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1. he I r 
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lal : lu 

til Lnh nt:- 1l 
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) \ hi h fi 
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nt 

tin1 ~ f d tio In 

h fir t r a ri · v pr d d 
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<:ln·pn 

urin r ' bi ·h tlt • ,·,til · · · ( f 

at th :) tim 

Th 

T 

·h, 
rt 

uttter-

v rft ' , it an 1 ) th r ' pta · 1 £ r all 

h min r ·Ll n1att r ·upplj · l by tri u ar ·tr :. 111 · and 'Irin<Y · th iu u -

I'b t rn1 r w ·t:-; · ] p .·i d a · la 'll ·tn 1 · dim 1 , 

·:tn ·al ·ar ufa, r f nn d le i · ·ati n pr lu ·t when 

th 

'Ul 

' i h all · · · unt of th .. u lin and ar a f the b, 

l· 1 . 

f th fi ld f ·tudy, 

r r fir d it t - la , >f 

l a bri f 
f v ha wn f Lak 

u f tra 1 au ar a 

a Ill, 

rl h q U • · i HI of U 1 •t l ' di ' U ' d in d t il, th ' 11 lu i ll b ing tb 

th • lak > diln )t v Jrfl w (pa · 2). 

ah 11 au n t in · a 

'J he o t distin ·t-

· an l m unt· in · ar · 

a'· un 

· ual · · ' · ar ' 

·ur m n · f v lum , 

f he bn iu ar al · 
lU pr ' ted. r1 h 

the ·bare · r of th tribu-
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tari s of Lake h. utan. rrh 

are H ney Lak , Cali£ r ia; yr'tmi , Winn 
n, outh Car on and Walk r lak , 

with orne det il with 

th 

near Ra ·t wn, N vada, are "I n ·id red, 

3 

Th e 
rth r -

n 

11 

r ent d whi h h w that h y o upy ti tv l ni ra r 

Attention i · biven, n pa · ( 1, t th uli r playa or br · d 

mud-rl( in ·of tl e rid region <. f tl1 , l \u· Vv t, ·1 ' ll a , to th t mpor r 

1· k , ·all playa-lal e , whi h fr qu ntly fl d tb m. 

Uh pter IV (on the phy icc 1 hi t ry f L·] L h 1 tan) is divid d into 

cti u ·. 

ction 1 c nt ins a compendious discu ion f hore phenomena In 

g neral. 
cti n 2 i dev ted to he pre entati n f h hor 

Lake ah ntan, nd ontain detail d ripti n an l nut.p 

u1 ankm nts, t ., th t wer £ rm d a.b n it h r 

f th 

Secti n r:; i d 

play d in th l 1 
hi tory of the lal 

as h wn 

bel w th 
1 a h 

b in, an 

(pag 16 ) . 

tr< ti 11 

11 wed 

ph n m na of 
f th t rra e , 

'l'h high t 

tb 

id ", 
up 1 ) r lim i t f a. 

f 

r 

tru tur , as di -

of the hysical 
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hapt r ( n1 b ·h wi nl hi ·tory f Lake L·th ntan) i ·tls divid d 

int · 

·ur 

lak . 

Thinoli 1 ," an 

th ld 

a ' ID. 

th way 

(p· n. 19 ). 1 hin )lit 

wl 

fr 

1 n f th 111 

fr 
'lh 

t admi 

aluabl 
in Lc- h 

I r nt · th 

n tbin )lit w · f rm 

mi try of nG tur l 
in 1 lak r a , and i 

f I aJ 
fr n1 th wat r of th 

p tiv ly, ' L ithoid," 

:B 1-

lal 

n1 c n n r in w hi h hJ I a 

· n w f rmi n tb 

tr t d 
f ·il ha n f und iu 

that d I .it. ·hir 1 d ir pl m n li · v r in the up1 r la u tral b d 
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indi at that man inhabit th i ( r \¥ . t. durin · th 1 t ri f ak 

Lah utan (page 24 7). 
hapter VII i a umm c. ry of th hi ._ t ry f the £ rm ). 

Chapt r VIII contain a is u ion f th 
term in d from the rec rd f Lak~ Lah ntan. T h p ri d 

expan i n are orr 1 te i with the tw <rla ial po h f the 

and are beli v d t indi at oll an mol r( t ly humid p ri 

Th ~ t th lake id not v rflow i tak n a videnc th t th 

durine tb high t 0' fth lak , wa nly n1 d rately humid. "rh climati' 

hang that brought b ut u h rrtark d · lterati ns in th haract ,r f tl 

r at B in r thought to hav be n f rn rat int nsity. 

bapter IX i d v t d to a un1mary f th vid n ann n th 

· ological ag of th lak . Th 

of tb r ·raphi n · m nt .Jah nt n 

th la t high-' at r p ri d. 'I h p t-Lahontan fault actually 

ar r pre nt d on Plate XLV. 

n a unt 



CHAPTER I. 

NTRO 

T E 1JEL 

The region tr 

u r mile in nortbw t rn N 
111 r on nd ea ter Oaliforni 

TRY. 

lum mbra 

th r wi h mall 

ab ut 

rti n f 
0, 0 

ntb-

The bject f the e plorati n h r with r p rt d w tudy f th 
Qu ternary ge logy f th coun ry vi it d, and particulc rly the g lo ·i l 

hi t ry f Lak Lah ntan-a l k , n w tin t whi h 

th all y f n r h' 
b in of Lak h ntc n i n 

whi0h tb r at Ba ·i i om 

t ry f th va t r gi n lying betw 

Nev d. 

The r at Ba in i t -d y an arid r , ut lurin th 

it · climat bly old r m r hut i th n , t 1 r 

ietT 

n w- o red, n 

ier . whi h r n w rv and tr l 

a rt f any ki1 d f v 

mile , wer then o upi d by l ke the lar 

in xt n < n depth with th r, in d 

of th e ld lak ha utl t t th · a and w r the . ur 

6 

1 h J 

f u re 

me 

f con idera-
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bl n v r , th i har 111 i t r lake ; c c n i 1 nun1 r h w -

r, did n t ri high nough t fin utl t, but w re ntir 1) incl a 

th a e with the Dead e , th pian, and m ny f th L 1 
Far W t at th pre ent tim . rrh large t of th Qua.ternar lak 

Gre t Basin, thu far explor d, ha been very fully des rib d b Mr. Gil­
bert c 1 oth r und r the name f Lal e B nn ville. The sec nd in 1z 

ake Lah nt· n i tl e ubje t f the pr nt report. 

Th t l oT ph) f th region t which w wi 1 t dir t c tt ntion 
tog th r with it Qu t rnar hydr gra by, i r pre ent d n th a nlpa­
nyinrr p 1 t map. The relation of th r gi n to the entire r a 

m9re general g gr ph) f h r W 
B £ r I res ntinb· th r ult 
irabl t gl n bri fl. n.t m f t.b m r pr min nt 

f th r bi n of int ri r raina 

rib d i a mponent part. 

THE G E T BASIN. 

In 1' • 111 A 1 nti t th 

b 
by th 
a t, th( t. . t~u 111 

th f 
n b 

'1' 
b{ 1'1' 

1' 1 n f int ri r ln in~ F 1' thi r 

a in." tr c n · that I' I ithin it c lT th 

f whi h th (11. trie t b 

nau0 ht f 

ert 
a pian. 

t ri ti f th untry 
evada 1 that it 1 a 

kn wn th " 1' t 

11' ntributi n t the 
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an, ut all th r 111 th t fc 11. 11 1 h 1'1 l 1 f th 

r turn t th 

aft r fi1 ing it.· "'" lll 
th 11'1' ul r urf rh lim at ln th 

y arl3 rain£ 11 r in ·h , . 

Th 
fr rth to l\ 500 n1il r 

uar mil 
Fran f th r g1 
D cth all arid 

ad . 

ino· th c ntral 

ing in 1 ng 1 d n rr w m 

m , w athering a th 

-v ith luxuriant bun 

t th 

< nd tl 

1'1 

lV nntG in ran · 

I f 
d crib ' l n'a xpl l' 1, 1t n 

a th 

· rin n arl n r h n 

f th 

trnctur 

b rved in mountain , ut ar n1 n lin l in t ad. 

l. 

il r 

f 
rao· 

ngth 

ut t 

£ t, 

rt 

t 

fault ·, 

m1n nl 
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th rn nntai1 

hav 

t an 

b in 

d rt, 

ar tra t hundr L of u r mn 

and . 

marl 1 ,_ 

(' 6 11 

f th 

·n w 

fi w into th 
th B r \V 

n th 

and d 

.· ur 

ti tr 

in t tb v c ll y , nd in n1 

I wir t r 1 u -

m 

t th 

W . I h ' lr r urfa U'l c rial 

• < turntino· th · n· 

' whirh in]. nn<l arri 

th nd f th 

imini h in 

th ir w t r 

n In · l­

pil-

in th · t b th 1 t 
r rain 

in 

t ·urnn1 r m ntl 

r 1ny 

but n f v ri h ni­

h y d en 

re lo t on th thir ty 
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de rt and th ir hann l run dry. In n ral tb y are 1 rg r near their 

ur than t th ir n1 utb . mm ly, t , in t a f rl -

ling wat r , r fr bing t the lip a w 11 t th 

dim nt nd bitt r a1 lka1in to the ta t . 

Th lak int whi h mu h f tb 

alin 

with nt utl t , 

t th y h ld but r tiv ly 
aline rr1 tt r in oluti n. 

Otb r l 1 ~ which indicat 

an arid and a humi 1 lim t , w may 

ntrc ry t 
nt g · of 

hall w wat r, v rin m TI} Uc r mil in th wint r 

or ting t dr) n durin th umm r, th ir b 

mud-]lain r playa . In mm lak 

Wb 1 th 

than th 

fin , 

ttle, 

r m( rl abl ] 1 ,f 
thi n1 tim . f 1'1)1 <1 jn th 11( rtb rn p rt f th ] rt, 

in l Vc da lHin O' It.. wat r 1 ~ fur i h 1n inly 
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ba b n kn wn to hav a 1 ngth of or 0 mil , 

th 

r t d. 

unn th umm 

, tT n plain of mud, Quinn 

mil t war it ur . 

will m r 

h ntan 

itu ted 

alin 

. ( 

1-

ust within 

ak , th 

nt.ri uti n t 

ap-

I 1 a lak . ' lti ;hOY rfl '" ar fr .. h < nd 
u tl , t 1 c m i 11 tim 

v ntll in tim 

n ti n f thi app r nt an rn~ l r, that a lal 

it alt be m uried n h th d it 

t-

Ba in th t re 

Lah ntan 

nti lly fr h 

xpla­

and 

n the 
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return of hutnid nclition th w t r that r cup1 th Jd ba .. 1n may be 

ompa.rati ly, if n tab olut 1 , fr h. 
1' the arti t th f th rid lc nd of th Far West ntra t 

with that f n1or hun1id r gi n by the ru t-br wn d I tion f th 

all , th brilli nt l r f th nak d ro k , c nd th harp, angular out-

line of th mountain . A ountr with ut wat r i n s rily a de ert, 

whil with abundant n1oi tur , at I a t in tr pi al and t 1111 erat latitudes, 

it m a tation. In th 111 ·t d ert p rti n 

whil 

30 in 

maro-in 

ontra t with tho 

venly di tributed. 

annual pre ipitati n cl s n t x 

rd r f th a in it probabl r ach .. 20 or 

nly fruitfnl c r ... alon6 · the 
om t the urfa . T n . uch pic-

find oa e. of hade, 

in tan 

land wher rain is m r abund nt and mor 

The rainfall that a r gion r i a potent though il nt factor, which 

ontr 1 an almo t infinit r1e of r nit in it .. ph; i al hi . t r · m d topog-

raphy. In .- humid r 'ion eg tc ti n i u ually lu uriant; th r 1 £ rm 

are masked by £ re, t , erosion i rapid, and tb rocks are c mnwnl y buried 

en ath the cunTulation f th ir own ilebri or one al d by L~ ) r of 

veg t<- bl and anin1al mould that in turn .- r cl th d with g tc i n. Th 
hill hav flo,vit g outline , and ar dark with £ lia.g . The vall y have 

gentl ,I pin
0 

ide that ndu t t.h drainag int tr am m and ring 

through broad plain , an l the ~bol c n ha th oftne and b anty of 

gard n. In an arid land like th Gr at Basin all thi i chang d. The 

111 untains ar rugg d an ang ular, u ·u 11; un ] th d by g~t:::ttion, ( nd 

receiv their ol r fr m th ro k f whi h the are c mpo ed. Fr m th 

g rge and canon · ulptur d in th mountain side alluvial con de nd 

t .the plain. Th tim ha an extent f everal mile , nd th y 
are t p or g ntl in 1 p a ordin o· t th grade f th tream that f, rm d 

th .m. The vall -, , ' n mor r ary tl1an th 1nountain , are with ut 

arbor al g t·ttior an I without .. tr m , and for1 a pi tur f d olati n 
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and 1i ud . l1 tra' lin · throuo·h th r at Ba in n tim · ri l ' a 

hundr d n1il with u ight fa. tr , and u1an tim · tha 

finding ·ha nough t 

'I he ar m untain r eY a.l h 

di ·tinctly the man) varyint; tint 

lor i · ·om tim 

I urpl trachyt , h 

tuff:·1 o m n in \\ 

111 

at ·unri an 

th 

th 

v 1 <1111 

ant' 

... '11 ' f 

i t· n m nn ai u · 

·nt · on t fan 

de rt ·urfac ar u . 'rh glare 

rath r than r \ a1 · tb grand ur f 
111 • nd the near ·un · t th 

111 

th V n i::u 

, th mountain , 1 

ml · · 
a t1 -

m tim s n d, w ball c1 irruate 
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autumn a 

f pin · an 
th ki lo 

lil th ki 

n 

n1 untai 

E L j I 

p1ainl nwrl 

r l hill ' 

lar 

T 

d rt f th 

A 

un ,bin e. 

lightning and th 

li:ff and fr m nut e t ra · , 

1na1. And wh n 

tit m un ain ·, and th un with a 

" an l ·t rru, h 11 what a tran £gurati n! '1 h peak 

fall n n w. 

fr 

m 

· n b r, but glit r ' ith th ilvery he n f freshly 

, th · orn1 ami h upland m m r -

of rain fall . 

whit a· n w ce: n ruake it, ~ nd th t nt-liko 
n t f m m i b t h 't. o- aft r 

ar ·umm r, and th 
f r more than a f w da r a im . The 

umm r, b t n n r 

n h v 11 y tber are fl 
f A ril, but from that ti 

F r n1 ny days . and metim 

until ovemb r 

f r weeks tho 
are without a cloud. 
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rax, ·ul1 hur, an 
a tn l · t i Y ~ t t h p 1 a , u r 

It 

in re · ut ·i ·al tim , \\hi ·h l1a · h H nutd " 

15 

b r he 

writer an hi· as ciat ::;, the re ults of' hi L · r ' 11 \\ pr ~ nted. 

Th 
similar 

d 
1-, 

hi.· b ld 

111 ill 

r at Ba, in " t 

f th 

·1 • urat , 

n 

th 

01 nt 

th am 

1 an ~1 arid 

li,'h Fr n1 n iu lti · r '1 or 

n 

lrain< 

n of 

n thi . 11 111 ut, 

' 1(- wn l1 t 

ll lHUl1 f 
r · wh > 1 f 

r an h 
an 

an. 

rm 1 ·arri •d . ' 
1h 

w tward 

n . 



16 :J I..~ \L HI T R 

f h r ult 

. We: lT 11 

ral travel r . 

in 1 H69, jrnp rtant ad van 

a 111. Th 

L Kl' B T 

n pr vi u t 1 57 

Ium XI f th 

whi h w mu t r £ r th 

an f 

·e lo i ·al 

r f. J. D. Whitney. 

a bri f unt f th reat 

r r, w hi h wa co pil d fr m 

nt 

uth-

a in, in Idah , 

M rm n faith l £ und a "pr m-

a an 

6 Page 461. 

h y ha.v r laim d from 

f th u and.:. With all thi · 

ut thinl 

ear ly 
m li­

f t.h 



L RAT 0 T 17 

Ba in was al h r 

lar , nt 

nter f it tufa 

g ol gy in a. mann r. Ev n wi h u ·lt a f v rab1 

many y c r · of ati n inv tigati n, · 

and I rivati n , will r quir db £ r 
fully writt n. 

ri h xpl rati n f th J Lah ntan 

·:tn in 1833, "h n it wa · T J 
Vva11 r, a 
1 u li · b l x tin in ln in ,.' attrc 

an 

far a i d fini t 1 r 

part 1n harD" f J ' ph 

r 1 rt f thi j urn y ha b n 

k f 

1 tain nn '111 . In 1843, '44, '45, c u a­

uth and h 

mad 

f t fa 

b·1 in, in th 

11 tl at 11 i 

f rnia. 

In 

D 

Jun 
' Jl 

b u n arl y it ' 

l'l 

fa iu1ilar natur} mi 'h b ' 

th ] al1 ntan a ·in in th 

r g­

a. 

ali-

inf rma i n f l im1 rtan · 
f t.h . 

red th 

rth · n u+h r-

W alk r Lake, by 

ol. II. 
. l, p. l r: ·. 

l iG, I p. :H2, 313. 
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wa .,. f 11 n · 

Lah nhttl. 

En 1m· nn, t 
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rui an xt n 

an 
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11 w k n w w r ctl · 
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h 1 Oth 1 ri ia n, i1 ·h r n· 

ti n top 

l• I; l E L 0 T 

[a · n a.n 

Hl ' 1111 

n...,.. .,..n r•nin o .. ] tl , 

id 11 t r-

'l1m 1 r · 

tim b n 

1r 1 ·app · r-

1.1l'Y W t 

p 1'­

rt. 

u nn th 

tig · ti n, an ] , u l in rnpiling 

th n ~ ing thi · rt a · w 11 a ir 1r paring · m , of 

th ·mall 

b 

t 

t 

h F rti h 

l ahontan 

Ul1Dlal p d. 

(\ l. I ). 

ar 11 l in 

ut 1 ft 
1 a 1 lt 1 

b th 

L·:tk 

mad a j urn r fr n1 Winn u1ucca, vada, 

the n rth nt 

p r 1 n d many b ' ervati n in r f r n 

t ufa ·it ·, t rra · £ :il : h 11 :, •t ·. 'J h ·re ult · f thee b rv· -

n · v r ~ pu 1i. h ljn wo bri fpap r: itt\ l.IV (1 72) fth roc eding · 
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of the Calif ruia A ademy of ci n · ·.9 In th }Hq I" th po ' ·ibilit) f au 

utlet to th c an f r th wat r ' of the r t Ba in during h Qu t rna.ry 

uggest d, and m a ur n1ent ar ~ gi n f th alti u e n1e f the 

passe in the northern p rt of N . ada. which 1 ad th lrain·10 ' 

f the C lumbia. That the pa ·e in thi r gi n ul 1 t have furni h d 

a point of discharge f r Lak Lahontan will b ho'i\ 11 in h £ llowing 

chapter (page 34). 

The tudy of th ·urf c eol gy of the Gr at Ba in, und rtaken by th 

United State G logical Survey, wa b gun in the ummer of 18 0; a 

ecti n of . the urv y, ·entitl d th" ivi ·i n f th Ba,in,"bavin0 

previou ly been organized under th lea r hip f Mr. G. K. Gilbert, with 

headqu rter at al Lal e City, Utah. '1 he fir eld n w s occupi d 

with he tudy f ak Bonn ville, the r ult. ±' whi h h v b n pub­

li he y JHr. Gilb rt in a somewhat opular e · ay in t.h nd annual 

r p rt of the ur y; the final r p rt, in th f rn f an indep ndent mono-

raph, i now in r ration. 

In AJ ril, 18 I, th writer omm n d a g Iogi al r nnai an e 

through h n rth rn part f th Gr at B in, during whi h 
half f e da wa cr .·ed and r r ed, and xcur. i n · w r rr1a 1 int 

ea t rn Calif rni nd uthern Oregon. A th fir t ear': xpl rati n 

w ntir ly f a pr liminary haracter, without cientifi a · i tant ·, all 
detail udy c nd in trumental work wa d ferred until th £ ll win r 

ea n. Th reconnai ance. of 1 1 e' n m n hs, durin whi h 

ab ut 3,00 mile w re trav r d in th ddle, the r ut being plann 

;vith p ial refer n e t he tudy f Qu t rnary g ol gy. Durino- th 

n the ba in f Lak La] ntan wa cr , d in 

much f it A k t h of the g logy of Lak 

ah nt n, fir t ea n' · 1 rati n , wa pub-

}j bed in th Geologi al urvey. 

Whil ·,an·yin £ rward th r connai · nc of 1 81, the M no ba in, 

alif rnia, wa i it n the tudy of its g ol gi al hi tory begun; thi 

ta ·L v a 1 ft unfini h d, how v r, until th region could be topograph-

9 o h ab no of a rim to the r a Ba iu to h w t f Pu blo Bu t , p. · ·. R mark on the 

T poo-ra ph f tb r :o~ Ba in, pp. 27G-27 . 
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'" rk a 1lan \\ (1, . <h \" lop l whi ·l ' 
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und· ry, in 

in > a 11 n n1l r 

nat •ntnry lal · 

f t· h an l 

· loo·i al ai 1, an l a f w "'' )k · lnJ .r ut 

th · m lr l ' lin u hwnr 1 fr 01 Winn mu · ·a" .·amin 1 

tl T./1h nrrin · in th Ium-

~· tud 

h \Valk r la.1 •: . 

Lat o·a n a d ·tail d 

111 f ' inter 

w 

l uri n o· the ti m 

1'1 1 f lT ard, f 1'. 

n~.;aa ill mnkin 

JJah ntan 

1n6· k t map. 

,464 

of tb ar a urv · d i · a f w n1il · t 

der of th pla. e. 

rnpany ­
ut 

me ~:: t rn limit 

f th right-h·tnd r-
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writ r hav 
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, f n rtlnv t rn e a la, ar ir ln 1 in tlt , 

Onr w rk in th ~1 11 lm ·in 

ti n of Lak L nh ntan wa : h .i11 · cnrri 1 f rw r 1 
.xi . tin <t lak c n l f th 

e n pi c1 th . an 1 Yall 
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f th 
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In ident t ur g lo0 ic<.l tudie in th Mon asin wa G vi it t th 

gl ier now xi ti g .mid the 1 f F eak f th 

western order. A ke ch f the b 

t g th r with a ummar in refer nc 

and t.her glacier fthe Unit d tat , wa IS u din h Fifth Annu l Rep rt 

of the United Stat Ge I gi al Survey. 



OHAPTER II. 

GENE I F LA LAHO TA . 

'I he di cu sion f th origin f lak 

· much zeal during the pa t fift 

lar · am unt flit r ture bearin 

b n1an ly 

pr 

w· y ; a. , £ r xam1Ie, ' hen th draina · 

m raine , Ian - lid 1· a-fl w , alluvial 

F llowin · th ,h nl pr par d 

r or T phi ba in . 

h · be n arried u with 

r cl 

it j Vl 

in hara t rand ha' r nlt<:>d 

11' 

thr I 1' au 

nnd .ntly illu tl·ated in th Gr , t 

if n t th ntir ar a f int rior drainage, hav 

to lit, ifi ati 11 of L ak Ha in l1 · W. 1\f . :1 i : Pr ding f th Bo on i i.y f atnml 
Bi t.ory, Vol. XI, 1 2 p. ~21. 

23 
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li 'all n f the tn unbtin (_ n v 11 
t Ba in i h W I in th £ 11 w1n5 Ht
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'I h 
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it 

fault. . 

lllOl' 

Lak 

il 

• I 

I 
FJG. 1.-Id al tion illn. tmtiug reat B. in tmctur . 

h r ill u tr t d ha · b 

a · ·n th l 

uthwc1rd, i1 
, but it 

1 r nt unl n wn. ' l h d tai l 

nth rn, 1 ik it ' n rth rn 

f thi pr f un 1 fra tur ar 

E 
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nd 
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111 ' 
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1 ,t rmin d b · th 

Lch n n 

II 

' 1l . th 

f 
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Gh f~( T AL ISTOR FL l' L 0 TA . 

lt i.· n b in wa t rm d 

l>y a sinr.;l , irnpl <li ' llac r ut; nth 

in ly ~ mplex f ulting th taft' t d th 

· ntt"tl' , 1 i th r · d-
ntir r gi n in Jud 

c at han th ~ ierra e adam nntain . Th , tim wh the 

xi t n 

~1nd in 

011 an 

n arly 
d 

uat rnar , wer in proces during 

ah n n, G nd pr b bly have n t t 

'I'h ld lak in, in t ad of 

fa larg numh r f parat 

a in t) p , which ar unit d with 

f narr w p s, and 

£ t p ii th 1 w t 

nr i n f the an n , ind 

irr gular ut1ir f Lak 

N arly c 11 th ran vad a r rn ·g d an £ rm 

tal 

an ap1 roxn n rth •t.n 

th y ar 

uth tr nd, and, a. 

['h mon lin~1lllc ck · r:nltino· 

m nt · ~-;ivinF.>· <h:-ra .t r tc th pr 

du t th £ rr 1 r tru tur ha it g 

An lrl r 

v m nt . 1 h r nd f th fault lin 

ax , i · in general n arly n rth and 

n ra.l part f the r at B in, n rth of latitude 37 ° , it i. m r 

uth-s uthw t. 

11 attenti n t a ew characteri ti exampl · 

ri in t th Lahontan ba in; th e may 

f th r gion. 

t rrninin ,. 

and ha · a thr w f n t l · 
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tha n 5,0 0 r 6 0 feet. rl he 1 T 0' ntl a nd 

<' n£ rm in a ()' n ra1 way with th , inel1nati n 

' mr in o c large part f th rr h b unt in £ 
i · in r ality an r d d fault thr wn b1 Ulllll l\ l' 

Vall , .. 

