aYag-es. Th~ hintite-:--chist: are mueh dark ·r, 
and la ·k the gre ,u enlnri1w. Through th m alsu the same metamorphic 
minerab are fr ·qu utly i11t .,1-la ·ed. J\v an in Tea~· in these min_,ra1.· the 
pa ~ ar,·e to the other Yari -'tie:=- in limit ·rl expo~un'" is a YC:1')~ 0asy one. 

Gr Vi1-.,tone-conglnm .,rate:- and amy!.tdnloitlnl rocks o ·cur in a few 
expo~un...... In the form ,r lio-ht 1•T"ell or grar nphauitic inclui-;inn:-;, of 
angular =:;hap ,~ ·rmwi11g- frnm au i11d1 to ~ t r 3 fed in long tlinmeter, ar 
in ·lo el in l mntrix of chlorit<.>-,Tl1ist or l iotit •-:,.chist. The chl )rit •-:,; ·hi ·t~ 
1ften lrnld round or l .,n~- ·hap ,d re of ··pidnt and epidnte and quartz. 

That th • ar fill ~,l en ,·iti ,::; ·nn in mo "' t <'}bes b shown on1 y hy the micro-. . . 
b ·ope, yet "'Ome of the lan,.?,' ·r amy!..!:dul :-- lrnY(; a handed :-itructur 1 :.yicl •nt 
tn th• nake<l eye. Th•:-;, rn ·ks nr n • -..trndurnl intere~t :-;inc they ar th 
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0111:v mem1J ~rs of the anm which po. es:-, undoubted b <ldiug. The plane of 
·ontac-t b ·tween m1 am~·g<laloi<l and a Ia:~er of green tone-conglomerate in 

• •E, .l :-, ·c. 10, T. 4-4 ... -r ., R 31 \V. dipR aM,Yard at an angle of 50°. 
Two we1!-mark<_:cl :-.yRtcms of ck1 }ffcl~' J trnn~rse all th• rneks of the 

~outhcrn rivc'.r r--eetion. Tb· m1glc h 1 tY:een their strike~ is always acute 
townnl th, 1wrth, ,·ar.dng· from f> 0 tu n:,,; high a:,,; 34° in different. ,~posure •, 
w·liilc; tlw direction of tlie l>i:-,cctrix i:-- alnwst tonstnnt at 1. T_ < 0 -1()0 '\Y. 
1'he <liJ) of hoth :-;,-. ·terns is towarcl th., '<1st at about the same nno-le 

J n ' 
mun •1y 50° to (,0 ° . The two :-;~·stems ar • wmall) hoth Wt·ll clevelope<l, so 
tliat the outcrop ,<lo'•~ hr,ak clown by w -·nthering nlnng zigz<1g- l_ines. 
Tl1, character of 1lw d(!a,~ag· •:; varie:-, from fine part.ino-s which rliYide the 

.~m·fat<~ into rl10111l,::;, ::;ometinw;,:; ,xtrenwly r 1 ~2:ulnr in the more aphanitjc 

rnc~ks to a ._:ingle p •rf .. C't schi~tor--ity cap,1 hl 1 nf minute subdivision, along 
wl1ic·li tlw· ernllJH>liellt rninends :tr~, visibly alig·ne<l, in the mor cry:-;talline . 
.Aln1w th• elc~arng<!:-; seams of' qnnrtz c1rnl c·nleitc ha.Ye frequentl_v formed. 

Aloug- tli<.! upper river section ti1e ro ·k~ of th 1 area are distinctly more 
<Ty. talliw~, nnd are chi ,fl_v hiotite-:-;chists and hiotite-homhlende-sehiMs, the 

latt •r often ver,, com•:-;'. The)· are :-:ometim<.•s handed, bnt YCIT irreo'ularl"'.,..
., ; ~ .. . b ._l' 

1I1 • ] •ntienhll' c;li~1 racter of the 1nncling :-,n~·ge~ting the rhomhi • cleavages 
,.f tlic.: ~ontli •rn sc~ctio11. ►' _,me of the finer-gm.in 1d biotitc:-sel1i~ts contain 

runwI 01· <..:lo1wat<.:d HI' •as of quart/) and epiclot 1 
1 which resemble amygdnle:-;. 

"\Vitlt thc;:-.e are ,1::;.·ocintcd co11:,.iclerahl' thi ·kne.... :,;e:-, of seri ·ite-:-.;ehi:;;ts, full of 
littl<.: <1.V<; s of hltw ,1rntrtz; thes l ar 1 e,·jdentl~· m tamnrphic acid "ruptives. 

'I lie wi,ltli of the 11ort]1C;n1 :,.ection is nhnnt :2,000 feet. 

Uwl<_:r tlH.: n1ic·ro~<:opc tlw IIwulnl'k ~<'lti:-.t~ nf the Fence RiYer area 
11:i,·<.: a µ-c·11c.:rc1l porphyritic hnlJit. 'I wo rnnin rli,·isions only ar l clearly 

d i:--ting-u i:-dH;d. 11<:; of' t l1 •sc is th • fi1w- ~-rnin ·d mien (sericite) Rchists, 
wliic.;11 .,m.: c;]mra •terizccl hy tliu pre:;cllc • of mns<•ovite as w ·11 as biotitc in 

th llll<;rc H~rv::-ta 1li11e gronncl1nass, am l tru • phenocryst~ of f lldspar and 
bipyrnrni,bd • quartz; wliile the oth ·r emhmc: •s all th :l other rn.ri •tics, whi •h, 

cli n•r;-;e a , t lH; \' lllH lou htc•d1 y ·an!, 1uff ' ~- ·t c· •rt,lin important c.harn ters in 
•fllnll nn alld H;'.t: cornwct,,d by gm lcltio11s. Th ' serieit •-:;; ·hists are obYiously 

JlJ<-'t:1111nrpl10:c·d ,1cid 1:iV}I~, nwl JW ·cl 110t 1>. cl •...,t'rih(•cl in a tnil h r·. 
'I lie ori<rin of tl1 • ~c1·011Cl cli vision how ·ver, i:-- far mor ... ohscur ,_ The 

J.. a. t altorn<l of t.lt •. c rocks poss •ss nn -•xc • •clin~·ly fin\ grninerl mi<.TOCI'Ys­

talli111; grouwlmn:-.. , nwde up of v '1'? pal, chlnrit nncl a ·1lorlciss agxr g:lte 

https://finer-gm.in
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with feeble double refractiou whi ·h "'e ms to 1 e quartz. Between cros.: 11 
nicol the groundmas • i " almost isotropic, and it is by no means improbable 
that certain reddish patche" h :.re and there may- really he o·la. s. Little crys­
tal ~of magnetite are abundantly cattered through the grounclmas , arnl are 
often arrana-ecl in parallel uni.ng line:, very ~mgo·estive of the flowage 
line. brouO'ht out on the :-;urface of weath red rhyolite:::; by the ferruginou , 
. tain •. In many :.. ction; the g-rounclnrnsti include minute lath- haped 
plagiocla ·e feld par\ much altere 1 and with incli tinct boundaries, which 
are often arranged in parallel lin s. The grounclmas · aL'o i • generally 
·p1'inkled with little irregular crrain of epiclote and calcite. 

In thi grounclmas • are included in variable combinations and propor­
tion· much IarO'er cry ~tal ' and o-rain • of common hornbl ncle, actinolit , 
biotite, ottrelite, calcit , ilm )nit :. epiclot and zoisite. Of the e biotit 
calcite ilmenite, epidote, and zoi::;it . are th most con tant and abundant. 

Biotite i pre ent in all or 11 .iarly all of tlw thin ctions. It i.· ahrnys 
bnn,n and i • characteri tically clevel · l d in "tubby individual:, Yerr thi k 
for their ha~al dimension~. These irnliYiclua]:-; are larO'e and lie :-,catt .,red 
through the ,.. licle:-;. They frequently in lo~., portion of the grounclma:-.:-.. 
The mica cleavag, mn ·t frequently ~tarnls a TO~:-; th ·leavage of the r<> ·k 
In many of the darker-color .. ,1 :-;elfr,ts, howeYer, hiotite plates int rmediate 
111 size benveen the lar<P pnrphyriti, indidclual:-; and the .. mnll <'hlorite 
plate:, .>f groundma ·~ are pr .. :,; -'llt in larg number:-; conMitutiu0 • u :-;ort of 
~econdarv o-rounclmas15. T'h ,:-;e ar • !!'enernll\ alio-ned ,Yith the lleaYa!.!· "' .._.. .. :r-,. ( _,. 

of the rock and are , ometimei-i 
~ 
~·Mh->r ·d ju band,_ but in color and .'tubby

~ 

habit nr ::;imilar to th., pheno ry.._t,.,, 

Ilmenite in hrmn1it3h-1 lncl~ pri~mati' ~ ·tion~ i ' a common constitn ~nt. 
lt u::;ually lie. at rnu lom tlm u~.rli th• s1i1l . It incloses th c1nartz and 
epidote grain ·· of the gronndnrnss Epidot nncl zni~ite are ex eclinO'ly 
aburnlant: ft n in \Y 11-fonne l -r~·~tnl~. ~Ian~· of the cpidote and zoi.:it 
inclh·idual ontain darker ·ol1 r ,ll inn ~r nu 1,i, th nature of whi ·h i 
uncertai11. In ·ome ·nt- :-; th nnul i 1 r, irr •!_!·ular in shape and ha,·e 
the characteri ·ti· pl _.o ·ltroi:m nf pi1lot •, hut nr • more trongly color ..-d 
than th~ ~urrnunding znne. . In· nth ,r . •a:-. ... .., they hnxe , harp ry;tal 
l nunrlarie~ i-.,nmnivhou, with ..pi<lnt • ar, bnnYn in color, and inclo:,; 
grain:-. of ma0 ·n rite: thes may h, i.lllnnit-!. The nurl i are too Hmall. 
ho,YeYer for det ...rminati01·1. C n •rnlh· tlu•,¥ dn not 1xti1wni:;;h exn ,t1v ,Yith

' ~ 
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the l'iUITouwling zone:. It i:-; probahle that many of the8e nuclei represent 

au early <ren ·ration of epi<lote, like the ~mall irregular grain~ of the ground­
nut.·~, which were :-;ub:-;c<1nently enlarged to porphyritic size. lnclosures of 

zoi:ite are not m1comrnon in the larg, epidnte indivicluak Large lenticular 

aggregates of epi<lote with calcite, chloritP, and biotite are found 1~artially 
replacincr fe]cbpar inclivi,lnal:-;, which w ;)r :i 110 doubt original phenocry.·ts. 
:•imilar acmrec:rates

b 
unmix0<l with the remain· of felds1)ru· are not infreq~ent

l0 · 

an<1 may rea:onably he attrihnt :.cl to the same source. Epidote with quartz 
i:-; nbo the common filling of the amygdaloiclal cnxities. 

Common hornblende, actiuolitc, and ottrelite are Yery common as 

1>or1>hvritie <.:on:·tituent • of the srhi:-;ts. I-Inrnhlemle occurs in Yery laro·e 
~ • b 

well-formed 1-,i1wle erystali.; and clust rs plcwed at random through the 

(J'roun,1rna ·s. It j '"' charact risticall. • a:-;sociated with ottrelite and hiotite, 

awl often ha;--- form •<l .·011wwhat later than the latter. It is always <Toweled 

with indn:-iio11.- wl1ieh in th~ laminated vari ~ti s carry the structure throuc>'l1 
' " b 

without. rd'er "llce to the position of the host. Ottrelite is abundant in some 
of the; ,"ectious awl i:-; ,listin!!uishecl hY it: ·haracteristic l)leochroism. It' , , , , 

<wcurs i11 ]ar,,.e indi viclunls. and rnultipl • twin:--, arnl like the large horn-

lJkwl ,s and biotit •s is foll of inclusion~. 
'-rl1 • (J' neral •haracteri.-ticl'i of the.-· s • hi ' ts th ~n are, first, a oTomHlma ·s 

comp(): •<l of chlorit ,, c1unrtz, magn ·tite, epiclote, and iu smne eases eo11tain­
i11g- p1agioda, c micrnlit ,,., and sucnmlly th) presen ·c in this groundma:-;s of 

nmeh lar~ •r porphyritic individual.· of seYeral ~ecornlarr mineral;-;. 'I'he 
rnri •ti(~:-; ·arc; d •krmin ,,1 by th varyi1w ratio of th .. porphyritic co11::,tituents 
to tlu; oToundn 1,1 -,., hy tlw nature of th• predominant ~eeondary minerab, 

awl ,,1~o bv tl1, cliff •re11ce • in grain of the, groundmns~· - Thi:-;, whil, g<.~n­

er,tl Jy <;xtr;;nwl y fine <,.rained is mu ·h coar~er, hut without mi11ernlogi •al 

·ltHn.o·e, on the ·north •rn riYer :-(ection where th' ~chi:-.t:-; nr • mnre ,listinctly 

-ry. talli11 •. T1w •l<mvnge of the sehiHts i:-; d ·t •rmine<l hy th :, mTHll!.rement 

of tl1e minute partiules of the grnurn1ma,' . nn<l nnt hy the parall .,lism of 
th<.., l.1ro-e . •o)l(lary mi11erals. 'rlie:-;e la. t, forth lr, ar l neY 'r fault d or 

bn,k 11, a11<l in O'C;ll mtl ar • nn:-;trai11cd optit'nll~·. T'heY' mu,' t linY form d 

t11 •11 nft •r the compr ':'.don and tilti11°· nf th• ...rie:,,. 
'l he oriuin of th.,.' :--chi:ts, I. think, i.-. not doubtful. A· important 

point. of •vi<lcuc; , we lwv •, fin..;t, the ah:-; ·nc' nf ro ·ks posscssiuo· nny ,·ecli­

m •1 tar .r •lrnrnctcr~ throughout the who] • ~ ·ctio11. X ext w hav the 
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undoubted presence of lnsa:-; in the erie:--1 shown by the sericite-schisti;, 
amygdaloids, and greenstone couglomernt ' or ag0 fomerates. Furthermore, 
the mineral · which compose the ~chish are those which would re,:ult from 
the alteration, in conne ·tinu with dynami • metamorphism, of igneou. ◄ rocks 
of ba ·ic or intermediate ·hemical ·omposition. Finally, the grain and 
cluuacter of the gn~m1<lma~M, antl in sum~ :-ilides the presence therein of 
plagioda~e rnicrnlite.~ fli ·po ·ed in tluw line~ point <lirectly to an igneou: 
origin and to cow;uli(latinn at. the ~urfa ·e. 

1Ir. Clelllellt:-, ha · rea ·hod similar c011<Jusions for the formation abm·e 
the RarnlYille dolomite 1 on the ,ve ·tern :si<l of the .Archean dome. There 
metamorphism ·eem::i to haYe pro 0 Tesse<l le:-;-.; far than in the Fence Rh· ·r 
area, and among the more ba ·i ro k:-; h, has recognized nndesite~ and 
ha alt~. 

I conceive, then that the llemlo ·k ro ·ks of the Fence River area are a 
serie • of old laYa flow:-., ntrying in composition from acid to ba ·ie, vd1i ·h 
fir ·t undenvent dynami, di ·turban·~, whi ·h (l ~Yeloped the secondary clecff­
age , and afterwar1b, iu n ·tate of re ·t th porphyritic minerals were 
formed. It i au interestinO' fad, for which I • 'an suggest no explanation 
that metamorphi "m is further ad,·an<'ed in th_, northern part of the area 
than in the ·outhern, and the • ·hbt~ mor • c._fo,tin ·tly cry ·talliue. Thi, is 
al ·· h·ue of the under I d1w dolmnit •. 

DISTRIBUTION, EXPOSURES, AND TOPOGRAPHY. 

The Groveland formation in thi::- nr a n~ in th., F l ,}i Mountain range, 

con i ~t mainly of ~ili ·enu:s irnn-h •m-iuo· rocks whi h hold much fragmental 
material, toO'ether with ·ertaiu :uhonlinat) ~ ·hi ·t •. "\Vhile it is of wide 

extent throughout th nr a, it~ kn wn ) it Top· ar limited to three lotnl­
itie~, namelv: Th~ vicinity of Michig-amm ~ )Iouutain, in ~ec:-;. 33, T'. 44 .._ .,

• J V 

1 , ~olcanic,.. of the ::\lichigmum • <listrict of ~lichig-an, hy J. J[org-an Clements: .lour. Geol. 1 Vol. 
Ill, 1 93, So. 7, p. 01. 

.: ThG formation wa;; originally named Ly m tho :\lichi•ranuue .Jasper (Am . .Tour. i 'ci., March, 
1894). The name 'fichiO'amme was 1th •r1ueutly used for one of the Cpper :\forqnctte formations. in 
the Preliruinary R1•port un the :\Ian1u •tte Dbt.rict, ljth \.nn. Rcpt. l~. ' . Ucol. 811rny. I now aban­
don the old name, although 1t i eutitle<l to !'.!t:md hy thl'. rnle • or priority, in order to twoitl the cou­
fu ion which would u ' ccs:-.arily arise from it r •tentiou. 
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R 31 ,v., arnl 3, rr. 43 X., H. 31 "\Y.; the exposures an<l test pits at the 
; 

1

J10l<leis exploraticm in i-;ec. 21, T. 45 N., R 31 ,Y., aml the te,'t piti-; at the 
Doane 'Xl)loration in ~ec. 1G, T. 45 ~-, R. 31 ,v. rrhe last two localities 
are 1 mile apart, and the more :muthern i~ 8 milei:, north of )Jichigamrne 
}fountain. 

Iii .·pit • of the po,·e1t)· of the formation in outcrops, itl:l distribution 
tl1roughollt th .. M'ea hm; been well determine(l through its magnetic proper­
ti ,_. (followi11g- th, metl10d1, dei-;eribed in 1hapter II). Adjacent tu the 
Ji e11ce Hiver anrn of the Hemlock formation it gi,;;es ri ·e to a stro1w mao·-

0 b 

11 ,tic line wlticl1 pas: .... through th' mterops and test pits of the ► 1holdt1is 
T1and Doane {;.xplorntion:-.. 0 the north thi ' line was followed to the south­

ern sid<~ of sec. 32, T. -16 K, H. 31 ,v., where it is ~aid to connect with a 
wagn ..1ie li11" follow l,l by Mr. Clement:, from the ,n'stern to the northern 
·i<fo of tlie Ar ·h •,u1 dome. rrn the south it continues into the )Iichigarnme 

)lon11tai11 area to within n mile of the onterops of Uid1ignmme 1Ioun­
tai11. Then~the urn,o·netic line give,' wny tn a broad zoue of llisturlmnt:e::;, 
f ~ ·hle awl diffi ·ult to iuterpr ,t, but ·onsequent I belieYe mainly upon the 
fiatte11i11g of tl1 , formation m; it heg-in:,; to pa.·· over the general uorthwest-
·out liea ·t anticliiial axis. This zou :.\ conne ·t::; directly with the expo1-1ures 
of )Iicliiganime )lountain which produc ' similar irreguhtr disturbancei-; of 
th· 11 .. •dl ,s and wl,i •h ,·i:-;ib]y ,·011Htit11i-e a thin cnunplecl sheet, on fhe 

wl1nle lmt o·cmth· iuclin •d. • 
b •' 

F'nr the .·tretch nf 1i) mil •s jw~t dc:--cri he<l the Grovelaucl formation 
necupi ~s (i , collfornon~ lH~lt, on the cm,t :-;id • of the main anticliual axis. In 
th .. I' •nee Riv ,r ar ,a it lies •a~t ot· and npou the llernlock formntionJ while 
ill th, 1\licl1igr1mme .Mountain ar ·H it holds the ~ame relations to the )fon~­

fi "l<l formation. 
The •a:t •rn b •lt was not trm:e(l fartlwr than a mile soutJwa~t of l\Iichi­

~an11n • Mouutain. In th, ·e11tral c11H1 ::-outhl'a 'tern portions of rr. 43 X., 
H. Hl w·. how,~v •r, i11 the direct prolongation of the nnticlinal axis, \Ye 
found n brmid belt of ~}jcd1t. nwguetic di:-;turlmn • • alnug the we:--tcrn mar­
,,·in of wliieli li • n_ilC'mli • rnC'ks, dipping w •:t. In sec.. 26, 'I'. 43 K, H. 31 ,v., 
thi: 111,1,~'llC~tic 1><.:lt. split: into two bran ·h ':--, <m • of whi ·h nms directly ea. 't 
for a ruil<; and then sontl1 •,1~t ill(lefiuitel. r, whil ) th· oth :ir maintains n genernl 

i:;outh •r] y c.:our:,e to the .-outh line of the township. In sedion :.W large 
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angular bowlder • evidently derfred from th GroYelaud formation are found 
in the zone of magneti di turbance, but nn outcrops have be n di::;coYered. 
There can be little doubt that these di:-.turbnnce • roughly outline th-- position 
of the GroYelarnl formation in the axial region. 