In the ca e of th J cl 

b untain i a1 apr ipit u.· 

ran · , i a 

l' 

L ah nt n. ti 11 fr m t w ran · 
h wn in h £ ll wing iagram : 

Pin~ Fon~.st M~ JAC/<son fia.ngq. 

~~~~%'-= Bl&ok Rock Oesurf ~~ 
w - ---- -----~ £ , _ ~ 

\ I 

Fro. 2.- Id nl lion through the llln. k Ro ·k D rt, N va.da . 

The Pfl hnt ' Rc n "~ rt. ha ( 

w 1l fin 1i1 f 

rn or 1 r of th 

al nr-· oth th J rn · n th w t rn 

b( , a indicate 11 g; n r~lli z l . · , ti n : 

~::;;_~~~ 
w---. ' .£ 

Gr t f( u1t 

I nmb 1 r 

\Vinn mu , ' lak 

bel w. 

Fyra.mt'd La.Ae. 

\\' . 
\ VH unt in . 

l~JG. 3.-Id n.l diou of tb Pnbnt R~n~ , YadtL. 

tnt n th rn f th w 
The 

lik wi c rp , a. indi at 

mnnemueca.. u ke. 

T' 1 hi t ru ur . . p1 a.l f th reat 

main di plac ment in thi · in tan t 11 

th abru1 t f th 

f th all i · w 11 h wn n 
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b r th e . ·~ t line ti1 w · rn nm 
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THE LAKE BASIN. 
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it xt n l up 

lllll n h I'll art f 

th e [ ittl Hum w t-

' ard of th ~ E 1 >' ·11 J)l 1ntain , Hnd th 

lJ' h 
I:") 

\ inn n1u ' < lal lH rth illll 

<li i i n · wa ' by n·uT w ·tntit n w nn I" d y th l w r part 
31 
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RiY r. Th w8t rill thi ~ ·hnnn }l ltri11o· tll hi ·h 

f t. 

'' hil ~ th Rn 

)' rraphi c in th ir 

lu 1l th 

tri ntar t th ~ lak ,fl w 

max1m u m 

"i th h d ~Til ti n f th 

L~lh ntan \\a ' int )r 

ntari< but ' a far 1 · 

1 ouncl·u·i ;· " 

ha: L 11 x.pl r l. 
B llll viii , an rank 

111. 

IH tud ·in th r 

rj h )q u·tll I li:1l'l' \\' Ea ·t 

f h 

d 

) upi l b 

-Iumb ldt 

yrnnn Led<\' wh 

' r, a· alr ady 

l I th ' ':t ~ B86 

11 ti. 111 nn ·ti n 

ud 

th n ith r; in fa t it 

nt r f " il, that 

· , it w a 'mall L 1 

n 111 · 1~ uat rnary 1 k f th 

u f h fir 't. u n · 

'u l an a1 ·wer i · wll th 

rfl w 

>f · fo ._· ·il L: k f Ln} ·ill , wl1i h, a.· i · w 1l 

]rn wn fr rn r. :tibati n ·, r ,· l until it rfl w d at I ck 
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AB E E OF AN 0 TLErr. 3 

Pa , in Idah , and th n cut d wn it utlet t th d pth f 37 t et. Th 

1 v 1 of the fir t p int f di barg det rmin d the h riz n f th hi<Yh t 

f the Bonn ill t rra The b ttom f the ·orge ut b) th w 1n<Y 

' tream detern1ined th le 1 f th Pro' o nt d 
of all the Bonneville wat r line . 

previ us writer on Lake Lah ntan h· v nj nred that ther wa · 

.an outl at. it outbern end 13 thi w the fir t porti n to b xrl r "h n 

the pr nt tudy wa undertaken. 0 xamini abb \ all y, it w 

t nnd that a mountain barrier interven betw n i and the Lahontan .. 
ba in t th nor h" e t, thu r ving that it' a n t U[ i b T that hk 

Th 

l 

cl 

r, w d in it hydr orar hi e ba in. 1' 111 th 

uthen 

n f rm dint 

ut the nd 

Th 

f th 

h nz n 

rt a 1 r · narr " a r f th f n 1 r Ink 
uthwar fr m II n' · pri1 o·:. 

n fill with lhn iun1 whi h ha 
T tb wat r of L ke Lah nt 1 • th w p 

f th 

ar n 

t in th 

c k Lah ntan 

r fin an uti t. 

of lk( li ' ctl­
. that La-

t w h re th br ak 

thr ugh th all 

valley f th ar n a ton. it 

ther i a narr w ap in the hill borderin · the 'alley on th outh "hi h 

at fir t ·1v • pr 1111 f h ving b nan uti t of th an i nt Iak . 

ur thi alle w find it a cending with low grad and pe111ng 

w ap int a n Valley, about which there ar b ch 

on e fill d by a lake. The highe t beach in 
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ut thr u 'h 

h nn 1 tha 

l int Lab 

bur hill. u-

pl 

c nn t f th rr h 
me urem nt indi , t that Lake Lah ntan di n t , n int l\1·t , 11 

V lley until aft r th ba1 n 1 ut by th v rfl w fr 

£ rm d. ha n t-

enl nt in thi r o'i n and it 

th 

ar on Ri r, rna y h · b en hen , n 

form r lak . I i , th r £ r , 

extended tbr UO'h the p nn ting 

be£ r the pre en t h nn 1 wa ex a v t d, nd 

Lal e all ys. Th tufa dep it about '' aU er 

in a future h pt r, re f the am n tur a th imilar £ rmati n in th 

f Lake Lah ntc: n, and indi · t tha th ) '' r pr i1 itat l 

f th 

ha L ke L, h ntan did r Lak 

an i nt 

11 

a 
n f hi ba in r 1 th t j 

n ti c- r h nl n th nth rn 

f th Lal1 n n ba in that w uld , ugg t a p uti t, the · n -

lu ·i 1 that tl £ rm r lak did n t rfl " in that dire ti n i · p itiY . 

In h northern part of the ba in all th pa 1 ading to th all y · 
raining int the Owy hee, one f ihe tributarie of the Columbia, w r 

1 e ·ially xamin d, a well a · the divid etwee the n rtbern nd f th 

Bla ·k H, k D ert and lv rd Vall at none of th .· pl~ec.· ar th r 

. I 
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hannel of overflow. 'I h i vid t the n rth n Bla l k 
rt wa th low t oint n th 

l a 2 0 f h Lahont n 

of the ba in 

rlhi Iointw "'h it 
1 ' a i n to b "5 0 fe t c uinn] Ri, r at 

th pl c wh r it m ke a b n uthw t, t it lf in th 

la k R ck D rt." 14 Lake h ntan at th int in Quin i r Valley 

ignated by Dr. Blak , wa 0 £ t deep, thu furni bing additi nal 

th t b ancient lake did n t attain the lev l f he 1n 

u 1 n. 

During the topogr phi survey f h north rn p rtion f th Lab n-

tan a in be highe t water line f tb ld lak mapped with ar and 

found ntinu u thr ughout. Tb l al~ int King iv r Valle 

whi h f rm d a ,ompl t ul de a "ith n xc t int th Bla k 
Ro k De ert. the h d f Quinn iv r he b tt m of the valley 1 p s 

upward un il a th divide it i v ral hundr d f t above the h riz n f 
th L ho.nt n be h. The n rth ru b rd r f Valley wa cl ly 

examined by Mr. Web ter, an p tha it V\ a n t 

a point of di charge for the old lak . th pr gre 

ev ry point on the northern rim f th ba in th t ould be 

having been low enough to allow h ld 1 k t verfiow wa ined 

either by the writer or hi ci ntifi a i tan t · to be unbroken 

by a channel of di charge uch as an o rfi wir lake mu t ne e arily 

xcavate. 

t i important to keep in mind the ab ence of an outlet w bile reading 

Lab ntan hi i;ory, as it has a dir t bearing on the character f the bore 

t ~;r phy which r r , tl1 xt nt f th lak at ariou tag , and 

furni h th 1 t th h mi al hi t ry f the water which formerly 

:fl d th 

Vol. IV 1872, p. 276. 



CHAPTER Ill. 

RAPHY OF 1HE LAH ~TA BA IN. 

V LLE1 

Th reg1 n n u pi d Lahontan 

the great ar a of interi r drc inag f whi h it f rm 

through ut he r gi n hc ·e an levati n f fr m 

th ea, and < re appr xituat l l I plain th h 
1 ul' ti n £ r an indefinite p ri d epar tino· th 

c ngular m untain r· nge ri ing frotn a £ V\ hun r 

£ t abo' e tl a ja ent l wland The ba in f th an ient lak , a w ll a 

f 

the greater part f th regi n that drain d into i , m y with ru h 11 d 

de ert country. 'l'he ab olutely barr n por ion ~ , how v r, with th 

ti n f the mountain t p are mo tl; nfin d t the r n, mok 

and Bla ]- k d ert , which r mpl t 1y titnte f veg tati n v r 

hundr d f quar mil . 

Th maller all y ·, although m tly d ~ lat and valu l f r agri-

ultur , are u ually co' r d with c attere gr wth of g - ru h an 

m time with ther de ert hru , , and perhap produc ufficient un h­

t form n ural pa ture . Th oil thr ugh u t th~ ' ll i u uall .,. 

m re or le alkaline, but VI h re water can b had for irrigation it i fr -

u ntly found to be capabl f producing g d cr p of gras and er 1 . 

Th area where irrigation ha b n u ce ful are along the immediate 

bank of the Humboldt nd Ree e river , in the canon f the Truckee, and 

narrow trip· bordering the Carson and tht Walker. Some portion of the 
36 
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Car r D sert, .. ·ituat d a to be onvenientl) ' at red from tb ar n 

RiY r ar al ' O undu· irrigati n. At a limited numb r f l ali ie n th 
L rJ r , f th Black P k ·ert e:u in Quinn Ri ver.Vall y the water fr 111 

mall n1ountc.1in tr an1"· i u ed to in·igat 

In l\Ia on and II n "' r Lak all '· h r ar 

f · n i xtent a ljoining irrigab1 land , wber a un Iant harv ·t 

are annually 

'1 h ntral I a ific Railroad pa · 

at bel of b xtinct lak ent ring it a f n mil 

1 aving it, on the we t, in tb Tru ke anon ab ut 1.1) mil ' 

worth. arly a ll be villag in the ba in are lo · ted a,l ng thi hi ·h\ ay, 

wl i h furni he uppli xtent f countr). The tra I r in 

T ing w ' ern evada y rail for th fir t im will I rhc:q · b~ impr .-.· d 

'' ith it b rre nature n<l 1 rhap · ·on lude that it i · LU fit for hum n hab-

itation. With the ex e ti n f ~fa n and H ney Lak alley how ver, 

it i th nio t fruitful p rti n of th Lahontan ba. in. 1 i al xampl f 

th de ert f ada may b , n fr m the ra k f th ntr< l a ific 

ailro d b t\ e n Humb ld L ke and the Trucke Riv r in luding a 

·limp e of th Carson rt to th outhward of Hnmb ldt L k , whi h 

wa once overed y 5 f t f wat r. 

The ar n an ailroad al o pa thr uo·h a p rtion f th 

ba in on e oc upi d by Lake Lc hontan. n goi11g uth fr rn ayt n th 

tra eler by tbi route foll w · a narrow valley form d i1 par by th r -

. i n of the Car on River, and u ' equently upi d by Lak L·:t.hont n. 

ppo ite the it f amp Churchill tl road b nd · ruptly outhward and 

tra er e a. narrow P< l ading to M on Vall ) · fr n1 th re it £ ll w 

\\ a11 r Ri r an tb hor f Walk r k an r ~ , th uth-

rn rt di ance ou h of 

i tan , with th 1 tion of a h rt 

r a11 n th r ad i b 1 w th l el f the h1ghe t 
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l\'10 

'lh 1 u mer u uarr w and ru ·g d ru un t·:t.in ran .Lab nt .. n 

tlt 1 \ ith a 111 

b 

'ttl al n~::; th 

nt 5 00 £ 

pl 
1 - rv ' al t 
that ha 

} ti I ' ll 

In 

upp r limit 

th r ar 

unt-

f 

ak n tl w t, 

ommencing 

xt n;Jing upward to within 



MOUNTAINS OF THE I.JAB ONTA~ HEGION. 

1,000 fe t of the highest summit.. . When een from th a ·tern bore f 

th lak thi ·ir 1 of g tati n appears lik a du ky loud-band encir-

·lin l)· th r1ount tin· a ,.e which rise the hare and rugged peak £ rming 

the re t of the range. B i tb ni£ rou tr th In untc: in n1ahog n · 

an l th tt nwo ommon 111 f th ld lak b n. 

'J he f n er oT '' · in h ·:.n n and r v1n mountain t:> 

]·ltt r i £ un m 1 along th . tr c m nr. 

\Vith th £ w x 1 ti 11 ~ w have m nti n 1, h mountain ~ of tb La-

h mtan uentl rilli nt in ol r, an pr ent a 

f tin b n ath In re humid 

l ( l' . 

whi h th 

lJ ct. 'c·Ll t 
.·a n 1. 

th 

at .-un ri ' r n u n ' h n th ir ·1 n 

n 1m-

e p, lumin u r . n-

n untain f 

il nt and 

erin o· Humb 11 

n dome of rhyolit 

r f ll y revealed. 

by 
if 



4 hOI OF L I E L IT NTA . 

Th n ah n tan h II 1111 m h 
n.ll r, 
{ill l 

a t, uinn Ri r, fr m h n rth and tb 

fr m th Y\ • t c 1 1 n In t. \11 th 

th ir 

u l1rin th 

tl 111 ' h11n aud . 

1' -

Till~~ Ill ' -'lll LD'l l l r~ l . 

1 hi n r 16 ri on th 

2 0 mil 

orth Car n Lal 
ar e aporat cl. '11 

a nun b r 

uth. 

r· ti n 

Lc h n t<- n lak -

a cafion 

'I he mat rial r m 

r f ~ V<1 la an fl ' 
Lah mtan a in thr u h ' t 1 n . 

Fr m thi · 1 int it ntinn ' 

n arl · 1 ) 111 i 1 : tl II u1n b I l 

this is U nc1ll ~ it.' rrni1 ll ' but uurillh' 

th )'1\' )' 1 tittll . 

it ' Wel t 1" 

nt ~rin n th 
t l ir , R 1 v r 

nd fall f th ~ tr 

nv rt dirt 



41 

T' m a ur ment w r ma d f th he I-Iumb 
n ptem b r 1 , 1 1, on 

t h 1( tt r 7 0 u bj f 

th ri er w· t h tim , 

m edim nt, but h fall n hr e 

ri e · t wo v k 1 at r it ii , -

f h wat r of th Hun1 oldt col­

u , ju t b £ re the nver nt r the 

Lah nt n ba in, i ' 1\ n 

I)D titU Dt . 

n l it I ' of 
watt r on- P E> r nt. in 
t lli u , in totlll . lid . 
gramm •-

Cou ti t u n ts. 

, ilic ( i0 2) ...... . .... . ...... .... .. .. 0. 326 9. 03 I Sili a ( i 2) .. .... ...... . ........ .... . 

Alumina (AhOa) . .. . .. .. . .. .. .. .. . .. . .. 0. 013 0. 37 lnmina (..ih03) .... .. .. ....... .. .. 

'nl ium (Ca) .. .. .. .. .. . .. .. .. . .. .. .. .. 0. 04 9 13. 53 

.lla)!n<' ium (Mg) .. .. .. .. .. .. .. . . .. . . . . 0. OL4 3. 46 

l'tJta ium (K} .. .. .. .. .. .. . .. .. .. .. .. .. 0. 0100 2. 77 

!'odium ( .,.a) .. . . . . ..... . ...... .. . . .. - ~ 0. 04 7 12. 92 

~ulph.uri ~ ·id ( 04) .... .. .. .. .. . .. . .. . 0. 47~ 13. 12 
IJI nu ( I) .. .......... .. .. .. .. .. .. (l. 0070 2 0 

--------
. :?0-1 57. 2 Tl)tal (93 .52 p r nt. n r ount(•d for ) 

'arboni a ill ( ' 3) by <liffl r nc . . . . . . 0. 1544 42. 72 11 

Total ..... .. .... . . . ...... .. ... . . 

.._"'aHCo3 = 0. 0512 

Tot:\1. .o. 3615 

n anal f th w t 1' f Iumb ldt L ke i n n pa , 

Q RI' EI. 

ny br ok that have 

nth I f the 

r a ut fi ty mil 

7. 

0. 0326 

0. 0013 

0. 1222 

0. 0434 

0.01 ' 7 

. 01!(6 

n. o;os 
0. 0550 

0. :l453 

heir 

ntinu until the n r h-

d· n uthw· rd a ain and 

la k rin 0 m nth whil th 

n t h m iz d ri er, n ha a wift 

mudd UlT nt. lll m 7 mil fr m it ource, it is 



42 L ill TORY F L \KE L I1 

rep rted t n1 n ~ r a num 

in 

' aria 
mile 

n it · w 

1') 

tmu -plain; th 

urin · b hin'h 

tenc he gr at r pa,rt f it vall y b in 

arn1 I k . 

TRUCKE RI ER. 

T h Tru I ee Riv r ha it Ul' in th 0 rfl ,,, . 

l ' f gre t r puri u flu 

that .nter th L h b 'Ih lak \Ybi 

a. an levati n of ,24 7 fe id th l al . 

thi r ... erv 

Winnemu "h r i e ·a rat 

an lin . r i quit larD' 

h fRet , an t a mall xtent b w n I n 

mil fron1 yrami La] a g d- ize di h h 

£ r th irrigation of the Ian f the Indian 

N. 

Ul'-

\ lal f 

u l by n 

'fc h nd 
th l' m 

1'-

w 

n t ru t 

n anal; i f th wat r f L k e T· h 

m y be con ... i ered a r pr n rrna1 

. Vv. larl , whi h 
nditi n f h Tru kee 

Ri' er, i given her with: 

'on titu nts. 

Oo 0137 I 

Oo 0030 

ns titul' Dt . 

Probabl coru-
binn.tion (in 
$!;ramm p r 
lit r) 0 

00 0137 

00 0105 
'a1dum ( ' a ) .. . .. .. .. .. .. .. .. . .. .. .. .. Oo 0 9 Oo 0232 

odium (~a) .. 0 .. . .. .. .. . .. .. . .. .. .. 0° 0073 I 00 0012 
P ta ium (K ) .. .. .. .. .. .. .. . .. .. .. .. . 0. 0033 0. 0034 

hi orin ( I) . . . . . .. . .. . . . . . . .. . . .. . . . . 0. 0023 , odium ulpbat (XM o~) .. .. . . . . .. . . 0. OOo'i:! 
olpbm;c a iu ( 4) . • . . . • .. • .. . . • .. • • . Oo oo· 7o 40 Pot: ium ulphat (K2 ) .. • . . • . • .. 0. 00 

--().0443 --6~ t 'odium arbonat.e ( ra2Co3) •.• •. o.. .. . Oo 0117 

Carbonic acifl (C0 3) h ditfereoc .. ... 0 Oo o_ i I 39.32 1 Total (99o04 p r cent. account d -----
---- - - -- f 0 07?3 

Total. . .. .. . . . . ...... .. ...... ... . Oo 0730 100. 00 I or) · · · · · · .. .. · .. · · · .. · .. · .. · · · -

- --
17 D term ined by acific Railroad urvey . 
18 Elevation of Pyramid Lak , 3, 7 1 f, e postea, page 1 1. 
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r p rted, ' a 11 ct d in t b r 

n ar G·l n Br ok n n1il fr n1 

n c nditi n 

reacbin · Pyrami 

I ·1r Th 
rar ch nt rir ()' fa riv r win in ()' 

throu h nr alln ial t on , n formed a l ' -gra f roa 

xt nt a n the m, p. Th ' at r that ar tri utar; t Winn -

mn th main tre m t n arl a righ angl and fl w thr u ·h 
a el n·uT w hannel carved in Lahontan edim nt . rrhi r 

h d in 2 ha a f 2 400 ubi 

t et I r he I raun r in w hi h h it 

ll 

a1lu ial ·1 a in th 

D rt, u mu ha. 
p, r rni l t vVinr mu lal e , or ice ver a. T.hi cl tt r, h ' r "'ill 

r h fur h r r ion in conne ti n with the flue u 1on of P ramid 

an vVinn nlU l ke (page 63). 

CAR 0 RIVER. 

Th 0 r on River ri e n the ea tern lope f the rra uth 

f 0 or 70 mile , nt r the a 111 

hr p canon t a ton . Fr m thi p int t th 

ugl a h, nn edinL hontanl k -b d. 

( rn re fr h nd 

t rnar 
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( ' 1'' 

la u trc 1 dim nt, an th 

1 1 b 
Y lnm fth tram· in 

thi , < m unt. 

1 h ifur ati n 

i r pre ent d on th a 

h that th n' 

f th 

to 1 2 i flow 
a and n d hann l ran hin O' fr m 

nn f unu uall r hi h '' ater in th 

th ld "ha1 n l ' a r and 

ar n lak 

1 E L. HO T 

u-

1<1 <llll} J mr h-
u i f t l l' . 1 1 ()~ th 

l ', tbnn hnlf 

ll 

111 11 rthwar . 

f 1 rn- r 

f th trean1 the nger overfl " d, 

and the water in the lough can1e tao·nant. noth r fl od c urT 1n 

the pring f 1 7 or 1 , whi h au ed the rm emptying int rth 

Car on Lake to ranch and end a tream ea tward to the lou h. Th la~ t- · 
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f nned channel i till cu pied, and i known a (New Ri' r. Thi · di -

tribu ion of the w~ter of th ar on till con tin u , but i · r gulated, c 

I a t in part, by light willo-v d m at h point f ifur ·ati n. In 

1 62 the Iough e nn ting th two lake i r 1 orted to ha 

CUlT nt 1n me in tan e , accordin · a the water i the N uth 

Lak ' th high r. In June, 1 th w t r in th 

y aptG in Simp n t be 5 feet wide n 3 r 4 f 
n r hward wi h a trong UIT nt. 19 In 

t t that he wat r w re lug ·i h, ,. ith n 

J un 1, I £ un h olume f wat r am a r 1 ort d 1 y 
, I d fl win · I orth' ard with a w ll-rr ·:trk d nrrent. In 

, the 1 u ·h ''a I w, and id not xLibit any m ti 1 · 

wa hall w, mu h of it r ' Ol t-

lll nc f a wan p. 

r 1 y tra e, a · on a ma 

hrough th nt n ton u 

ar· n 

th 'an u 

11 11 bv th 

r e th nwrk their our e . 

rl hi tr ill n on tl 
m<:-nn ran h s .... t'li n t hi 

th tw t r Ran · . 

dr ina fr rrt l1 
f th 1e 

lll th 

ran h 
lin :1 • 

f 

UlT undin mountain · n 

f t h n r m n d ri n · 

f i vi T n tt nwo 

rra ada in wo 

ru untain ma l n n ' L a 
th 

t f rk fl w at h of the m in rang 

an n e f nu d a chain of mall IG k , pr bably f T r iary age, w'1i h 
' ll d 1 f di llar ' rl h 

11 y , n rr " an alm t imp -
fi n . r · littl bt·l w 

th p int wh r tl f rm rly 

thr ugh ~fa n and vV lk r 

1 E ·pl ration A ro 
ro Aunual R por of th 
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Jj 

tim 

f la 

ru ke 

hc\e b n 

L I TOR L \.K G L H N r 

u hw·:tr l at th 

o n b om e •:t. an n 

y tb Ilumb ldt nd h 

t' r n ar it m n h to 

1 ,- 21 tnea ur tnent of 

7, 
Dl 

Jun 1, o'a \ 

r f th f ll wing 

lake from thi ' 

, GI d li tl , if any ' ter 

durin!)' th dry · a n 1s 

u of it water £ r irri­

Ma n all A th d ta d.t 

a. um ubi on , r 7 0 

ximat di harg . An analy i f 

11 er, 1 2, t a oint ju t I w wher th 

f th n\ r unit , 1 r port d by Prof. F. W. Cl·u·l , , s £ How : 

on tilu ot . l!on titu nt . 

Probable om­
bill ti(ltl (in 
~ramm p r 
l:ter). 

0. 0225 
. 0570 

0. 0133 

0. 0216 

0. 0421 
0. 0224 

Total (99. 39 p r • nt. a count d 
for) . . ..... .... ... ... .. . ..... .. 0.1789 

rl h mea ur ments of the volume f he riv f the Lab ntan 1n 

at di~ rent a on indi at the great fluctuation t ,. hi h th ra1na0' 1n 

wint r nd a · rt country i. ubj t. 'I he ed 

I ring-whi h includ th rainy a n, nd al th t im wb 

ain 'D w ar m ltin n1 t rapidly- and dimini h gr atly in 

he parched and an ummer month . Th Truck Riv 

hi 

nth m unt.­

lum during 

r 1 an ep 
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whi h erv ' t ualiz it 

puri ti in u p n. 

nt ring he Labon n b 

mat roughly th am unt 

r n w ntribu ing t tb 

r rte d t in d i n 1 n a t l 

nng 

in w n enient la ' 

. Iill ·ide prin · ar 

n 

b 

a 

f 
po 
n1a t r. 

In w tern 

wi h 
fir · 11 tau 

va th 

kn 
t cl ar it ' G ter f in1-

0m1 f the nver 

nab I 

·u ~ t "i1l b 
ah nta.n. 

PRI S. 

f · 111'1' n 

r a t 

r 

rh 

mi1 ral 

nclition f v rin th f rm· i n f l ill i 

n . The r ·k th r no·b nt h r ·i n ar 

fini t th 

l l 

t m r· tur ilin o· wat r. Th h at <: n ur t 
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wat ~r nbj ted during it r nd r it an a tiY 

lY nt. H prin · are ther £ r fr u ntly har · with T at Yari , ... 

f min ral ub tan in oluti n. 

The Lab ntan a in, in omm n with th ntir n rtbern half f h 
r at Basin (the uth rn I rti n not b ing o thor ugbly xplur d ), i 

r markabl for the nun1b r f pring whi h ri fr m a gr ( t d 1 th through 

fi , ur . The alm t inn-l!·iably ur a l ng lin f i I 1 em nt, and 

ra g in t mp r t ur fr )ill . ur t th t 111} rature of b iling 

wat r £ r th 1 ation at whi h th ur. 

Th f th Lahontan a in are indi at d n h a· or p ny1nb 

m wh n known b 1ng h ' n 

n-

f th e I " n 1 n , 1 n 

of 

mean f th r g i n up to 1 2 ° F. 
me" h t 1 kalir 

an 1 c r onat a, mm n -alt, tc. [ h wat r 

111 a ·1n on the de rt i ' por t , n ha f rm d 

n iderable xtent, a ection of whi h i giv n b 1 w : 

f 

The utface f the de ert b ut the m re abundant ac umulation of 

alt covered over a large ar~a with a whit saline e:ffi r.e cenc . These 

pring o cur iu an east and we t line, that oincide with the cour. e of a 
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po t-Lah ntan fa It wbi h i lainly h ' n an itT :J ular ~ ·u·1 , 1n om 
pl e 20 £ t high. 

All n' .. ~ pring a r . itua.te 1 n th nthern b r .r f u h r on 

Lak at the ba e f a high b lti butt whi h n e form 

Lak Lahontan. Th pring · at pr ent ar . ' r; ma11, h at 

tbe surfa b ing 1 than half a gall n p r minute. I1 hi .rt un-

try ven thi tneag r upply i important, a it i the nl · drinl able wat r 

within a radiu f ' r twen tnile . 1 b .. pn n ar t th 

ge logi t ecau f th ir antiquity. Th an: unt f 

tufa dep ·it d about them indi at that th flow of 

mor opious than at pre ·ent, and at 'ariou tim s ha 

her f orifi M u h of the nfa that i 1Iainly a 

with th in lite and dendritic tufa whi h we kn i l ita t d fr m th 

wat r of L ke L ahontan ~ nd h w that th pnn "' re in i:5tence a 
l a t a early as the mi d1 ...~ahontan peri d. 

1 h H t prin , at lot 1 ring tation nth .. ntral Pa ifi · ai1r ad, 

.: h wn by Dr. 1,. M. h tard' anal; ·i , h< · th £ 1lowin · 

onstitu ot . 

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

.Alnmi num (.AI) .. . .... • ... . ... ... . .... 

:tl ium ( a.) .. . .. .. • . •.. . . .• •.. . .. .•.. 

Magu iuro (M~) .. • ... . .. ..... . ... .. . . 

Pota inm (K) . . ... ... ... . . . ... •. ..... 

Li hum (Li) . ..... . ... .. ... .. . .... . . .. . 

0. 0305 

o. 0010 

0. 0669 

Tra . 
0. 7743 

0. 9679 

0. 3555 

'on titn nts. 

Total........ . . . . ... . . ..... . 

1 ft by va.poration . 

0. 2060 

0. 14!!0 

o. 0063 

. 1037 

\). 050 

. 4039 

l . 4. 46 

0. 127 

2. 4953 

t a. n m 
ulliti n. 

r f rifice 

\Vhen h 

h· wat r .. f thi u 1n a tat of, 

h s e ro a 

ur lll a line f r ent 

faul in , uth' rd ( it fr n1 

the wat r ed the pr vi u f bar e. ling, an 
M . XI-4 
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auttnU<H1t d 1 ·it 11 i ·tin o· prin ip<dly f mm n ·a1t ·u1 

phat , i : fontH1 . ...\ t 1 tim:. th - " at }r w r th ugh 

ra i ' ncid tu l t 1npt 

, I ar~t 
how 

rint nt wa· ' 

orn f whi h ·1r 

th w r 1' h 1' n r th' ar 

I ur ol(l ' at r hav b n b th 'i f h 
N ar th 11 rtb n of thi rang , bu i la.t d fr 

Butt a ·rnall 1 ·h .n in . ak Lab on au. 'I h 

Nuruer u oriou pring 

re ion u1 t th b i1in p· I 

ern rd r f h '\hont 
ary . Th 

filld\\ih 

f 
nor h w r £ r i:l ut < 

it 

f aU t n1p rature , fr 
t th urfe: 

nu1 ·ul­

nt 

n 

ut 

'l'ran it 'I he bottom a 1n ar ulent 

mud, throno-h whi h the wat r i ue , fr quently ac y bul> le.· 

f ga ·. In n1mon with ery m< ny th r h t riug , h e · 'in · · r lin d 

' ith d p oT en n£ r oi gr wth ·. 11any f th 

' < t d xha1 ·ul ph urr tt 

tuft In n in .· tan 

\11 th ·p rin u" in thi ' 

di · ur y r graphi m 

~; nn• or . cl•nit 

in r is pr ipi ta d a 

n faul li 

f 



Rl 

e r 

ti 1 , an 

ti 

r 4 f t. An anal 

1 wing n iti n: 

on titu n . 

Total. ......... . ..... ... . .... . 

Thi 
f 

Inn, 

it 

n ·tha thi 

h n ·:tn' 

a 

up f 1 rinD' 

llll1 f h at d wat r, ' 

8 P'J E I.~ 

n t f:- u ] t · '' i 11 
mo n1ent . 

ar t 

e· £ \ 
n 

wat r i Wl 

f thi w t r 

I Oneli ~-- -~~ 
wat 1· ·on- I' r c nt in 
ta.in in total olid · 1 
(!T.mm s- , 

0. 1310 I 
0. 0121 

0. 0004 

o. 3o4.o I 
0. 0094 I 

12. 

1.1 

a 

r 1 
In a 

r. T. 

B 

lV 

n 

n I aD 

r n1inut 

lun1n 

1. 

n tituent.'l. 

51 

hart r 

tail l np-

t 

nlliti n 

h i 'ht f :~ 

h w th F 1-

Probabl om­
bin tiou (in 
gr. mm p r 
lit r). 

0.100 

0. 061.3 

0. 040 

o. 00 0 

0.4715 

0. OJ 0 
o. a266 

0. 2070 I 
0. 34!L .. 

0. 00 0 

--~. 0211 ,--100~ 
Total (99.03p r t. acronut d for ) . l. 0-11 

I 

li ht 1rn of ' 0 1 iu r . idu 1 ft n ' vapora1i n. 

f h ll'lll ' 

a ·r .·an l 
' tl . a ,'() lllc 11 ri fi · 

ra. ·,full. 
hav n1 <- ll 

tim 

1-
f 
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t h t tal J >btain d. \ t a 11un b r f 1 int ' th t. 1 p r~-

tun uf th • wat r ap1 r >ximat · t ) th ~ ilin · p >in an 1 
it. a limi t ~ qua1itati 

'( t ~· tl1at ·h mi I 

th 

an 

ar inhal it 

ru~: l, an l 
£ rm r tim 

JT np i · kn 
rlh m 

111 a ·n all w 

l\1 unte:1in. 

ular 

' t n 

Illi n crl 

1n 

f t ~ m 1 ra ur ; fr 

li · ·har f rm · n er 

tha ba 

fr ut th Ink 

· n t·h 

a di tan 

a nd 

I) 0 :B. np t 

t w a t )r of · m i 

in 

"ith 

w hi J1 n , fl d d the 

k 
r-

r 1n ' 1 t-

untain 

lll'' 

t r f won-

l'Hlt 
Thi · 

I ahontan a 1n ·ur 

il n rth f rani 

h fill cir-

m 



~ IN 

11 an m 

a1 ratin ·. Man 

al u tufa; nd 

< n tufa.. Th 

m water. 

0 1 THE L 11 NT A 1 

pr adino· out d rt c 1 d 
b a ·in ' in th i oT u r lin 

b 

with b iling wat .r, i 

ir itat d from th e water 1 g 1 tin n 

la uit 

t tha haY 

m- hap d whi h fring 
rr h I 

th wat r ol ,end in . rn 

c1 by v .nturing int th b il-

y Dr. T. M. h tar f on f th m , t typi al f th 

'h g'1 n 

'oust i tn nt . 

. ili·A.(. i0l) .. .. . .. . . ..... . . ..... .. .. . 

'nlrinm ('a) .. . .. . . . ... . .. ... . .... . . 

M g-o ium ( Mg) ... . .. . . .... ..... . 

. odium (~n) . .... ... ......... . .. . 

Pot.·L inm (1 ) . . . . . . ............. . . 

Lithi urn (Li ) . ... . .. ... .. . .. ...... .. . 

'h loriu ( I) . .. . . . . . . . . . 

ulphnd 11 id (, '04) . ........ . ... I 
X)' n * (0 ) . .. . .. . . . .... . . . .... . 

ribed 1'1 fl ab 

I w: 

On lit r of I 
wntcr on - P r <' OL iu 
tninR in totnl s lid . . 
grnmm -

0. 1136 

0. 0367 

o. 0 34 
. 3554 

0. 0191 

Tr <'. 

o. 239 

0. 3901 

0. 0255 

9. 60 

3. 10 

0. t9 

:1 . o:t 
1. 61 

Tr:l . 

20.25 

3:2. 97 

2. 15 

arbon i n. id ( 0 3) ....... . .... . . .. . . I __ Trac..:_:_ _ _2'~a_. 

fr 

Constitu nt . 

u tufa i: 

-1 Probabl OJ · 

1 bio~ttiou (iu 
· _g r·amm . p r 

l it r ) . 

0. 01 0 

0. 194:. 

0. 1247 

0 0170 

0. 42 7 

0. 036:1 

0. 3665 

Tot I (99.43 p r t .. al"c on •d for) 1. 1 4 

Tot~ .... .. .. .. .. .. .. .... . .... , 1.134 100.00 . _____________ _:___ 

H t pnno-. 

n of Bl l 

rn 

·imilar nc- tur 

n a li tan 

f r nt la 

* yg u n · 

up n ar th , . utl _,rn 

f 1' c ur n a lin 

nt. 
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In ~1 r , pr f h t 

in th ah nb n ba in· th t al 1 nm 

t d a l , th n tw r thr 

f wat r nt rin o· th 

m r 

year t 

th normal ~ r h r ·i n ; an 1n 

di ol d min ral ' than rdinary 

m an ing nal) e . 

It i ' rtain hat many 

nee 

hundr It i nn 

ba in fr m ·ubt rran · n ur with 

ition it v­

tram, 

mu h ri h r 1n 

indi "t i tb 

r in xi t-

ern n t nl 

r pr 

but al indi at ch ra 

lak thr uo-h fi ur 

'PRI 

int · in th in the din 

Th maJ n y 

n h "' 
f a differ nt n tu r . 

t pan 
within with cry. t 1117. 5 y . urn impr gnat d w ith nlplmr. Th n 

f ulphur h 1 to orne xpl rati n, but h . up ly i vid ntly t lim-
it d t be f UlUCh rr h m und in thi group ar 

f that h.olik lay r f calca-

l' iliceou inter, e p cially about 



th ir 

L KE i TTIE LATJO T 

1 h e d p it ar nnlik 

now f rrning ab u t n1 

epo it in qu tion ar 

ili int r a1 indi ,, t · th t 

no pr ipitat f thi n tur fr m ubl u rin 

L KE. 

55 

f h old 

· hu indi c: ti1 g 
te. The pr f 

u .. rial ng1n, ~ · 

1rin · ar kn wn. 

re ent th re < re v n lak in th L hontan b in. The 

II ak , alif rnia· I ran1id, Winn r u n, um 

at" n, nd Walk r I ke, da. 'I tb 

an l " ill r n 

In 

all their 

minut ly. 

I 

1' 

w t 1'. 

Vall y wa 

]l} fill 

t ~ a.r n 1. tnm n with 
1n har · f a1 tc: in \ 

HO 

but 

whi h f rm 

rib th r 1n w h · t 

b h we t rn arm f Lal e L b n -

l i m n t . n t it i a r ad. 

st n and 

b -
up-

of 

urv y 
ximat ly 
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qu r 

ttl l' 

srnoo b 
1 7- i 

Ir 1 

iur , and 

and magn i 

Gi' 

ll 

in 

L \L Ill '1' RY T 

b 

n 

r nt. f alin matt r in 

' t r t b all ·~line and harg d wi h 

nat and u1phate of oda, t ether with 

P RAMID K . 

rted b th 
in ·a br ad 

f 
inch 

a uld be 

'Ih utlin 

hl n e f 
m p ta h 

Pyra i Lal wa di Jannar 1 , 1 4, b 
wl tir t a"' i fr m t1 o unt in . at it n rth rn n . 

abl f rn1 f an i ·1 nd 11 it di 

r m 1 t, 

r Ulark­

'a\ it th n n1 

whi h it 110w b ar .25 

f y ramid and Winn lak ( 

' m t rub r 1 2 y ~1r. J hn 

th r t th( t tim . 

~· iti n f tb b 

w i h in · rum n , 

l1J 
f th lak ottom. 'rhe n rth a11d nth 

in 1 n th · in h wi e t par , n ar th n 

· · fart.h r uthward tw 11 Anabo I Ian and th 

1 ke it i ntracted t a 

82 

n 

tim 

d n 
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LAKES OF THE L 0 TA BA IN. 

a. few miles north f Anaho I land w h r tb 

' ry c n ider bl a.r a; b wing that the ott m 

2 £ t a o e th 1 f uni£ rm l in. 

Pyramid L l 
ah ntan ea hi 

th £ r m r lake had a d th f r-

t he amount of dim ntati n th t ha . in · t 1 

wa th p t int in L ake Lahont n. 

Pyramid L k with ut ou l t. 

fr the Tru k r , \ hi h nt r rn 

r in) the UIT unding n1 untain . w u 

rin ip lly b) two mall brook from th f tb ' whi h 

ar li 111 • tr am f r a porti n of tb ) ar ; but the nppl) from th 

. our i extr m ly mall. A neprl · c ll f tb fr b wat r nt rin g tb 

i · d liv r d at it . uth rn nd th lak Yari 1n alinity a n £ 11 w 

it n rthward. N ar t h mouth f th 'I ru k , r th wat uffi-

.i ntly fre h t b u pur n rth rn n 

·aline and lkaline £ r hum n u but m v 

HlJUr . The water, T m 1 w t}1 liti 

l th ha bv Pr f. I'. W. '' lark "h r p rt t.h ir m-

p ition a £ 11 w : 

Water of Pyrant id Lak coll ted i11 Aug11 t, 1 2 at b, outh of Anaho I la11d ( e Plate I ... ) . 

Con titoen . 

·m a ( i 2) ........ . .. 

11 tngn . ium ( f ) ...... ...... .. .. . 

Cn l iu m ( a) .... ...... . .... .. . 

. odium (Nn) . .. ... ..... . ...... . . 

I' ul.lt ium (K ) ........ .. ... . .. . 

'lt lol'io ( ' I) .. .. .. .... .. . 

. ulplmri n ·id ( 

' oo. ti tu ot . 

Probabl om -
binat ion (iu 
,ernmm p t t· 
lit X:) . 

odium F-lllpbat (l\n2 ~ > . . . . . . . . 0. 2621 I 0. 2757 
di nm nrbona (Na2 3) .. . .. 0. 4940 0. 4 4 

----
Total• . . : . . . .....•.... . .... . . 

1 

'-44 _! 3. 461 

:mq,lt• f1 om 1 f, ot b low urfa , and 99.19 p r cc.ut. in r maioiog a mpl . 
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II at r of Pymmicl Lake coll ct d in A-uyu t at a uorlh of .Ll.nalto I lan(7 ( e Plat T r} 

onstit.11 nt. . 

·ouium (Na ) .. . . . ...... .......... . 

Pota . ium (K) . . .... . . . ... .. . . . . - . 

' hlol'in ('I) . . . . . ... . .. . . . . .. .. . 

."niJ unti ca ' iil (." J) . .. ••. 

nt. in totn.ll 
oUds. I 

' onst..it.o nts. 

l'rollabl ~om­
bimui n ( x­
pn•. d in 
gramm p er 
lit r) . 

, .... ::. ~~ 
1 e;;; a ... 

0 ~ p 

:!::~ ~2 

1
$..0. -;::=a) 
!:~.~ . -
8~~ § ... ~ 

, ~ -
0. 041'! 0. 0200 

0. 1 

0. 0447 

0. 13 I 

:! . !.550 

o.:m7 
0. <175 

POl. !1<'<' unt 1l for iu ~ ampl fr m 1 foot b<'low . 11rfne , nnd 100. 15 p r 

A11 the wat r ample fr m Pyrami Lak wh n an z d a 

mall quanti y of u p n d f1c ke ' f ('I ar on · an ilj u h 

had parat d ince th am I ' " 
1h how mu hIe in th rnp it ion f th wat r 

n r th uth rn f th Ial anti i-

examinati n f t l an t indi at an 

lll 

th 

amid. 

fl o 

ak . 

of th pr 

a: tl1at fir t f un 

T urin b 

of ur . ·o un Ln 

} }' 111 1h 

L rt t ill 

ent iti n f P rr-

int r retati n an i nt lak whi h 
n id r d. in onn cti n with th ch rn1 · r 

t ndin , alon , th f tl1 wat r 

g1 1 int r t h wi g th n1p f 

iting ai areou tufa f th me g n ral 

L hontan. 

f th th of the lake the cup c: t th n 

nn f the ttom. 

u u-



S. OEOLOO CAL BOR'lE? LA-:E L ro~l':''. l L. X 
NORTH 

r 

IIOZ 

B81f 

ZtU 

t!!JO 

BIJ 

85' 

'10 

6S 

Subm rg "D ·N• :~;:;;;:--: •. ~ 
Ancient 'Wat 'l" ls---,, .• -

J'oul'7dt-'nt§'.s 1-'n .Ec t . 
SCALI: Of MiltS 

'/o Y4 

II'. D. Jolll.bOI~, 'l'u}lograph.er. I 0. Russell, Oeologi8t. 

A AH I LA I • PYRA I LA E EV D . 





LA E OFT E L\.HO.~.: TA BA 59 

ally omp 

]> d w l' 

0 ttO L 111 

of ·an r grc.' l in wbi h th 

ipitou ·. ntral 

Jon. n n I, ith r 

, ul1l1ur tt h ~ dr ' I 

rrra ,. mud urrin in th r] 

h wat r o-a t ro-

n 1 f fin 
k nnd tb r of 

in th n 

b < m id nti ·al ' ith tb 

n the ligh tl di 
i · har cr l ,,,. jt,h a multitud 

' h 11 a ray f Ji 'h i · p 
,, tl net th ·u p n 

n rth rn art f th lal 

fron th 

: n 

fn tu r 

tan · 

at unt. 

ar 

~ rm 

thr 

1 n ri i ta 

hi 

a1. 

no·ht wn 

tt 

it 1 lay f 

t attra 'tiv i ·lan 

Wh 
th( t i 

ill th 

n n 

n thr \ n int 

nl Ut) 

lal are and 

n(h 

th " t r ] ' 1 at th 
a .h. 'l hi i l·~nd, 



lth ugh with 

n f th m 

a vi i fr 1 th 

it i u n h m, ' ncl H r 

ompan ~ jn cr tlat thi: iJand i r pr · nt 1 a. <U" fr 111 th ::. n ighiJ r-

ll1'1ny ·nliar 

f pir 

f th m 

Jr ri ti 
ur u oint i n h 

I lat , whi from::. ph t graph tak n nth 1· k " 

w I h hiO'h . t f the pir -lil 

tntt 

fr 

u u -

· rea . '1 h hot ' at r 
man a nun1 

r , th r in h · h io·h that 
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B -L 

nl : in c ' it 1 t 

f w of th , cl p 

th f 1l wing fi ' Ul' : 

.. : f murn1ur.·. 

PRI DEPO"IT Gl 

l 111 I' n· f th hJz . \ 
1 half nn turn l ·:z 1 n 

,. r ,. hi h tlt ·umn1 cr :urf lr ;,t] : "ith 

fc rw ·d. f n-

1 11 ar "h r 

h ' arr 1 :1 ri.n 

Tall h< V 111 

in tl1 ball w L1H1ro·in 

of an in · h r n1 r 1 n 

w nl i 

b 

th 1' 

1 nll li' r. 

hn t pr 

::b ut\\hi 

a 11 ll1U 

w:- h <la ut 

and. f 1' ) 

r tl n until 

f 1'111 

l1 a £ ,,, 

·1nl f rm · nn 

't r Htd · t th 
· imih r t 

prm · a ti )Jl . 

<. n<.l (rr w int 

y ar a quart r 

r p1 lit n: it 

~ thi: mnt rial h<18 

w re 

t u l'a l i k t h a . LUT u 11 in o· h 
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lal , 8nd rnay 

B - · m-

pan ng t: 

un m r f 1 

a pu li. h d in th r 
th I•, rti tb 

ition f the cal c r n 

rd d Th 

r I rti 
r . · r . brul , , an V~ith 

lth uo·h th · n ,r ab ut thi l l 

r 1n ry r nd ur. 

un bin and ld 

rm. v n 1n nmmer tb n udd nly, with ut 

" arnit 0', nnd .,, wn u on th lak with tb fur) fa ten1p st. Some­

tim ' ithin a £ w m ment th Jak i b n0 d fr m a pla id n1irr r t a 
: a f fr thin · illo, hat re 1J b r f f m. Th 

wind 

chant ·t r f th 

a m pani 1 b) 1 : 
:udd n torn · f tbi · inl nd a. 

T h lak i · abunU. an tly 

lien ·ha ·i L r l •tn l a · ·tat 

it ble 

nger-

xp n n the 

ndid tront almo pu · U? '((tu 

• 
1 p 'l:l 1: c 1 inhe:1 bit d y 

phat 7 qualiu galt? 'ha -
i ·-Pompholyx 

t arn nd Py1 g ula 
1n it wat r , an 1 h .ir 1 d b 11 occur in 

3, p. 1!"2. 
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Th r m La.k t an arn1 nha ' d 
h u t 'I h 

rant an 
.._' 

11 u Ul'll1 0' Ul' 

jn lar li an ' r k ri 

in 1' irds. 

J.J Kl£. 

Thi ·, lik it ·1 r a 1 no- narr w 11 rm d b 
di ... ·pla nt, i: c fair illu ·trati n f In a 

I t i 2 mil 1 ng, with 11 c ver · br adth 

th nger a.xi ing du n r th and ou b. 

k , i all aline an 'I h 

F. W. f a rr1 1 nt r f 

tb lak urf" 

on titn nla. Coo titn o 

Probable com­
bination (in 
l(rn.mm p r 
li tor). 

-~(. i0?) ... .. ...................... , 

Mngur ium (Mg) ...... . .... . ... ... . . 

a! iun1 ( 'a) ..... . ....... .. . .. . .. . . . . 

• odium (1: a) .... .. . • . • . .. . . . . .. .. . 

Pota siu tn {K) . .... ..... . . . . ... .. . .. 
'hlorin (Cl) . ..... .. .. ......... . ... . . . 

ulphuri acid ( 0 4) ........... .. .. .. . 

0. 027"' 

0. 0173 i 
0. 0196 

1. 2970 ! 
o. o6 6 I 
1. 6934 . 47. 01 

.1333 3. 70 

0. 0275 

0. 049-4 

0. 0254 

0.]310 

-· 6 77 
0.197:. 

o. 406" 

--3-. 2567 ,- - 90. 39 Tot~t1(9 .44p •r ·t a count dfor) . 3. 5 7 

Carboni a id ( s) by di.fl'er n .... . . 1 • :345 
1 

!.l. 01 

Total . . ... . .. ...... .. .... ... . . . . --3.623'1- -IOO. OO 
----------'-----------"------------------

f th wat r tb a u h rn 

rn 

li h d 1nt 

h rru k t u 1) two 

tha-

n . half ow d in o ra-
tba im 

oloo-i al E .- pl rat ion of th For ti th m·all 1 1. I. pp. 50i"'r-6. 
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Th Jiffm· nc in 1 at i n n yrami 

rr in d b 

Winn mu a lak ·, 

pre nt 'Ul'V ' Ill 

£ t high r th n 

indivi ua11 ' h 

fP Tami Lak 

1 at an 

lak Fr m th 

Rr IT t, it j 

1 

L1ro· ,f1 

with th 

b;vin an l 

that m· . 11 

d •tel 

Kin o· 

5 ) · in 1 7 2 r· -

ar ]] 1, 

f th 

ati n urf: c of the 

etta 110\\ in he nd l ro iding tha all th 

Winn a Lt- k h . ri n v 

£ t 1n 1 67. 

flu 
of Mr. 

~ In hi 

nty 

n mn .h l 

npplem nted and n­

ha be n familiar 

ha ' r i en 

2, lh branch of th Trn kee 

l w tba a 1 Jr n ul 

t 1 

fr m the · h r L r j mi] · r evi 

, a1 d 

that th lak 

tandinrr in Pw rarni l k , 

n · t tb ri e of that lake 
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2. Thi 1ak , h wever, i pre' u t 1 
111L1 .h high t r s nt than wh ,n h fir t a\ 

zier to b 

pnng nd 
, un1ru r f 1 b 

L~ k r 1 
th Truck deli' 

r 1 feet. Thi 

·ear and urin · the tw 

Lak J. 
drink. nth 

tru ti n. 

y t f 1u , n h( 'e 

rami 

h Uc inte with th e 1ak f r a I umb r f 3 
\V tn y n te h 1' th t th l'i of ) rc n id and Winn mu a l k 

durin fift 

an u r lak 

In d nnir in · futur fluctua i n 

l11U a 1 k ' th a mp nying n1ap, 

ar ll' xin ( t < y · th undin to , ' 

·n hr n u with a itnil r in-

1( k , Calit rni ; W 11 r 

tab. 
p and Winn -

n idered a f 

re mad with re. · B 

he data we h( determined th ele ation of certain poiut abo 

Lnfa f th 1 ke, "hich will ne a b n h-mark for futur mea ur -

111 nt . In th uthern nd f 3 ramid Lak 
1 ru k d 1 ta, ri a b r u I f tu f 

y z. n n1ar ed lat f thi p rti n 

th a om1 anying fi ur . Th h i ·ht f th 
f N . I-

and t th a tward of the 

a ed on the map by the 1 t­

f th lak h r i D'i n 111 

rag above the surface f 
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th l k ·~, w a a ' f, 1l ' : 21. f, y, £ t· z 

~ .7 f t. 

nd . . ... 

li . th 

r nd 

\ 1ng n ' a 

.t b r, 1 2: 29 

7 ft 
8 f 

III) ........... . . . ..... . 

HUMBOLDT LAKE. 

pan ion f th river th t u pli it an Humboldt Lake is but an 

held in heck by an imrn n 

pl t l y a. r th ' all y y th 

f t de 1 at thi int. n a 

r v 1 mb nkn1 nt that w , thr wn ln -

f the f rn1 r lak , at n 

t map f thi 

n ag 

h 

n arti£ i 1 dam, whi h h 
unn th n l lake 

1d n1 v rft w and i th n tb limit f th f th 
Jlumb ldt iver, but in winter and pring the wat r uthw rd 

and preading out on the d r f rm Mir g Lak . ] arth r uthward 11 

the n rthern part of th Car n e rt th y a an1 pa.nd an ntribut 

to the £ rma i f rth r n Lak . 

In the ummer 

fit Wet r 

j, t< k n from the report f the nit d tate 

F rti eth Parallel, Vol. II, p 7 4 . 

ar 

All he emea ur m nt w r made with an en ·u er' 1 v l. 

fa u 2 
wa · inh b -

11 
tb 
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vera"e. 

Sp cifio gravitJ·, 1. 0007. 

0. 9015 0. 9045 0. 9030 

'arboni a id . ...... . . . ...... . ..... . 0. 1065 0. 1075 0. 1070 
ulpburi acid ...... . . ... . .. . .. .. .. . 0. 0257 0. 024 0. 0253 

Pho pboric ucid ... . ............... .. 0. 00069 ··· · ·--· · ·- 0. 00069 
bloriu . . ....... . ..... . .. ... .. . .. . . 0. 2954 0. 2949 0.-952 
ilica. . ............. ............ ..... . 0. 0320 0. 0330 0. 0325 

0. 02 1 0. 0268 I 0. 0274 

0. 01 0 0. 0172 0. 0176 

odium . ......... . ......... . . .. ..... . 

Potassium .... . .. . .... . .. . ... ....... . 
0. 27 6 0. 2783 1 0. 27 5 

o. 0612 0. 0605 0. 0609 
Lithia ...... . .. ........... .. ... .. .. . . trace. . ...... . ... .. .. . trac . 
Bora ic acid ........... . ...... . .. . . trac . . .... ..... . . trac . 

----
0. P-4509 

Oxyg n . .............. . . . . .. .. ...... . 0. 04273 

0. 88782 

------ -- ------'-------'-----· 
Tber is probably a los of carbonic acid. 

Th the r ti al om inc t1 n and a id wonl lV 

0. 24944 

o. 0449 

0. 39571 

0. 11617 

0. 03143 

'arb un of magn ia. . .. . .. .. .. .. . 0. 05768 

ili a . .. . . .. .. .. .. .. .. .. .. . . . . .. . I 0. 03250 

, Pbo phori acid ...... ........... .... , ~0069 

I 
0. 92860 

L amou::b;n~d ~ .
1

.~ . ~~~ - ~-- ~ .. ~~ .. 0 04 54 

0. 606 

unding mad 1n Humb ldt Lake, in July, 188""' gav a A serie f 

n arly uniform d ptb f 12 feet £ r h ntral part. N ar the western 

h quit xten 
h 

th 

b ldt 

rn 

tb w 

r.en 

ive mud-bank ri e a few feet abov the urfac and nearly 
t f h h till m r hall w than in 

h lak th ilt from the Hum-

t rn 

A 

ti n. 

vall y it cup1e , th east­

rd r d b a pr ipitous cliff f dis­

nd rn r ·h , in places cover d with a 

in ru tation fr m the surface of the 
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rt n ox :Br fun . \ . \V v ard t h v th 

£ 11 '~ ir · m i ti 1 :
30 

• n ti tu nt.. 

0 Tl l 

'I hi lak 

r. 11 Lake" in t a . 

27.71 

49. 67 

20. 

1 . 15 

11. 30 

100. 00 

R · ) L I'- ". 

n rth rn r r of 

fr m b th th 

fl wing in 

ll ol n 

I an rr r w 

Durina th wint rand pring it r ra 

fron1 b th th Humb 1 t and ar on n r , n m 

lake, b etw in length, b 14 n1il 

uall rid ummer,· th wat r uppl f il nd th lak 

ne . e i cati n becom ore int n e th alt 

bed are rou ht t the u1face nd f rm an effi r 

tlik 

nam 

f w l' 

h 

'I' hi w a tb ' h n th ar n rt wa vi ited by th 

1. Th 1 k h tb n wh 11 por t d lea 111 • u -

' ith a white alk lin ru t th t 1 

' . 
R 

l u ed nth f b rt li nth r-

n L k . t th ·a-lak a 
a nn th d · rt. 

ik 
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alt rnc ion f n . In 

nnr 

wa ab ut 4 

ntr ] porti n. It 
" ·at r an 1 luti n to h 

lit r · f whi h .21 

fr 

rfl ' hr 
Th 

lanorbi , Li·mn a 
in th lal . 

Th 
L k whi 

f th 

1' h T f th 

ut, 

trewed '\\ i h tl 

far a kn wn, n 

WLKRLK. 

. V\ . lark , 

( n u ·uc.dl 

y W lk r 

u and t ractive 

late 

ph 

t-

m un.t .in . t m 

t na iou mu 1 ' hi h 
r f hydr n ul1 hi e. 

Ta el mingl d with th m1 3 

nl in th imm 

that 

water, 

urfa e 
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w h r th 1 1 th w a · 2 f wn n th a ll1l ni ) lDg lllctp ar 1' -

port · I r f. E. \Y. larl · w: 

n lit •l:orw:1l_r 1 l'(' r , nt. in 
1 ont:tltl!l , 111 total .olid ·. 

!!Tamnll . -

on titu n . 

* 9 .89 pet' eu . nc onn d for. 

A in he ca 

va ion f le s than 5 0 

th r l k 

t, h 

in ar oreal veget tion ex pt 

de ert hrub . At th n r th rn 

th Walk r River f r many mil l1 ·urhi t 

geth r with willow-bank and meadow-htn 

At th n rth rn uil 

mn nt f 
u n r. A 

t ndin in th ' at r, which how hat it h 

111 r ent y ar 

Th an fr m h n v r m nth 

n tint n ar ha h 

ar 1n t r t 

w The 

ou titut•nt . 

and int ompac trata r f rm r 

'vi th · olated p b le f r nuclei. 

I 
rr \mbl Om· 

hilll Uqu ( •. 
p1 At' d iu 
sz •u muh pI' 
l i ll l ) . 

O. lllli5 . 0075 

0. 1:!()!) ' 0. 131:1 

0. 0() 7 0. 04-1 0 

o. o· 1 1 55 
cl . 7 o:3 I 0. 75 0 

0. Gl5i 0 -3:~ 

f 

ilt, 

£ t 

l lu , 

1he 

f lime i 

the r vel 

d rna es, 
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in the study of the recenL and fo illake of the Far We t i fre­

qu .,ntl; d ir bl to know th r ent rate f e 

t r f the sea"'onal and cular ariation in pr cir ita ion tha "r 

pia . Attempt have en m( d to d termin the rat f e' aporati n b 
x rin nting with artifi ial aporc tin ' p n , but ' ing to h difficul y 

of imitating h n 1it1 r tion hav b n f 11 tl 
valu . Gaug have b n lt Lak , ancl a cura e 

l' f it annual an ecul r flu tnation , h( e been 

r , b 1t in thi in tan tb Yariation of the lak r influ need b; 

irrigation, and the our of u pl. r f r th wat r · f tl1 lal num r-

u t d finit ly rn a ured. Of all tb lake f th Far W ' t n ith , hioh 

w l, . e tin A b rt f r 

u ~~ 

)' rat 

nra 

itati n w uld e m re ifi1 

larg 1y u ed f r irrigati n. 

, .. ~ ri< i r i1 pr cip­

wa t r · f Wall r Ri v r are 

LAKE TAHOE. 

A Lak •rah e i th Tand t f the ierra vada lal , and the 

lar 'e t that di charged int Lake Lab ntan, we in rt a brief nnt fit, 

m il d prin ipally fr m the i nve i ati n f Pr f. John Le Cont , f the 

~ni .r 'ity f ali£ rnia.32 

Th 1 I ituated in latitu e 39° N., p.nd lies part in ali£ rnia c nd 

art determine by railr ad 

rainage area, in luding th lake urfa , i bout 5 0 u·tr 

mil . . i 21. mil l n from 1 rth to utb, with an 

b twe n 192 and 1 5 quare 

mil : . lake through a 



Xo. 
Dr ptb in T mp r turr: '1' 111 
m t r . Fnln. 

1 ( urfa ) . .. .. .. . ...... ...... .. . .. 
2 ..... .. .. 50 15. -4 

3. .. . . .... . . 100 30 . .j 

4 .. . . ... . .. 

5 .. .. .. .... . 

6 .... .. ... .. 

7 ........ .. 

(bott m) . 

!) ......... .. 

10 . . .. .. 

11 (bottom) . 

12 . . . . ... .. . 

13 (bottom) ' 

t4 (botlom) . 

rofe or L e nt 

o the tran par n y an d 

f l l. n anal y i 

11 p g 42. 

150 

200 

230 

300 

400 

4 0 

500 

600 

772 

1, 506 

.j:O, 72 

·o. !l6 

76. _o 
!)1. 44 

100. ;) 

121. 2 

146. 30 

152. 40 

1 . ' 

:.35. 30 

n>.o~ 

67 

3 
53 

50 

47 

46 

45. 5 

45 

44. 5 

44 

43 

41 

39.2 

ratur :l 
ut. I 

19. 44 ., 

hmi ari< ti n , 

h<. alrec h· b n 

Be ide L k T ah e, ther wa m n th m Ul ('\,))1 ~ f 
rth rn California durin uatern· ry tim \ a tri tar t L k 

L· h ntan. Thi W G 01 ly h 11 w wa. r ha 'U ll 

th . inn w known m 11 tr n1ll r 

Lal V ll y j in 1\fad lin Plain 

trary, w 

f err v 1 
b 

ping fr 

may n ider t< -h ·:t \ 

n ath a 1 va nl · . 

\\ith ut 

li harg then r w, thr u h 
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n th CG r n D rt, ab ut 2 n1il 

ircular that ar 1 artialh filled wi h 

an l kn \ n a. he S da L ke or } ao·t ' n 

11) in o· r. (Pl te XVI), on whi .h h 

1 n t r al f 2 f t it will b n bat th , la] 

ne . rrh . lar i 2 d' 

p nd of variabl 

illn trat d y th 

oun ing line. 

th 

whi h ha 

le 1 an l a 

0 f _, t 

f 

alm · bu the inn 

A · ri of ar fu 1 

l( k . T h t tal dep h f the 

. om 
u h i1)t ri r. 

nc nti r f fin 
olit . 

nl. 

of ano·ular r ( 111 

3 f t in 1am 

I ' r than he 

d ctiou. f ·tratifi d 

ma ~ 

.oria e 11 

an r u ·h mat rjal 

r un .~ and worn 

ur marh lak -
·' 

ntainin5 fr h-"at r ar n ri ic tu£ a 1 111 h 

I, :B i o·. \ .). '1 mpani l n raliz d e ion of th rat r "all. 

Both th 1< 1 illi an th lake-bed are v nly r t ifi 

iii . int ri r f h lar · r 

t ' ard. f a 

the 

di i, 

, tratifi-

t point u 

7. 
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th f the lak th r 

fc nlt . 

r two plan fun 

In th rat r ' all 

n} rm ­

n th 

f di la m nt may n n. 111 1-

na ur f th mat rial of whi ~h th 

c rnp 
tion 

ar f rup-

ntainin n :1 u tainin ' thi 

abun 1 n 

gular and 

lit ar 

In th tratifl b l of ' 11 

:a: fin a: cln:t ar man 

f hardened la ke-be I 3
-t thH 

rn 1 t · to th po ·itions 

. 'b 

lat 

d 
r ·k. 

horizont .1 an 

ruption, but hav a l 

·u la 1 rin n 

s itn 

l ·lay in the mid t f la illi, 

em rrupt d b) ri d during 

whi Th pre n f d n ri i · tufa in th 

id t f th ec ion pr l an wa acti e b th bet r nd after 

th nch·iti · tc:tg fLak Lahontan. Th well of tb 1 rg r lal m -

what p n on the ou h id , whil th "' t rn rim ha · b n pr )1 
o bward ( e Pl t XVI) in u h a m nn r . to u · r t that h 

material wa in part r m b nrr nt at h 1m 

d p it din the forn1 of an emb nkm nt nn .tino· with h ra r nm . 

T he hypo he i that the crater were :f rm d ~r th a i n f 

werful ublacu trine prino- , a ad anc l b Kin , 35 would n t c unt 

for the nature of tb material formin th rat r wall n r the pre ence f 

:HTbe rhyolite p bbl and frao-m nts of lacu tral dio1 nt tbr wn out by this volcano w re vi­
clently cl riv d from he superficial rata t.brouo-h which it open d a pa ag . Tb ba aU ou tb oth r 
hand wa rupted in a emi-fu ed condition and form d. lao-g wa e oo ooling. 

36U. . Geological Explora ion of tb Fortieth Pnrall 1 V'ol. I, p. 512. 
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v 1 am th tr,ta n"hi h th ·r t. 

th 1r rigin to ·prin · of Y r. T o-r at nu1 ·nitul ri. in in 

Labont~n, it 1 e' id nt that th nt-flowin ''at r w u1d 

f ov rfl w ' ben the lak 

1 hi ,· 

11111 r and nt r 
fr 1n l f 

previ n 

iam t r t 

1 he1 omen on ' itlH nt < ra1l l. 'l hat th 

mz 1 by 1r. rn ld ngn in hi. d 

ith r tri utar t 

x pting th mall amou 

urce . 

p·tg ' i 2 

with ·nffici nt 

the h i -h f 
lak o up)­

.ripti n of th 

lake · th ir 

rat 

f 

. ~lim ntati n ' hi h h 

1 r 
J ts ab v 
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. h 1' 

ti n 

ra. r ar n1bi1 11 tb £ rm 

th 

ar th 

1 u 

nal Hlu trat 

Th ' mall i land in th n rth -rn p rt f th 

ga lu it ryst l · and r na. fa 

up a th 
u h vin · a tr n r f 

m im thi mat -

tur a th fi 

riv 1 fr m h mi1li n 

]a 1 fli th< ' rn1 1n 

mat r 

li 

with tr 1 -

rth 

iti n. 

wih 

-lu ·it fr 111 

hi l ali y Pr f. ll n v th £ 11 win · D1} 

Li1n .... .. - . . - . . . . . . - . . ........... .. _ .... .. _ . D. 1 c 

la . ... . __ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1!). ;-

'l'n . .. . 

1r naal C Ul' ' long th h re f th 1 k up to n I 
n 

n ' 1i in th 
tr na fr 01 thi 

37 

unfr quently 
l::tk in 
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ological Explora ion of h 

. G ol gical E plora ion of th 

f th I n al f 
n 

>l.li p. 749 . 

n f 1' 

fl} ' hi h 
a.m l f 
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LAKES OF T E L.AHONTA BA 1 . 

Soda . . , _ . . .... . ... . . . ..... . ................. . . . .. . . 
Oarb nic acid _ . .. . _ . .. . . _ .. _. , .. .. . . ........... _ .. ·.- . _ 

ulr)buric a id . . .... . .. . . .. . . . . ... .. . __ . , . _ . . . .. . . 
blorin . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . __ . . . . _. . . . . 

Wat r .. .. . .. . . . . .. .. . . . . .... . . . ............ . . . 

Oxy ·en qui,al nt to chlorine ......... _ . . .... .. . 

'Th d I it i 

all 
thu nearl) a ure tr na, or e qui ·arb 

m1x d with · f ul r hat oda an on1m I 

tain 1 1 hori Rn or a id . 'I he in · 

f tb 
1.. 1:. 

nd and rL na f lim . ' 

1' 
' 

1ll mple f ''a r llected i1 ept 
lake, at the depth f 1 f, ot and 1 £ et, ba e b 

hat rd, wh rep rt tb ir 1npo ition a f, 11 ' 

t·nt. in tota l II 
solid . I 

the 

"on t it n nt . 
I 0' 

o <­
~~ 

s ~ on t it a nt . 

ili a ( i02) .. . .............. .. .. 

Magn s ium ( ~f ) .. .... .... .. . . .. 

o ~ 
:..0 .... -

- ---
0. 304 1 

o .. 70 I 
2. 520 

45. 40 I 
4". 690 

0. 310 

0. 270 

2. 70 

44. 27•) 

44. 270 

o. 24 I 
0. 22 

2. 01 

36.63 

36. 51 

1-. 9GO 13. 1 ~o I 1 . 36 • 
0. 3 14 0. 3. 7 0. 25 I 

0. 25 1 
0. 21 

2.1 3 1 

35. 3 

a;;. 3 I 

·"'1'07.9 -io:~267 1--. 22 ,- Zi'l 

2 

D . 60 

) 'lt I f 
al t. I 

lubl 

ntr l l 

- ;.. 

2 ;: 
c~ 
~ ~ 

~~ ~ 
~ s,.:: 
(/) 

0. 304 

0. 040 

4. 20 

77 

rti 

0 .• 
o ;:: 

E ~ 
~c 
~-

a, 

n -

1'. 

0. 310 

. 94 

5. 11 0 

71. 410 . 930 

19. 170 19.450 

0. 404 0. 417 

2G. 410 .4. 40 

123.51 li !l. 997 

'ar\ on i add ( ' 1) by 11iO' t' ·n · . 17. 232 I . 3 13. 7 1'. 9 Lo ·· · ······ ·· ··· · ·· · ·· · · · ··· ~~:.~ ~:i.l53 
T tal. ... . .. ... .. .... ..... , L 5. 130- 12'. 1"0 

12."i.l 3 

and in t b t m inin mpl : 119.9 7 1 . 

J2j. l 50 
t 9 .71 p r nt. a unted for. 

95.9 p r ut. n onnt d for. 

in tb . nmpl 
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' t r 
th nth ·ic1 f ~ h lal 

1 ) 7, an an< l Tz 11 11 hacl a ·p ·ifi e 

rt p r th Hl ' <-U l l iU and ga 
x 1ninati n wa f ttn t 111 iti n t th 

the abo 

In 
meh 

areom t r 

ar 

t a fin 

39 

ar 

arb nate, ·h \ n 

am le of the m terial 

ili ·a . . . . . ... . . . .. ................. ~ . .. ...... _ ... . 
Irou and aluminum . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

1 ium nlphate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . 
:Ma ne ium ulpha.t . .. .. . ..................... .. .. . 

odium hlorid ............................ .. .. . . . . . 
odium nlpbat ... . ... . . . .......... . ... ... . .. . . .. . 
o lium ·ar onat . .. .. .. . .. . .. . . . . . .. . . . . .. .. . .. . . 

vVat r ... .... . .... . ............................ . . . 

Wbil 
th d n it 

ntr h "'at r in the od< vat 

beyond a ut 3 ° B., car 

da r pr ipit , an l if on entra i n c ntinue · 

d , o iti n f comm n alt. 

to ' at b 

. 11 

. 040 
2.193 

4 . 4 7 
4 . 714 

7. 11 

1 .0 

tw 

r ' l 

nmmer if 
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of th erie it ba r h 

with diutn 

th 1 k . 

n ity, dinm n.r 

m hrliuri 

b ain d i · ,;-lll l 
ab u the ompo ition O'i n i1 th a o 
it ti' t t . The vat it whi h th 

built long th h.:: 11 w b r and ar 

0 fe t 1 ng y 50 f et broad; t h '' , q rn. i 1 

u ually from 12 to 14 in h (lla t :} XVI. ) 

Wh n h wat r f th ar 

ntrati n i 

mang nee 

Th 

an 

ure soda du d. 
v red i r p rt ha ,-

. n rdinary mu -pla a.. Ex a 

h wn that the n1 t rial fillin th 

parated by r ta f du t nd mu . 

th 

ompo ed 

A the htyer 

7. 

g Lh l' 

ut 

ut 

11-

f 

aran f 

da in th e 

d have the baract r f th " da now formed in t.h 'at. it 

evident that the rat r ha d ' a natural evap ratin , pan, in ' hi ,h 

the w t r accumulat d during thew a on wa entirely v p rat d £ re 

h dry ea n bad c: d. 

th 
it. 

F r h m nufa tur of 

da- earing trata n e m r 

da in thi ba ' in, at have been x a t 111 

Th ar fille by '' ater e ping fr m 

a d n ity of fr m 10° t 15° B. 

f a begii t 

bt in at he 
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f tlw vc: t i thi >] 

lll p 1' l 1' 

Ill 

' [ h me: nnfa tur f dt: in th 1' p 

ar , ' ith an mn nal 1 r 
·t I am i.nf rm b· 

nd h e: L 
f t \ 

ra · th 

t" n 1 1 n th 
'Ih ( lttllll · 

f 

n { 1'1'1 1 n l' 

n f ur n n c1 f1 Y , 

pr . 11 np rin -

t 11tl nt. 

'Th r1all r n1tl r ar f th "Hl1 nntur , a. th that 

an 1 

The mi1 ral ma t r n w eli 
unque t i na ly i ri d frorr th 

di ol d from h 1 

i m 1 or tan ' , ,, e find that th 

ium ulph c: te 

whil th ium hl rid i 

uff r, ntainin c 

, - r ·t. n 

If 1. II 

n J rts f t h 

1Y l in th w ( t r of th a L~k . 1s 

p ri n " t h ·:t , ·n 1 1 ] y t h m, n n d 1 1 ... ~ n 

lapflli :it thr uo·h whi ,h th 1r 

ntit T • 

Th 
t t~ 1 f all . al ii h .~d in t h la k i. in th J n i 

t n . 
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f dry 
"hi h h 

Ba 'in, tb ir wat r are 

turbid ' i h fin 

a i ate t th tom y the' ind, but, a] o, for th r a n tha in ''"< t rs 
ntainin alkalin alt th 

r tard Lake of thi 

] r of w ter bo i 

ndi i n, an 

1111 , f unn twl humidit T . L 11) lak 

hun1i 

Jn th 
tnr r at Ba in, t.h y a1 1 ar ' ith 

"< ni ,h ' h n th h a a <t1n right. 

flu tn t with t.h humi it f th a n, and, owi110' to th 

1 ' n .. of h or " j n 1 th n1 n1ake 

ba in 

ar furni -h ert. n th r, 

of I n no i ed on aO'e 10. 

wint r, ut di 
ar 

arry 

u, 

n1n1 nly uninha i d 1 y fi h but 

fr n , .nia l a 1 f r m llu k , ic ll f r the Limnc. idre 

and ~ lli l f rm . 
M . XI- 1 
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Th 
rain a 

.llllli 

lnl 

pl 
rrh 

a t riz 

olor, ' hi h i in 

d p it h th 

L AI UI T Y F 1 \Kh L \.II 

• 1 • m m n 1 ,. 1 ri \. ) l fr m t h urfa · 

' lll" th l h1ro· r n ' h w \ r nr 

r 1 }~' p rman nt. 

m m n 1 r in. < 'bl t 

i · ri h in alin mn 
h~ 

, whi h wh 

l l'l 

n mHl 

\\ h n 

bar-

w 

m-

i ion w h th r UlT u n l d 

In ar a tb ) ar) fr 1 a 

They are entir ly 

d untr . 

ri ing a I h ya-lal e, 

m i tur 

lll 

an i1 tri 

b om 
thu r 

T 
a 111, 

in · 1laya-l 

l'l -

rh n ry on th lar 1' ll J a i p uli r, and u u lly d ol t in 

th x r m ut y t i n t wi hout it bar In cr . in , th ' 

th .., trav ler lll G y ride for many mile over a perfectly level flo r, with a 
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n 1 -line ca +a ha " 

a1n , 

tin 

lik 
h r 

m tra.n g car van 

ofwhi b dan ea. on 

y d lu 

a thou an h 
ney. 'I h v n1ng an 111 rn1n in th 

h at d 

~ I ar 

a lwll w 1 J ~ , th e 

ny of nil a 

ple had w of di tant mount< in · ar tbron n a r lain, ha 

th t i unkn ' n ne th m r hlnnid ki . . Th I r f und ·tilln 

night in th e litud i ah 

When th t of umm 

d ert a whit ffior whi h i 

tallizati n f c lt brougl t t the ur£ 1n tion 

f capillar tion, and l ft a the '' < t r h ~ t di 

r t e . In orn tim ' r a r a 1n an mil 111 

xt nt, of th 1laya and ren r th urface 

a dazzlin5 

rt i · r 

rti n lubl in w 

on titn nl . 

n f 1 Ja. · 1n u fr m the uth rn l rt 
b ~ r. F. \V. rr( ~1 r, a f llows: 

nt. 

. lnhl n titu ut . In olubl I 
portion. j p rti n. , 

P r cent. ------ Per cent. I 
14. - • ili a. . . . . . . . . . . . . . . . . . . .. . . .. . .. . . . . . . 33 

2. 37 3. 93 
2.17 .Alu tuitH\ .. . .. .. .. . .. . .. .. .. .. .. .... . 14.36 

2. 90 Lim ( • ) ........ .... .... ...... .. . . 11.23 

u. 79 2. 2 

]4. 36 5. 00 

4. 2 2. 5 

53. 16 6. 8 
). .. ...... .. ..... -. 92 4. 55 