Except in ~[ichio-amme l\Iountain the mo~t eleYated point of the di:5-
trict the Gny,-elancl formation i • not topogrnphieally prominent. In the 
Fenc~ I--frrnr c.U'ea it produces a more ::-uhclued and , omew-lult lower-lying 
smface than the underlying formaticrn, but the difference is slight and i • of 
little moment in comparison with th confusi1w effect· of glaciation. 

FOLDING AND THICKNESS. 

In the Fence RiYer area ther ~ i~ no rea ·ou to :uppo~e that the ro-rn­
lancl formation contains within its lf mim r fol_ch of any importance. Our 
knowled()'e of it· attitude is :-;uppli <l nlmn~t wholly- by the magneti ob er­
vation , an<l the,e indicate that it ha::; n general ll$tward clip like th under­
ly-in()' members of the su ce::ion. Here nnd th re it may be diYicl cl int 
two or more parts hy .-:1beet: of intru:•frrn material, and also ma ~ he slightly 
crumpled, but on the ,vhnle it must b reo·nrd d as a :ingle per 'i 'tent ~h t, 
having a general eastward dip. 

At )Iichigamme )fountain th:. f' l'lff ... Jnnd formation caps the hill in a 
well-marked ·yncline, the a:xi:, of which nm, northwest and southea t. 
The -tru ture is di:tiu tly :hmn1 by the attitude both of th ferruginou 
roch cm<l of the underlying ph~~llite:-;. t the interrange exploration half 
a mile ·outh, a ;-;eeomlary mhaym llt of th., ;·am:. syn line hut mor op "'11 

i found. These are the only f ·)l<l~ of th• Mi hignmme )fountain ar a 
nffi iently de p to in lude th l iron-h aring rock:. The thickne ·s f th~ 

formation can only h :i o·ue · ,' d at, clS no ·ompl te section i expo ·eel, and 
the data for determinincr it upper limit ar, d ·idc<lly ~badow~ ~. Th mag­
neti · .h:,ern1ctio11-., iudi ·at a br :.atlth of fr m 400 to GOO fo t an l as in the 
Fenc:, River nrea it i:-; certainly nm ·h thinner than the tv{n lower forma­
tiou::,, it thi ·Imes~ may h approximnt )ly .- 00 fe :.t. 

PETROGRAPHICAL CHARACTERS. 

In °·en ...ral a:pcct the inn1-beariug formation iu thiK area iH :--trikinu·ly 
lik that of th, 1:i1elch iiountnin rmur ': and nll th) Yari )ties th :ir, founcl ar • 
repr ~ented h ,r al ·o. It is th r ,fur, mm • •s~ary to r p )at th, cl ·tail •d 
de ·cription~ already .0 ·iv -'ll. By wn, of 1,rnacl comparison lwwcver, it may 
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1) -- . aicl that the formation contah1.· le:--s iron than in the Felch Mountain 
rauge, aud con~eqn ,ntly the lighter-colored Yarieties are more }l hunclant, 

that it contains mor l detrital material, and that in the ~Iichi(J'amme :i\fonn-c 
tain area the textur, i:-; general1y cln8er nncl less granular. ~Ioreo-ver, in 

pa. ~i1w north from the ::\[ichigamnw )fountain area to the Fence Ri·rnr area 
w .. fill(l at the >'holclt•is mHl Doane explnrntions that the lower portion of 

·the forrnation is ·ornpn. ·ed of forrngi11ons quartzite, "·hich i8 succeeded 
higher up h)· a ·tino1ite-H('1dsts awl griin .1rite-1whi,:ts similar in all respects 

to tl1e d1arad •ri.-tic ro •k:-; of the 1\,gaune) iron formation in the ,,·estern 
)farc1ndte ,listrict. In this chm1gc in character as the l\Iarquette district is 
appron<']1 ·<l i:· fnnncl tli , lithoiogical support for the Yiew, fin~t :mggested by 
th , cfo-,trilmtio11 of th • lines of mngn --tic nttrnctinn, that the Gro-veland 
formation is th, ~outh )rn eqnivalent of hoth the Ajihik quartzite and the 

'T egau11ee formation nf the ~forqu tt) <li. trict. rnie pas~age to a more 

crv.-tn11i11e eonditiou in <J'Oi11g from r\outh to north i~ ali-.o in accord ,Yith the 

like eliano· --s :-dreach· note<l in the lower formations . 

.,.wler tlw micro.- ·ope the clo. c texture of th) GroYeland rocks of 

)ii ·higamm • .Mnnntnin i • i-iecn to h due tn th } minutenes: of the quartz 
grains of the gronn<lnwss, nncl to the nhumlauce therein of chalcedony. 
Th • <;<>Hr~"' (1rntrtz µTa ins are ,l11 <letritnl ,mcl are often benntifully enlarged. 
In ma11y slide: fold:-;pm· p ,bbl s occm, awl in nrnny ahm sericite and chlorite 

ar, prrnuiw;nt jn th, gronndrnaHs. rrhe irnn oxides, inducling- both rnag-
11 tite awl lHmintik, in ..ingle erystals and al~n iu aggregate:4, are w· 11 dis­
trihut ,d, · ,ts in t1H! Fdch :\fountain :-;e ·tio11~. \ :4imDar ?rouping of the. e 
in rournl p<~hl,] >-lik J arens as iu th~ } •kh ::\fonnfain ran_o'e i: nlso heauti­
fnll. •. l1ow11. In 01w slicl l tlie matrix is a rhomhohc<.lrnl carbonate, prob­

ably ('HJ •ite in wlii<ih nre ,rn1wd<l ),l quartz grains and tl1e iron ore, in 

. i1w]c; <:rY. dils nrnl irre~·ular :wgregnte:4. 
'I'li .~ mo. t inter ..-ting· f ,atnre:-; of tl1 ) thin :-"iectinns from Michigamme 

Moulltain are the pre:-;:-;nr • eff ct:-;. In manr ~lid , th detrital quartz 
o·n in. ,1r : :--train ~d to a11 xtrnorclinary degT "e. In one ·a. e th:. Rtag-e wa 
r 1tated t5° b ,fore the black waw:. of xtinction cnmplete1_\· tray rRecl a 
littl:. pcl,11fo 0.3 nun. in diairn.•t r. Almo~t Y<.:r!~ se tion is <'rossecl in sev­
<Jral dir •etinns h frctetur )8 h :.al cl by th) dcpo 'Itinn of coari-le quartz• 

4 

and th :; iron oxid ,.-. 
ION XXXVI--20 
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In the Fence Ri-v-er area the lo,v-er portion of the formation con, i t: of 
quartzite, more or le.~s ferruginous and mi aceou ~. It contain· beautifu1ly 
rounderl and enlarged grain· of quartz, and also le· ' abundantly rolled 
grains of micro line. )Iuscovite, biotite and epiclote occm, with the gen­
eral background of interlocking later quartz. The more ferruginou, layer · 
have a 0 TomH1mas~ almo ·t xclmfrvely of hematite, in ,vhich the cla tic 
particle~ are :--et. The hematite is in parnllel micaceou. scales, which c< m­
pletely co,-er the deava<J'C ·urfac ~- A boy the~e layer · come crystalline 
actinolite-:chi:-;t: and griinerite-schi ·t..... the former with garnets and both 
carryino- pa1iicle:; of the inm oxid -':,,,. The:--e rock ' nre not distiuguishahle 
in the field or in thin section from certain Ynrietie: of schist' of common 
occurrence in the N egauuee formation of the :Ofarquette di trict. 
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CHAPT..liJR V. 

THE J.TorrrIIEA TERN AREA AND THE RELATION BET.WEEN 
THE LO\\~ER )I.ARQUETTE D LO,VER l\IENO:\IINEE.l 

► 'ERIE ►'· 

Frrnu the northernmost outcrop of the Fence River area to the north­

..rn c:-iHl of th 1 Hepuhli<' trough the air-lin distance is about 11 miles. This 

interv ,ning- territory, ou one ·icle of whi 'h we find the typical formations 

of the M,110111ineP district ancl on the other the typical formation: of the 

)Iarqnettc-! cli ~triet, remain: to he deHcrib ) in this 'hapter. It may con­cl 

rnmientl h l l' 1forn1 cl to a,· the I ortheastern area. 
\.- wa:-i shown in th' report on the .:\Iarquette distri ·t, in the pro­

du •tiYe portio11 of th Mnrquett, rang'e h ' tween N eo·aune on the em;t ancl 
H•public 011 th, w, ·t, the lower Marquette :--erie:-; rnn ists of two or three 

el<~arlv marked formations, which, perluws, may further he ubdivicle(l 
aceor;liiw to iuclivicltial tnst '.1 Th• lowe:-.t of the:-; l ' the .Ajihik 2 <1nartzite, 

which r •. ts on the \rehcau uompl lx, is fra;>'mcntal in ori 1>'in, and i8 preYail­

iugl y a white vitreous quartzit , whi ·h in on:} nr twn localiti : i: conglom­

<;nttie n •Hr tli. l,a ." e. Often it iH repn·sente\l by a mu ·coYit l-:,chist a8 the 

r . ult: 0 f the dynamic metnmorphi ·m of the nri~rinal nrkrn-P. In the enstern 

part of tli<; prwlnctive area of tho Marquet.t <listrict and along the northern 
._id , of the rnai11 folcl in th w ·st ,rn part of th, district, this formation i: 
ov •rl;iiu 1,y th<.: ► 'iamo slateH.:i I ◄:lsewh ·re th slates are not pre:-;ent, or are 

not known. 
Th xt l'ormation is the •. 1 egmm' iron formation 4 which ha, already11 

h ,11 reforr ,cl to in 'lrnptcr I I. Tliis rock which has many plrn.Res, ns there 

ote,l i: cl •arly marl· ,,l off from the low •r quartzit hy it. gTeat richness11 

iron aw.l 1,y the fact tlwt m·er the whole :\forc1u 1 tte tlistri ·t it nowherej11 

app<Atr::; to contain fragm •nta.l lllat •rial, ·x • pt in th l trnn~itional zone 

b,; tw,~c:11 it awl th· lower formation:s. 

a'J h . Mnnpwtto iro11 -hoari11g sPri,·s of )lil'l1i..,an: h : <. . R. Yan Ili e n.1111 \V . . . Bavley, with a 
cltnpt or 011 th o Hi p11hli<; tro 11~h, hy ll. L.' myth: Mon. U. •- · <,t, ol. nrve~· , \'ol. XXVIII, '1 97, p. 221. 

. Op . ,·it., pp . .'>:.!8 - :i~!I. 1 Op <"it. , pp. a1:l- :31:l. ~Op.cit., pp. 32 '-,107. • 
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AboYe the ·e conformable formation~ ·omes th unconformably pla ecl 
Upper }Iarquette serie", the ba e of which re~ts now on one member, llO''\Y 

on the other or on the Archean. 
East ancl ~outh of ~ eo·aunee, and ext ncling thence to the shor of 

Lake Superior at )Iarque~e. i~ a :--erie~ nf ro k.~ ,Yhich resemble lithologic­
ally neither the .,..pper nor the L<nrnr 1farqu tte K ri :-; in the proclucfrrn 
area. It con::;ists, in at1ce11ding order, of quartzite with basal conglomer­
ates, dolomite, arnl .slate:-., arnl thu:-- h ar:-- a clo e re emblance lithologically 
and tratigraphically to the thre lower member, of the Menominee serie •. 
Thit, serie--, named by \Yad:-;worth the )I ~-.uard :--eries, ha~ been regarded 
by him as b lono·ing with the "pp r }farquette :;erie~, or nt lea. t as over­
lying the Lower )Iarqnette formation-- ju:-;t cleK ribed. Uaj. T. B. Brook: 
h:=tcl earlier correlatecl the ,lolomit ,Yith the Lower Marquette quartzite 
and had nppo::;ed that there ,rn:-; a 0 T,Hlual pn 'sage from one into the other 
along the -.;trike. )Ir. 1

• R. Van Hi~e ha!', r :.centl y ~tated that its po. ition ·i • 
below the Ajibik quartzite. 

Thi ~eries is found only in the ea,·tem part of the Marqu tte ar a, 
between Goo·e Lake and Lake ~'1up ri r; a distance of about 6 mih~·. 
Elsewhere! oYer br far the oTeater part of th :Marquette di ·trict, uo meml, r 
of it ha. b eu recoo·nized. 

The geological stnrnture of the Marqu tt rang pre 'eut the gen ral 
feat1u-e • of an eat-west striking c mpl .- ..:vu ·lin or .ynclinorium. Th .1 

pre-Cambrian ~edimentary rock~\ with th ,,ir a."'o ·iated intrusiYe and extru­
sh-e igneou rocks, occupy th .. trouO'h, in whi ·h there is much local com­
plexity of .strnctnre. The troug·h i flankell on the north and outh b:v the 
older A ...rchean ry" talline:-;. 

At the we::,t =-ru =-nd nf th· (lish·ict th p 'Uliar Republi 1 trough 
branche • from th• main .·yn ·linorium an1l run south ast juto th .1 .Ar heau 
rock--. for 6 or 7 mile~, h,lYino- a nenrl - ·muant wi,lth of about one-half t 
thr e-quarter~ of a mil _. Iu thi:-; troug·h th , ...\..lgonkian rock:-; haY he n • 
clo~eJy • nu pre-,· ,l that they ~tan,l ss ntially on lclg .l, The iut •rior i. 
occupie 1 by they( unger • ...pp r .Mar u •ttt, qnartzit ~ awl ~chists b tw l n 
which and the underlyin~· Arch an wall the ol<l r Low r Marquette ir n 
formation and qunrtzit h r __. nnd th r o • ·nr. 

The northwestern .lud of th P .,1 nl H • trouo-h 1, ab nt th w st rn 

1 Op. dt. p. 3:.?.3. 
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limit of 111111mo· deYelnpment, thnng;h not of exploration, on the south side 
of the }farquette sy11<.:Iinoriun1. Cp to thiR point outcrops, producing 
min 1 s, aucl old 1 xploratio11s ar<-' suffici nt1y abundant to permit the separate 
formation: to he tnH·e<l and mc'tpp-'d with comparatiY, <:'ase, and to indicate 

at 1-'a::-t th_, lnrg •r structurn1 fenture;-;. 
At thi: 1101thwestern -'ncl of th~ R •pul ,lie trough ' th '.l Lower )farquette 

:s ri •s nwk ,., an abrupt turn to the south, and may be fol1owed for a mile 
nr mor, lJy oc ·asionn1 out<'rops arnl test pits. The .....,.. e 0 ·aunee iron formation 

i · persi.'t •nt1y pres -'Ht l>eneath the .,..pper ::\Iarquette quartzite, and gives 
ri · , to n ,·<.:ry strong- allCl per!-iistent lin' nf magnetie at~ .letiou. which was 
follow ,<l in nur worlr for about 12 miles tn the south and southea:-;t into the 

~ ...orth ,a~t "'l'll nr a. For n bout 4 miles from the sharp turn at the mouth of 
tli, H<;pnhlie tmugh it rm~s 11earl~~<lue south; nftenrnnls it turn.· ·omewhat 
to th , ,a:--t of ·ontli, and follows that t·nm·~e for ahont G mile:-;, after which 
it tnm: more ancl H10re townnl th, ~aM nrnl finally, ,Ylier' we left it, its 
'Olll'. ' (.: Wet' Olll)~.·liµ;htly :muth of •nst. rrhat this magnetic line i: cam;ed 

lJy nwl marks tl1-' po!-iition of th 1 Xegaune iron fornwtiou there can not he 
tlw .-light •:--t donl,t for that rock outcrops in a f w sentterecl 1ncalities, oecurs 
a 1 nm<b~11tly in th, drift, nncl has b ' 1 ll fnnrnl in oecasional t 1 :t pits and drill 
lwl ,.~ tliro~1g·hout this cUstm1c l. Th" urnl rlying qunrtzit mtcrops heneath 
th, irou-1Je;·ri11g forrnntion 11 ar th ' northern entl of the line, hut farther 

·ontli it is •ntin·ly <·overed hy th 1 drift so far as the t rritory has been 
exmni11 ,d. Tlw <'" •rlying l pp ,r Jforcptett roek:-; are also known to 
l ,e pre:-. ,11t ju:t w ,,.t of th<· T e0 ·auu , f H'lllation as far ::;outh as ec. 19, 

T. 46 ... --., R 30 \Y-. 
1. he macru •tic lin, which c1erompnni 1 S the .,,_.,. 0 ·aunee formation may he 

·all ,cJ the A lin ·. rrnking- into HC('OUllt th' C mn lcted Republic trouo·l; and 

it. expo.·ures of the Lower :i\Iarqu ,tt rnl'k8, it i~ seen that the A line par­
tially :nrronJHl-' a ,lorn • of th , ..\rchenn er:~:-;tallin 1s nL.1 that in o·oing 

frnni th, int •rior of thi.- dome outward ,HT 1:--: th A lin we pa· · from older 
to : onng ,r rock:. Th, <lip alm1g th ' \. lin ' is th refore, on the whole, 
toward th> we~t althoug-11 th, ohs-'l'Y •cl dip~ at the few loealiti , wh re 
l ·t •rminHtioiv hav, 11, 1 ll macl ,.ff' eith 'r Y ·rti al or Hlio·hfly in •lined from 

' b • 

tlte Ycrtic-nl townr<l the (•ast. 'rlw ~outh 1 l'll part of th ...\. lin , c'li'l far a,' it 
1}

1
,: 1J ..ei 1 tra<''<l, pa:.-e:-; throtwh S (',. ,' , ll, 151 and 16 of 1. -!5 .,_.... H.. 30,\ 

\\ . ht . ,c·ticn1 5 it is jn:t h mil 'S -'c\:-.t of the --troYelancl formation, which. 
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a · ,Ya· hown in earlier chapters, i. a mao·n .ltic rock occupying a cl finite 
place in the }Ienomiuee sue •essiou: and is und rlain hy otha· t~·pi<·c1l 
niennmin e formation:--, arnl finally by th :\r h .lau. 