r~oo.oo ,, ' 99. 6 I 
~-----------------~----~------------------~ 
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an th r I la · )'a\ , than · p r 

, nt. f , c 1 iun1 

ul h<' 

in 

th 

l -

in th 

m 

11 

) no a in, thu 

1 it in r ma.rkably ure conditi n. m ll r) tal of w pt 

fr ru tb nrf: e f th d p it h) the \ i d ba e 1 n a um ulc ted in im-



1a.en dun , 

n arl y bnri d c 

for i th l 

lu 

p~ rt 

d 1 it 

SAIJT D P IT OF L' LO ED B 

t11e north rn b rd r f th I ]a 

utt en ath n \"'I white 

"\Vhit ~I nntain. 

ari n · alt., f und in 

ui· fr m th 

ntl -,that th 

5 

tnnn 

f th ir 

1 n 

jt ident ·hn t ·1lin 
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ment i ompetent to c n r 

furni h d by a numb r f h 

are either fre h t the t t , r 

line m tter in oluti n but 

that have n t O\ rfl '' 
i · illu ti·ated e pe i , ll by h pr 
tan b in, a will be 

{postea, page 229). 

f the m t 

th 

di-

uat rn ry . Thi 

lak f th L h n-
tbe h mi try of tl e form r ] :t.k 



CHAPTER IV. 

The xamina ion of the bore of r cent and f, il lak ha hown 

th t ther are a nu1nber of haracteri tic toi ographic f, a ur , r u1ting 

fr m he a tion of" ve an curT 1t , "hi h re f eol ,i l int r t, and 

fr qu ntly nabl one t d tennin mu h of h hi tor of a lal e h t has 

pa d way. The 3 nami f lak w t r may udi 1n 

ing lak , ut th t I ogn1pby f hor e .. t c n in lak b t baYe 
be n mptied of th ir n at r at r nt at . 

If w t nd on ·hore lurino' gale th t i 

a c 1 rat on n t ri n he llow w::tt r, ar d 
into f am , th y ru h u th b ' 

C .:: rrying t n and bble "' ith th w m.:y b ar 

wat r , a it r 11 th harp r ttl of thi mat rial, 

li own the h, nl) t 

the 

th 

lal'" 

f 
d wn b 

ut i 

th n xt inrn ·h, G I a· 
e the lin of foan1 frin cri ng 

for ral ro , 

f hor debri ; f rth r 

tr r. k "itb lon lines 

t ur u that a t 

n tantly arri d up and 

un d an mo tb by the proce s. 

Thi nclu i n 1 u tair d b .,. the worn ar 1 arance of the debris on 



n 

a- li fl\ ar 

r ult fr m he c 

th m anc1 lift r 

e d t rr in l at ( 

r h m 

1 I in 

"ar mar ·in, m d a e 

Th e f rn1 · ar illu trc 

profil of a 1 ke h r 

FL 

jnt 

an 

YE LA NT 

n t a rtain that the b c h 
th 

111 

u t 

n th 

£ rm pr 

th< t the I c. tur 

h 

f 

t f nn 

1 11 

h ir 1'1 O'll 

a ti n are 

n th l·Ln l-

a-

liff. Th line ab rerr ent th original lop h re m 

-cliff. ifica ti n by w ; ac be pr file f the sl ping terra ; c nd cb th 

In tb 

fr u ntly o tu· hat ar 

lift \Yhi h at im 

Fw. .-Id al profil of a cut.t rrac . 

f thi · n< ture 

dth c n v r ·hal w l h 

'I h m, teri al eriYe fr m th £ rmation fa cut-terrae a fir t n um-

h lf f rmed, ut i by tl e '' v UlT nt n 

e u1 pli d fr h devr · . fin t f the wa t fron1 h Ian i. 

lTl lak \Yc r 1 y th undertow c. d fin lly d po it d a lacn tral ds; 
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s fin 1 

111 

ut .r n1~ r in 

f cd .ium arb nat i1 it , thu £ rmin o- c 

a ld t th hr , th f th trn tur . In thi .· mann r < 

in p:: rt a ''" rl · f 1 tru ti n an in 1 ar c w rk f 

f h t rra and 

at c1 i1 th f 11 'nn o· iacrrc. m \Yhi h r pr E- nt a ut- lTc 

fi ·u r with h a diti n f au ac nmnl ti n f cl 'bris n it 

lak 

FlO. !J.-Id al pt ofil fa 11 t-!ln tHntil t rr-n 

r ation ha e h ' n that thi i , Le n 

an illu trc t th fa t hat the acti n 

t hara t ri ti f rn1 of 

f w Y nnd 

in m dif ·in h re may e ro 1 r n 

proc of d . traction and c n true i n. 

Th t ep arr 

form l n 1 ke 

t ITc 

int 

iti 

n 1 ular ' ·arr n1 nt . 

ar 

lc n l an l 

a-cli:ffi' ' h her 

in ar' ing 
d6bri fall· 

lll 1' k ' f h t -

ntl) Lll' ble 
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B 

I 
m 

"ar . h nth 

u h ·utT nt-b rn 

whi h r ult in th omminuti n 

th ba of th a-

m r 1 c: a nt 

ti h 

'l' 

th t r uit fr m 

nth win bi w 

f w· ti n. ur-

f th wind n the 

l r turn la1 -

y 

h m t ri I m ' 

m 

n1 f r­

i fir 
m nt f 

itc: t fri ti n 

f 

me di tance from the a tuai 

In on1e in tanc. thi i t nc amount to e r 1 r d r 

the maximum tr n p rtation tc. k I c where the 

culT nt i n1 't rapid, the re nlt i the f rmation f a ri of gra' el in the 

path f th urr nt. p it of thi n( ure are mold d by the waves 
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into long, narro", le' 1-tor p rid o, , ' ith r un d 

the road r un but n t th 

d of wat r-' rn lebri whi h ha b n rt 

Th 

the torr 
furni h a r 

it" a f nn h 

ba in n 

ti n the · 

n - tho nar 

f a ban·i r bar i d t rmin d y 
( n 1 u IT n ' that b u i 1 it. ~ a h u h 

f th h riz n f t h '"'at r 

ban·i r ar 

n-

m m tri < 11 T urY l ri o' 

furni h n: nral hi ·lnYc 

whi h me. 

fa m , 

n 1 al 1 lat f c 1 f c n a1 i nt lnk in whi h ba.rri r bar " re 

formed t thr e 1 in t h f ll wing £ 'Ur e. B l w 

the k t hi ti b \ ll ~ n th lin y_, in "hich he level 

f th urfa e f th l k th tin th vari u ar 'iY r e f rm rl i indi-

cat by d li1 
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fh f rmc i n f 1 arri r 

' l n h 
f r a-

11 th n a.t rial f r 'v rk. · 

f n tru ,ti n. 

an th r [ int. hi 11ann 

1. h lak w·tr l 1 rti n f n h < 

111 · V- he p 

Ull 

ri in o- 1 k an 

r tain an 

m t rial t 

' hi h ''ill 

tnt 

an 

h re 

lred of miles . 'I h re are u uall tv\ o, but 

rid ·e ; the fir t b ing b ut 20 £ t fr m 
£ t be nd the fir t, an the third wh n 

the ·ond i from the fir t. 
tl at the fir t ha th 

c ou 12; tw n, th 4 f t. 

manding the 1mmit f 1 .pino· r luff £ r 

u ruer ed may be tra l li .. tin tl) £ r man 1 ile ·. 

all the main ur e f the h r , wi hout 'hangin th 1r bar 

th ir ntinuity r ken. Th be 7 a · w ll a 

f pr m nt 1ie , an l re ab < y mt d of l an h n1 

t i a 

d. 

n1 

n ' 

t r r lutvin · 

ut th 

eneou n 
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althou<rh the adjacen d f oT, 1 c. nd b uld r . 

Th y are not hor rido·e ri e of th lake, £ r the r 'l n 

that h y are in h rn1ony with xi tin a- ondition , and Lr n 1ng 

erod d or b o ing CO\ r d "ith la u tral diment . 

I 1 ar of thi char a t r the fin debr · ri in o· fr rn th l11ll1111U l I 

of h re drjft ap ear be a umulat d in ridge a1oncr th 

the und rtow lo e it force; t e dist, n of th 

being d termin d by the for . of th d th 

ward. Thi only a u ·ge t d ' r, a the c m 1 te 

hi ·tory of tb e structnre h . not e n det rmined. 

EMB K lENT ' . 

Th on1bined a tion of wav an UlT nt al ng h r 

r n, in the f r ma ion f ut terra e , a- liffi , 
built t rrace , , r . \Vh n h h r b 

t i n tak pla , a 
e or any 

b m u h of , bay i 
t fr 111 th 

£ 11 w th but ontinu 

it OW' r f tran 

th cuT r t an t 

a u aqu nt. Thi 

rai -(1 tJ th 1 

wbi h th rn 

mbankm nt in r , ll 1 
arri r 

th 

"hi ·h li t a i .n tr 1 tur 

h £ rm ti n f m 

i bl ) r £ rrin · t th a 

arn 

b u1l b 

n km r t · ' ill, p 
mr 11) in t I 

n t 

n enterin o­

p it it 1 a . 

tr atn b ~ 

it d, thu £ rmin o· 

ntinu ing, th 

t like bet f , 

nt. ar 1 u 1 ro-

r nder d more int lli­

k h in whi h a p r-
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1 n fa o· 

UlT nt i1 W 

th 

n, ture ha 

t b mil 

an in tan 

·ai1 by th 

am r r l 
ti n. "\Vh 1 

'I 

at 

The 

y 

:F w . 11.- Ich:al pla t illu trattng t b fo rm a t ion of •nt\)llnlm • ut~; . 

it a narr w bnn f h r l ri ft. · n-

ir ti n f th UlT 

ut n1n · wa 

trati fi . ti n 

nt tlwt 

n · 111 u h 
ur a 

fa tr am, the 

nt 

L­

a la 'U tral b , l , £ r ex-
ir ul( t tru an i lin l 

f tbi DR, ur i · illu trat l 

impl n1l an] rn nt ; lik that hon ninth c bo illu trati n are u u­

all i h r tr~ io·ht or ut li o·htly urv 1 , nd nd a the di tal e.., tr mi yin 

mi ir nlar arp th lope f w hi h ep nd n h angl of t bility in 

wa er f th mat ri l f which the . tructur i omr 0 n yond the nd 

of the embankn1ent R,nd-banks are commonly formed y the ub idence of 
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th fin r I a rti 1 arn al n ,. 1 Y th UJT nt and h 11 111 n l n ' l n f r 

.m n d 1 it l · a th tru tu r i · 

of th l ml anl·m b m 

th 

nd UIT nt c nd 

flu Uc ti n of 1 
ill 1n re c mpli 

terra 

f th 

t 

n 

ho 11d a 1, l b al ubj 
m , nkm nt will be 

an bull -

y han cr in th har, t r of 

mat rial of ' hi h the eu1bankrr ent a r f rmed. In the c n in tanee, 

FIG. 12.-Diagram illu trating th r L1th· ago of gra• I rrnc nncl mbankru nt . 

i e., wh n th 1 w r tru tur 1111 

onf n 1i y i 

f thi aq ld r trn ur 

· m w lta m tlifi tl "\\ b n UlT nt-bui] 

b d t rnnn 

m n tc: no- nt 

tr mi i , 

curve c bru ptl 

it '"'hi h 
illu rat d Plat 

at th end · a r 

th ann t 

ll' Yl U xamrl . 

1r m n r '"'ill buill en1bank-

r 1 X.-

I r ; ao·ain, uch n1 ·1nkment n1 y 

mble the 1 tt r J~ and are c nven-
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i r tly d . 1 nat l a 

' ill be 1 in th 

f ll w. 

\V t 

ut 

a ·al i 1 wing. 

r a h a hi ()'h r 1 ' 
a funn l- hape b 

"~: t r will b n n int th 

OT t 1' h ight the 11 

b , h-lin . f a I k at Yari u 

f ·t t h h u11 b rn in min 

and in tucl yin th ffe t f 

Tl 
' il 
" 11 kn "n t r 

Wh n 

bl 

111 m ntum i 

ifi , ti n 

ro 

1m'' 

m v m nt. 

D 1 LTA . 

umulati n 

whi h 

th hu b gun i un i y UlT nt 

th m uth f th tr an1 an 

to 

r a dl alluvial one h, t ha b n form ' ith i 

~T 

nil tru tnr ~' 

ah 1 tan" hi 'h 

1al lif 

111 0' 

1'0 

n, 

hi o·h t 

n1 1hu ·a 

Hick , 

t I) 

till n·at r, it· 
\v 1 ll 

qualh· 
1 . 

1':' 

n 1 

Th , I art lta that i a o e the r ach f th wav ular 

tructur h ract ri tic f , 1lu ial d p it·, but the u merged porti n 



acquires a m r or 1 
all a ' lta trn 

all w 1 t r 
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w 11- fin 

m ... 

liqu . tratifi ation "hirh n1nY 1 

uillino· fa d lta th tr an1 n ll­

t , u m r d and in irr o·ular 

n1ann r h 

f th d 1 it an 

farth r than th an 

ltc 

d fr 

uth f 

Jn n ral 

f a 

11-

j o·h fr -
0 

l rhar ' 

thr e 

'' ll1nark 1 v1 ' l I , a b "n in th foll V\ i ng i , 

Fi t:. 1:.1. - I<l cn l tion of n hi ~h ·~ra d d l tA . 

(a) f u1 a· rt l mat rial r tin n (b ) 

h in turn i bnil u ' r · 

ltn a b 

1' u "hi h ( t th 
In thi n1 c 1 u hara t ri ri 1 tru · tur 

In ' - ra l ·tr · n1 , whi h 1l 1 n · ri r n aril - ar th n1·~ ri I 
)l N . . ·r--" 
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rted t h ir m uth i fin ilt, and in h tb 1 v1 1 n d 

flu uati n f l r 
f 

in th ir f rn and tru ur l an th am h·:tn 

nt-f rn1 d 

delt·~, a n ' 

e entu lly 
pr 
s ratum of la u tral 

su h an in tan e the 

ou er n1ar ·in f th 

depo iti n f th 

fin lly 

to 

a.lt g th l' 

ville <- nd the :&1 
ll 

th 

th 

r le hann 1 through th ir 

building f new one ith 

the former ru ure. In 

p rm c n n l. 

ffic t ri·1 i 

maintain a con ' tant horiz n f r a tirn and r 

of hi h-grade tr am ' hi h are abundanti) loa 

lll 

n· 

1n 

t n ar th 

Ita c n th 

it tri u­

d lt'l · and 
l r 

l' f 
artii in 

rtant 

ale 

1n l k that 

the influx 

In the above ketch ttention ha onl; bee n t th modi£ ation 

of lake hore nd tidele ea ; th action f the wav , urrent and tid 

f th ean receiving no considerati n, becau e they are foreign to the 

c p of the pre ent essay. 

R CAPITUL TION. 

ut terraces are h lves carved in the hore of lake by the action of 

wa and UlT nt ; tb y c: re ound n b th their horeward and lake­

' ard me. rg 1n ' y t ep r , lor . · th f rmer in lin u ward ~nd form a 
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ea-cliff, the latter slope downwar and form 

limit i horizontal lin marl in ' th le l 
at rrac c rp. Their up r 

f th watAr at the tim th 
v r f rmed; th ir urf l pe g ntl lak ward. 

Built terrace re h l' f d "b1·is f r l ng bore and ar u ually 
adj ined to r on1bin d with ut rrac . th 
are limit don th ir lak ord r by terr an m( y or m( n t 
occur t the ba of · c- liff: . Th ir h r w rd margin, c r 

Sea- cliffi arp £ rm by the ro ion of cut t IT 

are h rizontal I \Yith th upper limit of t lT 

Barrier bar g u u Jly n p d of w t r-w rn gra 1, 
ited by UlT nt me di tanc fr m lar d. Their 

are h riz ntal UIT nt 

built th rn. I n. r-

ti Lik uilt terra 

ed f w ter-w rn debri , but are fre u 

ti n th xhibi anti line l of dep iti n. 

Delta. ar a umul i n f tream-born drbris d . it d a ut the 

m uth f treams that d bouch into till water; t pographically th y re 

emicir ular r f: n- hap d, and, when een in radial e tion, exhibit a tri­

partit tru tur . 

ince the pr ent chapter wa written, a graphic and compreh ive 

umm rv flake ·bore henomen ha been publi bed by Mr. Gilbert in the 

Fifth Annual Report f the United States G logical urvey, to whi h the 

reader i referred for a more complet di cu ion f the g ological effects 
of w ve n urrent than i cont ined in the pre ent ketch. 

TION 2.- E PHE OME A OF L E L HONT N. 

In con id ring th ti n f utlet in a r i hapt r, it wa h wn 

that th f L ah nt n ar un r k n by a ·hann l f overfl w. 

n in l d ]ak an 111 th r f it la mu~ have 
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r flu tu ti n f ] y 1. 'I hat tl hwa 1') i 

m h n ul itnd f t rra f it 

Th 111 -

th 

an Ul'-

tl 
tim . 

th 
in all 

f "hi h v 

hi ' t ry f th n ,i nt -v at r- re t lT c a- liff , ar 

ment , delta tc. 

TERRA E 

The m t common f th recor f th L -
h ntan ba in a.re cut t rrac The may tr 

1ar or 1 n f th ba ·in, bu ar m t di tinct n the b rder r 

d sert . uth rn mar in f th ar n D rt th n i nt lake 

"''a lin1it y ru untain f ft, v i ld d 
b tl " e a tion and ub·:t .. rial 

c ntra t 

- u 1 tu r i h r w 11 m r l 
Pa i:fic ailr ad etween o1 nda ~n 

i ht f th 1 ng h riz nt 1 li ir w1 

n the h re that onfined th m. 

hara t r rna b traced c ntinu u ly about th b rd r 

k and moke Creek de ert , and are ·l. defin d a.l n 

th f the mountain ver1ooki g P raruid and Winn mu a I .k . 
Th ar again plainly 1 D'ib1e n the teep 1 pe bordering W a.ll r Lak 

m erved by th traveler ver th ar n and 1 rad ailr ad. 
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The highe t of the e num r u h r line w hav named th "Lah n-

tan B a h," it recor th f th f rm r lak . It 

I 'ation ab v th a, a nn tin
5

· "'ith th n-

tral a ific l{ailr ad nr e ... ' , i ~ 4, it\, Rnd fr rn 4, 1 
. 4·,427 f et at th lo~ r n l f I umboldt Lak .40 ur m nt 

f th tl i ncl 

tb I h 

f 1 

rrnn 

n1· n 

hat th old h r 

mo' m nt that ha 

hap er X. 

i le of a 

hat l1a 

ntan b 

lin ' ar 

4 7 f the 

le 

qu 
lin 

l th I. h ntan 

f th 

n 1 ... n 

An f the vari u m 

Lahont n 

xim tion w c n m k t 

n riti 

r limit i 

nau h 

h w 

riginal 

f uffi-
na i n. 

2 
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1 a r 

h 1 an w t r-lin s. 

k11 wn (. · Thin li 

w ha 

mi l ak furni h £ ur n1 

tai1 

d pr file f the h ntm 

f ) rami Lal tl er 

f 11th L a­

f tufa 

Its 

with 

F t . 
L a hontan b n h . . . .... ... . . . . . . . . . . 5:!11 
LilL oi ll t rr: . .. . .. . . . . . . . . . . .. . . . ~·OJ 

D ndriti ' t rra · . . . . . . . . . . . . . . . . . . . :l~ 

TLinolit ' t n, . .. . . . ... . . . ... . . . 11 0 

• u1 fa ·e of Pyramid Lak (I 2) ... . 

l<'IG . 14.- neraliz d pr fil of Lal10ntan hor . . 

b 
l' 1. 

Th r la i' age of h v(. ri u w t r-lin 

nn ti n when he cher 1c 1 hi 

"rh ah ntar, i 
in it · lf u it i i 1 formino· th 

ubr. ueou ulpture n the id of the vall y . 

h wn in h di l'c 111 will 

f th 1 k n 'l -

u £ tur 

n u a·;ri l,n 

l " a 
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t rrace of construction c. f w fe t wid , r stin · n the broad lithoid terra 

f et bel w. Where the h r r ord ar unu uall · " ll i I b · l , 

along th we tern n1 rgin of Pyr mid Lake and u h ·id f th , 
ar on e ert, h lith id t rrace on tim ha. n, 'vidth 0 

f t. Res in n it w me im find w built 

.-t n , th Vd-tt r-li n b in h high t 

th , th Lab ntan b h th li th i 
t rra Thi.· arrang 111 nt i illu rat8 in the a corr1pan in 1a ram, , hi h 

ex hi it a · neraliz d rofil f h hore: 

--------------------
---

J.'u;. 1· - •' r<~lil ,; f LH hui tl '1\ ·rr.l · • and T.aho11t:t 11 l1 a ·l1. 

The li1 ah r ,I ro nt h ori ·inal .'1 p f the n1ountain i e bet re i 

lith id t rra eel wa fir wa m difi d ) the wave f h lak . Tl 

ut r dge in()' nil f l tri u . Th r agnitu 

tufa c nd it ra 111 n ed in o c ngl m rat . t ome t r 

1 rj cl in the 

ml ankn1 nt 

f the 1 ke the w er ro e and built th tw 

ut it ren ain d , t the h n-

Ea h 

in tb flu ,tuati 

n n n r u han 1 n h 

t ' hi l " 
lin 

11'-

" nt f tr nath inn en ,. f th t l'l'R. d n t u lll 

, gr ( 111 ur , t the fa t that th 1 p n whi h th · ar trac8d hav 
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lak 
1h 

it. 

<1 n 

he t p 

un 

1 roduced b 
f 

ar . 1 ·no m an 

f L l B nn ill . In 

0 

In thi ' ay 
iti n . 

f Pyrami l L<; k .43 

al , au 1 , r 
v l'c 1 mil 

r 11 -

n 

f nth .r 

pyntn1id , ur n 

1 rl fin 

r 

m · 

uffi i ntl 

f rm r in. ane " ha Ye th r ,. nlt 
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f th wa e and curr nt in an in 1 ed lak , he urf of ~ hi h mu 

lHtv flnctuat d with the a ·on , and becom f broad xt nt during long 

1 rio 1 of more than u ual humidit , only t on r ·t again and p rhap 

di i d int eparate water bodie with th r urn f rid 

II n , th 01nparative indefiniten s of it wat r line . I r the C'a 

an i n Utah 1al e the horizon of th m t tron ·1 d fined tT w re 

d t rmined by overfl ' · the water surfa wa thu maintained a n-

t nt 1 1 f r long p ri d. , an th at h fa or 

a h Tand t th b ' y t 

B R .AND E MB NK I 1:NT • 

Th d o it in the Lahont n a in that owe tl eir origin wb 

urent c. re far more imp rtant and in-

tnt iv ·, n n in ' of h m t. ar ful 

a l in th 

1'1 

him lf, and c r 

t ti n. 

E:MB.A .... K.~JE T. T THE WE ''r 

Ium oldt La.l e o" ir 

IY r 1 y xt n iv 

aer . 

ar in th t 

r gUJr 

h mel 
untr; a ' a 

1' L VE . 

f th 

c ' a - ut t rr c- 1 iff that i · m tin1 a hundr t 
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n h , t n1 f th ' all ) hi a1 i nt w t r li11 

iall r I th liffi , f I purr 1 th t lll' rk it 

h 1 arr w Yall · in "bi h I um 

tlP in1e f th hi ·h r ta · 

b r f th foi'm r lc k 

T 

with th 

ld all T . 

nfin th 

a1 1 roa h 

cur ' ith be utiful ymm try, 
c ur f a curr nt in the wat r 

it 1 

1 

The rn in embankment, i. e., the ne r 

ma1n mbankme t 

f 

ar, 

trai ht, but 

m rkin the 

iv n abov 
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bars~ihrun ret,thu 

in thi p rtion f th f nn r 1 

roof h t the n the id 

hjghest water tao·e of th f rn1 r ]al 

h rizon 1 p1 n no 1o , r h v th 

highest ,, ater line i now 4 

n he w t it e1evati n i 4 H urn 

' ith th 
b ea. 

th s wa - uilt 

lley i 

·ale, fr n a lin 

1 int abou tw mile w t 

Lake. 

- -,. .. .. o f Hvm b q ldl 

of \\ av a i n 

n ur ment i the 

Jthou5 h £ rmed a the 

an1 

Lake, while 

n-

find th t 

d p ,bbl 

f b1 k 

nilt 

f th trn tur 

-- ----

L a ir" 
., 
.c 

FrG . 16.-Proflle f gra I ml•nnkro nt nt w t c>ncl of llnmboldt Lake>. 

Th t p raph nkment, h r f r a w 11 a th mat rial 

f which it ·i c mp d, in j at that it " a ui1t v l') I rg ly b; UlT nt 
fr m th n rth. It 1. hi h , t c t th n r h rn end, near wher th railr d 



1 

in tc n 
h ir £ rm t 

1 L 

u n1 intain 

111 wh r 

nt t a 1 

L III TOT Y OF L K 1
J LAH ~TA~. 

int in 

f c n11 ra tiY 

hir f 1 

ff "ith < n 

·tru ttr 

ll-

h 

a 1 l " nl l 11 

<: n in th 1ak 

Tc Y 1 
f t i l 

• 11 ral in linati n f 
nt i rnu h T at r tln n n 

t•n.- po&od. 

Vert ieoJ ;snd HorioliOI'Ita.l Sealo 

FTG. 17.- · lion f gra ,· l mbankm~n at w :< t nd of liumb ld Lak . 

th t, the rea n 

with th UlT n t are 

fr whi h th UlT n arnv . 

UlT 11-

. urfa 

th . 

tur w r mo' 1 n , u 

th tim tb alt .ration w r mad 

ha een n arl} on a 1 v 1 with tb 

uil t with 

h 

m m krn nt 1ng th vall y i lder then h ran 1 in 

ru ·tur 0 £ rmin th urfa at eitl hown y th up rr 0 1-

tion f tb lc tt r. Thi i well exbi it d in th 1 f ide f th gap u by 
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the Humb 1 

d 

rl; 

n1 ank ent " r 

gr 

1\JBOLDT L \..KE. 

1v1 1 n 

1 

th 

w r 

n 

mb{ nl-­

rl l 

Th e int ~lTU} ti 1 in th 

in th r i n 

w nn c ion wi h th 1 k will b 

de 

Th 

XVIII, c: 1 p ar, top gra hi ally, to be br' n l n1mn ru tur ut 

in reality th y w r £ rmed at a lat r t y urrent , " t-

w r al ng the outh rn border of the v 11 y . Thi i h wn n t onl · y 

h ir in · tangent to th r de i n £ rmed by the N i er Butt , but i 

al 'id nt from t.he natur of the mat rial of whi h th y r mr 
The Nit r Bn t a1 d M pung I ill · r rhy lit , while the m unt in kirt-

in th f Hu ldt Lak ar h ,rgely cornp ed f la k 

1at . mm tri nkm nt at th ba of th 

tra 

Hnt 

fr m 

al 
f 1 k la t i nti 

f bt k 
rial t 

fa t, 

la .k 

ah " 
un 1 d 

in · th ar a }t)W r 
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l vel, n en d fron1 

be l i h 

th t er 
fr m t rra 

n arl) ll gr v l 

pronounced on th 

AL IT T 

butt 

tin1 

.tiOl lil 

tratifi c ti n whi ·h i . m ' 

F ro. 1 .- . t><: ti ou of\J nr u th ' it rBu t .. 

Th angular allu 1um n whi ·h h 

h ly- ] re rhy lit d fr m th 

th 

which n 1 · it id 

Th rou 1 f ar 

j ncr tructur 

from th 

f 

l in tl i 
w ·t. Th 

wi h li ah -

d in 

y th fa· 

t ar 

Th m e mbankment , ari ing fr m th f th h y 
~ r f rn l a m( 1 h riz n an l a n u t g 11 h f rm r lak , 

t tb r with the r ion and r nil in ba ha t k 1 pla , r 1 der th ir 
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structure compl x nd their be rin , on L h ntan 1 i t r "' i . e., heir y( lue 

a r c rd of Quat rnary limRt , ex e ingly difficult to trace. From the 

oc urren e of Li hoi ufa45
- h olde t ari y foun in the ba in-on the 

w t rn 1 pe of he rn in bd·, it i id nt tha th d p it f' gr 1 < 

thi lo ali ) ' a omn1 n d rly in h xi t n f th ld lal p rha1 

at th 

r 

ta 

m nt, and 

L k · "ith th 
rf t in £ rn1 a 

onl ( £ \i\ y r . 

The ontr 111 

in the regi n ab ut li urr1 

the attenti n f the 

n er lake h 
ero ion of arid lim t 

abl for it 

ri ·ulet , and appr ach 

lin in the lan 

water ur£ e, < n 

top r phy in n 

aqu 

b -r th' 

bon tan 

111 ank-
w1ng l t 

ur r a fre h in p an 

ed to uba"rial d ra \1ti n f r 

and l ntan b a h, 

Th 
rial, < n 

n a Tand 

<tttra t 

th £ r­

·ubc ··ri< 1 

£ rm r in t( n . • 

n -

·i ll 

r n ·h t rn 

'I h n arl 1 rp n i ular 

ur iu almudan n, tb i. 1 ality. 
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11 J' h 
ill -' 1 t . 

in · fault· 

a , in at he 

in xphu ati n f the ac 

Chapter , whi h i de' 

I TOR • F A • L II 1 ~~. 

wa al · i pla -
r Taphi · li .'tnr nn e in thi · r a i n t 1· 

n1a111 

al 

in th .) bran h-

r c1.tt n i n in 

EMBA KME T 0 THb 0 THEH.~ BORDER · F THE AR ON E RT. 

s nthn }' b 

h re f 

c1 

e- narr 

v hi h the urr nt n1u t haY 

n1ai 1 land b rd r f th 
PJc t XIX'' r f rn1ed. 

rrl 

ual 
rl hi re 
an l 

a· urin )' th 
' \\' · uthwar thr u ·h th Itt 

' 
hr ugh 

uth rn l' 

T up f ara\ ent 

ar n1a.rked with unu-
margin of th Carson rt. 

en ' a r r f th £ r 
f t rm fr m the north. 'rh n-

f tb r o rt [ 

n r I l'lTIO' ' wh re it i 
he a huring at th top the 

hi ·h l' ta of th l, k th 
mT in a "i h them the debri f tli a-
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cliffi, and d I o iting it in 1 

n1ine at a glan 

d rh ed. 

d itua io n r th 1e f he r m-

n f rm a ay. Th i kl 

fr m wbi 

lit , ' ith a 

r-

f 
n tra t in th o l r 

enabl on t d ter-

mp 111 h m were 

Th broa , li htly haded be-n on the ri<Tbt f the n1 p, ha' ing a 

that form the cr t of th di id in outhe t aring, re 1 w gr l 

b 

m ur 

shallow t par f h 
1 h hi h t f 

on 

l ng, 

w rn 

b) a m th pia a. 1 he 

th rill-lin 

a t 

'Ih un d 

onfin d iu er i al 

i. e., th L h n t n 

ur. Thi in n -al 

et eer in the 

f rm 

ur nd 

11 h 

11-
ar t a built 

n tb i I r v n by the 

it t rminu . It ut r or lal eward 

the r ult f dep iti n. 

n ou r l p f the hiaher 

n t a' er i n, to f rm 

at B i at the arne horizon a the mailer 
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\.. 

11 a 

1lay< n11l. 

mbankmen 

h wn T th 

the bar nm 

the hi o'h r 

d p Th ar 

rae 

L 11 T 

], r 

aft r 

OlT 

T 

1 11 1 -

ar it n r h rn 

n whi h i r 

of 1 r la 

the 

in the 

f the 

ar 

p 

r in w l i h 

' , and the 
m ·map. 

n m nti ned ar un, ffi ted 

h th and r gular a if th ir 1 ntly curv d 

w r £ r med ut y t r a). They afF rd beautiful example f the · 

' ) m try f wat r-built tru ture _. 
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The a- ]iff illc rkin -r th h nz n f tb hi o·h , t wat r-lin 

u n n th in th ar ,. 

rent . mat ri al 

I a r t f Pl· t XIX 'Ya arri nthward and nil into a n 

nd v- b I bar.' in lD b d p u 1 , c an t h r an cr 1 e f th 

£ ' hun re y c rd a" a T . 

E~l A KMEN'f AT B F AL PRJ T , NEVADA. 

·1. 1ng n rth rom ar or 

on a trai in Lak L h ntan, an 

nt.ral l rtion nd UlT und 

n ·u l r mountain r roun 
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n ic-

of 
ur-

wr 

id ' 

f 

uf-
1' -

tb e 

1, 
h e 

fa 
nkm n, with G m wh r und , re e en more 

n d wh n examin din the 1 than th y ppear n the map, as 
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th 1 ntur of th ir rna rial 

1 

m 1 n 

rn nt , i th f t tha 

t n 
ti n 

I T R - I~ LAh.E I \ 

f v g ta i fr m 

tan 

fr 111 nn · ' t an 

wat r lin of th £ rm r lal . 

r t" w t\\ ar , it w u l h Y 

f allu yj um th it 

f he 

g lin whi h durin th infr 

t tl e b ttom 

th 

e, n 

t tt n ion on in, 

P r-

fr fr m 

1 w t " 11-

a b ut 

half tnf , 

n ri ic tufa , 

· h b v tb t h ri z at ub qu nt 

aft rd d at oth r I ( litie w c n lu tbat the con tru ti 

rlh r -

an 

Fr m dat 
high r 
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1, h t k p1a e urino· th la t hio-h-wc t r tao- f th lal . fhi · 

1 rminc tion, how · r, will c re ·1 ar t raw 

~ itl 

tb en 

gu lifi tion h 

that th r tiri1 

h Il yh V 

lik th 

0 ·iti 

h " tl at all th tru tur 
111 c. 1'1 111 n ' r but 1i ttl , if a ( 11 m 

HlT It a th \Y d 1. Thi tat m 
v r. Y\ m h p r~ 

i 1 , wh n f rm l in 

h riz n unn < r 
p-

1011 f h 

p int. 

ru u r at B 1ffalo 1 nng iqf rn1ati n n thi 

rlh n1 

Lab ntan time 

m difi tion the t h ve tal ~en rlc 

re u t th r ·i n f th rill 

t­

he 

· rti 1 r mo 

At tb 

f th fin r tl 

which it i · m 

n depo i d wh 

bin h 

u al nr 

1u n 

the 
fact 

h v 

r 

a 

an ther o-r up f nlbank­

n the I t h-
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r , f n d mainh L niT nt fr m 

th 

are mu 

ol 

plac 

th 

but i 

let l 

tral b 

·howr 
it . 

mali i i 1 1 n f thi 

ni h e i l nee imil r t that r t th Buff lo 

'I b hj her tru tur in e h a ar th y ung r. 'I h 

th mplement of h th r, h w r, in th fa 

prin CY wa built principally by CUlT nt fr m the n 

rift with h rn, 

wh r d 1-

un tur f h 
tru ur 

-1 f 

111 

ia1l n 

1n-

nt 

m· 111 

re 

econd 
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_group, three mil outh along the sa~ne bore, wa con tru t d al t 

entirely by current fron1 th outh. 

The manner in wbi h gravel tru ture one tart d on the marO'in of 

.a lak ontinu to indue depo ition in ase th w ter ri , i w 11 illu -

trat d by th gr up f bar at th right on Plate X.~ I, whi b i lit r lly a 

pile of v -bar , the low t in the seri b 111 he ol t. 'I h thi ko of 

gra 1 in thi. cotui uod structure exc e a hundr d £ t, ar d, a hown b 
the topogra h , th material com osing it ' a n arl y 11 brought fr n1 

tb ·outh. 

B 
many 

in tru 

th 

the en1bankments that h ve b en I e ially x, m1n 

in th Lahontan ba in of equ, 1m O'nitude and I 

, whi h illu ·tn te the ari y of topo rai hie f rn 

f ' a 

bankn1 nt 

t rn1 ,ap 

Th e may 

r ad nrv 

1 ann r i1 which tb r, il­

\.t ea h f th 1 

th r . are a number it that ha ne 

Ol1l-ab ' ·:tn h r fr rn a m n b , o a t pr uc an 

pli at tru tur . 

In 

lo ali - '' h r tl 
m 

nth nd f \Vinr n1u 

la t n m d 1 c lit i 

m nn r jn whi h an 

n1ile w t of and 

no· the ·h r 

f 
·ain at 

at the 

n a I illu tr· tion of the 

n1a; b thr wn a ro a 

n lTOW rait wh n he v\( t r ~ r tir ., 

ry imil r t th mb n1ru nt at the 

we t I e r r nt d on l te \ III: and find par­

allel in the B nne' ill b in in h imm 1 e b r t to kton, Ut h. In the 
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in tan th 

nt fr 111 th 

an l when th 

' till l' manu no·. Thi 

FJG. 19.-Gravel mbaukm ut at outh nd of \Vinn mucoa Lake. "evada. 

a.b ut 2 0 £ .et high, whi h ha all the £ atur s of an ar ifi ic 1 

tended t dan1 the ' all y of 'Vinn emu ~a. L k . It " t rn 

r a hquit t the" t h r fth ·trait,anl 1n 

in whi h it "'a form d it ha b n truncat 

c f the Trn k e Riv r whi ch flo,, into 'Vi1n1 muc a Lak . 

uilu 

tru tur 111-

nd 0 not 

f th 

f tho r n h 
orti n f 

th ction exposed by the r m al of the end f the mb< nl m 1 t i accu-

rately hown in he follo'' in diacrram. 

FIG. 20.- action of gra~· 1 mbankm ut nt south nd of Winnemucca Lake, -evada. 
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n tb '' t id f the a thr uo-h whi h the lY r l av 
hur bill \ all 

th 

Al b ntnn 

ur f UlT d bar th " . r buil u fr 111 c. 

Lah ntm f 
f th tru tnr 1 · r pr 

H1 h n hi l n·ill tl 

r en1bankm nt ar quit imilar e near All n's 

lat XIX), and 

tru tnr . 

n ut avn1 ~ , tb mat rial r rn Y d 

an l d. In th i11n ·trc ti n a i a 

"·~ t r whi h 

< h ntc: n a in fin xam l 
n ( t th n rth rn .n l f th 

n uilt 

X-

f " r­
hH b 1'-
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ing Hill , and t th COlT xtr mit of th J a k n P no-e · al , 

uinn I i' r ~I unt in , and •tb ut Bla k at the uth 
k ii t. 

lak urr .nt ' hi h 1 and c n l 
it it on th ali nt ~ f th Jan l wh n 

W e 1' . 

mbankm nt nt th uth nd of th 

" @J spiJJf@i'HftHpji!f9#Aal6jljtmugmaanu•nm. n. "!!! mnaunJt!lmw,wHe•mmme•m•na1 
:Profil e a.long lhe l :iue :x;-y 

uinn 

F1 .. 22.- k tch f rn.v l crubankm ut at outh od of Quinn h-er ~1ountnin , N ,·ada. 

Th mhankm n i · ab nt 1, 0 £ et long, an<l at th p int '\Yh r the 

pr fil "a J 0 '£ t br d and 40 fe t hi o·h. It I r 0 t frotn a 
sali nt wh re th UlT nt from uinn I iver Vall y I ft the hor on nt r-

ing th ·trait b twe nth ninn Ri, er 'Wionntain and the Slumb rin · Ilill . 

Th 'all y at thi 1 int i a out 4 mil road, nd, during the xi tence of 

the an i nt ] k , f rm d a trait connecting tVt o n11 aratively larg water-
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bodies. The n1ba1 km nt was built by CUlT nt , from both th rth and 
the we t, nd \Ya carried out o 

in the k t h. 

Th butt in l{ing' Ri, r Valle) " r i land in L c: k Lah ntan c nd 

becam UIT und d by t rrace , b r , c nd m nkm nt tha uilt b.) 
the urrent.. w I ing a t th m. 

Th t pogra1 hi f rm I rodu eel y th po ition of o-rav l in th 
path f urr nt Rr xtr n1 ly Yari d, an u uall 

tour and m th, r und d ere t , th t ar ·in mark d 

n1ountain 1 p n 111 a OY them. Wher v r th 
of n ient lak ur, on 1 , ur to find an 

Olltl'c: t .-~ hibit d b T the angular 1: li ef: ll'Odtl 
tbe r un d and f1 win m 

th 

re ult · that ar fr 

pro 1ng n ing a h Y n f r hi} 1 in 

D LT l. ' , 

1h tud 

n 

pr ent un ing n­

n tr . t t h an 'Ul, r 

nd 

ll 

ri v , ai 1 fr m t h r 1 

a m1li h 
11' y m~ n f r im-

nt littl 

in n t( n 

c.r in lin d 
but ft. r a · r ful 

a trildng r m 1 n tructur 

xan1in ti n i wa on ·.Iuded that th y we th 1r in li-
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Dr ti 11 tl1 ir h, Yin ' b n d I ·it • l y 

tl 

wi l 

the gr ater I r t f tbi 

rh t 11u ·h 

TA~. 

a he bi tory of b ir delta i. 

in the e of the la.rg r ri er . 

1 , n m re t 

owb re in th Lahontan a 111 

p rable with tho form d alon , th b ld a t rn 

vill , or tho e d ,po ited in the ~1ono Lake ba in 

the ea tern lope of the Sierra evada. 

E CTION 3.- EDil\1ENT OF LAKE LA 0 T 

The tributarie of lake - eli regardinD' r nic u b tan e -

cia s of impuritie (a) miner 1 matter 1n u. n i n, an ( ) 

m t er in lu i n. 

B ide h 1 ing fin u p n 1 n, 

n t rin 

ar 

£ re ub idin '. In thi mann r ar hor an fin 

origin te. The h l' d p it. of Lak Lab ntan 

II 1r ·1-

ll c tu r 

n r -

1he 

m-

nr -
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om att n ion. nt di i, i nth lim nt 

I rop r, to , t.her ' ith rtain int r tratified grav 1 will 

min ral ub tanc s c ntribut d to th la1 e in ·olution "ill 

conn ion wi h it h mi ( 1 hi t ry. 

The edimentary d it of Lake L ho tan exhibit thr 

ion , viz.: 

U per lacu tr 1 clay . 

~Iedial gra 1 . 
Low r lacu tral lay . 

125 

rlak -

rib d. Th 

b tudi 1 in 

finite di i -

Wh re er any con id rable ection f Lal ntan ·edim nt ex o d 
the e three divi ion ar I ear in un rying equence. 

The upper nd low r m mber f th 

clay , which how y th ir finen an 

that th y w r it d in d p till w 

tar 

Thi 

it wa 

fw 

uffi i n 1 r 1 w 1' 

rne debris t b arn d far out v r th 

in th 

om f marl 

of th ir 1 mine ti n 

r, n he 

w r 

nr-

htk -

'lh 
t at rnary lim ti han · 

.. p e in tho p r i n f 

n, 
t 6 h r with nan illu tr ti n f m -

\ h t d t il d d rir ti n f th prin ipal x ur . 
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1 h i1ln trati 1 

rawn b - }lr. \ t "h 

tl h r in·lnl d. 

le n la and I um ld B t" n 

a hann l tha cl in Lah ntnn. 

1 n f t h an n t ] ak . r c numb r' f m i 1 

1. · pr ·ti all R. urf<: ' ·tr am with 1 \ · 

th U[prh 

r 

:ttld f th 

tl1 :am " 
{ th 

ur . 

m t eli tat . 7 

riz ntal 

pr 
mar n r tha a 

' 1' 

llUDl r f 

T..J '"£ . 

l\ W "' lll 

w 

.xt n d 

m-

r. 
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iT I 

· n l i that th d " re po it d 

r tain uring th time that tb H un1 b 1 

1 k 

arl 

rn 

fLake Lc. h nt n. n 
f 

tr ta. x 

ir m de 

. tb urfa 

wh r th 

ntc t 

t h 111 a r h " n in h r main i n rr 

\. m 1 ri n of t h u I 1 r < I 

v Jr : imilc r in th ir natur an w r 

E 127 

o iti n th till 

u1 i d b he 

r in the 

n 

n, 

unt rr rt 

111 

c n 

in i at that they are 

umulat d un er n arly 
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1 1 th fin - >'l'all1 d l") 1 -
.. -hi 1 a 

well-m f h, 
w if£ r m r WJ ly 

lll mp itio1 then mio-h b XI cte 111 \V tnl n at diff r n 

point in he m tratum. 

} - 56.30 50. 70 

1. GO 19. Ol 

". 45 JO. 26 

2. 64 3. 19 

2.17 2. 16 

2. 60 ]. 91 

Tot:\1 . ..• ... ..... . ..•.... .. .... . . .. .. .. . -1oo.5.11-10o.-=<ll 

The upper la; di:ffi r from he 1 " r, 

some localitie th y in lu 1 int r tratifi 

r, 111 th fa tbc:L c t 

b hom 

I umice u du t, £ rmin n h,y r fr 1 

£ t in thickne ; and al a d p 
for The layer f fin 

uen ly teem wi h f 
1 omplwlyx effu a in imm n 

fr u ntl abun ant. 

in li atin()' 

n 1ng x n 

rav 1 ; although l nti ular mao 

f tuf, f m what imil r natur ar n t un ommon in the 1 w r p r-

ti n f the L b ntan ti n. 

The medial gra el re in many 1la pl inly t\ 

portion ; the low r, orup ed f cl an, ' ell-n rn, UlT n -b d<.l d and 

and gr v l, h all the tructural charact ri . tic of tr am- ed and • h re 



SECT I 

£ rmati n ; th 

trikino· l'vo...nJ LUo..J 

ilc rity f th 

lo 

nr an rin · 

d nee to 

p rtion f th 

may r 

E r po ED I II .MB L 

ah ntan tion, 

r f r it rigin with 
me in tan e th arthy 

129 

and 1 
le an­

In er ain 

ed b 

nfi-

rlai ) ,.- T .nt-b d debri , whi h 

tl e wa and curT nt durin5 th 

h t . f l 1 . u1at rial pr d ut by 

f th~ '· ake th t f ll wed the forma-

ti n of h middl m mb r f th 

Th a cura y with wbi h th nying de ailed e ti ns have 

n dr· wn, leave littl ro m f r d ription; but in rd r to pre nt 

till n1 r d finit 1) th fact r which th y w r a ed, de· ripti n f a 

f w f th m r in , tru ti e x ur s ar r n er Th l tering of the 

£ ll wing cti n indic tb ir po iti n n Plat XXIII:4 

tb 

th 

rang 

ECTION A.-West bank of H1wtboldt River,· mil outh of Orea11a. 

F t. 

rt. 1 

3 

~ pp< la u ral ola 

~M dia l gm 1. 

d uble fault-line ext nd · hr ugh th rie , Plat XXIII. 
ur · 0 fe t n rth war m 

1 ), ut h thr w i in th ppo ite 

k dil 

2 r t. £ rmin u r I rtion f 

ti r ar , a u l th ra l un rlyin 



l;) 

1. Iarl 
2. Marl 
;t 
4. 

6. 

J.J I 'T 0 TAN. 

gcTIO~ B.- West bank of Htwtboldt River, t 1nil abo e reana. 

4 
4 
1 
1 
1 
5 

r ....... ......... .. 15 

Gl 

The expo ures in this p 
f, llow them up or down tr 

i1 both the haract r f th 

r 10n ( th ail. n wall ' v ry g r atl) a one 

m. rlh mil 1" 111 tub r ·p iall ch nges 

tra a an 1 th ir in linati 

ECTION .- Ire t bank of Humboldt R·i r, 2tmile above Oreana. 

l!' et. 
1. a.n 1 and gn.Lv I.. .. .. .. . . .. . . . .. . . .. . . .. . . . . . . .. . 12 
2. Ma,rl r lay whit htmin at d ..................... 12~ 

0 pp r la u ral cla" . :3. Marl cla · , l>rowni h 1 am ...... ................ 1 
4. Marly cla , whit .................. ...... ........ 25) 
5. mv 1 a.nd and, ro - tratifi d .......... .... ..... 25 J dial o-rav l.:1. 
6. Marly la n,ncl loa.m ; to ri r ..... .. _. . . . . . . . . . . . 10 Low r ht u traJ. cla 

94 

IE Tl l'.-We t bank of Humboldt River, at Rye Patoh. 

l. 1Eolia.u 
2. 
3. 
4. 

6. 

11. 
12. 
13. 

Fe t. 
1 to 6 

1~.91 
O. 2 ~ Upp r lacu tra1 clay . 

16 J 

r1 
7 I 

~- 4 f M dial gravels. 

4 I 
40 1 

1 J 
rrravcl; to 1iv r ............ .. 75 Lower lacu tral clays. 

The parati 1 f th thre 

ality th'tn i · u ual; the a o 

196 to 201 

m mber · 1 mor difficult t trac in this 

1v1 ' I n om what arbitrary. 
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SECTIO H.-N01·th ban k of H nmboldt River, nti les b Toto Jill 'ty. 

Feet. 
1. 1Eolian and ' i h om rav 1, irr cru1 ar iu thi k-

la, wll'i , r (l·nl arl lamin a d, j in cl .. . . 15 Upp r l a ostral ola.ys. 
3. Loam, and, < nd Tav I, rn a i v 111 cli all y, eros - } M d ' 

1 1 . 1a grav . strat16 .tl a,]) ,. and b 1 w . ..... . ... _ .. _. _ . .. __ . 1 
4. Marl , r gularly laminat d, Ji o-bt l rab; o riv r .. . 10 Low r laous ral clays. 

37 

131 

The medial gr·=~, 1 are m rk diy nne n£ rm ble by erosion to both 
the upper and lower la u tr 1 b 

SE TION L. - ou th bank of Hnntbohlt River, Mill City. 

7. 

9. 
10. 
11. 
12. 

The tufa in th 

in pia £ rming a 

in th form 

where thi ecti n v a 

ntinu l L 

ll1 ' ·ur 

taken. 

r. v 1s. 

lays. 

40. 

Ul" nni£ rm I n ul r n 

r an in h 1' t,, thi ·k. ndriti tufa, 

111 b up b N . r:; , n r 

E PO RE IN THE C NO 0 TH TR KEE. 

Th it · u1nuh r ai o well 

Ri r fr 

it th ut 1 n1ii y f Wad 

it t l'D11Ul Ill Winn mu Wa 
r la u tr 1 which cur in 

fr gm ntary th ·id an n 1n pla wh r h y have 



1 2 

th 'all y i 

fi d . l 

14. 
15. 
16. 

17. 

r i_; L ll 'TOR OF Al 1 LA ~TA . 

n. Th l '" ·t rn nk fh el 'lrul 

r mil · fr nt tlt 

'l hnn r 1 f 

ju t 

1'1 

,. 1n , di' r i-

Feet. 
5 to 1 

12 
Q 

1.5 
3 

2 
10 

10 

6 
2 

12 

3 

6 

2 

110 12 

Th num ron · han by this s cti n <- r n 

ac unt df r byth p· ximi fth f rm r m uth f h n r, fr 111 whi h 

th ter part f th debris formino· the bed w 

bl f the th fine xhi 1 1 n f d uble 

m ct and n arly 

of u n ·on oli atecl 

A th incl 1ng 

an arth q u ·1ke h ck f r 

I l 
w :> h· \ 

a th" ti )11 

. 17. Thi tratum i 

a thi l 

t t Ul' it Dl 

h J ii t mu t b ' riginat d in th 

un r tand h w rt rnal agencie ' a 
·unpl , o 1ld have n tran mitt d thr u h th 

lay . rrhe j inte ·tratum to wbi b 

nt · th I w r lacu ' tral lay , ut 

jt 1 r ximity to the an ient ruouth 





/ 
~/ ... / .· .~ --/ r , .· 

..F'inc L oamy Cra.J ls. 

SE CTIO S C FL AHO TA s:. EVA DA. 
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of th 1 ru kee Ri' r the thr di i ion of Lahont,. n dim nt o a ily 

r og1 jz i_n 1n ny 1 Htie ar h r ind finit . 

Continuing tow· rd Pyre mid L k with nr tud f th exp ur 1n 

th ri\ r banl , w find the ctior .han ing in it detail an 1 in
0 

tb 

omplex hare cter b er ed at W c d worth. B ginning mile or two b 1 w 

the po ition of th tion gi en in d tail a o · , and con inuing £ r £ ur or 

fiv mile own he ri ar almo t ntir 1) of u p r lacu -

tra1 1 y including a few irr gular trata f curr nt- orn materi 1. ThL 

i in i ated y the following tion b erv d on the west ide of the riv r 

about f ur mile below Wad worth : 
F t .. 

1. 1EoH an and·----··········· -··· ······ ··· ················· ·· ··· 1 2 
2. 
3. 

·id tr 
oar Ta l v hi h e i :Iently r present · th 

tan half n1ile wn -tr m, howe 

f l 

afi n 

middl 

r, th 

r . ---- . ... 

, but o 

wall ar 

m mb r 

n 1r 

1 ~ 

1 
2 

10( 

the 

comp 

f th 

1 

pp ite 

of 

Lah n-

0' lll 

natur a r c mm n and e m 

that th 

ti 

m wh< t ar 

bl::tn t) th nrp 
in th UOl ldt 

thinn r a w f ll 

1I 

r r ft 

ti n. t ·i i 

wit w ' WRl' 

hann I in th ' r lay 
tr am h nnel. 

of th l'l 

of the UJ p r la .' 

rv d 
it econ1 

l " in a thin wedo-e, 



134 AI1 DL T F ) H J; 

t the · m ti 1 

1ntil it fin 11 
Ju £ r 

p 

fine hom 

urrent-b 

in 

th 

a0 r e in c r marl a 1 ' ay ' ith th 

th 

f 111 r 

boldt 0 fi n. 1 h upp ran l1ow ,r ]a u tral laj . 

ti n, lik tho in the anl of h 

variation. Th y d of fin 

u r lay 

n n erlying 

forming Pia XV. 

'"' 

no TA 

~ t an] eft n, 

than c: hun lr t. 

h y 

of 

lum-

n 

h ir nta t with th 

l d tail ir he ~ ti n 

One of tqe mo t instru tive porti n ti I i: < trntum 

f d ndri i tufa interbe de with he u p r l< f 

the ection, i. e. towar h de p r r i n f th lak i t -

ment f tufa w re depo ited, the tufa- ·tr tum i.· ut · in h · hi ·1 and i 
uri d ben a h 25 or feet of laminated lay ; h n £ 11 w h r \ 1rd, 

or up tr am in r feren e to the pre ent drain ge, th tuf o-ra Uc lly in r 

in thickn , at the arne time appr aching near r th tufa f the ecti 11 

until atth · arr w · fth 'Iru k it£ rm a hee fhug mu br -he ped 

rna e at the top of the ank, whi h are from 10 to 15 feet in di meter nd 

thickly I 1< nt tl t th y f rm a ntinuou p vern nt fully 1 £ t thi k. 

1.,he r ck at the arr w ( b v the l v l f he lc eu · rin , dep it are 
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coated with a ontinu ti n f the am tufa he t, the u er limit f which 

i a out 200 £ t el w tl hi o·b t of th nn ient' at r-lin 

Oll the -ide of th Yalley. rrhe tufa int l' tr tified with the up l' r}a 

almo · in ariably tart from rnall nn 1 i an l, forming d ndriti 1 ran he , 

pr a out abo e into dome or mu ·hroom- h, p d gr wth ; in sor e in tan-

t.h tuf i pr lor g down war elow th geuer 1 I 1 f h tratutn 

to whi ·h it belong , r £ rm irr guh.r a - h ped rna... . below the on-

tinuou: tufa layer. Immedi t 1; b low the tufa, and om tim dherina 

to it, ;-ue great quar titie f ypri and ga ' t r pod h 11 , an o , ionall 

n ' f fi h , indi ntin0 · th th w t r fr m which th al iutn c rbon t 

£ rn ing the tnfa wa r ipit. t d ' er far fron1 in c n n trat d alin 

olu ions. 

ction, th ·o ta ,t of t 11 ~ m th th 

' t 
D, 

trnt th fillin >' f ch nn prin 

.' m· .· c1nd illu.' ­

wi t h nrrent-

·lay forming th l wer porti n f b ar , in 

d pth f 1 0 £ t, but wh t th ir t tal tbi kn may 

d t rn1in fr 111 h r ent p ure . Wh n xam-

m fr m the hor f th , ba in, they xhi it li tl varia-

h w 'er, a 
n r, wb 

di met r 

mu h }, r r bl 

1 \ •. 

(.lll 
I 

can 

cl y n 

th ' 1 up n 

i· 1 action. 

in tan 

o iti n, 

t ra l and 

ur th c nt r i 11. ' an I n ]uti n of th laminat d 
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j l1 t 

on Plat XX . 

Th 
thi kn , and xhi 

thu 

r 

un 

na ure, all t nd t 

her xp0 e 

n Jn h 

th 

x mined the re ord 

th ir lwvino· 

th ('lc J ~· 
1m · th trat· 

h in 

riation in th ir mo 

n 

t t d, are in harmon with the imilc r vid n 

b in of the ancient lak . 

n ~)l'lll} in ao·itat l wat r ; 

1 r la d, b w Y r it i ' 

n 

tnedi·d 

f < f·ttl1 t 

d ' th ] ft 

n 

lay . 

f tin 

f 

nan 
rl h 

ti n of UlT nt-

in th 

On£ 11 wing th , Tru kee Riv r from h A u h 
art, nly p r-n find it bank b 

ti n of th u r 1 · · in ( £ w l ali ti ·, h v ' r, lin it d 

th medi l gra.v l m y b en thu bowin that h c uld n t ha\ 

h ld a lak mu h, if any, 1 rger tha.n hat of th pr nt a during he tim 

that the medial memb r of the ahont n eri wa b incr d po ited. 
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.EXPO URES I TH C ON OF THE .AR 0 RIVER. 

the 

' r 
in th pr 

highe::;t 

IV r Vall 

.. imilar in n11 r 

thr uo·h u h ntan 1 a in. 

ar 

I iv r. 

riti tn£ , 

h narrow 
rt. rrhi 

h 

a 1 '" lu . in '" 
·han 1 · th· n th 

it high t tage 

L h ntan it ' ater xt nd d up 

upi d it lon noubh t 

tnnu] · t .. 'Vh n h la e 
ei t he nn 1, th 

f Lah ntan n in 

oth in tru tur 

a ·t n. t tb n 

Lah nta.1 -whi h 

In th 

r 
' 

"hi h i w 11 
,· with th ar-

the 

r 

h 
r 

in to 

pr b­
arv d 

n. UrJDO' 

far a D yton, we ar .. a£ in c n-
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luding ha hann 1 wa 

that th Iak 

ut d wn it rain the t L:.t in t 

w tnak ~ : 11i 

fth 

1' ntly b en 

l' h~n La.k J,h nt n, and 

Qn ternar r lat T rtiar , 1mes. 

•""' PO 'l'I-I 0 0 WAIK R RIV ~ R. 

r, in it ur t' 11 and Walk r 

Lake, flow thr u ·h a mp< rati' ly narr w \·a 11 , w bi l fill cl 

with Qu t rnary I ke dim nt an n w a rt, 

pl in, di t d tbr UO'h th nt r by a r am 

ince th e apora ion of th f rm r I ke. urn 

and theC r on, th W·tll r i r ha e po dim nt , 

in which the tri rtite i · i i u i, w 1l di pia ,. A 

the upper and low r m mb r are £n niy Iar in t 1, marl r - 'h, , whi h 
w re evidently ac umuh.ted in ui t wat r., and ar ar 

geneou accumulation f and and grav 1 that r an i1 t rval of 1 w 
• 

water. 

The tend n of utT nt-born de'br · to ccumulate i1 narr w r it 

n ting r ad water-bodi h b en di cu d in nn ti n with 

hcd rirti n ofth ld inth Hu b ldtcn 'J:'ru k 
non . ra el emb, nkment 

£ ' mil northward f Wa1l er c ke an form 

Lake and Walker Ri r alley . In thi in tan a larg mbankment w 

built om 1 t ly acr th mouth f the n rrow trait that £ rrn rly n-

p n w t r of Walk r Lake and Ma n vall y ; u b e u 1 l : 

·ut thr u h by n t r fi wing from th n rth ward, thu 

r v f the in lin d and r bed trata in which the gra 1: 

A ti n c pil d y Mr. W J f Ge , from n ny d tai] d 

ob. · ·rvati n, , i · r prodn d in Fig. 0 1 t XXVIII, which r pr nt th 
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tru tur f th Lahon tc n 1m 

tan f 1 mil . . Th hi 

rn ar 1 m nt "hi h cro 

f t h hi ()' h . ' at r , ta · 

Ul 

·tru 

ern 

n tir 

d <= nd ar he 

d . 'l.h 

th 

r .) 11 1 th . tr·1t< . ( r 

m natnr a h c l'l' 

in the af on w 11 £ r a. di -
ti n i c t the r t f th 

n 1re 

f an an gr vel 

ha har ct ri tic 
'rhi mb( nl m nt 

n , lil 
f 

ur n ar at 

int wh r 

e 

tim 

uth­

in the 

'Ih 

t 

lll 

n rth 

uffi r d 

n r 

111 t d, marly 

turin in th urn-
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ur 

I \ r 

bu a 

( e Ch 
mu t ha 

GEOL T 

n ti n. 

·ari d 

which e1n t furni h a i t n 

a ume th t the m bani m r t 

valley £ rmed R. dam in lat Lc h nta tim 

ulati n of th water u1 yin , th tw ba in an 

om a "amp r a hall w I 1 

hara t r 

th ] k 

nt inin , n n1m li n r rna.in 

t ft th 

c umulat . I thi · 

b 11 of Margaritana margaritifera c r bun c n . 

lay r I rg ar b th in Walk r L k an 

oated with an bundan e of ndriti 

- hap d rna e that have f rm d 

nu 1 i an In uT rti al he t which penetrate h lay. an 1n 

ra le r a . These h t f tufc em t 

f fi ur , r p rhaps on erod d urfa whi h 

ha u h a manner a to take an accurate c t f th 

'rhi h the; ' r d 1 it rr he upp ,r lay in the Wall r 

rr I nd n t only in th ir c mpo ition and arrangem nt 
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wi h th imilar b 

th au1 p ·1 'I'h ir tufa d po it· in ·ariou p rt 

lak L(, ir r rd l ndi ion . 

n d in th 1 f be nk f h W lk l' 

a out two 1nil mbankm n ho" n n X 

r re nt , th l r 

gion: 

ailino· bare ·t r f tb .xp ur : t be 

m 

Upr r la ' u 

ontaot 1woonjormable. 

F t. 
urfa · ·- - --· .. .. 1 to 10 
ing into D rruO'i-

50 

Medialgra ,· 1· -- -- ----- - rav 1 :mcll alll , ol r d with iron----·-- - ----- 25to30 

on tact 1w o11j<Yrmable. 

Low rla u tral lay ... Lirrbl-·olor d marly lay; ioriv r ·--- ---------- 75 

141 

r 
' 

III, 
hi l' -

WI DO' 

th t rn rder 

th £ rm r lak ; 1n 

in f 

u h in ·ta ' ·a p :t- .;'2\ h nt n m 'ement f th anci nt 
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rn nt 

111 

a t ri ti 

n, 1 n, thi 

L<h ntau <tr ·h 
h;tt pr lu th di turLau 

·~11 

what · n ral t rm , f r th r 

T\. . 

ral la; < n l 

<1-

the 

Ill 1-

exarui-

nly p t­

h m v ment 

Wall r Ri r 
u it h vicin-

lV. 
ur-

f 

. di -

l ra 1 ' ; au 

'raphi m v m nt in this r n in om -

n that i i diffi ult to e ·ribe the fact 
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t wi h ( mu h < ura y 
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nn 1 n' 
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1r d a d 
i h ther 

r graphi di tur nc s th t lJ':t.\ affc t d the L h ntan ba in. 

G ERALlZED TI Ol!~ .IJ 

n h num I' ti n , fLab 

111 th nr n w 

l wing , n raliz eti ll f p it form diu th e ll i nt 

lake: 

ontaot unc01?~jm·mable. 

Contact tw conforrnable. 

The int rpr tati n f thi ti n gi ·es an utlin 

nary hi tory f th Lahontan b lll; uta th ba 

n where ex o 11 the hlO' ay b l' 

r main unknown. Fron1 the dim 

th l' h n tw 111 

v r th lal -bed . 

.A.verng thi kn 88, 
in~ et. 

ratifi d 
1-

o., 

and 

otion. Th la 

50 to 75 

50 to 200 

100 

f th 1· ter Qu t r­

f the 1 w r lay 

an 
ds 

e 
nd 

fl 5 tho W<- t r un rw 1 t ] n n ntr ti n, t a rtain 

depo" it a a va t quantity f tufa.. th lak uring hi tag al l' 
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lar 

wa 

lOll. 

m di 1 

rati 

u ntiti 

]' 1 h JJ HO T 

]urn . n 111a V of th 

f ah nt 

I b nta 

indi 

rt 

n hr wn u b 

f th lc.k 

th d 

c n l UlT nt 

, thu ir m·1n 

in1 durin · which th 

1m om 

and the on lu i n pr -

1 u d for that expl -

r a ov red by 

f 

r or em nl-

hr u ·h th ti n f the ·urrent u ternary lal e. The 

m l p it a ut th outh h r of Hum oldtLak have been de cribed at 

1 n th in the pr cedin pa ·e (105 t 112), and a det iled map of the area 
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pr · nt d n Plat XVIII. The mbankment near th uth nd of \Vin­

nemu a Lal rib n page 12 . Th di r 1 n } in refer n e 

to tb natur of th Ta\ 1 d p it rd dng Humb 1 t Lak n1a ~ be 

n y comparing the page r £ IT t c b " ith n given 

on 1 e 7 42 of V l. II of the report of th Unit d t< t 1 Expl -

rati n f the F rti th ara.llel. 

The ntir ar a r pre nted as Humboldt P1ioc ne, on map V of the 

atla · cit d, ha been con idered throughout the present volum a of 
uat rnar; ge, and a furni bing the mo t typical expo ur f Lahon-

tar irr1 nt , a will b en b) referring to the descripti n f he Hur -
b 1 t c; nd rlruck e fion . 

The area 1 r d Lower Quat rn ary on map V, f the atla nam d 

ar m tl 1laya-d 1 it · whil th area de ignated as Upper Quat rnary 

ar larg ly 0' red wi h alluvial gr el, e peciall; near th m untain , 

but in the broader valley within he Lahontan ar a large p rti n thu 

de i nated are flo red with Lahontan ediment . In the pre ent r p rt 

UJ r an Lower Lahontan cl y have been r ognized; the e n1ight ' ith 

pr ri ty be termed U I per and Lower Quaternary, but an not b IT lat d 

with th Upper and Lower Quaternary of King. The exposure of upper 

and l wer Lahontan ediments are lin1ited, occurring mostly in cafion 

wall , that tbey could carcely be repres nt d n a map of the s al u ed 

in th·tt atla , and if mapped they would n t agree with the la ificati n f 

th uaternary there used. As the facts are interpreted by th pr nt 

writer, the lake bed there mapped as Lower Quaternary belong to Upper 

Quaternary, while the playas al o mapped a Lower Quaternary are recent. 

Th alluvial depo it , there mapped as Upper Quaternary, are deep forma­

tion who e accumulation began at least as early as the Tertiary and has 
b n continued t the pr nt time. Th ir surface layer are in part mod-

rn but ther ar a have r IY d no re nt a diti n an u1 erfi ially 

U r Qu· t rnary. 

Mo . xr--10 
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X PTIONA 1~1 ':F n PO r1 ·_ 

In de" ribing thA 
Run1 ldt, 1ru k e, n l 

m 

w r n ted at uum 

th a normal d 

p l\ll EO 

ti 11 f UII 1' la u tral Jay 111 th 

\\ a1k r 1 \" 1' cfi n ili ion 

n f 

no' ur i r t n ti n 

n1at rial tl am ·l1ar, w re In all h 
er d. Tl e ar 1n p d f a white, u 11 n l i l t d, u t -1 i 1 , 

siliciou 

ro core, how 

111 mpo iti n, an ha in , all th 

arth. Wh n xamin un r 

f m 11, all ul r 

1 1-

flak , of a uni£ rn1 bara t r, ti" n parent and with ut 1 r, bu om 

traver ed by longated a viti . When examin "ith I lariz l li ·ht, it i 

s en t be almo t wholly compo ed of fr m nt of ·la , with r 1 

JA_ 

trace of crystal r of f r ign m tt r. n c mpari · n with · 1 a ic du t 

that fell in rway in 1875, d ri' e from n ruption in Iceland, with th 

du rupted in Java in 1 64, and th imilar material ejected in ucb 

u ntitie from Krakatoa in 1 3, i found t have the an1e phy i al 

·haracteri tic ; but it i much more homogene u , and, unlike the gr . t r 

part of tb r cent du t examined, i omposed of olorle in t, ad f 

br wn or n1 ky gla In t ] e £ II wing figure, which ' c py fron1 
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~Ir. J. S. Dill r' in tru tiv n th 1 ani and "hi h fell at 
nala ka, tober 20, 1 f y 1 nl u t, 

from variou 1 

'rh uliar n a 

·1 
the an1 generat D1 

du triti n 

bar teri ti fron1 th nHtt ri 

f Lak Lahont n unn the uaternnry, or fr m h du t hr wn out b 

som unknown I 1n e xtinct' olean in th vi ini y f th A L~ ntic 

oa t, whi h £ 11 n f B t n during r - arb ni£ r u or po -

sibly i pre- n n time. Tb ' 1 ani h n mena f t -day re g v-

erned by th me la~ a bt in d at the dawn f g ol gic hi t ry. 

Farth r tu y r v al d th t even h fine t of the du t t· ined fro1n 

th in f L k Lah ntan h identically the am phy i al propertie a 

pum1 u rhy lite forming he M n Crater , T 1nd in a m rt r t a c r-

r p ndin , finene ; under the mi ro cope the tw wd r w r v ry imil r. 

rr he du t de 0 it ar rich in silica, a ho' 11 y the £ 11 wing analy i ' 

by r. T . M. ample collected in th bank f the Truckee 

River near Pyramid Lak ; for omparison w giv 1 o an ana.ly i , by the 

same chemi t, of a specimen f pumiceou rhy lite fr m the M no rat r : 
--------- -

Constitu nts, etc. ol nuic j rumiooou 
du rhyolite. 

3. 91 2. 20 

71.15 1 74.05 

15.95 13.85 
o. 5 I 0. 00 

0. 41 0. 07 

Tm 
3. 36 4. 31 

4. 04 1 4. 
---

100. 57 99. 0 

m Hi 11 f the above sample 
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in the p d t 

f lv nt mu h mor th n h r 
fa r th a umpti n that th y b d n 'ln. 

M re xten ed operati n in the fi I r ' nl d the t lik th 

e ribe above are not c nfin d t th ah n an · 111, 

uperficial depo it abov h L .h nta.n ea h at m ny localities n t 

points far di tant from the old lak mar IDS. A cumul ti n f th 

n ture occur in the Mono L ke ba in, interstratified with la u tr I d I 

and w re 1 o £ und in the anon about B die at a on ider 1 1 ati 11 

a ve the l v l f the Quatern ry lake bat formerly o cupi Mon 

' bout :Mon Lake these deposits are frequently of a ar r textur thc_.n 

hose found farther northward, and, at times, gra u t int tr t which 

r veal to the eye the fact that they are ompo ed f angul r fie kes f 

b idian. 
The Mono Craters form a range some 10 or 1 2 mil l ng, whi h 

-extends southeastward from the outhern bore of Mono Lake, and in two 

in tances attains an ele ation f nearly 3,000 feet above th lake. A few 

ulees of dense, black o b idian ha e flowed from them, but the great 

mass of the cones i formed of he pumiceous obsidian which occur b th 

.a lava-flow and ejected fraCYm ent th latter £ rming a light lapilli whi h 

give a oft r y I r t the ut r ·I p of the rat rs. Fr gmental 

material f the arne nature has een widely scattered r th mountains 

. nd n the n i nt mor in s that occur in the Mono ba in, whil fine du t, 

unqu tiona ly deriv d from the arne s urce, may be trac d t a till 

gr ater di tan c . 
Fr m th vid n given ab v we conclude that th trata of fin , 

ili u , du t-like m t rial occurring in the L h ntan ections, a "' 11 as 
t he si ilar b d £ un a out M n L k nd a t r a r£. 1· 1 

epo it over the neighboring mountain , ar all a cu ulation of vol ani 

lu t, which was probaly erupted from the Mono Crater .50
· The greate 
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di tan e fr m th f ru ion ' hi h h p it h e 
b 

n 

n th 'olcaui du 

lo e that it i 

y ·t lll' r x, mination; with th aid of h 
n 

h wever, h li:ffi ren n e pc rent, · th du t l on1 how n 