Bet,Y "'11 th .. A lin and th 1rnwneti • liu.. au~ed hY the i-ro,· ..land 
formation. "·hich may he c.:allecl the 1 line, is a third magnetic line, which 
nm:· h :. c·alled the B lin :.. Thi~ was tra •..d parallel to th~ lin ancl le:-:s 
than half a mile away, from u ..ar th .. south end of the latter to th north 
end, and finnlly entirely rnurnl an ..lliptical ar •a, ·ln~ing again upnn itself 
at th .. starti1w point, th, p ..rim -'t ..r of the t: llipsp h iug 25 miles iu 1..1wth. 
'Thruugliout thi • ..utire distane not a sin~.rl, out 'rop ·ould be di;,;(·cn- •red 

along· the B line. \Vithin th in ·lo:--l'cl area, hnw Y r, in ~ee:--. 6 alHl 7, 
T. 46 ........ , H. 30 ,-r., an<l in sec. HI, T. 4fi ........ , R. 30 ·w., eYeral <:'Xposure 

of o·ranitb aud ·ry::,talline ~<'hists w· ..r • fonrnl, ,,-hi h left no clnubt that 

the gT at r part of the ar a inc1o~ ..(l h>· th • B line i~ oeeupiecl hy ...\r h Jan 
rock of the am • ~· •uernl charact r ns thns ~ partia11>- indosed by th .. A 
line on the pa:-;t all(l ·ntir h · 1)\- th, ; liu nn th .. ,Yest. The area h t,Y -'<:11 

the ... and B line:-- a~ far sonth a..... •l'. 19 T. -1-6 .,_ ... , R 30 ,r. hm; 1 en 
proYed to ·ontain the ha. al m ..mher nf th .,, pp r )In~qu ..tte seri .ls. rr h 
'Outliwe~tnn quadrant of th -! B-li11' llip"' is 11 ..nrl:'~ parall ,1 to the 1 Jirn.. 

awl only 11 mih ~may. 
T'h kumYn fatt.._ with r ,f ·renr • tn th .. B line th n, ar 1 these: (1) It 

repre-.. nt;:s a magn tic rod~; (2) thi:-. Ht.l!.!.'11 ·tie roe]~ ·nmp1 ,t 1ly (>neir ·l :-.. an 

Ar •h an cor . It may furth "r l> • inf ,rr ·d with prncti ·nl c •rtaiuty that this 
formation. which ·nrrie"' su<'h constaut lllH!.!.'lWtie prop rties for 2:j rni1 ....... 
must be jtlimentary. '\\ ith r ·~·(rnl to its ~tnwtur 1 

, th 1 for •going- con-
iclernti ,u wou1'l n (·essaril~- i11Yoh- .. th <· -,n ·lnsinn that it <lips HW}\\' from 

th Ar ·h ·an cor nn all ~i!l .. ..,, awl thi.... ·c111<:lnsio11 is fortifi ·cl hY th· 

mi:-.ymm ·tri ·al s ·parntion of the lwriznntnl mnxima nn the mag11 ~tic c-r<i.... 
sectiun::i. It follow , th •n f~ >n:: that on th , ·n~t •rn si<l of th• oYal, wh ·r • 
th .. formation i: parall •l to th, ...\ lirn·. it dip~ tmrnnl th l <.>a~t and on th· 

west 111 id•: wlwr • it i-. parnlkl tn th· C line, it clip:-- tmrnnl th• "- .. ~t. 

Thi::, c nH.:lu iou i forth •r upportul hy th" dip within th· •llip:-- .. in tli • 
out -ruppino· ArdH:an nH·k~ that slww "tnwtnr •. T'hesl' all happen to Ii<.~ 
ea~t of the major axL arnl all dip toward tlH; ·d:--t. 

Ea-.t of th· B liu ·, nntl h ·tw • ·n it awl tl1 , ... \ lin .. i. · found the lm .al 
m mb r I f the pp •r l\farqn ·tt • -.. ri ,-... rl he rP ·k which i:-- mn11if st in thT 
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Bline mu/t, th refore, be older than any member of the Upper Marquette 

:eries. The .r egmmee iron formation. represented in the A line, clip , west, 
whil the rock of th B line clips east. They are both older than the ba al 
m<:mb .:.r of th C pper Marquette series, and are both younger than the 
Ar •hean. Th .. y a,re hoth. trongly and per~istently mngnetic. For 8 or 10 
mil J:-; they run parallel to each other les" than half a mile apart. Their 
lmwd :tmetural relations to the .Ar ·heau basement of the region are pre­
ci ·ely 8imilar. T'her _)fore, although the rock that gi,·es ri --e to the B line 
ha: 11ever yt-1t 1H-!ell seen, it may he concluded with the utmost confidence 
that it is the ~ eo-mmee iron formation, mid that -the A and B line~ represent 
thi ,· ro<'k brmwht up in the two limb , of a narrow and probably deep 

. yncliual fnl<l. 
'I his •m1cln:-;ion carri ls th., egaunee iron formation 3! miles farther 

to th(• w,..:-;t
l 

and in the northeast 1rnrt of T. 4fi X., R 31 \\~., leaYes a 
~
<ral) of 

hut 1J mile:-; between the Low 1r Marquette and the Menominee erie~. 
1I •r •, hctw en the B and C linm~, i • preci 'ely the :-;mne ,' ituation as 

b ,tw .. •n th , _.\ and B. One magu tic rock repre:sentetl by the B line, dips 
W(; ·t; th, nth •r, the GrovelmHl fornrntion, represented by the 1 line, dips 
ea. t. B •tw , ,11 them no magnetic di ,tnrbances can be fonrnl. The area 
h ... tw ,en tlwm must hHV-' a .· ynclinnl :-itru ·tme, awl if ther are not one and 
th, .·ame fornmtion eneh mw,t nwlergo m1 e~· tremely rapid and precisely 
. imilar haiw, in litholngicill clwratt ,r (namely, the lo:-;s of magnetite) in 
a Yery :-,hort <li:-;tance arnl he repr ~ente<l on the opposite side of the :-;yu-
·li11a1.fold hy a uoumap-netil' formation. Ea h of th ::-e rock , i:-; persi:;;teutly 

mao·u tic in tli, direction of th, strike for great <.fo;tances. T'hat eadt ~hould 

iudep 'lHl<·ntly Io~e its magn :.tite in th c.lir l tion of the dip in thi~ particular 
localit~ ,.. i., very improhahk \11cl, th,~r for , the ground ' for the conrlusion 
that the B and U li1wl'.l repre~ent on~ an l the :-;ame formation nr quite a · 
finn a.· tho:,;c upon whieh r ~st: th condu~ion that the A and B line..; repre-

.Jmt the :-anw fornwtion. 
'T'h o-r •atc;r portion of the Iorth n:--t rn area i:.; without lHlt ~rop~, yet 

through th , . tructnral mul litlwlog-ical re:mlt~ of th"} m:.wnetic work we are 
abh~t~) bri<1g o\'(ff th, gap and to ~how with a high degree of prnbnhility 
that th ~ T c,o·,nrnc, iron formation of th , :Manp1 ,tte range i~ id -'lltieal with 

the; hoveland irnn formation of ih • } leh }lountain ran~re. :Further, 
w, rPtct11 tlw differentiation of tJ1 -¾-rny Iarnl formation in thwl1 •11 
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n01thern part of the Fence River area into ferruginous quartzite at the 
ba:e and griinerite-schi t in the upper p rtion, it ,Yould seem prohal le that 
the GroYeland formation repre'ent, the und rlying Ajil)ik quartzite a well 
as the Kegaunee formation of the we 'tern part of the l\Iarquette range. 

Thi, conclusion ha' fill important 1 aring on the interpretation of the 
early o·eoloO'ical history of what is n w the pp r Penin:ula of Michigan. 
If the formation' which constitut the whole of the Lower Marquette ·erie. 
over the 25 mile8 or more of the productiYe and best-known portion of th 
rano·e are represented in the ~fen mine (fo-;trict and the interYening area 
by a ··i1wle formation, and that th hio·h ~t in th Felch Mountain_ ·u e:-
ion-namelY, the 1r v land forrnati n-the formation8 below the -<roYe­

lancl formation are all older than th fcuqu tte rock-; ancl do not o cur at 
all within the ·productive portion of the Marquette range. ·why are the:--e 
lower formation· ab ent? 

To this que tion there e m to b two arnnver which are a pri ri 
po,,ible. It i • on eivable that th 1nartzite, d lomite, and 'late: of the 
outh, or some of them, may have b en deposited in a ucce . ion of 

unbroken sheett3 over the who]e ~forqu tte t~ren in continuity with th 'lnll ­

lar )I ~nard formation, on th ea~t aucl that aft rwanl' the main )Iarquett 
area wa. elevated abov the .:ea nn 1 entirely :-;tripp d of the formati n:· 
by lono--continued denudation. Finally, when th tim of depo ·ition of 
the Groveland formation ·am~ r urnl, thi • 1 vat d area had ao', in l en 
recluc 1 to ea level, and ·ubsid 1 1 el w it, ·n that the Ajil ik quartzit and 
the .....~ egaunee iron formati u, and theirs mthern quivalent the Groveland 
formation, were dep ite l in an unbnk n ·he t over the whole. If thi. 
hypothe~i • i" corr t two co1~ qu nc : tih ulrl. follow from it: Firt, w 
ought to find ··om di rdan • betw _.u the GroY land formati n r th 
Lower )Iarquett quartzit, and th kn,· r r rmation ~ in th rnar0 -inal ar a. 
bet"· en the :M nomine and )farqn tte < n l th )Ie nar l and Marqu tte 
area 1 re ·p ctiv ly or il l a:t a g-rn hrnJ 'Utting out of the. low r forma­
tions b. - the ir n-b ari1w m mb ·n, an 1 the 1nY r quartzit , an 1 ondly, 
we ouo-ht to find in th la+ f di~c rcLm • r k~ pre· ut in the ar a· f 
c ntinuou cl p ·ition whi h r --pre-.. nt th tim f cl nu lation. 

\\ ith reo·arcl to th fir~t f the ·e ·on:-- qu ne :-. no v ritication i:-, po~:ihl , 
at lea, t in th t rrit ry b tw n th .. Jfoqn tt ~ ,md F n Riv r di:tri t.:, 
fr m la ·k nf out ·rop:;. Thr _un·bout th • ,. .,. nrth a-.;t ,rn ar n from th u rth-
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we:tern encl ot' the Republic trough in T. 4 7 .i: ., R. ~O "\V., to the C line in 
T'. 4G ., R. 31 "\Y., there are no exposure whatever of the Algonkian rocks 
·whieh un<l ,rJie th, Grov land formation. om where in thi distance of 
about 11 mil ,:,; th, lower fornrntions disapp ar, but \vhether by unconformity 
or m· rl:-lp is an miansw rahle quei"ition: nor (for the same rea on) can it 
11 _, ,lefiuitely :-;ettle<l wh ~th r elsewhere farther to the south there is any 
cli ·conla11 •,_ That there is general paralleli m between the Groveland 
formation arnl th_, low r rock:, and :-itri t conformity iu ome place , is true. 
But thi: is not at all in ·onsi.'tent with a period of ero ion between them, if 
that •ro:ion ant <lat .i,l tho later and more Rev re orogenic disturbance. 

In the i\1 , ·11nrd ar ·a the ob.·er;· cl relations have b en interpreted by 
\'"a11 Hi.· .. to m "Hll that the lower formations disappear by overlap. The 
fa ·t. · <t pre~ont known on the Felch Mountain ,jde are capable of the ·ame 
int rpr tation, but th r ar :i not suffi ·i ntly d finite to exclude the possibility 
of a p 1 rio<l of ..ro:-,ion below th iron-b .iarin°· formation. 

'With r o·ard to th .. ,· con<1 ron~ •qu n -the deposition in the ub­
mero·e(l area. · of formation:-, whicT1 would repr sent the erosion period in the 
l ·vat 1d ar a-th evicl nee at hand i.-, d ciclerlly again~t the exi. tence of:i 

:ud1 formation:. 
Th .. alt ,nrntiv .i h ?poth .-i. is that th:> lower quartzite, dolomite, and 

:lat for111atio11. • of th , :\fenomiu ar :in wer not deposited over the:i 

w :t ..ru 1\Iarqu ,tt ar 1a Ht all, hut cfomppear tmnu·d the north and east by 
ov •rlap, arnl thi~ hypoth ·i • i. · much mor likely to le the true one. \Ve 
ean :uppo: .., a.· I Jm,· alr all? point d out I that this part of the Upper 
P ,niu ·uh wa.- a .-lowly :,;ulridi1w ar:ia the ' ntra] portion of which, now 
necupi ..(1 b ~ th ., farquett rock~, :-;tn cl initially at a greater levation 
alnv" th, ..n •rem •hing :ea than th" r ,:t. \Vhile the qunrtzite-dolomite- late 
tria<l wa.- O'Oi1w <lown in th :i IHe~narcl nr n nn the m1 ·t and th Menominee 
ar ~a n •th .~outli ancl we, t, th •..ntral Marqu tt area 'till r mained 
nbnv .. th _. ,a. At hvt, wh nth) GroY land formation b ()'ant bed posited, 
the l\farqu ~tt • higli land was finally ·uhm r 0 ' d and coYered, a the ea, 
mar •h ,<l v ~r it fir.<t, with a :IP t of arl"o,q mad up of it , ow11 dHnte­
<rrat ~(l 1{bri.-, and fiuall with th ~ame non la 'tic " diment a, hieflyT' 

·omp .·, th Gr v ..Janel and crnuu .. f rmati n . 

1 Relation of the Low r )fenomince a,nd Lower ~Iarq n tt • rie' in Michigan, by H. L. , 'myth: 
Arn. Jonr..~ci., Vol. XLVII, L!H, p. 222. 
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By .WILLIAM IIIRLEY BAYLEY. 

DESCRIPTIO.J.. ... XXD BOGND.AHY OJ;~ .ARI◄JA. 

The . ◄ tl.u-o·eon HiY ·r ar • a of Alo·(mkian se<lim -'llts, like th r-, 1 ·h 
)Iouutain area, i, au ea~t-w ···t tongu, of cnnµ·lom >rat -'s, slates, and dolo­
mite:, Ye1T narrow at its east ·rn ,x_tr ... mitv arnl wi<l -'11i1w out toward th• 

" ~' .. ' 
,Ye~t until it finally plmwes uucl r drift <l 1pnsits that separate it from th .. 
lmve Hnruniau area of th, 1rystal Fnlh- distri ·t. Th_. tongue o • ·upi .. • 
the we~tern portion of 'I. 42 ...sr., R. 27 w·. th central and northern portion , 
of 'l. 42 ....... , H. 2i' " ' ·, '1. 42 .... , H. ~9 "~-, and T. 42 ....T., R 30 ,v. anc.l 
the southern parts of T. 43 ..... , R::-. 2 ·w. 29 '\Y., and 30 ,v. The h :::-t 

expo ·m·es of the rocks c·01htituti1w th, tcHl!!'ll' ar 1 fournl in ~ecs. 7, 8, 17, 
and 1.·. T. 42 ....... , P. 2/ ,r., nrnl in set~. 1 and 3, T. 42 .... , H. :rn ,Y. 011 or 

near th .. 11011hwe:-;t bran ·h of th· •ast bran ·h of the Sturgeon RiYer; hen ·e 
the name ;·turgeon lfrv r tmwu' ( Pl. LI). 

n the ::-outh the s .,dim -'ntan~ ro ·bar hounded by an area of oTanit .~ . . r, 

gn i ~ :,, horublend .,_ • ·hi~t ' , arnl mi ·a-~ ·hist:--, that nre ·nt by granite and 
quartz Yeins, h) <lik ~ of liaha :..~, and hy oth-'r gr 1 enstones. Thi~ area 
~ parat ~ th:. Sturo·eon Riv ... r to1wu • of ~ .. lim •nts from the F leh )fountain 
tmwue lyinQ" from ~ tn H mile~ forth .,r south. The xa ~t lin., of cl .,marea­

tion b tw 1 11 th., 4Tanit ·-""'chist ·c>1npl x an l th· ~ --.dim utary rocks i: ,lifli ·ult 
to draw, b, ·au:, for the ea~t m 7 mil· th· hltt r ar' horder .. ,1 h:· µ;r •eu­
.,ton , wh) • position in th, oTanit -'-sehi~t eompl-'x or in the ~e<lim ·utary 
...,erie • ·an not he • l t :..rmin d at pr ~ nt. Th-' lin a~ drawn 011 th., map 
place~ the 0 T., ... nstones in th Ar ·h ·an. It lpi,rins n ar the south ~ide of e . 
7: T. 42 ....~ .. R. 27 \V., and run n little snuth of west to th 1 quart r po t 
b t,Y en ~ tion • 17 and 1 , in th n ,.·t town w .,st, then uorthwe.' t to near 

c1-
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the .1. T_ quarter po, t of , ec. 13, rr. 42 N., R. 2~) "\Y., and -vestwarcl to near the 

.·outhwest rorner of ,'ec. 12, T. 42 N., R. 30 "\Y. From thi point the line 
leaYes the ~ ;turgeon RiYer tongue, cm-v ' , outhward, and returns east on 
th .. north . ide of the Fekh Mountain tongue. The ea tern boundary of the 
► 'turgeou RivE:'r ,..\Jgonkian area i.· eYen l ... • definitely determinable than its 
.-outh -'l'll hcnmclar:·· lwcam;e of the thick drift coYering_ the rork.. This 
hournlary is plnc ,lat about the east line ' of ~ec. . 6 and 7, T. 42 N., R. 27 '\V., 
hecaw· .. just .. a,·t of this line, in the 1rw. l sec. 5, ledges of Paleozoic 
foi1 :l, ton.. ocC'ur. rl he northern houudary is the mo t indefinite of all. 
The southern portions of rr. 43 ., Hs. 2, , 29, and 30. vV., are so deeply 
drift e;oYerecl that hut few· ]ecl0 ·e:-; can he found in them, and the e are widely 
...parah..d. Ju s ;c. n, T. 42 ., H. 27 "'\Y. an i in secs. 13 and 2-J:, T. 43 P., 
H. 29 W., ar •xpo, nres of granite. 1'he~e, so far as i.. kno-wn, mark the 
. outh ,rn limit of nn Ar ·h •an area whi ·h tr tehe' ome mile northward 
and :eparnte: the , 'turgeon River fragm ntal from those of the 1Iarquette 
di:triC't. 'T'lw lin .. marking the northern boundary- of the turg-eon River 
tongu, b .. o·i11:s at th, ~outhen, t corn "r of :P • 6 rl'. 42 J_, R "27 ,Y. and is 
a:-- nrne<l to nm a ·fow cl .igrees north of we~t from this point until it reache 

th .. we. t li1w of H. 2~) vV., where it tnrrn~ north. 
Betw. "'ll th .. northern and the Kouthern hounclarie of the edimentary 

ar ..a a. cl ,fine,l, a}l(l in tlw midHt of th ~eclim ::.nt~, are two areas of granite, 
the ro<'k of on, of whic·h ii-; m1<1ue, tionably and that of the other presmn­
ahly, olcler than tl1 .. crnwlom .,rat : within th tongue. 'l'he best defin d of 
the... two area,• lie,· iu tlic· 1wrthern portions )f s ::.c ' . 7 and 8, 'l'. 4-2 T_, 
H. 28 ·w., nncl .· •e. 12, 1'. 42 ., P. 29 "'\V. It mea" ur s about 2} miles iu 
lc~ngtli awl }-'S.' tlum 011 .,-half mil 01 in wi<lth. Th 1 .rt nt of th secoud 
ar •a can 11nt he :n ac·c·nrah•ly outlined. It o upie • about thre -fourths of 

n .·quar. mil 1 nnd i.· •ntirely within H .c. 3, T. 42 .l.T ., P. 29 vV. 

I_.J'l'B l tA'rCHK 

Bn f<::vv ref •r •n · to the exiHtent 1 of fnwm ntal rocks in thi. portion:.i: 

of th, ""pp ..r p •nin:ula of l\Ii ·higan can b ,\ found in the lit rature of the 

l' •g·i< ll. 

~ Th<; early ' nit ,d ~ 1 tnt<•:,, Hurveyors 1 r p rt 1 cl th -i nerurr 111 e of tako:;;e 

1 n nonil ob. ,n·ation · 11pon th g ology un<l topograph~· nf th di. trict onth of La,ke ~uperior, 
hy BPln Ilubhanl: Thirtr-fir:-t Congress, fir t !H'SRion, E .·ccntiv Docuruouts, U:H9-,30, Yol. III. To. 1, 

1,p. 11;, n, 1H, 855. 

https://STURGEO.rT
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and argillaceou~ . late· in T~·. 42 and .J.3. Rs. 29, 30, etc., of mica- ·late;' in 
T:-;. 41 and 42, R.. 29 30 et . and of ' ·alcif rou • anclrock" near the . outh 
b undary of T. 42 R·. 27 and 2, ·w.T., 

In a li ·t of ·pecimens gather .. c1 from these town hip· Burt1 mention: 
.:;ienitic o-reentone trap, O'ranit , o-nmulit and tal o-mi aceou • . late. On 
the land plats made by these mTeyor.. conglomerate i noted on the w ·t 
line of ~ec. 8 T. 42 .......... , R. 2 ) "\Y., t:nd marbl ~ at the ·outh corner h nY .,en 
·ectiow 3 and 4 in the am town:hip. 

In 18-1 :\Ie ·:r:. Fo ·ter and "\Vhitney rep rtecl 2 the exi "'tence of an arm 
of;. zoic rock "' about 1 miles in 1 ugth ancl 10 in hr aclth, extending a··t­
erly into T •. -12 and 43 R. :2 "\V. and lo ·at eel it· po ·ition on th ir map J.. T., 

of the -Cpper Peninsula. 
Brooks,3 in his de ~ ription f th, north 11.1 iron b It of the M nomin e 

di:tri t, refers to the exi~tenc., of out rop: of hornhlenclic rock~ mica­
:::ichi. t , and o·neisse:, ·~1t by trap dike~, " -hich h ~ regarded a · quiYalent"' 
of the various oT en.tone-schi. h xpo~ ...cl al 1w the }I nomiu., River. 
" ....... ear the ·enter of thi~ h wnbl rnli b lt in the north part of ~e •'. 22, 23, 
and 24 T. 42 ........ , R. 29 " . a line of w ak mn~·netic attraction was ob erve 1. 

u 

This i:-. reo·anled a an indi ati m h re nf the xistenc ~ of an iron- r b lt.' 
The a-uei: s, oT~ nit , t ··~ north of th, north quart r p ·t of ·ec. 31, 

T. 42 J.. R. 29 "\V., h de lar ~ to haY th npp "'Hnm • of typical Laur ntiau., 

rock . "If futur im~ 'stig·ati 11 • 1 r Y th m to b Lam· -111tiau, a y •r -r 

troublesome structmal prol lem ,Yould b present cl her , H,' ,Ye would haYe 
Laurentian rock: ronformnbly o ·crl!JiU!J b cl: unmistakably Hurouian.1 4 

Th only di,.tinct r ,f lr n m,d by Brook., to th s clirnentary· l d 
of the <listri ·t i • ii~ the f 11 wing· I nnwraph: 5 

A range of marbl • a.· ociat cl with <1nartzite chloritic and talco 'e ro ·k, and 
overlaid by a chloritic nei "' with b '(ls f •bloriti . chist and o-n i soid conglom­
erate, the whole dipping at a hio-h angle t tbe "outh, pa' e' about 5 mil': north of 

1 Geoloc,ical report of the urY y of a di tri t of town hip line in tho Rtat of )Iicbigan, in th 
year 1 6, by Wm. A. Burt: ThirtJ·-first 'on~r s , tir~t " -..ion, 1 HJ-50, ::,ennt Document , Yol. III, , 
-·o. 1, p. 1. 

- Report on the geology aud topography of the Luk "up rior land district, hy J. ,v. Fo ter 
aud J. D. Whitney, Part II, Th Iron R •giou: Thirty-, 'Outl Congress, special se siou, 1 -1, enat 
Document Vol. III, .._""o. 4, p. 11. 

3 Iron-Dearin., Rocks (economic), by 'I'. B. Brook : ,eol. ur-v 'Y of )Jicbigau, Vol. I 1 '9-1 73, 
~-. Y., 1 73, p.161. 

◄ Op. cit., p. 175. 6 Op. cit., p. 176. 
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the .....~orth belt (i.e., the Felch Mountain tongue). These may represent the north 
icle of the trough or ba "in of which this iron belt is the . outh outcrop. ~0 iron 

ha., however, been found, o far a, I kuow, on this range. 

In Romiug· •r's fin,t report on the Menominee <listrict ouh~ a single 
re£ •ren i:-; mad, to t.his area. He <le lare~ that a series of te t pit8 put 
down in the ,,... ~ , )c•. 26, T . ..J-2 ..... T., H. 29 " ..·, and in the ·w. l sec. 14, 
1. 4-2 ... r., R. 30 \\ ., ar in ,lecompose<l oTanite.1 

A .~ pe •im 11 of th, conglom rate r ~f )1Ted to by Brooks as overlying 
1the marble in th l h 1t nmiles north of 1 )lch )fountain i: describecl and 

pictured by Van Jii:-;, 2 in his paprr on the Principl s of North .American 
pre- \unlffhm ) ..o}oo-y (~ce ahm PL LIII). It is stated to be from the 
Felch l\Iouutain clistri t. The mor" exn ·t location of the ledge from which 
it W}t. ' ohtain ... ,1 ·i:-- u )al' th l northwest corner of sec. 17, T. 42 .r ., R. 28 "\V., 

in the : 1 turgeon HiYer tongue. 
'I'hus the only distinct reference to n tongue of sediment north of the 

Felel1 Mountain rnng iH that of Brooks, although the existence of sedi­
mcntar .,. rock: in thi:,; portion of the M nominee di. trict wa • reported by 
Hubhar<l arnl Burt. Brook: believed that the ~ turgeon RiYer rocks repre­
. <mted th northern rim of a syncline ·whrn~e southern rim constitute the 
.r-1 ·l ·h Mountain rang , although both he and Rominger di coy red a 
grauit •- chi,·t. complex underlyino- the ountry between the two areas of 

fragm Jutal r ch. 

HELATIO~ ...s nwrwEEN TIIE SBDLIENT.ARY ROCKS..: ND TIIE GRANITE­
:,; 'Ill. ''1' CO... Il'LE~ r. 

\ lw. alr ady h, 11 .·tatcd, th ·ountr, - h twe )n the Sturgeon River 

toll'rue of :edimcut: an<l the Felch :Ofountain tongu i • underlain b .,. a com­
pk· of (JTa:1ite: mid vnrious schish;, trnx 1 r:5ed b - frosh and altered diabases 
m1<1 1,y ?rHnik m1<l c11rnrtz vein:-;. Hrooh, re ogniz )<1 the e rocks as pre­
: •11ti1w ct Laur •utim1 asp 1 t, althou~d1 he f It con 'trained to call th m 

0 

Huronim1, h can ·e of th ,·uppol'.-1 ·d strn turnl diffi ·ultios inYolved in any 

other vi •w of tli •ir :we. 
c;ontact. · of this µ:ranitc-sehist complex with th lPdc.led rock of 

tlw , 1 tnrg<~ m Hiv •r tmwno hav} heen <li.· •oy r cl. .r v )rthele:-; , there can 
,e 1i t.Ie qu •.~tiou a: to the relatin no- 1s of th two ."eri s. A ha. been 

1 Geol. .'urn:y of l\Iichi~an, hy . Rominger, Vol. IY, 1 1 pp. 19 -199. 
'.? • ·tecnth Auu. H.cpt. U. . 'col. unoy, 1 96, p. 01 and Pl. CXV. 
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tated the o-ranit ,· and ._' chi.. t;- extend :-.ontlnrnrcl to the Felch 1Iountain 
frao-mental", and here they are uncnnformably h neath the latter. ~Ior over, 
·ince the turgeon River rock and th lo"·er members of the Felch Moun­
tain serie • are identi nl in chara t r it i pre bable that the T are of the 
~ame ao·e, in which ca e the o-ranite: and ~chist. that are older than the 
Felch )fountain rock: are old r al:-,o t1wn tho e of th 1turgeon River 
tono-ue. 

The relations of the :edim ntm·~- :-.. •riel'\ to the gTanite • on the north 
have not 1 een determined, beran • no cc utaet:-:1 nre exposed. The granites, 
horrnver, can he trace<l northward until they nr found unconformably 
beneath the rock of the Lower iiarqu tt : rie~ at Republic, and the. e .­
far a. · j~ known, are the oldest .· edim nt~ iu Lpp r )Iichigan. There cau 
he little cloul t, therefore, that the r lntiou: of the ·edim :iniB to the n rth rn 
oTanite.· are the same a· tho with th southern bChist compl x. 

The Q'ranite8 of the two ar a. ,' lllT und ·d l y the :-;ediments are prob­
ably -,f the ame age a · the northern arnl :--outhern granites. The rock:, nf 
the area in ·ec •. 7 and <' T. 42 ..1. .... , R 28 '\Y., and ec. 12, T. 42 ., R 29 '\Y., 
are demon trably heneath the cnnglmuerateb, though their relation. ·with the 
dolomite , ha--v not been determin :.<l. A well-marked <:'ontact betwe nth 
granite· and the con°·lomeratc:.1 • i: )xpo~e,l at the ·outh ba.- of u small hill 
of OTanite in the ... TE. 1 8 c. 7, T. 4:2 ......._ I . 2c.' W.1 The ·011glomerate h r 
is well bedded. It · :trike i: ...T. G0° y-_ and its dip almost Yertical. It 
consi ~t • largely of pebble..• and bowl ler •of ~Tanite id )ntical with the grnuit., 
compo::-,in<r the hill, and a matrix nstitnt :)d ntir ly of graniti • d ~hrb. 
The ·onta ·t thowd1 expo:-; cl for only ·a ::-hort <.listnnee, :eeiu • to b, an 
ero-,i -ve oue. It it:- • ,1ininly 11 ◄ >t an ign • m: one. 

:From a on ~id ration of th· fiwh a~ 0 ·iy n nbove, there can he littl 
doubt that the ro ·k. · of the 0 ·raniti • ar •a. · "·ithiu th' ► turgcon 1-frver toll<J' 1e 
aud f tho~ boundiiw it on th : north ·•rn awl th' :-;nuth m . id s nr • old r 
than th ~· dim nts ·within th~ tn11 1ru thn1wh thi-, luv not be •11 pn ,- ,<.1 for 
the 1-ranit ~ • 'With re::;p , ·t. to th • lime-..ton ,~. 

From th~ litholoo·i ·al sirnilarit • of th turo· on River fragm 'Utah,I 

"-ith tho,e of th • F 1 ·h Mountain di~trict and from th• Btru ·tural r >Jntinn~ 
exi ·itino- l etw ::. ~n the rn ·k~ of th • tw 1 , li::-. frt-.., j t i:-, pm ·tiec 11y c •rtn in tha 
thB 'tur<Yeon Piv -'l' s -dim .. nt ar • of th c.: snm., ag· ns th> F'el ·h )Iountc1in 

1The •xaet lo1!atiou of the 1:outact j., 100 pac ... ..:., :?',O \V., uf th\ ,ontlleast eoru r of cction i. 
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011 ...:-i. e., M ;,nominee (Hmonian)-while th granite and 'chi t belong 
to th_, Ba ·ement Complex on which the Lower Algonkian beds throughout 

Michigan have been laid down. 

THE BAHEMENT COMPLEX. 

The BaBement iomplex rock.· in the area tuclied compri e gneissoid 
granit "'S, biotit -:chi:ts, aud hornhleude-:-iehist ', cut by dikes of greenstone 
awl hy vein.' of c1uartz and gnmit '. Th' granite' are h ·t expo ed in the 
... ']~. A .· "'C. 7 ancl tlw 1nv. 1 . ec. 8 and the .rTE. l sec. 7, T. 42 N., R. 28 ·w., 
wli •r • they occur n:-; har, knollb of a foirly oarse pink rock, Reparated 
frorn on • auoth •r by :--tr •tch .,s of f4and. The be~t •xhihition of rocks ,vith 
th • typical a.·p .. ct, of the Basement Complex is along the we ·t half of the 
.,a:-t-we:t quart •r line of s •c. 1D, 'l1. 42 N., R 2, \V., and ._outh of th center 
nf thi .· ,·<~ ·tion. II r .. we firnl hombl rnle-. chi ts and hombl 'mle-gnei e 
cut hy veim; and <lik<•s of red granite and by greenstone that are u ually 
.• ·lii:t<u;. .1 ear tho w st quarter prn;t of the ection is a high hill bare of 
ve,,.etatiou. 11 this hill th rorlo~ are especially ,v :.11 expo ·eel. In addi­
tion to the typ<J · alr •a,ly mention ,<1, thcr is pre9cnt h re a coarse white 

lH; o·mntitic-lonHno· <>Tanit • that appnr -'ntlY •ut:,.; th hornhlende-oneis~;. 
. r-- I":, 

.\11 the 111 •mbers of the Bm,em .. nt, nmplex in thi:;:; area are so similar 

to tlH~ <;otTe:powliug- memhern of this complex el~mYhere in the Lake upe­
rior r<;gion tlwt. th •y clemarn1 hut littl., <le:,;criptinn. They are de -cribed 
h ·r, only _in :ufnc:i 1nt ,l )tail to •stabli:,h their character. 

THE GNEISSOID GRANITES. 

rI he ,,.11 •is:--oi<l grm1it<•:-; north of th .. fnwm ntal tmwuc, and thw;e of 

th • two mens ·mTomHl •cl h? the :-;cdim •ntary rock:-;, nre rnediumly ·oan;e 
r1n·0Twrc1t<;.· of a dnrk-r<!cl feldspar, white quartz Hll(l a <lirt~- gr •en ehloritie 
:--ul, ta~H·c~. The n;<l f •1d~1 Hll' j:,; in ·x<· ss som "tim s to the e. ·clusion of the 
ot]H~r cornpnnellts wlH·ll tlie lrn)l(l sp "cim •11 r •,_•mhl ·s a d •11~e reel fdsite . 

.1 lrno ·t ~1 II ..:p •cirnc11.- are gu •issoicl. Tlw c<m,:titu ·nts ar' n~ually 1-'nti 'U­

lm· but in a fow .-pcci111 •w,, particularly tho:--'.) tak n from n ar th contaets 
with th :<.:di1n<~11tm•~r rock~· , they nr' <lrawn out into long ~l<111<h•r .·tring-like 

mH ·<.;:, !!'ivi11g- tli • .·pcciuwns a streak(•<l nppt'nrnn 'e. 
'I lH., rnicroscnpic·:il foc1tur •s of nll th., g-ranit-'s ar' those ·nnm1on to these 

rock: d. (J\Vlwre i11 tlie BHscnwnt Crnnpl J .· Th ~ ·on~i ·t of clnuclecl ortho-. 
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clase, ome plagioclase and a littl microcline, quartz in varying quantity, 
and more or le.·s oTeen chlorite that :-,eern • to lu1:ve been derived from 
biotite. All the constituents preseut. abundant evidence of the effect, of 
pre:-- ·me. In the lea. t- ·rushe,l rocks the quartz shows undulatory extinc­
tion~, and the feldspar grain~ grmrnlatinn arourn.l their edges. A: the 
ru ,Jiing action increased the oTanulntion increase,1, so that the mo:--t 

cru hed gTanite:, 110,Y consi.·t of large grnius of £ khpar and of quartz in an 
aggregate of broken fragment.' of ortho •lase, quartz, plagioclase and micrn­
cline, and a few 'Wisp:-- nf oTeen hlnrjt ~. )fnYement in the crushed rock 
ma~:; ha~ drawn out the oTanulat ... d n°·nTe 0 ·nt het"·een the laro'e o-rain of

b Ob '"" 0 b 

felcl·par into band:; nucl line:,, tlm...; pro<lu ·ing the sehistose structure noted 
in the hand specimen~ and in th l ·dg s. In the more highly chiRto:·e 
granite, a considerable quantity nf n ·w microdine and a mall quantity of 
new plagiocla~e h~lYe deYeloped ,Yithin the granulated aggregate, and in a 
few in ~ran es mu::;coYite ha~ been found in fairly large plat s of pale-y How 
color. Thi· mu emit oc ·ur:-- on th ·onta ·t b tween the larger quartz and 
orthocla ·e gn1in. but mnr ... parti ·ularl y in the granulatecl matrix. 

The gr:mites in the area b tw n the "turgeon River and the Fel ·h 
)fotmtain t ngue' nre not so abundant a:- those iu the northeTn area f Ba.- -
meut Complex n cks, or in the are,1~ ~urround cl hy th setlimeuts, but in 
their e ·"ential feature::, they- ar ·~ identi 't l with thes 1 

• Occa8ioually th . nr­
face of a fre ·h fra tur l throuo-h these ~nuth rn °Tanites show· the out1in •: 
of p rphyritic orthocla. e -rystal~, hut the8e cryHtals are not :--uffi ·ie11tl ~ 

numerou..., to impart a porphyriti • a..._p ~ ·t to the rock. 
~ • ome of the granite .~p ~ ·im •ns examin t1 from this di:trict ar • :,,o 1 1-

~?pletely rrranubt d that th an with liffi ·ulty h distinguish cl in th lum l 
'pecimeu-· from th :-;chi8to~) m+o" •~ 11 "ar th,, ba:e of the frao-m ntal s ,ri "-'· 
In thin se ·tion they rliffer frnm th, 1att r in ·ontaining no roull(l )cl (1uartz 

raiu-., and in the pm;~e"· inn of Y )ry 1ittl:, mi ',l. rl he folcl:parhi • ·on. titu­
ent • are nearly all d )composed, an 1 Yer)? mu ·h of th) quartz pres nt in th 
granite~ i of :ecnmlary origin. 

Thu in all "· ·~ential r :-,1 e ·t" th ~ o·u •i:-;soid rrranit s of this di., tri ar ~C, 

like tho ··e in the :\forqu )tt di 'trict l . , ·h •r ... d-'Bcrihe,l. 1 

1 The )for(],netto iron-hearinrr di trict of Miehigan, h ·C.R. Yan Ilise mul '\Y.. Bay]e,, with a. 
chapter on the Repnblic trough, by II. L ..:myth: :\Ion. r. ~- Geol. urvey, Yol. XXVIiI, vl 9i, pp. 
171-176. 
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THE AMPHIBOLE-SCHISTS. 

In addition to gneis._·oicl granite:, the snntheru area of the Ba::;2ment 

;ompl :ix contain. a. number of lcd0 'e • of dark- ·olored schi. tot-5 rocks. 
Th-'.: .., in . om • i1vtanee:,, nrc cut b ' <likes of rrranite imilar to the bo'ranite 

alr "a<hr cl •scrib d. 
Th •~e <larl· .-chi t: mn? he cln ·eel as greenstone-Rehists and a, horn-

bl •rnle-. ·hi:t.-. Th former are heavy rocks ,vith dull greenil:-h-gray luster 

and di._·tiu ·t .-cbisto:e . trnctnr . They reiPmble do.·ely in th ir micro­
.Topic a: w •11 as in th -'ir marroscopic featnr s the :chi~tose dike oTeen:tones 

to h • rc~f 'lTC<l to fat r. rr hey are doubtl ss alter ll or squeezed diaha eH or 

gabbro.~. 
The hornhlen 1 '-:chi:-its nr, usunlhr fin -0 Tained, hlui 'h-bla k rock,. - ' 

with < v rv v •u s •histosit)r dose]y re~ m1 lino· ~latv cleavao·e. On the 
.J t,.. u 0 

surf~ · _,., of cro:, fractur -':4 may h 1 i-;e 1 n long slernler pri:nrn of gli,·tening 

blade hf rnbl _.nd • arrang- cl in as cfo.;tinC't lin ~ a.;; the lines of particle:; in an 

•v<;n}y h •dd ,,<1 . edim utar~~ ro<"k. Oft n the ·l 'ilY~we ~mface: ar • coated 
with thiu lay •r: of crolcle11-y •llow mi<'a ~cale--. In most :-;peeimen: there 

11rny al:o b 1 noti •_.cl a fine barnlin°· para1lel to the foliation. 
Iu thin ,' •ct.ion th ,.-e hornhlend -:•.;c.:hi. t1' c.li:ffi,r from th ·chi 'to:-;e dike 

,liaha. c;: awl from the ,,T •en:ton -: ·hiHts, r f lT d to above, in th pre ence 

of larg_. , uantitic:>.· of quartz, nnd of :ome hiotit and to ·ome ~-teu~ in
1 

stru •tnr 1 'I Ii, ,rr 1 11. ton , ◄ owe th •ir schi:to~ity to the flattenino· of their 
" b • b 

·m11pmw1.1t.·, wl1ilc in th, ]wrnhl 1ml -Hclli:;t: thi: :tru turc app ar:-i to he clue 

laro· •lv to th, Grv. tallization of th• hornhl ml in longaJ~d pri.1111;-; with 

th<;ir mHjnr ax .- ·pm·a11 •1. Th' parall ·l nrrangem 'Ht of th 1 amphihole in 

tl1 , latter rock:-- i. ◄ tlnrn mn ·-11 mor prnnnune 1d than in th schi~toHe 

gre(;ll. tone.:. 
Th, liornbl 111<1 •-.: .Jii.·t: ar • eompo~ <l of hnrnbl ml 1 (1uartz, hiotit ,, 

lJl.wi, ·la • n1cwn •tit• awl .·plicn . 
, ' 

'I h, }1ornbl •)l(l • is in 1mw prism: of th 1 u~ual yellowi. h oT en color. 