tra f 1 y org ni m mingled V\ ith it. 

WHITE MARL. 

At c nurn r f lo aliti in the Lah nt n a in xp ures 

f whit , hall y 1n rl whi h e · not appear in the afion ction w have 

cl , ri ut i xpo ed I ally, mo tly on the ide of the ba in, and 

id n ly ir di · e peculiar ondi ion f h ~ ' in ''hi 

mulated. 

White n1arl were fir t ob rv d in the Lah nt n a in h uth-

rn end f the de rt · alley, which i nnec ed with th ar u D rt 

b the narr w pass in which Allen' Spring are situ at d; urin , he 

hi o'her tage of the anci nt 1 ke thi · all y formed a land-1 1 ed b· . 

That he w t r did not xtend thr ugh the pa s at the outh rn nd i 

hown by a eries of ban·i r-b r at ab nt h b rizon of tb 

b ach, whi h weep about thi p r ion of the u ient h r in 

ur e . The e oncentri ravel ri .aes, or barrier-bars, record 

rec i n of he '" ater whi h on e filled the valley, and r 

noti able from the neighboring hill wh n the I n in ftern 

ring out heir symmetric form in old r li f. M d rn dr ina ut 

a cb nn l thr ugh h m 1 a direction at right angle t th ir gen rai 

p .. th f ll win · ecti n : 
F t. 

1, forming barri r bar .............. . .. ... . . . ... .... ... 15 25 
- <1 i d . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . to 10 

Th marl t thi 1 aiity i ' y aneroid m urem nt 17 5 fe t below the 

Lah ntan b b, and 1nay b tra ed £ r a hundr d vards or more long the 

id f th arr y . At both it 1, keward and h r war margin it becom 
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11 

an w r 

U ntl ' th 111 rl lTIU ·t ha \' 0 n 

f ak L h ntau 'l'hi · ' ill 

fn 11 ~ cl s ri l l. 

re ''hit marl ha: b n b · n · d " 

t thi k, c n om 
whi h 
JT ab ut ~ n1il 

the 
imper£ ct, nd a , the 

am p n d in he hi t ry f th 

hi ,h r 1 1 . \\ hit marl m 

t a uniform h riz n, 

al n J' he t p luff: whi h 

All li Valley 2 r 

ro o h 11 · 
alley. An th cr lo · lity of th 

side of Hum olclt t an 

lc k urf. 

natur w 

n of four 
n th , \' 

t nb v ~ th 

In th I ru ·k n, ab u c n1il b lo"· th Tru ·k th r 

,d of I ure, whit , bdlk · arl n t 1 · then JO £ in thi kn · th( t 

b uied 

xpo ur i o 

ar in art OY rlai n 

y th r i n of 

d po it , but the 

a, ociated clay 
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n t a ily d erm ined · no ~ il w re £ und and it i n t imp sible that 

tlH f mu h ld r than th a. Quat ru r; bed · 

i ] ' t h y ar f T r iar ~ · . 

Th b tl rvin o· th d 
b ar 

ar a bon yrarni Lc l In thi a in th froqu ,ntl r a1 p 

picn 11 whi band a] ng tlt rd r f th ' an ~ at al 

f ab ' th 1 ~ 1 Y l f th 
'ivhi h 'Y h( ,. nam l th 

n r l Y 

' " -hi h w l' 

2 f t l~i h 1' 

ort h '' ard of 
tinu u ll t by ( lT . 

cti 1 : 

.Allu:v Z:u~ 

"hich mark 

utt , an 1 a n any 
\\ hit rl rra 

F 1· . .. ~ . - ·tiou of 'if!Ji t T · tTa ·, west hi of P -' t:11nid T.:ll; . X · ,·:ldn. 

In · u1 in tan · t h u r 

tha th 
n r n1 

mini .·h war l m ar ·in. Th m 

nng 
ll-

111 1-

din 

d 

1 1.· a r 
kn 

un l rlain allu ium, a ' ' n in the fi.gur , and re 



E L 

rrlac d n ' th 

w pt d wn fr m tl 

an ntt.)!i al 
Th v bit Terre: 

rn n 

norm l ele ti n 

L F L ~E LA 

ri l th· h 

om 1m pl 
mu 1a nr . 

b en 

r d d 

c ur t a nnm 

De ert. ~ rom the num r u 

t rra e occur all 

k 

n that hi 

f L k Lc h 1 tan, an l wa 

n ider d. t rra wi h w 1 i h i 

i f und in abun a 

former lak , a8 well a alor g the hor 

v1 ntly not a pr du t of ro ion. ca i na.lly, h " 
with and and pebble , an wh n it tak th 

pr imal end will be £ und to ontain n1or £ reigr mat rial h n h 
extr mit;, thu indi ating th a orting pow r of b UlT nts th t ra -

p rted the material. 

At all 1 e numerou localitie wber the White T lT p · l it i · 
c n po ed of fine, incoh rent, chalky marl, which i ft n richly l ar 

with the h 11 of fr h-water mollu k . In pla th e it i 4 or 

fe thick, and homogeneou thr ugh ut. n analy i f · typic l an1 

coll cted on the western border of ) ramid Lake Vall y, r p rte 

Dr. 1'. L Chatard, i given below, and how that he material i enti 11 r 

an impur al iunt arb n t ontaining a high p rc ntc f ili '( : 

Wat r (I-I2 ) .. ____ . __ ___ . ____ . ____ _______ . . ____ .. _ .. ____ . __ . ___ . ____ . _____ . 3. 3· 

Calcium aro nat ( a 0:~) · ----- _____ _ · ·- --· ...... __ __ · ---- · ...... . .. ... 4. · 
Sili a ( i 2) . .... .. ........ __ . .... _ ... _ •..... ___ ..... .... . .... _ .... __ •... . . 22. 00 
Alumina ( l.Os) .. . ..... ___ ..... __ . .... _ . ...... _ ... _ ... . .. ___ .. . ... _ .. . __ . -. 14 
I ron ( F 2 3) ...• - . - . ... - - ... ....• • . .. __ _ • ______ .. __ __ . • . ____ __ • _____ .• ___ . 2. 04 
Li1n ( a ) . ____ . ___ ... _. ___ _ . ____ . __ ......... ___ ..... __ . _ . __ . ___ ..... _. _ o. 93 
1\fao-n ic (M ) .. .... . __ __ .... ___ ........ . ..... _____ .. __ .. ___ _ . . _ .. . . _ _ _ 1. 9 

100. 14 
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Wh n xan1ined n1i r 

lliz d an l m r h u 

am u tan 

, j h ther 

wi h ilut d acid. 

' a 
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al r m o tri 

th marl r 

y pr 
ar m re I ar1 

f 
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Ud1 itY f 

rin ipal r-

ufa 

f 

main, wa fr fr m th I r d f tr tn it 

thu forme , when near h hore, wa r ed nd rearran t-· 

o a. to form the t rrace and embankment we u w find. In h d per 

p rtions f the Jake the lim precipitated from the waters wa min()'l d with 

l and ~and and now app ars a marly-clay. The abundant r ci itati n 

n ar th h r may ( l een ue, in part, to he grea:ter abund n e of 

nu 1 i whi h t n 1 th t in u ry tallizati n 

'I h a um ulati 11 t ]'] 

n n 1 w 
m tim 

1ng, p ially n a count 

'A ..~: 

un r tl i · h a 1 
fin all 

mainly of 

din .nk 

a 1n u uall r mal eg 

in moti n and fill 

.lk lin 
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at 

\L ill TOl -

u 

m in tan 

ru ta ean . 

L\. EL II NT 

mm n n th rt unn · 

uliar ha zin th t la t 

Whirl-win] · 

f th 1 c 1' 

it J urn y 

·ul tin · 

ar 1 nn 11 fth 

and dune f 1 t-Lah ur 

we tV\ rd fr 

tw n 

1 ng fr m 
nt -fi. 
ting th 

c r i n h t 1 gr < I h -

t .. li d in 
he wir [ h .. a1 1 i her f a light 

cr c n y-) e11 ·w ol r, eautifull; cur ed ridge and wave th t 

ar vered with fr -w rk f wind-ri1 1 , and fr u ntly marked in th 

m ·t curi u mann r by th , foot-print of animal , thu forming trange 

hi r lyphics that are metime difficul to translate. 
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Anoth r ar a f drifting .:and ·ur t f tb <ll" 11 

·ert an r p rti n f lkali \ alh~ rt a 111 nth f 
Thi train of dun m 

, at th 

'" t hY nty rnil 111 untain , on th f 

\\ alk r 'I'h "iclth f th belt i n t m r tl1an £ ur r fi, 

mil e . r · in Alkali \ ' all r tv f 

Th 

ultinlH ' 11 ) 
arri d n th 

th ha in an 

"aY . 
an l l a in o· h · bring u th h riz ntal lin 

r l i f y r a n. f th ir 

of th liffi . 

ntr( t in lor and ( 
in ·tr ng 

nl I uring 

t 

ur 
1'1 

rin · an ar 

f V\ inn mu 

li that " at r b d). 

in 

nd f rmiu · th dun t th ir 

th ha e trav l d far and " r n t 

tb ' ( }'] u 

f tb 

rh r 

tb 

b 

·ifi ''hi h ha 

t 
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be n b1 1 r \'Hiliuo· \Y t rl ' wind . 111 1' l l' b-

nhk h \Y h 11' 1'1 11 t the . u .. rial ]1 'l n t M l'H ti < I f 

th O'J'(l l)i f th 

ECT10N 4.-A T E M 0 EI.1 . 

Wh nth f L k t-

Lab in be me r 

f whi h w re r-

'rh 
i 11 t r f 

I' rta.n limati 

that diYi in t hi, mann r ar 

e ident that th n e 111 f 

d i a ' hi ,h it 
nt 

n 1 nt 

1 ke 

~ ,,, _, n the lar 'er are·:t l 1 
tha f rme along it h r . 

the · 11 y outl of Allen' 

th i n nre, whi h appears t ha north war ; 

a m derat ri e f the water of th rt ' hi nd 
r c n ert it int a trait Thi he nnel i about 5 mil , 1 ng, an l a 1 r -

i it u wall mpo ed f l cu · tr 1 e iment , wl i h ar lin d with th f rm 

f tufa we have called de driti , while in th ottom of the pa s th re are 

crag f tbinolitic tufa; from h re ord w learn that the cbann 1 wa 

excavated previou to th ri e f the lake during which tufa depo it w re 

formed. As the equ l will how, these tufas were depo ited during that 
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A lENT STREAM CHAN:N LS. l f) 7 

p rti n f Lahontan hi t ry th t "itn 

clay ; an inc th wall of th 

m nt , th in£ r n 

tan p riod of s1 

th t t hi i · but ne 

that Lak L ah 

un1ulation f tl e UI p r 
._._ ... ....,,v...., , .... ,_l f la n tral di . 

lut 

th 11 -

th n rth . rn 

Lak Va1l '" 
an h other to Smoke Creek Desert. The £ rm r, kn v n a t r 

' a n ver d I ly ex a ated, bowing that the va ll y in ' hi h Ron Lal 

i uated mn ha e been an independent water-body during < 1 r 'e I rt 

of the Quat rnary. The cond, however, is a pas , n w partially o ru t 

by gravel e1n ankment , which must have been a narr w 'trait tuing th 

great r part of the Lahontan period. The bottom of l i p i on a l l 
~ ith b thinolite terrace in P y ramid Lake V lley, a hown by an r i 

mea urement , and is thought to have regulated the wat r in th·t.t ·all 111 

such a manner as to bring it frequently to the arne l vel. Thi w ul b 

accomplished by allowing it to escape, at a certain horizon, on to the Smol e 

Creek Desert. It m y be that this is the reason for the great strength f 
the thinolite t rrace about Pyramid Lake. Another channel of a imilar 

character, now known as the Ragtown Pass, connects the Carson 

with the de ert valley in which th Eagl Salt Work are itu t ll 
these channels were in exi ten e before the dep . i i n f d ndriti tuf.· , ut 

the proof that they wer ex a. ated in la u tral clay i le definit . I 
probable that orne of them were Oycu i d by tream for th fir t ri · 

of th an i nt lake. In orne in tan th ba become partiall) r -ex -

vated urin g th pre ent 1 ri d f ut ll ually th ) till 

u i d y th u r lc , . 
ther hannel · f t.bi hara t r ha e b n xamined in the L ahon n 

ba in ut th ir £ ature are n t cle rly fit d in the example 

d rib ab v , and their h aring on th hi tor f the former lak i n-

equently l finit . 
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'E 'l'I 1 -.-lLL TR 

< n 1 fin r 

r rd f b 

fre u 

TR TIFI 

1R T RE. 

i t in in t r­

i n 1 r 1' .k ' w h r th r are 

th r chan · 

~II TI 

Th .. diment £ rming th up r , nd I wer p rti n f th Lah ntc n 

e ·ti n n i t f fin , hom 0' n ou , ' nly - tra ifi d m rly- lay , whi h 

h w a di tin .t lc mi1 a i n arall l with the plan f 1din ·. 

i~ called to the lamination f the d o it in 

du dep ition, a it h . mani£ tly r ult 

f fin ediment in thin layer , an do not we it , i t n 

a i · the ca e in many lder roc.k . Thi i e ident in 

and lower 1 y are alike laminated, whil he high r mem 

at lea t hav never b n ubj te t be pre ure f uperimp ·it . 

URR NT B J)DI 

The gr v l eparatin0 the upper (, nd I wer Lal ntan clay are char­

acterized y extrem irr gularity, and ft rd n1 r y illu trati n 

du depo iti n. They were dep ited in the h 11 w ~ t r w re 

mu J1 a ·itated y wav and current ·, and among th r £ atur pr ent 
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ra 
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11 d f fin n · , an l thr ugh 

i ingui ·h it fr 1n adja 1 t d 

t wl i h ~ e ha ir ted att ti 

£ rr pr nted by CUlT nt- d 

m y ntinu until a traturu i 

t bo t m, perhap ev ral fe t in 

trat d in th central p r i ri f th 

ut a 

In 

p 

1: he epo ition f 
on gr nd cale, 

u h rn n 

n r 

allel 

trnctur r me rka f r 

u a h w 1 iu o· I i 1 

thr un·h 
c: n 1 tir t \Y hi h 

illu trn-

1'11 i n f th _, 

drift b ddin ' re 

· n n, "hich furni , h fine 

wb 1 

h ' n in 
f a i 1ilar 

h n 
cti n 

m t l 
illu -

the 

1in 

th ir in lination t a n1ov 111 I t 

111 

,and 

th ir p ition. i d a an 
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j u lin a.r u ually rur ed f ' at r-\\ 1'1 

r r Jn h Lahontan basin f fin ]a ,. w r f l'Il1 lll 

Y n la ,. r in lined at an angl of fr 111 t 2 

0 'l'OR'l 'l'R 'I' . 

'I he fold and b) m n im 

bed 

c i1 n, i tnrb­

f th illu trc ti n 

nHuln r a t form nticlina1 an 

ti n · of ·imilar di turban e m y 
Humb Jdt~, 1\·uc1 

rata d' 

·yn linal in n1ini· tur . 

in the cti n x1 

At th t 1 f th 
long th 

i n ho\· n 

on a1 I ar in th rawing, 

it of fin yellowi h ·an in ontort d tr ta r ting n the 

up er lay . Thi d po it c nt in r tal an ro tt -lik ma f 

sel nite, and i idently wat r-laid-not lian a p rhap might be fan-

i d- and from it po ition at the t p of th ti 1 ul n v r have b en 

ubj e to 1 r ur or mechanical di turbance. The c nt rti 1 

ing of the thin beets of and comr o, ing thi epo it c re r nd r 

cially di tinct, "hen en in · ti n th pr . ence of ir n- tain d line 

and band , which indicate chara e:1: f contortion that car onl b x-

11 ined y a uming th t tb ed w re d po ite in the irregular f rm 

th . n w pre ent. Similar contorted b d were ob erved in th , ry 

strata of the ~1ono Lake ba in, Calif rni , in a bed of and an pe bl 1 
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in hes hi k, in 1o d n h riz nt 1, dd d ri -mark d 

dg f nd In hi their n- t ined lin 

worn. 

from the 

n in h or n1or in i 

ll fille with 

n In 1 n, ai ln-

in diamet r, th t are 

the 

ll W ll Wet I'-

ont rted I yer r nd lay in e en horizontal beds whi h 

sh w no rumpling, i ntly r of that the di turban e au in th 

f th po it to k I c d tuing the d po iti n of the trata 

t r £ rred t ub · qu nt rn bani al m v ment. The c ndi-

ontort d and w r ac umulated ar ifficult t 

in t n m to h t ken la In 

0'1' atl di turbed by wind and urr nts. Th 

h. 1 the i whi h attri utes the ·cont rtion of n1 rfi ial tr tat th cti n 

fa van ina- gl ier and T unde i eber i ' n t h ,r admi ibl , a the 

r lation f th lak n ·la i r i well kn wn. 'I he a ti n fa m ving 

of a la.k , mi ·ht rhap und r rt in 

n th, an mi ht en tran p rt eb le 

nn in ofE h r d it ; thu f rmin 5 trata 

ex ur n Lak . I i 1m · ible, 

un rn ph n m nc- o r d b any f 
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u 11 lat ral mov n1 ut, a app ar t hav 
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XXIII. n nformability by depo iti u al n , wh r 

ffi }.' 1 te "VIII whi h ill 

imilar bar t r m 

Th m· rl r la 

tan ri · u. uall T 

JOI TJ 

th rti r d t rmin 

iz nt' 1 Ian f h min ti n. In 1nan) 

j intin 0 Lll' f rmin ' t\\ 0 ar pr _,' imat ly 

·t rio·h ancrl · t a h th r. J n fr num 

lwr r1pr 

f nne n£ rma-

Exa.r 1pl f 

n£ rmity, al 
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. f ub-
In , I lat 
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nt t f 

£ 1nd in many 

n weath rin ; 
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b~ n e l, at ' i i ly 1,urate l ] aliti . th j int in qneti n n1cy 1 



ILL TR TI 

tra d tl ]' ntir 

w n w 11-m rk 

l ·in 

pag Thi 

num rou l · litie . 

have Ul the 

t 

n ture 

EOL T UR l . 

UIT of 

f '' ha at 
f j intin 

trata o ur 1n th upper l . 
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u ·, marly clay hat i n 
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d. Th 
imilar 

Bonn 'ill 

·u ion. 51 

( in, he ng1n of which ha 

h I om na 
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F L'l . 

'fw y tern of £ ult have a:ffi ·ted the 1m nt f L~ k Lah ntan · 

the fir t i f wid xtent nd due to a recent movem 

line of di pia em nt which e origin t th tru f he 

r o-i n · th 

· n l in c futur 
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ra · d I h ir h;. 

a. 1 
w. 

thi ' X-

Ill} 1 ra l a,n Lnl1ontan n at 

full n rd r of l rami l 

The upward bend of th ·trata n th h aved f thi fault rna 

p rhap: 1 e a· nnt £ r a · ·nmu th· th di la m 

1 ubl m r n . unn th fir t, h k t h 1 f f h ' pl·:tn f 

a it app al" in th figur , \i\ thro" n bl k · it · d ' nwar<l 

nt ·au ed th n 1 f the tn ta of ' hi h it i · 
ward a i 

m 

liacPram abo · 
th pla,n 

th 

mmon in imilar di pla m nt in ] 

Th ;:. f:- ul iug 

< ratifi d 

'Ul I'll d 
of ro ion long the urfac 

n th r illu ·tr·lti f th m1n r li . 1 la n e1 t th· t c ur in th 

Lah nt.an · im nt · i · T\J n n l>]at XXIII, Fig. A, whi hi · rem rkabl 
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F EOLO CAL TR CT RE. 16 

f the k ut out y th 

f a r air a i ·hown in th 

horiz ntal al 

b erved in th 

Feet 

d ubi di I ati n · thi 

foil wino' figur , "hi h j 

, nd r pre ent with c n­

an n wall. 

0 ' JO )0 oW 00 80 100 

F1r. . ~G.-F .. ull . iu huu. tr:d ·lay,. , ll uUJuuldL ·ariVu, X · vttda. 

Thi 

up} r la 

c1 . rt. 

ti n i1 eluu , th upper 1 rti n f th m ·di al n'~' fl' I , th , 
an t h u be ··ri · l umulnti n forruin , th nrfa e f th , 

II. th ' all: of th ~7\T, lk r l i .tw n and 

' hi h h ,ar th ~ l a u tr < l 

n f th i tl 
XVIII. 

ip trat 

i u t th d p ition f th up1 r la ~. an 

,l a umulat d. In th Iatt r 
UlT d aft r th la. t ri f tb ( nci 1 t 1 k 

. Th in Jinati 1 f 
th 

n 

n t th ·tra ti fi 
dt: L( k n r Ya a. 

Th fault. n ti 111 th . I r b n nl y b tu di d 

t c van tag '"' h n fr h ' ti n are xp n in 
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in . tan th ir pr n c in , th f 

'lh Xl f f: ult · ·h ' 1'111 un , 

a n. 

ar un 

n hi ll 

n-

h tr 111 -

rba 

and c r n ·w 

t rna be that th ntr tion pr 

xr 1 n tion f th faulting nd j in in 

in ()' f h terog n ou tratifi d be 1nu t r ult in f 

the f th lC-

ati n f n u I rti n 

stre ". 

h n jn 

th r lati n of cau 

TRUCTURE OF TERR 

While de cribing the formati n f t rr it 'V < h wn 

that he lo e materi l occurrin n lak h r m tin1 

y UlT nt and de ited a t form < horiz ntal h lf 

t 1 carp on the lakeward lop . ' ing to th mod 
the tructur f u h r el- uilt t rra 

h ract rized by obliqu tratifi ation 

ular, ut a a 

p cially on it lak war 
1 ar in, ·t,nd abounds in xample 

from cumul ti n of b wl er , 

tbrou h all l r e of comminuti 

u u 11 f a h r g n ou 

It terial vari 

metime ' tw r three £ t in di m ter 

n t the fine t f ilt an marl, nd i 

nt on th natur f tb rock 
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£ rmin th lak 

a.re h ' n in th 1 1. 

When a h re current bearin<Y 

y a i1npl in t nee n pag 

m nt, which is incr a d by 

trat at it end n al n5 it 

m bankm nt h ul ho' , n f mor 

tion. 

f c ui}t IT 

illu tra 

1-

ON £01\fERATE AND BRE IA . 

In roan ' f th b r an t lT d n thi rep r th 
wbi l i firmly m int , 

lak , 
h , 

at d int a firm c n-

Wl' 

f 

vid n 1 ,. 

Alth ugh the 

n , et it i ufficiently c n olidated t a qun· a 

nat 

fr n1 t.h , a rati 

f the nd that i w h d r it an(l 

imilar n-

e till in proc f £ rm ti n wer 

nd M n 1 k 

rat , and fr -

at rial i · < ·nmulated m t 

the d it. Th 

f l1u i l l pe appar­

r lating ,. at r and th c n. ,-
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qu nt d p iti n f th alt m nt and 

a l 0 d 'bri mp , n or hr ccia. 

Suba"rial d po it f hi n Ul' ar m n tbr u5 hout th rid r O'i n f 

th ar Wet. 
00 ITI A D. 

'l'he pre en f ooli 1 nd n h h r f P rami Lak ha alr ad y 

b u r ferred t in ti n " ith the get ntl d ripti n f the l k . 

Thi material is vidently n w f rn1ing, nd in pia ha b e 

a ompact oolite by th ep iti n fa a t rb n 
tl grain , and form irr 'Ul r layer everal inch ii thickn 

lal eward at a low angl . 'I h olitic grain~ mp inn th 

re frequently a quart r of an inch r m r in diamet r, an w uld, r -

hap , m re prop rly be d ignated a pi olit . Wh n Xc tr 111 d in hin 

ection under the microscop b mad up f alar 
number of con entric lay r f al ium arb nat urroun 1ng a par i ] 

of and or other for ign b dy whi . h furni bed th riginal nucleu . 'l h 

ph rical f rm of th grain nd th uni£ rm thi 1 n f th c nc ntri 

layers evidently in icat that th k 1 el were in m ti n durino· the l w 

depo ition of the concentric h ll f which they are principally omp 

oli ti and ccur al o at a number f localitie near the ba e of the d u­

dri ic tufa, thus indicating that the condition nece ary for the forn1a.ti n 

of a depo it of this nature were then prevalenr ~hroughout the entire ar a 

overed by Lake Lahontan. That the chemi. ,r,l onditions favoring th 

£ rmation of oolitic sand ary throu~h wide limit is hown by the fc 

that they are now forming both in yrami Lake and in Great Salt L k . 

'rhe former contain le than half of on per cent. f oHd. in ~ oluti n 

while the latter has· varied from over twenty-two t ab ut thirteen per cent. 

during the past twenty years.52 

SURF ACE MARK! G . 

The urfaces of la~ustrine deposit when laid bare and ubject to de -

iccation become covered with a net-w rk of brinkage cracks and are not 

infrequently impre sed with the foot-print of animal ometimes, too, the 

62 See table of a na l 
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muddy urface are pitted by falling rain-drop r cover d with ripple mark . 

Wh n th water a ain co r uch an ar a, ll the re or may b n al d 
b n · th u erimp d strata and thu pre r d for an indefinite 1m . 

Th are, in fa t, a well uited to bee me £ iliz d a the r rd of a 

imilar n ture so mmon among the Tria ic rock of the Atlantic lope. 

Th marl ing in ribed on th urface . of lake beds are id. n i al with many 

r that are e on he s nd and rnud long th h re, an if 

~ ,' iliz , would 1n th m I e give no indicati n f the hara t r f th 
wat r- d y n th order of which they were formed. 

OLOR 0~' LAC TRAL 1 DIME T . 

-i r m th tud of the rr ria i ld R d and ' tone, < n ther £ rma-

ur p ,53 rofe ' r amsa) wa l d to th c n l . i n that edi-

111 u u 1l ir n- tained. Th 

had lak d p , it 
b 

fir n. 

pre en f ir n, "bile me e 

h ve a y II wi h lor. '1 he £ atur ', h w r, are in n, pi -

uou and do not affect the tatem nt that th . ed'iment in qu ti n ar a 

t tal x · pti n to the rule referr d to ab ve. 
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q u n t d p i ti on f th l t m nt and 

·o b nge a I m1 n 'lorr r e or hr ccia. 

Suba"ri al d po it f thi n ture ar n thr ugh ut th rid r of 

the ar Wet. 
OOLITI ND. 

The pre enc f ooli i an f Tl'c mi Lak ha lr ady 

b u r ferred to in ripti n of the lak . 

t 

a mpact o lit by th n 
the grain , and form irr gul· r layer everal ii ch 

I 1 eward at a low angl . rl h oliti grain 

are frequently a quarter of all in h r m r in woul , p r -

hap , more properly be d ignat d a i olit . Xc m1n d in thin 

ection under the n1icro cop ach grain i . b m d up f a lar 

number of con ntric layer of al ium arb n ar i 1 

of and or other for ign body whi . h furni h d th ri inal nucleu . rl h 

ph rical f rm of the grain ancl th uni£ rm tl i kn f th nc ntri 

layers evidently in icate that th k rnel were in m ti n durin , the I w 

d po iti n of the concentric hell of '''hich the} are principally comp d. 

olitic and occur al o at a number f localitie near the ba e of the d n-

driti tufa, thu indicating th t the condition nece ary £ r the forn1ati n 

of a depo it of this nature were then prevalenr +.hr ughout the entire area 

· vered by Lake Lahontan. That the chemi'. ,tl onditions favoring th 

formation of oolitic sands ry through wide 1imit is hown by the fa t 

that they are now forming both in yramid Lak and in Great Salt L k . 

The former contains le than half of on per cent. f olid. in luti n 

while the latter has varied from over twenty- w t about thirtee per cent. 
during the past twenty years.52 

SURF ACE M.ARKI G . 

The urfaces of la~u trine deposits when laid bare and ubject to de -

iccation become covered with a net-w rk of hrinkage cracks and are not 

infrequently impre sed with the foot-print of nimal ometimes, too, the 

r;'l See table of aualy 
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. 
muddy urface ar pitted y falling rain-drop or c ' red with ripple mark . 

Wh n the water · gain co er such an ar a, all the e r ord may b n eal d 

n th uperimp d tratc and thu pre r ed £ r an indefi ite tim . 

'"fh ar ., in fa t, well uited to become £ iliz d a th r rd of 

in1ilar nature so corr1n1on am ng the Tria ic ro k of the Atl ntic 1 pe. 

The me rking in ribed on the urface flak b ds are id. n i al wi b man 

r ord that are r de n the sands nd mud along the c an' h r , an if 

~ . iliz cl, would in th m 1 e gi' e n indication f tl e har ct r f th 

wat r-body n th b rder f which they were formed. 

COLOR 0~' LAC TRAL EDDiE T . 
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dn t pre enc f ir n, "hile me e 

d cri r have 11 wi h c lor. 'I h e £ ture , h w r, are inc n~ pi -

u u and do n t affect the tatem nt that th d'1tn nt in qu ti n ar a 

t tal x ept.i n to the rule referr l to ab ve. 
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h mi al qu 

h w f: r u r 

a b 
Th 

th ' a r-1i ._ 

tn r humi 

f th lith id t l'l'cl 

it ' W e t ,x a at <t 
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ee 

n whi h 

th t th 

fir t filling 

rli r high-

f Qu t r­

fr m arid t 

th 1 

nabl 

th t 

r -

mall r 

tructur tm·-lin . 

u ulati e evi ence of thi natur that th 1 ke lin6 re t th 

h riz n f th lithoid terr e £ r a mu h 1 n er time than at th hi0 h r 

l v 1 . Th lithoid t rra e and th Lahontan ea h thu' r rd t.w 

ind p dent high-w t r tage . Th flu tuati n of th lak durin · th 

int r al b t-v n the f rmati n f h wat r-line ann t d t rrnit <l 
fr m tb hy i al r c r re n t difficult t k tch, at 1 t in 

ou line, when th tufa that w re r ipit ted from th wat r f th lal · 

ar . 'I urning t he tratified bed accumulated in th lak ~ 

, ' ith a tin1 
a· a tl1 

f Lah nt<: 

n f£ byawi ly-

1. ' hi h 
it d in ball w water. f tw lake 

f all th . 

£ rm ti n d it,· 
' dir l nt · ma} lTelated in tim with the f rmati n f th 
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CHAPTER V. 

CH MI AL HI 'I' R 1 L :F E LAH TAN. 

SEOTI N 1.- EMJ T OP AT H.AL 'vVAT 1RS. 

The inv , ti 'ation hi tor f 1ak r1y b gin 

with th tud f th m t ri 

Lak ar fi 11 rl t m _, t n t 

tributar tr am an 

we should l k t tb hann 1 
m tt r which ll lak ontain. d 

by the i 1· tion of por i n f ea water, or rn y c ur d f lt r 

ther ea ily lub1e ro ks · but u h a ar x pti nal n th ir bn r-

ma1 character easily accounted for. 

RIVER WATER. 

Even rain water and fre h1y fall n n w are not ab olut 1 pur , but 

u uaJly tain some rganic and alin matt r, t g th r with n1 ·. 

a i , ni r g n, an1m nia, hl rine, t . whi h have n di 1 d during 

th ir pa age thr ugh the atmo ph r . In an arid regi n, lik th Gr at 

Ba in, wh re the i1 is mm n1y alka.line, and it urfa fr qu ntly at 
v r lG r ar with line ffiorescen e th dust th t i arri tl 1 io-h in 

the ai r by the wind i richly charged with olub1e 1t whi h r 

: lv by h falling r in thu ren ering it le pur than th m t 

water . f rn re humi region . Rain water on reaching the ear h l . · 

th lu 1 min ral with whi h it com sin c nta t. and m1no 

har d with ·· rb n d.ioxid ( rb ni acid), togeth r with hu anrl 

r n1 acid , and ther rganic produ t , it form uch an nerg ti ol vei'' 
172 
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RI WATER. 

l1 th n in tl1a fall · d 11 t fit ~ wa · ll' tl int h u1fa 

:ink· int h · rth, d in 111 n , ha 

llill > mn 

nal 01 tt l' int 

it lv nt l '" r·ugm n r 1 

hl h 1' u with ' rtaiu ·ub ·tan whi h 

r.7 R 1 rt f th Am ri •:w I nl•li · U alth ion 
MR port nth Mi i i ppi I i \' r p. 1 · A. 
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th ir i " 1\ 
th .) r ·u1t i. 

ll . tb 

ri ·h r 

I 'r 1 Y U IJ \J F L 

u ,h whi .h 

un r u h 

lrainac>· , e ntribut lar uantii 

.-tr · 111 ·. Th · h· :1nt a ti n f u t ITc n 

hara r f 

drainao- . 

a ~ n l thu: 

whi ·h "ill 1 

(po tea p g 221 ). 

T 

In Hlu tr ti f th h mi try f natural wat r we ba 

foll \ in t· le (B) h wino- th iti n f 
ri n wi h rr 

lv y wat r. 

ll 
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tu-

f 

c m1 il d the 

b t r kn wn 

A, th re ter m riean '! rin , and rt i n w 

ri hne f ubterranean water v r . ufac tr am i · at nee apparent. 



TABLE A .-Analyses of Antel'ican 1"iver toatera. 

[Reduced to parts per 1,000 by Dr. H. J. Von Hocsen .] 

Nnmo of river . .•• ••••• •.••• ••. ..•...• .. ......... • .. . . . .. Boa t· .. . .. .. . 

Collected at...... .. .... . . . ....... .. . . . . . . . . . . . . . . . . . . . . . . E v n n s to rr, 
Wy. 

Croton ..... ··I Cumberlaurl, 

R e e t-voir,N .Y R~s~n·oir nt 