Th, min •ral is •ompact hnt it is full nf indn ion. of <1nartz 0 -rain.: similar to 

thn-.. 1 c011. titnti1w a larg • part, of th) nintrix 1. ~ing- h ·tw en th amphihol '. 

It wn. <;vi<l ,11tl form •cl in .-itn a:-; an oricriunl t'l'y::-tallization, and 1ut like 

1mwh of the hornbl nd 1 of th, schi:to: gT • •11 t<n1ps by th· alt lration of 

augite r of .:ouw oth •r comp01wut. of a l1a:-:-ic cry tallin roe_+. Th 1 iotit 
::uo~ -x I--;H) 

https://m11pmw1.1t
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i in mall dark greeni h-brovn.1 flake ~ int ~rsp r:ed between quartz and 
feldspar QTairn,, which together con ·titut a matrix ::;urrouuding the oth r 
component. The quartz is unu ·ually free from incln:sion . It contain.- a 
few liquid inclosures arnl occm;ionally a few flake ' of biotite and ne dle~ of 
hornblende. 'Ihe plagioclase, ,Yher present, is in irregular grain, · ·with 
ragged outlin s, as thouo-h a ne,dy formed mineral. It appear.~ to act the 
part of a cement smroumling the oth r mineral. with which it is in ontact. 

mall rouncl grain · of sphene and magnetit • occur Yery abundantly,· at­
tered through the matrix. Often th 1rnw11etite, are . mToumled by border~ 
of ;~phene· hence it i: probable that thi • mineral i ~ a titaniferous variety and 
that the round grain: of phen ar p~ udomo11Jh: after n1agnetite oTain. 
that have been completely altered. 

In a fe,v specimen · large colorle .. ' areas with the outline, of porphy­
nh ·ry taL are olrerYecl in th~ milh-t of the finer-grained groundmas. of 
·chi. t. Between ·rot- ·eel ni ,._1ls the:-- hr ak up into n eoarse-oTainecl aggre­
O'ate compo ed of the same min ral~ that ~outStitut the reHt of th:. ro ~k 
except that in it alter d pla0fo(·la ' i ·ommon and amphibole is rare. 
The "• probahly repre~ent phennery ·t-.., of plao·ioda ·e whic.:h haYe , u:ffered 
alteration into quartz and n " - 1laO'io las:. that may- differ . omewbat from 
the feld ·par of th .. ori 0 -iual cry:-.tal. 

The barnlino· of , ome of th~ hnrnl lend -sc}fr,t:-; ha~ alr ady h "ll 

referred to. ~ua "r th mi ·ro~eo1 th onh- differences not <l iu th harnl: 
ar the quantity of hornblende pre-. nt in them and n Yarintion in th~ 
c ar--ene:-i~ of gTain. 'I he eoar=-- :--t of the band. haYe the composition and 
tru tme of the schi ·to~e gTeenstone..... r1 h 'Y contaiJ1 large quantiti _.:, of 

plagio la. _, l)()th fresh nrnl alt ·r •<l: and large Tain;-; of hornhl ncle that a~· 
not in the <l.efinit pri~nmti • form ~hara ·t •risti ·~ of thi: min :lral in th maiu 

ma.-;.· of the rock·,. 

ORIGIN 01•' 'l'IIE A.i.\IPHIBOLE· CIIIS'l'" . 

From th gradation , nft •n llh~ lT • 1 h 1 t\Y<.' ,n th .. hornbl rnle-,chi t • 

and th gre n:;tone-. chi/'\t , it i~ pbin that th" two rocks are :>·en ti ·ally 
relat d. rrh .. latt ,r from th ir similnrin- to :--- ·histm,l' dike 0 T :rn:ton ::; in 
·ompo ition and ~trn tur, nr .. h .. lieY cl to haY been <leriYed from mas..,h· 

tliaba. es Jl" o·ahbro~. rr h l hornbl .11111 -"'lchists are in all probability dt-'rJY,e(l 
~from .·imilar hasi • l'( C'k:,,,, thnug·h th~ pre:-. nn in th m of what a1 p ar:-; to 
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lrnv .. one .. been plagioclase phenocry:.;t ' may indicate that the original rock 
• 

w -'re in the form of twas. 
The principal difference hetwe n the hornblende-schist , aucl the 

crreen. ·tone-. ·chi:--t. • :--ee111s to he in the nature of the amphibole in the two 
rocks and in the pre::;ence of quart½ and newly formed plagiodase in the 
fo·:--t named. Th .1 materials of th .. gr .. -'ll~tone-:-;chi ·t were deriYed from the 
alteration of tho:--e of the original rn ·k, a:-; w ~r .. all'.-o those of the hnrnblende­
,· c11i.-t lmt the former now cm1si:-;t rnain1y of the direct products of thi:-; 
Hlteration, wherc•m; in the latt<:'r tlw ~uhKtanees now existing haYe been 

work ..,l nYer awl <:utirely r -'<T~'stn1fowd. 

THE BIOTITE-SCHISTS. 

)fi<:a-~ehi. ·ts arc not t:onmlOn in tht• 1 'turgenn RiYer tongue. 'I1h •y 
·011.·titnte by Jlo m<'}llls so larg 1 a pm-t of th, Basement Complex in thi, di~­

trict a: th"'- do in the oth •r portions of th' Lake ·uperior region that have 
L .. ·u :tudi :,L lude .. cl only a f 'W 1eclgeK nf thi:-; rn<'k hav' been ob. erved 
in th • ·om1t1-y bctw, •n th ► 'turgeon HiY<>r and th Cl Feleh Mountain .· :}di­
lll ·11tary ton;:ne. ·, mid rno.-t of thes<1 nre along th .. :--outh lrn ec.lo·e of a oTe ,11_ 
:tern .. knob 300 to 400 pa ·e:-; north of the southeast corner of see. 17, 

1. 4:l .._ '"., H. 2s ,r. 
'I h .. mas:-; of thi:-; knob ii-; a clark lwrnhl .1mlc-8ehist. On the 'Outh side 

of th .. top of the knob this rod- is in contact with a v :}rr eYenly band ld or 
, tr •aked rocJ, of H ,ren •rnl dark-g-rny <'olnr. 111 the hand specimen it resem­
bl ,.~ v -ry dos •ly a fin •-grainecl hawl ,,l ,mg •n-gn is:. J.T .1ar it · eontnct 

with t1w~· hombl •ude-:-;chist th rock j:4 appar ·ntly porph. Titfr, with pheno­

<;ry. t: of fol<l:par from 1 to 1.5 nmt. in leugth arnl an occasional one of 
quartz :c;att ·r ..d through a matrix cmnpo:-; ·d of 1rnrrow alternating lmncl.- of 

almo.:t hLH:k aud ]ight-oTay mat rial. <>11 tTU~s fmdur 'S of the rock 
the: pb •Hoer. r,t: ar • :.; •en to be drawn out in th' <lir .. ction of .th hands. 
( 

1k;avao·, tak ·s pla • • v --r~ ~ r ,aclil :~ Hlong tlw p1a11 'K of the handino·, yi Jkling 
:mfo<, .... cow~r .. ,1 , ith ti1ff H<'ctle:-i of hln<'k hiotitc. A little fmth .,r from the 
'( 11ta<;t t11 li r,.J1t-eolor ..a lmuds Hl' l thick •r nnd 1ll01' .i distinct. At fir:-;t 

o·}a11e. th ,y appear to h • unifonu1y tlti ·1· for lon<r <listm1cp:,; hut a mor:. 

<·Hn:ful i11:p --etio11 .:how, tlrnt they W<:<lg' out rapicll:· and are r::.pla ed hy 
oth •r bawl~ of the :mn .. eharad •r. rI li • dark 1 arnl~ nm nut thi k )r tha~ 



46 THE CRYSTAL FALLS IRO:N-BEA.RI G DISTRIOT. 

heet · of paper. They ar th er ~~ ~ ction of the mica, coatino- on the 
cleayao-e plane:. 

The in ·p tion of this rock in th harnl :--p cimen and in the leclge 
leads to the ·am ·on ·lusion-that it i-. an int rmediate or an a id laYa, a 
porphyrite or a porphyry that ,Ya · ~rin . z d until it b came . chisto~ .. and 
::.hear <l until it he ame fis ~ile. 

~rnler th .. mi rnf- ·op th fell par ph no Ty-t ·, thoucrh much cl .. ·um­
posed and filled ,Yith indn~ion: of quartz musrovit , ancl other decompo.-i­
tion prrnlucb are w ,11 enough pr .. sen- ,d to xhihit in . ome plac ., twinni1w 
.Jnation . Th oTeat r portion of th · ph norryHts are untwinn d. The 
t"-inn -,1 material border~ th 0 Tn.in~, fill in n1ck: hetw en arl ·bad twin:, 
and i::, irreo·ularly clistribut ,l thr01wh the untwinn d material oc ·urrincr 
mnre parti ·ularly in tho:--c pla • :) :-; "~h r th cl comp ~ition of th orio·inal 
fel<lspar i mn:--t eompl t . Th twinn cl f lcl·par is fr ·h r than the 
untwinn d Yari tY. Thi:,; fa t and th mann r of itH clistrilmtinn imli ·nte a 
se ·ornlary orig·in for it. rrh qumtz ph nn ·ry~tti ar rar . The ~ pr ~ "llt 

their u~ual drnra ·t ri ·tic ..... 
Th o-rmmdma:-;:-- in whieh th 1>henncry~ts Ii iti a fine-oTain <l amrr -, ~ r 

o-at of hiotit ,, , quartz, an<l plag-io ·la"'. Th hiotit i: a gr ni:-;h-hrown 
YarietT· It oc ·m·s in larg • plat ..., arrmw ..a in parall 1 position and in 
. mall ft kes n • up ·iug th ~ame parnll ·1 position and lyin°· b tw n th 
quartz nml th, plngioda:--., 0 -rain~. Th· barnlino- untie d in th hancl :--p ·i­
men is due to th arrang· ,m ,nt of th lhrg· ~ hiotit flak s jn hands. Th :-­
ar ~ parat d from a ·h oth :}r hy lH mh < f quartz arnl plagi cla.· that ar 
fr• from th larO' hiotit .>:-- tl10u!.:!,'11 th ·y ·ont<lin innumernhle .·mall flak 

f th.i- min ral. nly when n p rphyritic cr~n-,tnl lies in th way of th 
be nd part from th ir uniform <lir ·tion:-;. H r ~ they h nd 
aroun1 th ph n cry. t~ I •nvin°· >n hnth -..ide-.. of th m littl triangular ar .. a 
in "~hi h th eompon nts nr mu ·h finer grnin cl than el~ wh r in th, r wk. 

Th forht-col )r d eompnu nt-- ar' <1nartz and plngit>t·las -'. 'I h ~ ~ min­
eral:-. ~ r ... in :--mall oTnin:-, that app ,m· tP h int 'l' ·1Tstalliz •<l in th mann _.r 
of th .~ • ·0111lary ao·gT •gat • that ('tnt tit utP th· fin -0 -rnined matrix of many 
oT n,ton ~ . )f th• aporhyolit •:-.: an l ot nth •r rock~ that haYP :-.utf 'r ,l 
int ll::, m tamorphi:-;m. 'I h · quartz • ..., ar, 11 nrly alway:-; l'l'O:-i: •cl hy . trai1 
"'lw luw. arnl th_. fr •sh cl ·~lr plni.6( eb • • by int rrupt ·cl and h nt twinniuo­
bar. 
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Here and th re iu the mid t of thi :fine-0 Tained grounclmas m·e noticed 
lenti ·ttlar and loug narrow a0 •0 T o·ates compo eel of grains of plagioclase 
that ar • much larger than the grain of thi' miueral occurring in the sur­
rounding matrix. They look a' though they might he the crushed remain 
of what \Pr originally phwioclase phenocry t~. 

rrlm: the micro· ·opie study of th e rocks tends to confirm th results 

of th ..fr fi :1lcl study. rrhey wer l probably porphyritic laxas or intercalated 
flow: that han:- . ufferecl alt ration as the re ult of in ten ·e pre ure and 
moYement. Their pre.- ~nt ·ompo:i.tion ~ugge"t, that they were origiually 
qmniz-porphyri ,,. or }Prhaps audesitic porphyrite '. '\VhateYer their orio·inal 

na ur • their origin i: differ ~nt from tlrnt of the biotite- chi ·ts of the Mar­
quett., di,·trict. 1 

THE INTRUSIVE ROCKS. 

rl he intru, 'i'vc: in the schist' and gn is ·oi<l granites of the Ba ement' 
1ompl x ar • grnnit0,·, id lntical ,yjth th o·ueis ·oicl granite.~ aboYe de 'cribed, 

and gr, ,11.·to11 _..,_ Th .. former cut onl? the :chHH. They are probably-­
apoph ?: .. ' from th• laro·er granite 1wl;-;~;c,. ·. The gTeen ·tones cut the ·chists 
au l the oTauite:. Th-')' ar • ·irnilar iu all re:pect, tt the 0-reenstones in the 
:eclimeutary , ·eri :, and thu: are th., yomw .. 't rnch, in th district, with 
th.. •xception of th, horizontal Pal 1ozuic s,md~tone • and lime tone, that 
cap .·ome of th_. higher l'ii11s. 

'I he oT" ..n, ·ton 1 :-; are all mor or 1 '::- alt lr cl cliaba e,. In some the 
<>phiti<; .-tru ·tnr nm v h • detected, hut ju most of them no trace , of their 
oriµ·iual con:titu .,ut:-; nor of thefr ·tru ·tur" r ,main. early all are more or 
] •:.· :chi ·to,'<!. Tli _. only evicleu • .. that the most 'thisto::; pha eH were once 
ma.-· ·iv• igneou: roe+· i.· in th •ir eomprn,ition and th ir occurrence in clike­
lik fi::ur .... As tl1e . c•,histosity of th .. s' gr •11::,tone~ iuerea~e ', the amount 
nf th •ir alt ,ration al. ·o incn'<l. • 'H; th ..re i • a gr >at ·r abundance of hom­
bl •wl., pr<•:wut in them and a greater qwmtit of quartz, nutil in the mo -- t? 

,· ·hi:tc. ·• plut.· '-'.' th• ro(·.k: me now typical horn bl ncle-schi:ts. 
Jn. of the bl!8t' •xump] ~:, of th •:,e gr~ nstoue: occur· in the s ~rie:-; of 

l •d<J' .,.: .. xt •ncliug in 11earl !' a straight liue for G mile~ from the southern 
p ntio11 of :pc.. 13, rr. 4-~ ., H. i9 ,v., t th· north .,ast corner of sec. 14, 
rr. 2 ~. R. 2i' ,r. E. C •pt in it:-; •n.-t 1 l'll led0·es the rock con 'titut I'\ bold 

' 
' Mon. ('.,. Ocol. .'nney, Vol. XXVIIIJ pp. 200-203. 
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rounded, bare knob.~ with almo t perp ndicular sid s u:nally ituated in 
the mid t of , wamps. The main ma~- of th~ knob, i:-; a rath r fine-grained, 
lightly chi.·tose, gray ro k exhibiting the diaba:;ie tructure on weathered 
mface . On the 8outh .·ides of th knoh: the rock ig much den er, nncl in 

mo t ca es i • mu ·h mor hig·hly sthisto5 than the main rock ma 'S. 

-nder the micro:; ·op.) these rnrk:::; pres ut the usual £ atures of hi ·to~e 
dike green.tone;-;. 'I'hey consist almo ·t exclu~iYely of hornblende, plagio­
cla e, and quartz. The hornbl n<l.e "-hi ·h is the common yello,Yish-gr en 
variety: occur· in Ion[>· plate.· nncl in ·ohunnar crystal·, some of whi h are 
icliomorphic in ross section, and nlso in sl ,ml r needles penetratino· the 
quartz and f l<lspar. The ·e two mineral.- form nn ag·oTeo·ate between the 
laro-er hornbl n(l s. rrhe f l<hipnr ii-- mainly a cal ium-soth . plagiocla,·e 
thouo-h a mall quantity of albit may al~o h preHent. It or ·nrs <-l irrecr­
nlar gmin: ernhedd ,d in a. mn~aic omp< • fl of round d oTains of th . ame 
felcl. par ancl of quartz and a.pp ar:-- t . b a new rrystallization sub. equen 
to that of the oTeat •r portion f th phvrioclas . ...\.t any rate a . ingle 
laro-e g~·ain oft n fills the int<·rstir ~ h tw n numb rs of th mo. aic: grain, 
and extinO'ui;;hes uniformly oY r large areas. The magnetite in th roek i.· 
titaniferou:. It o • ·nrs in littl.) crystab an◄ l in :mall in gular grain:-- tha 
are often :;un-onwl cl by a granular znn nf 1 ncoxene. 

This ro ·k ma_ - s 11T as n t. ll of n arlr all th other lik .i gr enstone. 
in th disU'i ·t und ~r ,1i:crn-n-,ion. om maY 1w mor . ·histo.·e than tbi. one 
while a f w may b m< re mal'\siYe, bu in ge11 ral charnet ristie~ they ar all 
imilar. :The mnr srhi:-;tose ro ·k. liff .. r from th) 1 ss ~chistnBe Yari --ti-':-­

. imply in th po~.~f~~ion of a gr •ater amount nf <1uartz nnd a OT ater <tnantity 
of what appears to b n •wly form cl fohl-~pnr. 1: h ir gr nter Helti:to:--ity i:· 
clue to the rnor uniform ..Jongation t f th ·ir • nupmwntH. 

The fine-oTnin d oT l :.11:-.tnrn_, fnnntl nu th dgeH nf the ('nm·:-; r-grain d 
ones. and o asionally ns ind •p ml •nt tlih•s, ar • w '< th re(l cliH ha.· ~ of th .. 
normal typ . 

COMPARISON OF THE STURGEON RIVER AND THE MARQUETTE CRYSTALLINE 

SERIES. 

The Bas m n Oompl )x in thi-- ar n i:-- ss nti( llY lik that in th Mar­
quette <li~trict1 x • pt that th alt r l tuffs ~o ahundant in th) uorth •rn ar --a 
are ab ·ent fr . m that now uwl r tli:--<·1b. io11. Th 1 iotite-s<'hi. ts of th two 

I 
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ar a: :eem a]:-;o to different in ori 0 ·in, althourrh thi. can nut be .·tatedbl' 

with certainty, ;·iuc.:e the origin of the Marquette chist i • not 1-10 clear as is 
that of the ~ 'turgcon Riv lr schi ts. Th .lre i: enough .·imilarity between the 

• I 

-ry.-talline :erie:-; jn th two area .· to lea Ye no doubt a~ to their practical 
icfontit:v. If the· 1Lm1u tte Ba: lnient ~omplex j:-; Archean, the <:rystnmne 
.- ri, • un 1"rlying th ., <"onglomerat(:ls in the 'turgeon River tongue- is also 
Ar •h.,an. 

The , edim ntary ro ·ks eompri ' ,d within the ~.. turgeon River Alo·onkiau 
tnngq, may b :-;eparat<'d into a <'<>nglom .,rate ·eries and a dolomite ~erie •. 
rl lie c01wl01:n •rat, ,· •ri •s cow.;ists of schisto:-;., cono·lomerate , arkoses, quartz­

it ·.:, .·Iates, awl <·ertain sericitir schists that are 'que zed arkose:. 'I'he 
_dolornit • s •ric;: •ml,race: erystallin ·' <lo1nmit l:,; a f w thin bed , of quartz­

it • a f ..w hr • ·ic1 . and c01wl0111 rates n11<l :om l Rlates. 