~~~~~ -vill , 

Delaware .. .. . Hudson, N.Y. 

n n-o ir nt 
·rrunton, N. 
J. 

Dnt o .... .. .• . . •..••.•....• . •.... .... .•..• . • ••••.. . .• . .... Dac. , 1 73 . . l . ... .... . . ···· · · ··· · · · · ·· · ·· ···· · ····· ·· · · · ····· ······ · ··· 

A.nal y. t .... .. . ...... . . . ............. .... ..... . ........ . . 
l ()forouco .•...•. . .•........ .. ....•... · • . .... . • ....... . .. 

F . ·w . Clarke 
Hnlh• tiu~u. 

U. l· .S.G eul. 
Sutn.:y, p. 
30. 

~odium , Na .•• ••• •. .• . . . .•. • . . . . . . . . . . . . . . . . . . . . • .• . . . . • . . 0082 

P otassium, K .••••. . .. ..••.. .. ....•.... . .. .. . . • · ... . ..... . .... ...... . . 

Calcium, Ca .... . .. .... ... . ..................... . .. .. . . . . . . 0~32 

~fn.gn cS5inm , ~l g ..................... .. ...... . . . . .. .. . . .. . . 0125 

Chlorin e, Cl .•...• ... ... ......... .... ..... . . . .. . .... .... , . • 001 0 

Carbonic nchl, COa.... .. ...... . . ... . . . . . . . . . . . .. • .. . . . .. . t. 00 ~ 

Sulphnrio acid , SO• ....... .... . . .. ..... . . . .... .. . · .. · · · · · . 01 05 

E . \ Vall Pr .... N". T . Lupton . IT. \V urt1. 
Wnt.·r ~upply m. Chcmi~t. Goo\. of X. J. , 
of l'i c w York Ju ly 16, 18i0, JMOS, p . 70~. 
City, 1 1. p. 16. 

•. 00208 

. 00154 

. 00005 

. 00336 

. 00213 

•. 02248 

.00441 

. 01032 

• 00050 

. 020 7 

• 002 0 

• 00299 

• 05727 

• 00563 

'000i2 

. 00178 

• 0110·1 

• 004~5 

• 00121 

• 02552 

. 00175 

Phosphoric acid, ll PO . . ... .. . .. .... .. .... . .. .. ... .. · .. · · .. .. · · · · · · · .. · · .. · · · • 00172 

Nitricncicl , NO, . . ..... . ..... . . . ......... . . . .. ... . . .. . . . .. ------· · · ·· : .. 