It is po:i-;ilJl<~ that a third seri ,~ ·nmpn cl e~se11tic1lly of slat ·, also 
·xi. ts in th ... district hnt if so it i • not a<lvisab1 l to • parate it from the 
dolomit... . rie ·, :in ·e it: exp sur 8 ar • Y •ry few in m1mher, and the slates 
wliic:h eompri. e it: main ma ·s ar :o 11 •arly like the ·late~ belonging in the 
cl<J1omite1 .-,.. ri ,, · that th v ean with diilicultY be tlisting-ui.·he<l from the~ l. 

A:-voci~!ted with th l s .1dime11tary rocks arc gre8t masse:-; of basic 
i<nieou. ones. ;\m1.. of tlw:c ar, unqul'~tionably intru. ive ma.·. ·es, a . 

.-Ii, wn by th _.ir relations to th , c:onglnmerntcs, whn other" app ar to he 

int ·rl •a\~•1l .-h t.. A v •r. • fpw, appar lntly b d<led 0 Tcen:tnn " on dn e 
..xarnination .- , _.m to h • c;omJH)S :.cl of iut ,nnin:,d :id s .,dimentary nrnl ig·n on: 

mat ... rial. 'I li ..,- , ma v 1,e nlt •r •cl tuft'.-,. 

...."'(mrl r all tho .·e<lim 'ntary as w ·11 aH the igneouH nH'k:-i mhrae lcl in 

th., trmwh ar • ~ ·hi:toH • ~m<l tlm: ar 1 :harpl:· diMinn·uishecl from the brown 

Pot.-<lam :and ,ton•::; an<l th ' ► 1ilurian lim ·Hton :-; that here and ther lie 

approximat •l horizontal on th :lir upturn d do·e:. 'I'h sque zing of the 'T 

pr •-l'ot:--<lam formation~· lrn!-i been :o int 'Use that both <'onglomerat .- and 
dolomit ,_. lwv, he 111 forct>cl into cl<v 1 ly appr ssc l fol<ls, whieh in the •on­

glmnerat •: ar., for tli • mo:t part appar .1ntly i:-iodinal. Th Mrike of th"} 

lnttc;r r >ck.~ j • 11 arlY ,a:-;t and w<•Ht, an<l th ~ir di1J n arly })er1) ndicuhi· . ., . ' ' 
•xe; •pt in one or two <:,\.'eH. 'I lie dolomite·~ nr .. I ~ss clnHely fold ld than the 

('11ng,-l< m rat<>~. Their dip:-- ar • nrn<·h 1•~s st" lp, and th ir 'trik varie 
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. 
con"iderablr except in the nan ,y ea.tern portion of the tongue, where 
it i approximately parallel to that of the conglomerate, i. e., a few 
degrees north of ea "t. 

RELATIONS BETWEEN THE CONGLOMERATE AND THE DOLOMITE SERIES 
AND CORRELATION WITH THE FELCH MOUNTAIN FRAGMENTALS. 

The relation of the •mg-lomerate:-. to th <lolomite , are b ·t :--hown 
by the di tribution of their re ])ectiYe outcrops, a , members of the two 
erie , are nowhere in ontact. In the ·entrnl portion of the tongu the • 

conglomerate outcrop · ar limited to th tlLtri t b twe nth c '.lntral granite · 
and the "outhem area of the Bm-;ement omplex. The dolomite: 011 the 
other hand, are limited to the. c unh-y north of the central granite. It.­
outer( p~ ar found • catterecl oYer the north rn tier of ction~ in 'I. 42 ~ "'., 
Rs. 2 "\Y. and 29 '1'"., and the ::-outhern tier of ~ection~ in T. -1-3 i .... P:--.... "\Y. 
and 29 W. Behrnen them nml th~ 1rnmite to the north is a belt of ountry 
de"Void of expo:--urex. It ix h ,nvily drift cover d, c01l'isting of ~and plain.-.. 
and and hill. , from beneath whi ,Ji no ledge~ f any kind protnule. Thi. 
b~uTen belt mea:;nres about a half mil in width in see.:?, rr_ 4:2 RT. :2 ) \\"". 

gradually in 'r a:;ing in width till it r ,,l ·heb the eenter of see. 1 ju 'I'. J 3 ....... , 

R. 28 1.Y., -rvher it l l 11 • nt iutn th larg·e Plei:4oeene area ,Yho • :-; uthe,:tst 
edge i~ ·hnwn on the map (Pl. LI). In the ea~teru portion of the cli~tri ·t 
the northern granit .-. and the ·mio-lomernte:-- approach each oth r, and th 
dolomite hf;\lt l ec m :.:-. Y rr mu-row: finall~- Ii. npp nri1w toward tht' en~t 
ide of T. 42 ...T. R 2, ' \V. 

The r lati ,. <li;;tributiou nf the ·01wlomerat ~ and dolomite 1 do- :..s, 
wheu e n. id red ·with r f, r ~n • tu the triano·ular outliu ~ of the ell' :.a 
embra ed between th' north rn c nd the , outh rn oTanitc-:chist ompl xe:,, 
ug-u· ,:-;t: that th-. two formati >u: • n~titut aw ..:-;tern-pitching :-;yncline with 

the dolomite in th ·ent r and th • ug-1 merat • with their a:-;:-;o ·iat ·tl le 1, 

• ou the two flank '. 1 he ·onglomerat • • nnpri 'ill? the :-;onth rn flank ::ne 
well --po· '.ld, l nt tho., ,l of th n ,rth ru flank are not .-e .1n. 'l h ,y ar 
belieYed to und die th o·la ·ial l ,p ):;its i1 th~ barren 1--trip of <:c untr" • 
horderino- th north ru grauit h,. 1 he no·l m •rate·, a ·cordi1w to thi 
Yi ~w are old r than th lul mit ,:--. 

T \Yard th -- nt r of th , d 1h mit ar __.a, in th north ha]f nf s _. •. 6, 
T. 4:2 .... , R. 2 "\\ ., aud at i f ·w plac , forth r "·e~t there ar f .1rnwinnu:--
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becl:-; in th, dolomite serie:. If the e repr . ent the upper portion of the 
dolomite formation, n. is the ca 'e with Rimilar rocks iu the Felch Mountain 
rang , it i. • dear that a: we approach the ceuter of the Sturgeon River 
tongue the ro ·k h d:-; met with are yomwer than tho~e on its border:-;. This 
i~ in li1w with the :upposition that the ~ turgeou RiYer tongue is a westward­
pitchiug' .711cli11e. 

Th, belief tlut th, conglomernte ~ ,.lre heneath the dolomite , in the 
i 

1 turo-"011 Riv r arra i: further . treiwthene<l b!~the fact that th principal 
·ono·lo11wrate in th • 1' leh .Mountain range is h "Heath a dolomite ·which is 

ide11tica1 h1 ·Jiaractcr with th l ~ turgcon HiYer dolomite. rrhL eonglomerate 
i • r -'<ranled a:-; tho bas .. of the Lmver Menominee serie. in thi • cfo,trict, with 
the dolomit " ahon~ it, known as th~ RauclYille dolomite, i1mnediatelr uc­
ceediug· it. If tlw ('onglomerat s and dolomite;.-; in the two districts are the 
·am ·, the ► ' tmgeon .Riv r rockR nre Low 1r JI nominee. 

RELATIONS BETWEEN THE DOLOMITES AND CONGLOMERATES AND THE 
OVERLYING SANDSTONES. 

\t . · ... y .. ral pla(·(•:-; th onglom :irate;-:; awl <ln1omiteH are oYerlain h; 
well-cl •finc<l L~ k , uperior :-;and,:tone. The sand 'tone u;,:;trnllr caps hills, 
on t11 .. lower .:lop .. _. of ,vhi ·h le<lg , of the urnkrl~~ing rock ' appear. The 
conta ·t.- lwtween the oYerI vi1w :-;and:--tone and the unclerlYing rock , are. ~ 

rar •ly . •c.m but th .. fa ·t that tlw form ,r ar alwa:n1 horizontal, Yd1il the 
latt •r ar, a1w,lys wr:~ .·t 1 eply in ·linecl, 1 ,ff : no doubt that there i: a 

. tro1w u11 ·onformi t\· h •tw , 1n th --'Bl. . . 

THE CONGLOMERATE FORMATION. 

T}w t mwlmuerat{, forrnatiou con1pri:--e;-:; Yery much squeezed oTanitic 
c mo-lorn •rat ,.. , ,uko~ •;,:; :•wricit •-:,{chi .· t. ·, (Illclrtzites a few bed ~ of band cl 

rode bc:li<; V<;<l to <·ow•i ·t larg- ,J>· of tnffae •ous mnt rial (see pp. -1- 1.)5-4 7), 
awl oc,;c;a.~ i md .1> d:-.; of lat :i :-;. N"Pnrly all th , m mber • of the: Meries are 
:chi:to:e the arko:<~s j11 :-;mlH~ <·ns<: s pa;-;:--inµ: into very well eharact rized 
.- •11 •it(; - . •hi:t.. Ucca ~j nall)' tlin arkose: sh< " . obseur i trae ...s of ripple 
lllarki11g- Hll<l mor • freqn •utly Yt1ry W...n(I ~fin ,tl TOs;-:; hed<lino·. 

.\.l]~tli, rock. · of thi..· fornw1ina Htrike in a n ,arly uniform direction T 

7r, o_, •4° E. awl clip alrno:t vertically. In ont:> or t\\~o in ·tan •e: ob ·e1T d 
tli, dip i: a." ]ow a:-t G5 , but i11 most (',Ves it ntri ..s between 5° . and 
·r, 0 

• '. Th(~ stri1w of t11c s<'liistosit)· is appro.·imatdr parnll 1 to the Mrike 
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of the bedding, a:-; i-., aL o the dire tion of th elongation of the pebble.- :o 
abundant in the eoncrlomerati fay rs. 

From the slight ·hauge.' in clip oh-.,erY d in th hed: as well a:-, the 
great width of th formation in :-,Om, plares, it is eYid nt that folrlino' nm ·t 
exist. It is prohabl,. that in th ... ,Yid ·r portion-. nf the area necupi d hy 
the:-.e ro ·ks there are pr sent two or mnr,. fold:-,, .·o closely appres,·Ed that 
the bed::- on the oppo:ite limh <·cm not 1> _. <·01-r,lat <l. I-I nee they app .)ar 
a-- meml er-., of a. cnn"'ecutiY _. s )riE:>-.. of nnformabl rn lmbtlrs "'ith a n •arly 
uniform ,lip throuo-hout. In the narrow· -'r portions of th ,. area it can not 
be tolrl "vhether mor ... than on) fold i-- 1)r s nt or not. In any PYent th 
folding- i . praeti ally isn ·linal. 

Th ledg --; of th) cmwlom rat :-; and th ir associat d h <ls occur in the 
'Outhern portion of th • turrr on RiY r tnng·n thron<rl10uf its entir _. xt .)nt. 

.....,..o exp<bures lun-.) h n found north of th, gT~ nite areas in th c ntral and 
western portion. nf th ton!:!·u . 

DJPOR'l'A... • tr 1;;xpo~ RE ... 

Th., arko-- ... s, th., :-.ericite-:-.('hi-..t-.., am l the ·on~·lomcrntie pha. s of th 
'C erib ean he h --t strnli cl at the <lam of the 1 

1tnrg- :.011 RiY -'r Hear th, Horth­

". ,t co111 r of-.,•<·. 17, T. 4~ .... ~., .P. :.. \Y. HP they form a contiuuou._· 
led~· ,f well-he<ld .,d lay r striki1w .... T. 3 ') E., and clipping ( :'3° ~ 1

., which 
measure-- at lea-.,t 250 y-n.nl:-. in wi1lth and 400 yard:-. in 1 )ngth. (~ e Pl. LI I.) 
The cmio-lom rate· ar • pink in color. Th :i. ~ contain imm nRe 11umlwr: of 
whit quartz p ...hhl arnl howlcl )rs, f :iw r and snrnll:r on •: of pink :.rranit , 
an<l numr fnwm .,nt~ of r d f l,l~par in n matrix eompo~ed of mod )rat ·l~· 
cnar::- grnnit .. cl ~hri~. \11th~ fra~rm ·nts arnl p bbl 's in the~e rock:-., a~ w 11 
as their matrix ~how plainlr th .. ,ff., ·t of pr ,_·sur:. (PL LIII.) The matrix of 

all "PA ·im ..11.- is more or 1 •~:-- ~ehh,t< s •, nrnl th, ·oar:--< san<l g-rainH emlwdd d 
in it nr ~ in manv ('a~ "'s .1long·at •<l in th <lir ctinn of th, ·rhi~trn~itv. l\Inst f .,., '- ., 
th p .. lJhl,;'~ awl howl<l r~ in th .. cnnu·lom lrnt ar .. als flat and parall 1 to 
th ::- ·hi. to:-; ... plane. How far th • • • ph ·1wm rn.1 ar .. du • tn mm,hi1w, to rota­
tion into parall I position · clurinu· tlatt •ninu·, arnl to orio·inal s dim ntaticm 
rhpeetively ·an not he ,l •t<.;rmin ·<l in mn::,t •ea~ ..s, ~inc th ... ~ehi:to. it:· of 
the n ·k and the ... }m1g·a,t1on of th • p ,hhl •s ar • 1 nth apprnxinrnt ly parall ... l 
to th lnldin~·-i •., tlw p •hbl !~ ar • 11 •:trl~? in th• positions as:,;um ,cl by 
nn 1nidim •1isinnal p ,l)bl • • in a w ..11-h •dtl •<l <·<midomprnt . In a f .., 
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in. tance: the .·ehisto. ity may b se 11 to meet the beddi1w at a very acute 
Bn<rl . In thi.- ca:e the pebble.· are mmally arranged ,vith their longer axe 
parall 1 to the ,·chi:tosity, though ther are alway. pre. ent a large number 
that li Cl parallel to the hedc1in°' planes. 

In th l a. t , rhi:toR pha. es of the rock.· the pebble are nearly round 
and th .. matrix po:Hesse~ a well-define<l frao·mental texture, but in those 
h ..<h iu which the schi:tosity is more pronounced the nrntrix is 8ericitic and 
the pebble.- ar 1 ,nticular. The mo8t ·omplete~~? schi. to:e pha. es resemble 
nu<rcm-gnei. se:--. In these the matrix iR an almost typical :-;ericite-schist. 
The quartz pebhl<!s have be n crush ..d arnl flattened into long narrow 
:tri1wers or plates of quartz, some of which ar :i continuous for long di tance 
(fi nr 7 iuclte.), whil 1 oth >r:; are broken into :-:-cparate parts, which when 
rc.nmd d on their ..dges yield qumiz lePse: like th~ " angen" of o many 

ang .. n-gn ·i::-- ~- 1 

Th, nrmconglmnerati<' heels intcr:-;trntifiecl with the conglomerates are 
u. ually mor • cmnpl "tPl:V schisto.·e thnn th) lntt 'r. The lea··t schistos beds 
ar, arko~es. Th ,' oft )n , how rippl 1 marki1io- and current be<lcling. A 
th :--; histo.-it_,~ i11erca.'('s, th• c1uantity of s ~ri ·it present also increa~~s, until 
in th mo:t highl ~ :chisto. • • phase>.' scricit >-schi:-ts re:ult. 

; 
1om of th, arko.·es, a: well as .·ome of th,, finer- 0Tainecl conglomerate', 

in addition to b •i1io- :chistos •, nr • also foliat ·d-i. e., they are huilt up of 
plat •s r r l •av 1s, alon,,. th~ phuws h tw) ..11 whi h th y .. plit very ea ily. 
"\Vh ..n thi.~ i: th ens•, th cleavaae surfae s ar cov reel by small .-cales of 
ilv •ry 1i1ica. T'he foliation is so pronomH' <l in many ca es that th rocks 

nre nlnw~t. fi.-:il . 
B :ide • t,h ,s, rock.- there ar, pre:-; nt n ar the clam great lecl()'es of 

•oar.-, and fine graine<l µ:r enstonc (s, ~ Pl. LII), who ·e relatio1rn to the 
, •clim ,11tary h<!<ls- at fir.t glance appear to h those of int rletwecl flow . 

~pon do. in:pectiou .·0111' of thrst, mn. :4C:4 di:-rlosc intru:iYe feature . 
\.ltho 1,rh the nlm<d invariably follow th :i h clding of the frao·mental 

r > •k ·, . 011w of th, o-r • 111:ton •s can h : rn to ·ut across the laverl"i in . uch 
a maun .. r a· to Idn.v no <lonht of th ir intrn:--iY hara t r. 

1 The 1,e. t e. nmpl of tlw ·n extremely schisto-.e cou~lomt•rate. :ire not found in the e.·po. nres 
r fi•rr cl to ahove, but they arc w 11 dcvclopetl along the lini 1, ·twe n ec.'-<. 11 nn1l 12, T. ,12 .... , R. 29 '"· 
Hero tho width of t!H1 rie~ is but 01111-fourth mile, wh r a the total wi1lth of the <' rocks and tl1t•ir 
a ociat ,l greenstoui:s near tho <lam m a ure~ t~ foll milo. 
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On the old road leading to the dam the conofomerates and arko e • are 
inh·uded by an alt red diabase iu a mo"t complex way. To the norih of 
the road i the great ma"' of the 0 T en ·ton , within whi ·h are considerable 
area f the conglomerate. ·yvithin th b l f conglomerate, on the other 
hand, are several band:-; of th eruptiYe ro ·k which roughly follow the 1 d­
dinO' of the eclimentary one, but which ·ut aero " it iu a minor ,vay. 

At the contact of the main mn::,:-- nf o-r eustone and the ·orwl merate 
are numerous interlamiuatiom; of the two ro k , the gr e1Ptone haYing 
intruded the conofomerate <{It na it~ b <.l<ling planes. t one place a dozen 
alternation · of the two wer.:. not d "·ithin a £ t. for OYer, for s me 
di"tance from the oTeeust ue th~ ·on°·lom rat~ appears to be impr o·nat ... d 
with material from the intru.·iYe ~o that it ha: taken on a greeni~-il1 tinU'e. 
Thi · impreo·nation in on ., in ·tan ·e has gom_• on so far as to produce ·wlrnt i:; 
apparently- a gr enston matrix · contnininO' .-- 1 arate pebbl ' from th_. ·on­
glomerate the 0To1mdma:;.' of the ·tnwlomerat luwino· apparently h _. .,ll 

ab ·orbed. The gre :.wtou adjac ~nt to th l'.Onofomerat 1:-, traYer. cl by 
narrow peO'nrntit Yein;; iu Y~1rion~ dir ~ ·tion::;, ~orne of the large ·t l :>iug not 
m re than 2 in ·hes 111 wiclth. Thne i. 110 eYideuce of a grauiti int ·u.:inu, 
the pe(rmatite.· appem·ino· cl .arly to h th result of an interaction bet"· (jll 

th ha ·ic igneou ro ·k and th ~ mor _. n id fnwm ntal one. At n _. pla ·e 
aloncr the ontart ther ~ i:-. a b •lt of very c.oar ·:. lwmbleuclic mat rial that i. 
cut tlmm1,·h and thro1wh by th p lgmatit _. n ~ius. 

East an l ,ve t of th <lam for som .. <li tanc ar ~ other l clo·t, ~ of ·(n -
O'l merate. They, howeY r m, a rul , 1 r sent no featur ~ differ nt from 
tho:-;e exhil)it d by the oTeat 1 dg· le--eribecl nhoY . In all, esp ... ially m 
tho e o • ·urring in ~ec:. 9 and 10 1. 4:. ..... , R. 2 W. th i11terhaudi1w I f 
c nglomeratic and 11 n no·l nu -rntic layer:-- i l autifully . h wu . 

....T e.._lr the north qum-t ·r po:t of: .. '. 11, T. -:1:2 .... , H. 28 \V., th arkos .. 
have t purple rather than a pinly ting . n I'< , • frnctm '8 th y tr" ~ • ,11 to 
b pano·l tl with g-li teni1w hla + n,, 11 :-- < utl plat ' of homblencle, whi ·h 
lie with th ir loner axe · in all t iimutb. rr h, littl, er ·tals appear to 1 e T 

m re abundant in.- nP ]ay r. tlu n iu l th :.r . 
The b, ·t xpo~ur 1s ( f qmuizit , ar f, mul n ar th .. north quart ~r p t 

of . 11, T. 42 T., I. ~ "\\. nnd Ht 1,3 l pa 'l•~ \Y. 150 ., of th, . outh-
,a ·t Cl mer of '€ . 7, T. 42 P. 2 ,,r. 'I h l rock: nr bla ·k. Th ~ 0 •• uT., 

in l eel~ Ye ryi1w in thickn ~~ fr m a f ·w intlws to .• lV ~ral f _) t. 
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PETROGR.A.PHIC.A.L DESCRIPTIONS. 

A. might naturally be expected, the 1 a t chistose of the arkoses and 
<:onglom rate: exhibit the fewest evidence of alteration in the thin section. 
In aclclition to the pebble in the c01wlomerates, these rock consist of 
rounclecl all<l aiwular <rrains of quartz, microcline, orthocl~ e, and of various 
pla()'io<'1ases, mvl a fe\V of microperthite, embe<l.ded in a finer-grained 

....ao·oTefrate of the smne mineral~, tin :r flakes of 0 Teen biotite and of color-
l'." 

lP!--.' mm,covite or f-eridte, a few plates of hlorite, particle and crystals of 
magnetit , awl litt] ., ne:t: and isolated grain" of epiclote, with occa ionally 
i-;ome calc:it~. )Im1).. of tl1e felcfapar grain are altered into ericitic products, 
colored red by small particle, of variou: iron oxide, and by red earthy 

:-;nh:.;tan ·e •. 
The compo.·i tion and microstructure of the schistose arkoses arnl of 

th, :schi:tos ma trice:-; of the tnnglomerates Yary greatly in different peci­
men~, h ,ing clet rminecl largely hy the original composition of the different 
h .,a., and the amount of , queezi1w to whi h they have been ~ubjected. No 
attempt will he mad, here to d ;-;cribe in detail all the change uffered 
hy th~. :l rof'ks; a simple Htatement of th t ndency of the e changes will 

b ,.riv ,n. 
'I'h .. c1uartz pebhl : jn the mod rately schi ~tose cono-lomerates show 

plainly that they lmv heen nrnler gr at str ., e:--. The maller on s all 
exhibit u1Hlulator ~ <!Xti11 ·tion. 'I h' lnrger on ;-; ar ~ ometime peripherally 
o-ranulat <1, m1<l .:ometime: etc·hed or ('OITntl cl on their edcre , a~ t1Lough 
t1 1 .,y lrn,l :mff ,r <l partial solution. B ~ thi~ proce. ~ 8mall portion' of the 
nrir,·iirnl rmrticle. have been sepamte<l from them, arnl the di olYecl silica 

C 
ha. n,d<:posi i }cl amoncr the grain~ of th :i ~urrouncling matrix as :-;ec-h<; 11 

on<lary cmirti. In th ,ir interior:-; many of th lar<rer p bbl ' haYe been
1 

elimw ,d to a mo~ni<- of cliff ,r ,ntly ori ,nt 1 cl part:-. which interlock so per­

fo<;t]y that t1wv npp 1 }11' to ]uw cry ·ta1liz cl tog ther. 
·Th , (JTOu~rnlrna:: in whid1 th p l ble~ 1i is, in a. f w ca, e: a frag-

h 

uwnt:tl ag·o-regat , "f quartz; nwl H 'V lral f lcl~par~ with the ;-ulditiou of Reri-
cite awl nth ,r <.:ry.-tallizecl cnmpon •nts. In mo~t. ·a.· and in all in which 
c·hi . to.:ity i: mark cl no fragm ,ntal strnctur i:-; noticeable. Th o-roml(l­

rnn:--: i: nu inter1 ·kinct rnosaie of fairl. r larcr .. quartz grain · that appear to 
han; crv~·tallizNl in Hitu, l>etweeu whi h nr l ~mall er <rrain of the ~ame 



478 THE CRYSTAL FALLS IRO......BEARING DISTRICT. 

character, large and ~mall ·pi ule "' and plate~ of . ericit cry tals of magne­
tite, ancl a few needle · of chlorite and lther ·ecoudary Rubstance . Between 
the e, again, is often a cement of what . eern • to be secondary quartz. The 
schisto ~ity of the ~pecimens is due tn the nrrm1,o·ement of the enc1te in 
approximately parallel po ·ition~, aml to the elono'ation of the quartz grain: 
in the ·ame direction. The pink color of th , rocks is produced hy r d 
earthy :..ubstance:,;; in the feld 'l)tu·:; and in their decomposition product . 

In the mo.._ t schistose pha e:-. of the co1wlomerates the quartz pebble· 
haYe been mashed into plate.-, ::-eY n 1 of whi h join, end to end, forming 
sheet , ·which iu the thin ·e tion app ar a" lo1w narrow line of Yariou ·ly 
oriented quartz oTains, each of whi·h i~ cro.~,"ed br ·train shadow·. 

The larger <1uartz oTains in th ir matrices nr broken into parfa, and 
the~ pa1i. are differently orient tl ,rith re 'P )ct to one another. Other 
grains eem to have entirely recr~-stalliz d for they are n w made up ex ·lu-
·iYely of the ,·ame kind of int ~rlo ·ld.no· qmutze , a~ are pre ent in th tin 
portion· of the <>Toundma:-:s in ·whi h th coar 'e quartz grain' are emh clcled. 
In the 01:oundma • • f th .. rocks s ricit i • ·ery al undant, and fel<l::;par i • 
rare. From the prop01iions >f th :,e mineral:-; present it would appear that the 
former has been derived lnro·ely from th • latt r. Biotite i • al ~o pr .,.,ent in 
m;:my pecimens a: . mall oTe n flak .·, but thi • min rnl i:-:; not wi lely ~pr ·ad. 

The nclu 'ion frnm the tudy f the thin ~edion of th :chi:--to~e 
co1wlomerate • j • that there hati h ~ a cry "talliz;1tion of new i-5nh-;tnn ·., ,c111 

prin ·ipally quartz, ;·ericite, hiotite, and mcwn ~tite, from the mat rial: of the 
original granitic ·ediment:-;. P ·rhap~ a porti . n of th cry::-;tallization wa.· 
th· re.-ult of alteration of the original '0mp m ut~ b Jfore squeezing touk 
pla e. The lar?'er portiou, how -'Yer ,vn" nc ·omplish :)cl uml _)r the intlu ~nc; 
of pre: ·ure. The r sult of th A nuL hing m1d reer>·stallizntion i~ n ~<:hist 
whi h betw _, -'ll -ro~.· --d ni ·ol:-; ha-.. th· a.1 _, ·t < f a t:q)ical ery.,talli1w :•whi~t, 
but which in natmal light ,_ ·hibit~ ib cnng-1om ratic. nature in the pr"· enee 
of the ht.ru·e quartz len'c;-,, "·ith th_, outline:-. nf tlatteue<l p ~bbles, in a fiue­
graine 1 oTonndma • .. 

The pink arko 'C:-. differ fr m th, ·nngfom mt):-- :impl~¥ in th al :; 11 • 

fr m them of the pehl le:,;;. rrhe : ·hbto-..t: Yari tie~ are .·imihn· in eY -•ry 
re.'pect t th : ·histwe nToumlma:-.:-. nf th, ~qu .. •zed conglorn mte:. Bnth 
iu the hand ~pe ·imen and in tht.: thin \-iection th· 'Chi ·tose arko: s exhibi 
. triking re mblanc • tn mu~coYiti ~ g·n .. i:-,::, ..... 
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The purple arko ·e:-, <liffer from the pink ones ju 't described in contain­
ino- chlorit, and hornl)len<le, and iu addition some apparently- ne-,dy formed 
f-.. Jcl. par, notably a fel<lspar with the micro ·line twinning. A a rule, these 
rock· ar~ more folclHpathiC' than the matric,, of the conglomerates and they 

contain mu<'h less quartz. The larger graiw;; of both quartz and feldspar 
are corro<led as if parfatlly (fo,solv cl. rl hey haP lost their smooth, rounded 
contour.-, of ,'all(l grain:;, and now po se ' s irregular jao·o·ed ones, which, 
how .,v ..r, are uot du, to .·ecornlary ,nlaq,remeuts. 

r1 he eliarHcteri:tie component.· of thes., ro ·ks an the chlorite and the 
hornhl rnle. The former miueral i • pre.~ent in plates intermingled \Yith 
grain.· of epi<lot ', vvhile the hornblende is iu dark-greeu or light-green 
plat ..s, awl in a ·icnlar or coli.1mrnu· 'l':~.·tals that are idiomorphic in cro ~ · 
:e ·tion. The c:n~stals ar .. <-li:trilrnted imlii-icrimiuat .lly thron!rh the rock,. . '- ·' ' 
w·ith their lmw ..r ax .ls ]ying in all azimuths. rrhey were evidently formed 

aft ..r tl1 .. , qtwezjnµ: that mad• the rock :--d1istose. rrhe plate._ , moreoYer, 
in ·lude within thenvelws Htl<'h great number~ of the other component: of 
tl1 • rock tlwt their part:-; oft .ln appear tu 1J • ind )pend .lnt. Under ero,·~ed' 
Hic:oL, 1wweY ,r, rna11:r of th -'t,C appar ,11tl:· iud .,pentlent plate:-. are di cov-
·r •<l to polariz(• tog· )tl1 ,r. To 1 vicl ,ucl1 i~ pre:-; :)nt in an:v of the i:, ,etions a , 

to the ,·our ·e of th .. rnc1terial that gaYe ris .. to th" horuhlende. The fact, 
how 1 ver, tliat a11 of t1w horublewlic rneks ar • han<led, that ·nm) layer:-. are 

rielt in amphibol<~ whil, otlwrs ar compl .ltel~r cleYoifl of thi::i mineral, :-mg­
ge:-ib t'lw 11060n that th .l hornhl •mlic :-.chi:tn:-.e arkos .ls consi~t partly of 
. •dim •11t.,tr,-V and pcirtly of tnffa<· ,<mH materials. ~\. • w 1 shall :--ee later, this 

()ri,;·in i.~ ,1. crib •<1 with rnore confideuc, to some Y '1')~ pe 'uliar roeh, tn b 1 

discu;:;:<;d fo ter. 
Cm. hino· ,ff •c;t: are notiC'e<l in ,·om, of th .. hnrnbl •11di • m+o:e~, hut 

tl1eir pr<;:cnt couclition app 'al". ' to h<.~ clue mor, to diemieal ·lumµ; 8 pro­
du •c~d i11 th •111 t1ian h,Y mechanil'al a ·tion. 'l h 'h mital ·hang-es w _,r:) 110 

doul1t ·up •rimlucecl h:· th· rnm;hing 1mt thi:-:- ·au· only h 1 inferred from the 
fac.;t thclt tli ,,. ar, nwr, prououu<·(•d in th· ~ ·histos 1 phas ,:,; of th rock: than 

iu tho. e pha.,· ,_. iu whi ·h tli • schisto:-,ity is pom:ly d ,ye]op .l<l. 

THE DOLOMITE FORMATION . 

rl lt<: clolornite forui:ttion uomprises, n~ ha~ h., 111 :--tatcd, both dolomiti • 

lime.~tmw..: awl c·alcar .. 011s slate.' , and ocnt. imrnlly <1nartzit }.__·, sand:toneH, 
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and ·ono-lomeratic and bre ciated 1 ed •. A"' a rule, expo ure are . mall and 
. catterecl. Their di tribution has alread ~ been de ·cribed. \.11 1 dO'e: 
ob -·er,~ed may be .~een by ref rence to th map (Pl. LI). 

DIPOR1' .1L·T E .•PO URE . 

Good expo ·ur s of the <lol mites o ·ur in the W. l sec. 6, 'I1. -12 .......... , 
R. 2 W. The ledf·e neare::;t th northw :,t orn r of the , ection i, a hard 
fie ·h- ·olorecl dolomitic marble ontnining here and ther littl ~ quartz 
grain:-:.. Thi. i • cut by joints and i:-. tnn~ r~ecl by ~mall ·hert harnL The 
bedding i • mor or le·~ <·n11tort d but its gen ral strik i, .r . 45 ° E., and 
its dip is 45 ° ........ ,v. About one-f-nuih mil:. east of thi:-; le<.lo·e i: a :--mall: hare 

knoll ·ompo ·eel of int rlaminated pink marble· ·ono·lomernt :-;, reel :-;and­
stoue--, and reel :--lates, Yarying in thi ·kne~s from a f " . in ·h s to a foot or 
more. The cmwlnmerat _, ·on it. nf marbl C} pebhl • and .. lat and ·h :.rt 

fragment· in a ·al ·areou~ <1nnrtziti • matrix. The :trik s alHl dip: ar • uni­
form thnuglwut th., J ... clg-e th form r heiuz" n arly east and ,Yest and the 
latter 4.- 0 ~ '. rl h.. 1liffer 'llC m lip nf th h d: of th ls 1 tw exp snr •::; 

irnli •;: t<::. plainly the pr ..sem:"' in thi:-- pb • • f a little w -l ' twanl-pit ·hing 
auticlin . 

th •r promin ·nt e. ·po:rnre: of thv <lnlomit :-- ri ~ ar 1 in th ........,.,v. l 
._:(:'('. 1: T. -12 ......... R. 29 w·., arnl ill th, ~E. 1 s >l'. 35, T. -13 .l T., H. 29 ·w. In 
th fir~t-uam 1l lo ·nlitY i~ a hi~·h. bar knob, arnl a ·luster of small l ..clg • • 
in whi ·h rlt lmnites, <·n1wlnm ..rat•:-., awl slate: nr 1 all w :ill exposed. 'I h _, 
clnlc mit ~ for th .. gr •at _.r part, ar • rnas~iv' pink marhl _}:; ro:-- •,d hy joint 

pL.nu... . In plat·l's th, ro ·h tak • on a !..!T .. C}ni. h-ye11ow tino· and h.., ·om 
:-.chi,..,t-,~ ... ...\t 1 FlUO pa • 1 1 930 \V., pf th, ~ontheast orn •r of s • •.:-- ... .,._, 

1, T. 42 ~.... , P. :?9 w·., the <lolomit • form" a w 11-<l fin d b 1 d, :-.triki1w 
......... -l:5° E. and ,lippin~· ,or ~'E. ~\he Y • thi to the :-- utht1a.·t, is a h .. ,l uf 

• >ar,..,f'-grnin d <>T,mitic samlstou • 11r quartzit which in turn i: <.ff •r-lnin 
by lJ ,ls of 0 Tay qnartzit • alt -•rnati1w with thin slat,.. aud fin -grain ·d 
·nuglnm ·rat .., . Farth •r ~outh 1 . ri<lg·, of "~ell-hedd .<1 fin ·-gTain ·cl 

<1uartzit awl blui h-~Tar lat · th • imliYidnal la ·er~ b ·i1w u:uall~· l .,..,_ • 
than nn -•-half in ·h in thi ·kn•. "· Thi-- r()cJ~ gTad ,~ iutn n oTn ~ :-.ehi. t ,._, 

clohmit •1 arnl th whole qnartiitl;- lat s ri ~ stril · •s .... 7t> 0 E. H)l(l dip: 
63° ~:. 1 he .·p )sur ··~ in P ·ti< 111 :~r) ,tr• almo--t pnr • marl le:--, in whid1 no 
trac • of h <.Ming· hay• h , •n <let ·t •<1. 
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PE'rROGRAPilH )AL DESOIUP'l'ION. 

- e-oTained ag·oTeo·atesIu thin s., ·tion the marl le. · al)l) cU" a · Yerv 
~ 

do · b b 

of ('alcite an<l <lolomite, usually untwinned but occa,'innally twinne<l in 
th ~ onliuary mann 'l' of the. ·e minerak H re and there among the cm:­
bonate: are rounded quartz grainH, hut the gTeater portion of this min-
,ral appe~m, to hav.. ry, tallized in .·itu between the akite and dolomite 

irnliYi<lual •. 
11 the marhl s an:i of the ~mrne general lrnracter. They differ only 

iu the quantity of ,'ilica present aud in the pre.·enee or absence of the tiny 
dust grain.· producing the color. T'he ·chdose varietie: owe their sclfr·tos­
it_,· to th J elongation of their componentR. 

Th ., r11rn.rtzite • HJHl .·lat s iuterh ~dcl cl with the marbles po::; ·eH ~ no 
mrn--md <·h~ll'H ·tei-. •. The~~ ar similar to the COIT pp<m<ling rock inter­
·tmtifi .. ,1 with the )Iarquette dolomit s. The conglomemte: inter --- tratified 
with tlu.. clnlomitc.·, HhlteH, a,nd quartzites are of two kind:-;. One is eom­
pos .. ,1 of marble and :-:ila,te fragm nh, cernented h)~ quartzit l ' and the other 
of :;mall granite p _.bbleH emb '<lded in granite :--and. rrlie latter are eYi­
,h:ntl) compo.·e<l of the ,letritu.· of the grcmiteH umlerlying· th dolomite 
~ ,ri .. ~ whil, th 1 marble-hearing eonglnm •rat ~ or perhaps more properly 
hr •ceia:, ar .. int rfomrnti01rnl bcclH conformable with th -i hed:-; below them, 
ancl ah, with tho:e above. rrhey ar • :.;imilar in ev ry reHpect to the inter­
b Jcl<le<l 1>r lccia:-; in tht• Konn, dolomites on th )Iarquett l'ange. 

SLATES NU ~AND '1'0 E" ON THE "'.rURGE01 RIVER. 

Tl1 .. ro •k. · in th<-' ► •,v. 1 s •e. 3-1, wh •r • the road to ~agola cro ·s .~ the 
. turg- .,011 Hiver nrc• plac ,l in th) dolomit • format.ion, although the - ,liffer 

.·om •what from that }H rtion of the H<ffic.· dl•,'cribed. These rock are white 

•alcar ,ou, . . ·awl.ton 'H, tlwt look , ery much lik the Pot dam ;'aud:-;tone 
wlwr, it ov ..rlj ,.· linw:tone:, and a light-gr cln ,}at , whi h near joint 

pla u , · and other crack: ha: a light purple ·olor. ... eeordiug to Dr..J. l\L 
•I<mi ·nt. who vi. it ,,l th' .·pot, t.he Hlate w rli ~ th' ~nncl --- t ne. ··The 

i'i\'C~r 1 Ji, writ,., in his 11ot0book, ' crive: a .• .. ~tiou throu0 ·h th ' ro k ' nnd 

.1.. T ... .mak .._. the :tril{(• .: , ,m to lw _ 35° V{., <lip 50° It app arn to me, how­

, ver that th , true strilu· i. • a bout . 8f> ° K, nn 1 dip 40° S." If the e rock~ 

h •louo· to th• mnri>lc .·c·rie:-;, th 'Y con:-;titnt it~ upp •r part. Th ~Int, 
clo. ,}y re:emhle: ~onw of tlP Hlates in the· r ona clolnmite formation of th .1 

~o,. • ·xvr-:H 



482 THE CRYSTAL FALLS IRO.rT-BEA.RI.r G DI TRICT. 

Marqu tte range. It i · a Yery tine grained rock composed of Yery fm1all 
plinter • of quartz, flake · of :--ericit , and a f w nf ehlorite. 

THE IGNEOUS ROCKS. 

The igueon. rocks m,~oeiate<l with the :-,edim~ntarr becfa in the turg nn 
River tongue are all <rreeustnne: in t·ompo -- itiou. )Iany of them ar, unqne:,­
tionably inh·u:iYe: a f w nm:· he tuffat on . 

The intrusiY .. gT ... -'11:-itones do nut differ -'ssentinlh~ from thos(" cnttiw,· 
the Ba-.,ement Uomplex. ► ' om, pf th •m ar in the form of ~mall ho:--:-- ... s. 
Other. ar cl arly dike;-;, though for th, mo ·t part these dikes follow th 

be kling· of the seclimentmT nwk·. ~till nth rs nrnY b intru ·iy sl1 et:--. 
C • ' 

The rock. regarde<l ns possibl:· tuffae -'OU · ar ~ di ·tinrtly huuled. 'ome are 
made up of alt :.rnat bands of dark and light :--hncles. The <lark -'l' l>and. 
con:-;i. t principally of n schist{ s .. ~T enston •, and th .. lighter on,:,; principally 

of arko-.e or ~Tanitic sawl:t ne. The-.,e rnrks nr;, well h c.lded, appar ..utly 
con ·titutiw,· a definit, portion nf th .. rnnglom rat ~erie: n ar it:-; low r 
hcrizun.1 

'fHE 1 "'l'HC::HYE lH EENSl'ONES. 

The iutru..,iYe gr •1iston )::- are usunlly fairl:~ ma~ ·ive rock·, with a dark 

blui ·h-oTeen color. and a mod :.rat h· Jiu .gTainecl texture. On their ecl~·e--c . 

the:· often pa . into sd1i:stm, phase--. pr ~eating th ·tnwtnre and app .. ar-

anee of d1lorite-schi. t.· . .\. Pr:· typi ·a} ~ •hi~t of thi.· drnrnd "r o • ·ur~ on 
th ::-,,~1th rn clg-e of th gre,lt gT, •u-.,ton • ma ·-.. 1,j:25 to 1,600 paeP. north 

and 300 h> 400 we:t of th) '( utlwa..;t ·orn r of S(:l •. 1 ) rr. -12 '". H. 2 """· 

In the hand -.,p ·im n the r rk app 'Hr-.. t > b • a '" 11-eharacteriz ,cl chlnrit -

·chi.t. spang-le'1 with plat ~ of a li~·ht-eolor -"d muscoYit _) m a. ·uriug 1.5 t<. 

2 nun. in diam ·t ·r. 
'l111e iutru ive ·haract ·r of :-.om, of th' QT .. n:-.tmPs is t·l ~nrl~.,. :hown by 

th_. fact that they oc ·nr imm <lie t ly 011 th .. :trik; of the <·,ong1om )rnt • hamh 

au l often ·utting acros" th ·m, ch i th • cas at : 00 pa ·es ea ·t of th .. north-
'\YEd 'Ol'll -'l' uf '. 17. ] . 4:. T., 1 . :.. ·w. c~, • PL LII), nrnl at 400 pac.: ... 

< uth. 100 ". •st of thi.- :nm, ·ornl"'r. 

l'ETRO(rlt .\ l'IIICAI, ))J;:, Rll'TlU .• . 

Th gr <>n ·tou •::,; iutru ·in· in th· ...:\.1~2:0111-inn se<lim nt • nr} not '. :-- n­
tiall ,- liff rent from thu: • entti1w tl • m ..mh ·r=-- of th} Bas lJll -'llt , m1 l ·x. 



IGNEOUS ROCKS OF STURGEON RIV.ER TONGUE. 483 

They <liffer from the latter in containing as a rule, les quartz and a, Yery 
mu ·h greater abundance of pidote. rrhe epidote i:, all Recondary, as is also 
the quartz so that the only noticeable difference between the two sets of 
oT en. tone i. dependent upon differenc i:, in the nature of their alteration, 
whi ·h in turn are probably the results of differences in e1wiromneut. Both 
·et.· f green."'tone. have been squeezed, but those in the Ba "'ement Complex 
are a.-. ·o iat d with cry ·taJline schists, while tho e in the Algoukian series 
ar asso ·iatecl with fragmental l eds. 

In addition to hornblende, plagioclase epidote and a little quartz, 
almrd all th later greenstone contain biotite, small crystals of magnetite, 
anrl irregular grain.· of ilmenite or of a titauiferou: magnetite. Their 
·h·u ·tur., i~ . ·chi to ·e throuo·h the arra1wement of the larger hornblendes 
and hiotite: and the elongation of the £ ldspar grain:-; in approximately 
parallel clir ctions. A,, a, rule, their thin 'ection~ pre 'ent no mrnsnnl features. 
Th y all ,·how <lirty Ll.Teen hornblende l)late~, 0 T eni ·h-bro-wn biotite flakes 

cl .1 \...J ' 

magn tit:. crystals, etc., emb 1dtled in a mass of irregular grains of clecom-
p :-;~d plaofocla: th principal clecompo:'ition product of the fold par being 
in almost aJl <·a:e: fpiclote. 

( fteu th"' pr porti 11 of "piclote pre ·ent is Ycry great. It occurs as 

c 

·olorle:-;: ('ry:tal.- ancl graiu: :-;cattere l throu 0 ·h the hornblende, and a · light­
y0llow plat,., and grain: rn lwclcl =-d in the mas · of altered plagio ·lase. In 
th, rock nt :)00 pace · ea~t 126 north, of the .:outlnveRt corner of sec.:. 8, T. 42 
.... '". H. :! ,v. (PL LII), the replacement f the plagio ·lase by epidote ha pro­

1 .. ,lt~<l i--o far that 110 trace of th fehhpar ·an 1 e di ' ·oYcred. In the hand 
,·p<·c:im,m th, r + i: seen to 1Je a, massiY mixrnr 1 of black gfo;tening horn­
blc~w1 • ClT,· tab in a ~ellowi.-11-g-r ;en °Tounclma.s;:; p >:se • ·ing a sugary texture. 
In the:! tl1i11 s<>ctioll th , horn bl lml l i, • pr.):-; nt els hlud1- 0 Te :)n plate: that are 
oftc.;ll icliumurpliic in TOH, ' :ection. rrhe 0 Tournlmas ' in which they lie i,· 
c•( mpo, t•<l of lpiclot" and quartz. rn1e cpidot ) iH in larn·" yellowish-green 
irr lo·u1arh~-< utliu ,cl plat.)., iucluding- particle.- of magnetite aucl small 
rouwl ,,l c;uartz gTain:. )I :t of tl1 1 quartz ii-- in isolated oTain.' bet\n n the 
<:pi<lotc, pJr t ,_. and ill littl ' ll<>st.- of int 1rlo ·kin°· grain:-:;. omall rna()'netite 
crrmmfo!-i ar, ser1tt .,r ,d ,,·erywher' throughout th se ·tion thr0twh all of the 

cc rnpou •ut;-; iucli. ('rin1irn1t ·ly 
Tlw coar. t·r green:to11 '.' .-how plaiu] ·~ in th· hand ,·pe 'imen the ophitic 

stru •tur ,. ,,· •11 wl1e;r • th· rock:-- are ~whistose. In the ,·ection thi~ ,·tructure 
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i: often ob curecl hy the abundance of tle ·ompo"itiou product·. Under low 
power:; of the mirro • ope, howeYer it can nearlr always be detect d. In 
a few f the finer-grc1ined Yarietie ., pheuo ryRt. • of plnofoelase are o ca ion­
ally met "~ith. Th y are louded hy inclu. ion~ of biotite flake , and ·lu·ecl 
of hornblende arnl by tiny particle~ of a kaoHnitic or ·ericitic mineral. 
From their compo.;itinn and :-;tructm· 1t 1::; ·l arly e-vident that the intru:iYe 
green ·tone':i, whether ma~;.;iye or 'ehi:-.to:--e Hre altered pluves of diaba or 
of diaba. e-porphyrite. 

The dark-green chlorite-;._d1i::,,t referre<l to a: orcmTing in the edge f 
one of the grnen.tone mns~es is n ·hloriti • hiotite-Rchi 't paiwled with lar()'e 
flake • of a light-colored mica. The ro k con i~t •of biotite, chlorite mus o­
vite. quartz, and rutile. Th biotit i • in broad thin plat "', arraiw cl 
approximately parallel, and emhedcl d in n mas' of chlorite, the oT 'ct r 
portion of which is a gre ni:h-hro,Yn Yari ty that looks a. thouo-h Jt ma:;­
haYe been deriYerl from h rnblende. j_ -.,mall r portion f the hlorit i;-; in 
light-o-reen plate·, like the ·hlorit o fr 1n nth-r found in chlorit - 'c:hi. t. 
The quaiiz i8 in i-\mall Touml d grains xhil itincr ·train shadow:, 
here and there through the chlorit nml h tw biotite plat .•. 
mu h mnr abundant in 'nme portion:-\ of the ruck than in others, fonnino· 
band. · ri ·h in quartz, h •tween nth r:-; in whi h Y ~ry little of thi1-S min ral i: 
pre ent. The rutile is in lm·0 'e quantity. It t·oustitutes laro-e OT, "ni:-;h­
yellow grains. ! 'nme of the:--e are nuncl ..a form~ other, ' are pri:--mati 
cry -taL, measurino· ( .(V mm. tn 0.12 mm. in length, while :till other~ ar 
clearly defined elbcnv tw·n:. Th y • ~cur Pr~nYher tbrou 0 ·hout th :lid , 
but axe rare iu the quartz. T'he .. nr m :t abundant in th ·hlorite arnl in 
the la.To- plate · of lig·ht- ·olored mi a that hav h :)eu mentioned ~t • clrnra ·ter­
isti feature:-; of t}p hand ,·p 1mens. Tht'sl-' lun· ... all the propertie. ' < f mu.·­
covite. Th y li irnli:;eriminately nm< ng· th •oth lr component irrespe ·tive 
of the :; ·hi. ·to:-;ity of th ro ·k, ·and ·nnt. in Y •ry f ,v in lu ions with th 
exc ption < f the rutile gTnin~. Th • lint:-. of biutit , to th nrraug m nt of 
which th rock m r s it · : ·histositY do not h "lld an uml th nmsc nvjte a 
they do around th .. eY.. •:-. in an aug· n-o•n ..h-:--, hut they

._ 
c· ntiuue th lir ·our: : .., 

up to th ecb: • of th• muscoYit • µ:rnin, a111l th ~r • ahrnptly xtop. , From th . 
fa t~ it i::; cl ~11' that th· mu: ·<n-it, • haY • oriu·inat d . inc the rock ontainin,.- • e 

.\ ._th m wa~ r ·1111 ,red sehistos l. in th• ·,h, of mnn " oth r ._· •eon larY 

minen1b, it npp .,ar::- that th•:-;<.• w ,n, pr 11h1t· •11 frnm the ·ompon ,nt:-- of th .. 
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,·chiRt by a proce. s which re ulted in the ab orption of all of them except 
rutil l. Th proce,. may have been connected with contact action, but no 
evidence in favor of this suppo. ition has been obtained. 

Th -'re are a few other types of green tone occasionally met with 
am ncr th dike and oth r intrn iYe form. of the district, but they do not 
diff r in any marked d ~gree from tho e de cribed, except that some are 
quite :chi to ·e. One or two of the e contain oval aggregates of epidote, 
plagiocla e, and quartz, that may repre "ent inclusions of foreign rocks. 
They are now, ho·wever, so much altered that it is difficult to determine 
th ir character with any degree of certainty. 

The rock of one or hvo other exposure in the area underlain mainly 
hY the nglomerates deserves mention befor the banded greenstones are 
clbcu.'sed. Th rock ref ~rrefl to is a heaYy, lustrous, black schist that 
r :embles in many re ·pects a hornbl nde-schi t. On fresh fractures across 
th :chi to,'ity parallel lines, darker than the main ma s of the rock, may 
h ea. il r dete ·t .cl. Thes are the edge" of cleavage plane , whose surfaces 
ar ·oat cl with 1 ra ·T yellow mica plate . In thin section the"e rocks 
diit r Y ry litt]e from the Hchi. to. e green tone rP-ferred to above. 'l'hey 
con. i.-t of a heterogeneous .,chiRto ·e ma. of green hornblende, cloudy 
plaO'iO la,'e, quartz, pidot , ·hlorite, and magn tite. Biotite flakes are met 
with · a,' ionally, but they ar by no mean common, exc pt on the cleaY­
ag ,· mfa . Rock of this cla. s have not onl ... been made ~chi tose by:l, ' 

.·qu J .1zjng, but tl T have aL·o .·ufferecl . hearing along Ydrnt are novl' the 
•1 avage plane •. rrh y ar almo t identi al in mi ro copic and macro8copic 

f }atur ,· with th horubl nde- chist in the BaRem ut Complex. 

'.l'RE ll.ANDED GREE1 S'.l'ONE". 

Ddiu •th· banded rock, composed partl ... of ba ·ic material with the 
•omp , iti 11 ~f oT •en ·ton , form a well-cl fin cl hillock in sec. 17, T. 42 N., 

H. 2 \ ., al out ~50 paces north of the we ·t quart ;:,r po, t of thi " ectiou, 
aurl a, group of out ·rop: n th a:t bank of th Sturgeon RiYer, imme­

din t ... }y lV J t of thi: point., 

'lh=> reek: in que:tion ar band cl in m diumly coar·e-grained <lark 
baud,', eontainincr larcre quantities of err en h rnblende, and in fine-grained 
Jin·ht .,r on . , tlu tr .- )ml 1 in th han l p im n blui "h-bla k quartzites or 
ch ..rt.'. In .·ome band' th re ar larg lenti ul . of white quartz, that how 
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plainly on weathered ... mface ·· , like the flattened pebbles in a squeezed con­
glomerate or the drawn-out part" of qumizo:e layers in a mashed bedded 
rock. The. e band ... , though not Yery well clefinecl, run continuou, l T for 
long di tances, and sh·ike and dip conformabl ,,. with the conglomerate bed 
expo"ed 200 paces to the north. 

PETROGRAPHICAL J)FSCIUPTIOX. 

In the thin ection the lio·hter-c 1or d layer_ of these rock are een 
to be compo, eel of Yery irreo,ularly outlined and rounded quartz grain , 
cemented by a mas~ of finer quartze'"' and 'mall grain of zoi it~, little 
dump of chlorite, ome decompo;-;ed feldspar, nnd particle' of maD'netite. 
Occa ionallJ'" a plate of yellowi h epidote occur· in the mid" t of this aggre­
gafe, and catterefl here and th.ere t1m UO'h it ar large plate,' of green horn­
blende with the cellular ~tructnre ~o ·omrnon tt s condary min raL. The e 
hornblende lie irreo·ularlY in the slide, nncl in ·1u le grain of all th oth r 
component'. The quartz O'rains are Rmall and are ind pend ntly ori nt cl 
but frequently little group, of them, ·with th outline, of --and grain.', are 
met with. There is little -vid n •~ of ~ hi ·t itY in the" la r , but th r? 

exhibit a banrlino' produced hy th alt rnation of com"'er and finer con, tit­
uent". In the darker layer~ th~ proportion nf hurnblende is much o-r ater 
than it i in the lio·ht r on s. Incl .. ,d, -..ome hand-- consist almost :s: lu­
:;h-ely f larg,. c :..llular plate: and radial <1ggT o·ate~ of plat s of this min raIJ 
only the :--mall int r::--titial ~pace" h t,Y~en th large amphihol s b ing filled 
with an a<mreo-ate of quartz-zc isite. small hornhl nde ne clle._ and magnet­
ite. In .~, me section;-; biotite is ah:;o pr .• ·nt. It oc ur: mo ·t abun lantl 
in the quartz-zoi -ite agO'r O'ate, tilli1w th inter~titial pa e betw n the 
amphib le:· but is pre"' nt aI.-o a:-- in ,}nsi 11--, in thi.. latt r mineral. ► 

1ome 
of the hiotite in th hornblenrl , appear, to grade into its ho. t, and rtaiu 
portions of th amphihole po::-; ~s •.._ th brown color of th mice, with the 
optical pr pertie: of the lwml 1 nd ,. Th htr0 ' amphib le.~ are vi l "ntl ... 
they uno-e t ompouent~ in the ro •h, thoug·h th y wer plainly produ • d 
before the .-chi.-tnsity. In thos lnyer:-- in whi h th schi~to ·ity- i' ·tr 11 1~ -
marked this stru ture iH prodn • l mainly l y th parall l arrau?' m nt of 
the biotite c nd th-' ::-mall am1 hih )le n =-,lle~ and plat ' in th qumizo:--e 
ao-o-reo-at . Th laro-er llular hnrnhl ncl ~s 1i a •ro,·B th :chiHto, plane., 
ancl when they cl :--• , the line~ nf bi )tit and of ·mall amphihol s pa . 
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aroull(l th 111 exnc-tly a: th y ,vould do '" re the large hornblende pre ·ent 
1) ..for th ... roek ,vaH squ eze<l. 8ometime~ the amphibole rnasses that form 
.·o large a, proportion of tho sc·hi~toHe hands are single crystalR, sometimes 
they are fra<rmentH of ('rystalH, awl at other time~ they are groups of 
radiating <Ty:--tals. rl he magnetite iH Yery much more abundant in the 
homhlen<l s than in the Htn1·ou11cli11g quartz aggregate, sometimP:; being 
confined ·xclusin.. ly to thi:-; mineral, as thotwh it ·were on of the products 
(the hornblPrnfo lwi1w the other) re,·ulti11g- from the cl composition of i:;ome 
odg-inal c:on.·titue11t, probably auO'i1 e. Little particles of hematite, on the 
oth •r hanrl, Hr abnn<1antly <fo;:erninated throtwh the quartzo:--e ao·gregate, 
arnl an~ prac:ti ·ally nb:cut. from the hornblende. )Inch of it appear to 
han~heen <1 ~rin,<l from magnetite. 

Th., Ev1d 'lltP deri·ve(l from the mi ·ro:--copie stucly of .·~dion,' of the 'e 
hand ,<1 rode-;, .·o for H.' it relates to their , rigin, iH di::mppointing. 'rhe 

quartzose layer.· arc, i11 all prohahilit. T heclimentary. Th_) hornblenclic 

h1y •r:, however, differ from these so much 111 eompo 'ition that their material 
rnn:t have hacl a cliE .. r nt source. It i:-; po:--sihl 1 that tho quartzo:-i layer:; 
r •pr, · •nt . ,dim ,nt • deriv d from th 1 gTanitic.- portion~ of th 1 Basement 

1nmpl x, whil • th homhl ndic lay:1rs r->pr.,:-- nt :-iedim nts de1frecl from 

lie ha·ic: portion.· of th • Brvemeut Complex; or, it may l>e that the acid 
lnn:r: have the origin HH -ribccl to th 1m, whil the hasic ones m.· mixed 
. ,;lim •nt · ancl ha:-ii · tnff"l. rrb ' section:-; nf the <lark layers of the~ rock 
r ._. ,ml,l. :o .·troug-]y the s ·etiorn, of th' bn:--ic larers in th 1 Clark:-iburg "'eries 

of mix cl· tuff and :-iwlim 111ts in t-lte )farqu ·tt <fo.,trfrt that th wTiter is 

in •line<l to r ,c,·anl th 1 rock:4 a: composed partl ~ of tuffa :1ous material. On 
r, 

th. oth ...r liarnl, the.· lmH<lP<l rocks oc.Tnr :-;o do:-; to the bournlary betw en 
tlw . ,dinrnntary ..tr<1a nncl the BaH )m ,nt Comp! )x, which near this boundary 

i . mipo, ,d n~aiuly of ha. ·i • . C'hist14, that fr would ~m but natural that,-<:l 

th, ,. .:lwnld •o11t~1 in lar<r"' quantities of ha. i • mat rial d 1 riY <1 from the,·e 

. ·hi:t:--. rr h original :,trncture of th lny ll'S lrn:-; he -'ll so {'01llpl tely 
d .. tr, Te<l h,T rnashj1w that jt (:an not g-iY 1 any eYi<lcnre els to the nature 
of tl 1 ~· h ,<1.-.·· \V., are th<11' for' rompell •<l tn r ,ly euti.r .1ly upon their com­

p ,;:ition to Hid. u: in clis<'oY ·ring th iir origin. Thi8 indieates simply that 
nm •h of th .. jr 111c1t ,rinl wn: <leriYP<l eitl1 !r from Yoknnie n:--he ... or from the 

cl tlJri. · wa:-,heci from tlw ha. i<· portions of th• Bas mint 101nplex. 
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