"ilica. iO. . ...... . .. .... ...... . ....... . ....... .. ... ..... . . 0070 . 03360 

. 00511 

Trace . 

Aln min(>, AI.Oa . ........ .. . . .... . ...... . . . · ... _ .. .. . ............. · · ···· . .. . ......... ... . . .... .... ..... ~ 

esqnio1< itlo of ir o, F .o, ..... ... .... ....... .... ....... . ............... .. .... ... .. ...... ... · ..... ..... 5 

• 00 ' 2 

• 00047 

C::. 1•' . Chand lor 
l ' ut.li c ll enltli 

P a p t-s, Vol. 
I , Am. Pub. 
lieal th A.ss. 

• 00243 

. 00058 

. 02220 

. 00465 

. 00:081 

• 07278 

. 01257 

Jalll os · · · ...... . ··I Los A n~:ol s . .. . .. Mnume , Oh io .. l.Ilss i •ippi ... • . 

Rto~nnoud \Vat r TI.nlmut nt Los .•• . •• ..••. •••... . H.rd •ilnt; oity 
W orks, Va.. Augcl )s. 'al. wntor works, 

Oct . 24, 1876, afl or 
li !.! ht rnin. 

\\". II. T ny lo ll" . . . . 
An n. R pl. Boa1· l 

o£ H eallli , ]{ icb­
moud, Va., 1 76. 

. 002H 

. 00251 

. 01 2 I 

. oo:177 

. 00105 

. 02954 

. o. 30.1 

Traco . 

• 00~31 

opt. 8, 187 

\V . • J .• Jones .. .. . .. C. l ' . Chnntl ler .. 
] {Opt. Cn l. tn! e Rnpt. o f J"ul c•lo 

Jlnnrrl U altb, Water W orks, 
187 . 1 1. 

. 02968 

...... ......... . . ... , 
. 01750 

• 02007 

. 01 044 

• 00162 

. 00300 

. 026~5 

. 00-143 

. 00250 

• 04-l~S 

Nuw Orlcnus. 

W .. J. ,ToneR .... 
Rq>t.. La. "t. 

J\ 0"' r<l 0 f 
J:l.c,tlth , 1 r2, p . 
3iv. 

. 0310 

. 0372 

. 04 80 

. 0383 

quiox id of iron nnd :tlnmina., F e.01 and Al ,O• ..... . ... ... .... ... . . 00078 . 006i! . .. ... ... . ... .. . . 00120 ............ ... . .. .. 

Ot tn wa . .. . . . ... l'assaic.. ..... Rio Gran1l e, 
del N orte. 

St. nn's Lock, 4 miles abo~e Fort Crail!, 
.1\iontrenl, Can. Newru·k, N. New Mexico. 

J . 

Sacramento ... St. Lawrence . . Humboldt ... . Truckee ..... . Walker . .... .. Jordan ... .... . , Mohawk . ... .. Genes e. 

B yurnnt. Sac- S. side, Point Batt! e Mt. , Lake T:thoe, M n.•on Vnlloy, Utah Lake ... . Utica., N .Y .. . Roche tm·, N. 
rrmH·nto,t:al. d st:nbcad es. Nev. Nev. Nev. Y. 

Mn•·· 9, 1854 ..... 1851 . ..... .... . 1873 .. ..... .... Sep t ., 1878 . .. . Unr. 90,1863 .. D ec., 1 72 .... Oct .. , 1 72 . ... . Oct., 1872 ... .. Nov., 1873 ......... ...... .. ... .. ........ . . .... · 

1' . . Hnnt . .. . .. E. T _ Rorsforcl 
Ocol of Canada, Geol. oF N. J., 

1 63, p. 567. 1808, p. 703. 

• 00239 

. 001~9 

. 00992 

• 00161 

• 00076 

. 02255 

. 02357 

. 00163 

. 01459 

. 00404 

• 03192 

. 02634 

0. Loow ..... . 
U. S. Goo~. 

Survey west 
100th M., 
Vol. Ill, p. 
576. 

• 03220 

. 00063 

• 01 633 

• 001 23 

• 03004 

. 01025 

. 04700 

Fai nt trace. 

Trace . 

W. J . J ones . . T. . Hnut .. . . T . M. Chatnrd . F. W . Clarke. F. W. C1nrko. F. W. Clarke ·I g. F. Ch an•ller C. F. C hnn•ll r. 
R e. p Cn l. S tnto G ol. o f Cana- Ante, p . 41 ... . Ante, p. 42 . .. . Ante, p. 46 . .. Bnllotin Ko. n, Juhnson 's Cy- J hn sou'~ Cr· 
Jloard Heal th , <In. 1863, p . U .. . Geol. clopedia,Vol. doped in, Vol. 
1 i . 567. Surv., p . 29. I V. l V. 

• 00200 

• 01279 

• 001 21 

. 00887 

. 00397 

• 01794 

• 00513 

. 00115 

. 03233 

.0Ni85 

• 00242 

• 008.16 

. 00831 

'l'race . 

. 0467 

. 01 00 

• 0489 

. 0124 

. 0075 

t. 1544 

. 0477 

.0079 

• 0033 

.0093 

• 0030 

• 0023 

t .028"7 

• 0054. 

. 6318 

Trnce • 

• 0228 

• 0038 

• 0131 

I. 0576 

. 0284 

• 0178 

. 0558 

• 0186 

• 0124 

. 0608 

• 1SOG 

. 0036 

. 0000 

.0318 

. 0069 

. 0023 

.0569 

• 0187 

.0044 

.0023 

.04 17 

. 00896 

• 0024 

.OMG 

• 0431 

( Tr. c. . 031Gi . 03700 . 0326 . 01 37 • 0225 • 0100 . 0067 .0014 

. 0:3 12 t ... ·~·~·~-~~· ... .......... ---~~:~~ - ..... ~~~C-~ ... .. .. .. .. ..... ~~~~~ - :::::::: :: :::::: :::::::::::::::: : ::::::::::: :::: ::::: : :::::::::: :::::: : :: :::::: : 

. 0013 .0014 

squioxidcs o f iron a nd mao"an 

Carbonate of iron nn<l mruJi("nn 

e , F c,O. and i\fntOa . . . 

F cCO, and MuCOa . . . :::::::::::::: :::::::::::::::: :::::::::::::::: :::::::::::::::: ::::::::::::: :: : ...... ...... ---~~~~~ - ..... .. ... ..... ~~,;~~ "!: : :: :::::::::::::: ::::::::::: ::::::: :·:: :::::::::::::: :: :::::::::: :::: :::::::: :: :: :::: ......... :~;~~~-
Ox:ldo of iron , F 0 . ... ... ... .......... ....... .. .. · · .. · .. . · · .... · · .... · · . .... · ......... · .. .. · · · .. · ... . · · ..... · ..... · · .. · · ........ · · · .. · · .. ................... ...... . ... . ... . ... . . . . .. ....... .. ....... . . 

Oxide of man ~ran o, MuO .. .... ............. . ....... · .. · .... · · .. · · .. · · . ........ · .. · .. · · · ..... · · .. • .. · · Traco. 

T1·nc. 'l' •·nco . 

Tra.<·o. 

Trnc. 

Trace. 

Hydrogen in bi ().'\rbou nt s , ll . . . ............. .... ....... · · · .. · .. .. · · · · · · .... · .. .. · · .. · · .. .... .. · .. · .... · .. · .. · .. · .. · · · · . 00121 ... ...... . ...... .. . .. - . .. ....... . ..... - - .. . ... - ... . ...... . ... ......... . .. . . . - .. . ..... - ..... -- .. . . -- .... . .... . ... .... ...... ... ·· · - · · .. ... .... ........ . . ..... . -- ... .. . ---.- .... . · ·---·- ·-· ... . . . . . ........... .. ... . --· .. ..... . - -- ... . ·----- . ......... . . --- ... ........... . ··- .... . .. ... ··- . ..... . ........ ... . . 

Chloride a.nd sulph ate of od ium , N aCl nnrl NaSOJ ......... ... ........... ...... · ..... . · .... · · .. . .. • .. · · ...... ... .. • .. · . .......... · · .. · · ........ · · · · ..... · · · · · · ... .... · .. · .... · .. · · · .. · · · .. · ·· · · · · ·· .. ... · · ·· · · ... · · .. .. · · · · · · · · · · · · · ........... .... · · · · · · · ..... . • .. . • 024 31 · ·· · ..... ..... · · · ... · · ...... · · · · · · · · · · ......... · · · · .. · · .... · · · · · · · · · · · ...... · · · · . .............. · ... · .......... .. 

{ 5 . 00001 . ...... .. .. . ..... .. . .... .. ........... . ... ............... ... ....... . . ..... . .... . ... .... . . . . T t·ace. . ........ . ..................... ...... . . ...... ..... ! ...... ...... ; ·· · . .. .... ...... . ................................. . .......... . ... .. 

~::n~:i:n:~ :::::::::::::::::::::::::::::::::::::::::: :::::::::::::: ... ...... : ~~:~~- ......... : ~~~~~ - 5 ·01087 
{ .. ....... ~~~~ - . 00299 . ............ . . .. ... .o~vo .-.. .. . ........... ............ .. .... ........ .... ... . . 01 392 . . ... . .......... ............... . . ............... .... . .... ... .... ...... .. ........ .. ........ . .... . .0234 .o2so 

Cttbona.tes a_nc] snlphn.tes of, Nn., K and Mg . ... . . . ... . ---· ···· ·· · -- · · · · · · ····· ···· ·· ···· . ....... .. ....... · ··· ....... . . .. . ··· -- · ····· .......... . .......... ........ .. .... . ..... . . .. .. . ... . ........ ... . ..... .0154 .. .......... . .... ... .. ... ............. .. ..... .... .. .. ............ ..... ..... . ................. . ... ................. . .............. . .... .. ......... . . .. : . ... .... .... . ........... . .. . 

• 08433 1 . 13786 . 067951 .14238 1 • 072~6 • 24475 1 . 10971 1 .1699 1 • 00116 . 13267 1 .15760 1 . 11 4R4 1 . 1G0f>5 1 . 3615 1 . 0730 .1 800 1 . 3060 1 .1 525 1 . 10526 

• A.lkaline carbonates coo sid red as sodium carbonates. I Carbonic nci<l l>y <lilferen ce. 





1 'AH LE n.- A nai!J I1 (' ~ of A 11/~:l'iClll/ 8JII'PI{J1Nl/r)'IJ, 

( H.t·dtll 'l' tl to pnrts pf'r· 1.000 J,y Dr·. If. .f. Vau Il oest' ll.] 

\Vn.tt' T!i .. . . · · · · · · •• 

Location . 

Dnto . . 
Aru1lysr 

Artesian ·wdl .A rtesin1r w e 1 I, 
''Ciacior nJIOllt 
iu~ splin~ ." 

LPxington, J(y. :-):tratOI{:l, :sf Y .. 

AJ·lt · ~i:tn 1\CII."' 

::5 h c• h o y ~n u , 
\Vi'l . 

......... ------ l l f\72 ........ .... . l l~l'h . , 11<7() ... 
R l>eters. . .. F. A. Cait'll>l :rnd C. 1·'. ('Jranlll r. 

C. 1•'. UharHllt.H'. 

H\, fbl'(lTJ('CH .. .. .... Kv.c:e.,l.Su"·, A 111. Chemist,, Arn . ( ' lrt' llli st , 

I 
N .S ., Vol. V, I Nov., 1872, p., Ji!7fi, p 370. 
p . l i!9. 164 . 

St1tlinrn, Nn .. . .. .. .. . .. .. .. . . . j . 0!!227 

.Potn!lsi um, K . ... .. ...... : ..... .... . OO!ll!l 

; akium , Crt .. . .. .. . . . .. .. .. . .. . . 02130 

:!\fnguesltlm, ,\l~ . .. . .. . .. . .. . . . . 01805 

4. 7204 

. 3580() 

. ().10.io I 

. 5:J470 

2. 039 

. 12~;) 

I . 0739 

. _:!52 

~~ ll IIi I 0 II I 01,a1 StH·in~ Sulplnu· Spr iuj.! Hot Spriul-{ . Hot S111 in)!. .. H1Jili11gSpr iug . '\V:rnu Spr in~ . 
Sp ri11 ~. , I 

;\lanitou, Cui Yt· I'O\\,tOJl(' Los A Jr gPit •s, IJot Sp. Slatinn , \\'nrd '~; Hau£'h , 
Natiounl J':rr·k . Cui. G. J'. R H. . hn!le uf(; tall -

it o nil s., x .. , .. 

(i~l:: ;,: ·l :o;·~~.: .. rr.· r;~,j·;,;:lll 
. .. ·o~~:~ ~: i~~~~ : ·:I -r: ·if .. cil;{t~;r:li .' h·: ·-M. (; i,a·, -~~~:<1. 

r. S. G. s. \\'. u.S. Gc•ol. tlll<l An. HPp. u. s. j Ante,p. 40 .. I 
IOOt.lr ~1. . Vol. I (;t ·og. H~tt 'Yl'.Y G .S. W.100lh 
III, p. Gl R. 1 fd. , Wyo.'J'e r. , M., 187G, p . 

1 H7H, 11· 393. 195. 

. l:ilfil 

. o:;m;u 

. 141llU 

. O~•HGO 

. 41iJ :, 

... 
. 03-14 

·· · ···-···· 

. ""' I Trn<'t'. 

~ . GOOilOt l 

. 7i43 

. OQG!l 

. 0305 

. outo 

tit>, v. r,:l .. 

. :1554 1 

. 01!11 I 

. o:J07 

. oo:14 

Slrnfl'or ' t~ H.' l'lt. 
l lonoy Lnh 
Vallt·y, C:o~l. 

T-. \ 1·. ·c i,~-~ ~ ~,-.i ; 

AI~Vl 'f). iii . .. 

. 3040 

. 00!14 

. 0121 

. •004 

\\'nrm Spring 
Sta. , 13.&B 
H. I ) J OliO B~ 
f!in. 

T . 'M. Chatnnl. 

Bulll'tin Xo. 0, 
l ". H. li1·111. 
St!I'V f•y , p . 27. 

. Gll6 

. I1G:lo 

051:!9 

. 0001 
Bar·iurn , f3n .......... . ..... ... . . .. . .. .. ... .. ..... . 

St ro11tinrn, St ...... . . . . .. . . . . .. .. . '!'fnoc.t 
Lithitllll , Li . ... . . . . . . . . . .. . .. .... .. Trace. 

. 01 

. 000!;7 

. 01078 

. 00341 

'"""·~., ;~;. I 
'l'rarr. 
'l'rnl'l'. 
Tt·:rc•e. 

·:·.·::•: J•:·.•,: : •.• r:.:·: ····· Iron , Fu ......... ................. , Trnce.§ 
Manganl'sO, 1\111 .. •.• .. ... . . . ... .. .... 

; JrJorinr , (;l . .. ..... ............ .. 

Brornirll', Br .. ..... . .... . ...... ... . 

Iorlint•, I ....... . .. ........... .. 

FlrJOl·int•, Fl .. ..... . ... .... ..... .. . 
arbo11i1· nc-itl, C03 .... ....... . .. 

Snlplnrr·ir :witl , S04 ••••• •..• ••••••• 

Phos phorie acid, llPOr . ........ . 
llom<;ic n<'ill, Br07 • .••. •••• ••••••• 

. 07405 

. 12100 

. 0:1:~18 

Traro. 

Alnrninn , Al·;(}J ............ . . ..... ....... . . .... ... . 

Silien , SiCh ...... .... .............. 
1 

• 00040 

Tiydrogc n in bir:u ·bonn.tcs, rr ... .. ....... .... .... . 
Orga11 ic Rn hstnJH't'R . . . . . . . . . . . . . . . TracE:\. 

Oxygc·n, 0 .. .... •...... .. .... .. .. .. ...... . ..... . ... 

7. 47400 

. 04001 

. 00060 

Trace.*" 
.'i. 82003 

. 00234 

. 00005 

Traco. 

. 00770 

. 01174 

. 00713 

Tmrr. 

. 0027 Tr·:wl'. II 

. 0009 

4. 2730 

. 0025 

Tmrr. 

• 170:! 

2. 031 

. 0004 

Tr·nrc. 
. 0022 

. 0080 

. 0030 

Tr·aco. 

. ~4850 

l. 1 LOU I 

. 206flli 

. 020 10 

. 7491l 

. 032G 

. 7G80 

.:::::· :: :::: ::: 1: ::::::::::: ·:: 

Tr:wo.,f . !)097 . 2.100 . 227 .. 

. v3510 . . . . . . . . . .. .. . . 'l'nW~! . 1
• • .... .. .. • • • .. • 5787 

·• ..• 10140 . :lG.'i:i ~ .3Htll
1 

.3402 .3131 
Irnc o. . ..... .. .. .•.. . ... . .......... . . ........... . -- ... . --. --- · · ·· ··· 

.. --,1:,:;;,:_ ....... .. ...... · ~;~ ; ~ :::::::: ::: :: :·1 :::::: ::::::.::: .......... ·.· ~~;~ 
TraCtl. . 27AA . 1136 . 1310 . 1220 

.... ...... .. ... ·· ···· · ····· ···· ........... ..... . ····· · ········· · ............ . 
'1' I ll.('l'. • ..•.......• : •. . ~ . . •.. .• : . . :;:r.· . . . . . . . . . . . . . . . I· ...... ... .. · ... :: > 

.. . .. .. . .. .. .. .. . OW-Itt . 11-;,,,tf . OOllOI L . 03-=>11 

1

- ·--j----,-------- ______ _ , ______ , ___ _ 
. :37870 ~ll. 05910 !l. 9814 :!. GOOOO ~- (H(jO . 80G80 ~- 40:~! I. 1X:I4 ] . 0:! 11 I 2. 06~~ 

~:;;:~~::::,:~;;::,~~:"~~. n;~ : :: :: ::: l · .. . ' ·"~' I : ~·- ~ -i < :::: r : :: • •: • • • • •. ln. "~~~~00 . ••; : _ : :: ... • • . . . . .. . ,.,.., 

• ''orrN·tiou for Rnedfit.l ~rn.vit:-, only approx­
imate, as ~ 1wl.'ifie gr·avity was not giYt' ll iu 
m·igi u :J l an :t l)~<·s . 

Face pa£r~ 17G. 

t As carbonn.t!•s. 
t Ail carbouat.o. 
9 as oxide. 

II As •·arbuua.te. 
11 A il sodium l.'llloride. 
•• As tluoritl e of calciulll. 

II Ox Vl{c·u adch·d to l-iiO; to form SiOJ ol 
XaiSiOJ. 

1: Litt·t·:~ of ga..'l thrown oil' per litt-r of water. 





TARLE C.-A.11alyses of the 1valH'8 of inclosed lakes. 

[H tluced to pnrtsp rJ ,OOOby Dr. H. J. Vnn Elousen. ] 

------~~~~~~~~~~~~~--~--~--,---.---~~------~--~--~----~--; 
Locality .. . . . ...... . .. Ab rt Lake, Bogdo Lake ... I Caspian Sea. , Caspia n en, 

SeYil'l' J"nke, I IV n I k o r Orogou. 20 W.S. ~V. of nonr month 
Pi• cbion, nt of t.he Vol-
15 foot ,J,.ptu, ga. 
-.;vind, \\' S \V. 

~1~~:.~: ~~~~~~~:::::: I £,~~~,1:~:~t. :~ii. : i: :::::::: . ~-~1:,~; : ::: ::::: : ri.:~;~;~: :::::: 
Hc.Ici·cnco ..... . . . __ . }'.,u ·th Ann. LnrktGcolog:- Ui:-.t·lwf'~Uhrm - His~ · hof '~ 'lu·m-

Rr-p. U . . ·. iCHll oxplot-a- ic.al Gcolug:y, icnl oc , ! o~y, 
U ol. Sur- t ionofD ead Voi.I,p. U. Vol.l,p. l!U. 
vny, p. •1~. Sea, p. 284. 

Dcncl en, nt l!;ltou Lake. E lton Lnl;e. Elton Lake. G•·• 1\t Salt Great Salt Great alt Humboldt • Lnl, e, och J.nke, 
G56fcet, !J r. . I.ake. Ln.ke. Lnko. Lako. ne:u HH"'· th ... 'lt" Hag· 
tween haS ti.I\\1J , ~cv . , tow n Ne,-
Jo'eschknk nt 1 foot nt; 100 rcet 
n.ud H.:ti-1 ht•Jow s ur- llt'luw sur-

1\JotJo J.nl<e, 
Cnl. , a t I 
fooL be low 
sul'fncc. 

U nniah Lak e 0 ''"" o n 's 
Lal , Cui. 

r,·rnmid 
·.r.nk , t 
1.\'u\ '. 

1nl1. T.nke,; 
Nov. 

'Yinn(lmnf'Cfl Vnu Lake . .. A 1·nl Sen.. 
J ... tliH: , 1\(.' V. 

z rkn. faco. faco. 
1. 0216 J. 23oo 1. 212 1. 170 2. 4 1.102 1. oo1 ...... ..... .. . 1.101 1.101 1. o~. 1. 15;; 1. 051 .. .... ........ 1. oo3 1. oo1 ..... .... .. . .. ........... . 

~far. 20, 1864. ;)Inr.1 5, 1 ~ . :\j,;·il :::::: : ·x;,~·,;~ ·::::: Oduhc<·. ,. . . 1 69 .... .. .. . Ang'. , 11:!73... .. . .. . .. .. .. . .... .. .... . .. . . .. . .... .. . .. .. . Tnly 16. 1~1;:) .... . .. . .. .. A 11!!. , 1R>:? . 1 ~72 .. ....... , epl .. I f~':! ,\n g' .• 1 ~. " . ...... .. . .. . .. ........ .. 
T crr il .. ... Tcrrcil .. .. G .. lJ('! ...... ] ,,.. , 1111111 .... ll.B(>~o.. ... O.D.All~n .. ][ Uns~l'lt .. o . n.AII ··n Gour-1 .. . T . . r. hnlnr<IT. ~f.Ciwtanl'l'. ~l. ( ' hnlalll :RildiCOCk .. O. T, ocw . . . 1" 1\'.CI.III, u . !.new . . l-'.\1' . 'In!!, •. F II' . ln i''C ' hnut:<•nrtois ...... .. 
Lart('t ' eo- J.nttuL Gf"o- ]ii!i c hof' .Hi~chof's J3i.scl ,o f 's . ·. Gu,1L. .t.\.n1cr.(Jiitm- . t._; 1·nl. L :ntl't. \.Po- .&ntt p. 70. A1lU.,p. 7U . .Bullet i'G Nu. 1

1 

Lat teL U •·O· .d pp1·ud ix.r.J .lnle.J-p.57 l · . . . !"a 11·'·· .J 11tt p. 70 . ... lu.tt,7J.GJ. BiR hf)f ' s Hurh ht"'tn-
Io:.::i caiEx- lo!!i<:al.Bx.- 'ho1nicul Cho111ical Gh o1u ical Jo:xpl. 40th 1 t., 174 , l •; xpl 40rh I O_!!Ic.d ~ ·:x- !), . B. lu;.: iNIIE x- L\.1111. .l :c p J mulb . \\ lthl~ 1. , ' j ' hr· rnirul intiGt•OL· 

of De~t <l of D ea d ·vol.l, p. \ ol. 1, J>· Vol.l. ~p.' Vol. II, p. Vol, I, p. o f )} en d "''Y.I>- ~G . of Denrl ~ in~<H.• , 114. Vul. 1, 1'· 4Ufi. 
phln\t ion plorat iuu U olu~y, ~uolog,·, G olu,ry pa-r., 1877, p 395. pa.1., lo/7, pl, orlli HIII I G(•ul.Snr- ploralion j Chit·f l!.u- , I Vul. lll , p. I Uc·olo].!y, OJ!.), Jl · 

"""·.:I "•'·'"· '"""'"'· •ro-oo;. '"'-'~. "'· '"· I "'·'• ' '"" ' · ~\..'.''"· ' "" ----,-- !14. 

~~--~-~-~-~-~-~-.-~-:-::_:_:-: :_;_:1·.-----------~-~---. -. . -.i _-_-_-__ -_-_-_ -~-~-~-~~-.~--·l·.-_-_ -__ -_-_-_ -_1-~-~-~:-~--t:-:-: -::_:_:_: -::_:_:_:~-:-:t_-_-_ -__ -_-_-__ -:-~-~-- -1-.. -.-_.-_-_-::-__ -~-~o-. ' ~~~.~-~ .. ~:~. ·~~:.::: : :~:~·.~.~~. ::: :~··~···~ ~:::~ ·~~·· ··~::~~~~. 1-- ---- ro·~ 1 ... ~·~~ [~·~·:~. ~· ~~~:~ f :::~:··-·~. ·~~- · ·~~. ·:~~. l ~::~-=· ·· .. ~.:.~· ~~~·::~· ~ ·· ····· -~~~~~ ~~~:: 
~·~;L~::·u~~~~r~·:: :: .......... -~~~ 1::~: :~o= : :~:s ::: :~ 2::::: 4~: :: 4:::~: -~.971 45:::" ....... ~~.-~~ - Tl'1lte~:JG 3:~:: a:: ::::7 5:~:: ........... ~;~ ............ ~~~ :::5 2:~~: :~:~::: ::~n~ I 2::~0 I :::2::: :::~: ........... ; ~;~ :::~ 
~:::·~:· LL : ~ I : :::::::::::::::: ''"' . · ··~:;,~.--·· ;,~~ ; ~~ .::::::::.:::: :::::::::::: :· l Tmoo. ::::: :: ::::::: "''' ' :::::::::::: :· : :::::::: ·::::: . . . . ..• . · -- ::. : I .,~, ' I 1 .:::::::::::: .. ... ;;;;;, - ;;~; 
Chlarine, !......... . 8. •1:0 163.344 2.7376 .4:>70 1i. 6'2 126.521 166.~ 10 170. •125 159.4n lGG.S!lO 171.9~6 12-1.45 1 3.9 10 73. 0 . 20:>15 ~~ - --~- ~ .. 41.496 40.206 ....... ~:·.~:~ . ~ ..... ::~·- ·: ~~- ~ ....... : ~·-~:~ . . ..... ~ ... ~ 3~~- .. . . .. : ': .~ ~ ~- .. .. . ·.~ -- ~ ~-~ .!.. .. .. . :~~~~-~- ........ ~--~~~- 3.83 6 

~,:::~~i~::i:l : ·~;: :: ...... . ~-~~~ · .... ...... ... ~: .. Tmc~-132 .......... _·;~~~- Trac~ .. 1
2

6

02

7 '.rrn:~. -~:81 Tra:~_-.:01 Tra:c.:: .. ..... ~3 :: " : ,;~ ,;,~ 1 "":~ ~O :: ;;~ 11 ~::.~~~:: \ · 1:; ~: , :· 14~~::: · ! . · ....... ~ .. ~~; -~ 1 ::~:: -~~:::• ........ ~ .. ~~~ ·"::~~~~ ·~::~:· ::::§ a.::~ 
. ulpuuric a ·id, · , . . . 509 .1!ll! 1. 3372 . 3<09 -. •· • 

:~:,::::.·:~"'· : : I :: :: : : : :::: : :: :::::::::::::· : :: • ••••• • ::::::. : :: :: • ::::::::::::: :: : •••••• ••. ••••• : : oooc• •• •••• • • • ::· :· : _ ! 1 :: 
Boracicncid, n,o,. , ............... ! ......... .... ........ .. ....................... .. .. .. .... .. .... .. .. ................... .. ....... ;.~-;~_.... .. ........... . ..... .... .. .. .............. .......... .... Tra · .. ::::::: :::: :::1 Trn~:2"0 .... .... ..... . ::;~ ::s: :::3 1 

.. .. .. ... .. .. 

Sil ica, SiO. ......... . . 064 .. .. .. .... .. .. .. .. .. .... .... .. .. ...... .... ...... . OOG Trnc.c. T race. .. .... · .. .... · . ....... .. .. .. ....... .... .. . .... .. ....... .... .. .. .... .. .. ... · .... .. · ............ . 

. 0011 T•·n e. 

Trace. Trace. 

'J'mco. 

. 0032 . lGl 

Alumina. A 1,03 .... .... .............. .. . ...... . ...... . ....... . .... . Tmce. Trace. '.rmce. Trace. Trace. 

rr~::::~0:. ~~ - "-i~~-r~. ........ ...... .. .............. .0323 .0062 .... .. .... . .. ...... .... .. .. ..... ........ .. . . ..... ............. .. .... .. .... .... .. .............. . .. . . ............. . ..................... ........ .. ..... .. . .. .... .... . .. .. . . .......................... .... ......... ... ......................... \ ........ ... ............. . ..................................................... . 

---------- · ,-----------,-----, !--;;1, 103 --2r.u.GOO -;;;4. 080 --;~--;2. 20 ~--1-40. 036 ---134.2 ~--~U~ uu --2-Gl.f>:IU --~~--~:l.r.:;I ,- --:n.GJO ~--~~-- 60.507 I--;. 4 8Gl ,--~;4;1--;G0 1 50 ,--~~~~~> ---;;:-;;---1~ 
I 6. 2"'0 1. e~•o 25. 709 192. 153 245.732 - • 27. 3:i7 I 2W. 750 "' "" 

• L oss .04254 carbonic aciu ad<led to amount fou.ud: A ,·era go of two analyses. 
t A.v •·ngo from four analyses. t Avorngc of two nnn.lysca. ~ A• s sqnion ruonntc•. II A s chlodde. 1T A Jl roxido. *"· Ctnbouic acid hy dttl' ·ucc. 
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To illtstrat till fur h r th c mplex hara ·t r f th ~ nun ral rna t r 

in11 r nn tin tim t in li ·ate th ~h 

n '1 nng · t\\ 
nt 

ur ha long 
l'l . t alin ffior · · nee LL-

mule. t in the ir t th nand redi olv ·d 
y th p r · latin , r Ill water: 

Rockbridge Altw~ pring o. 4, Bo kbridge 'ount_,,, V.irginia.oo Linaly e8 by J>rof. l£. N. Hardin. 

[R port d in grains f nnh drous const.itu ot in on U.S. gallon.] 

ConstituE'nt . 

Alumitlllllt ulphnt . .. ..... .. .. ..... ....... . 

aldmH.nlphatt• .. . ... ........... . ...... . .. . 

a~nt· ium ulpbat .. .. . ...... .. ... ......... . 

Potn~;.inm Mtlphal! .... .... ... ......... . .. . 

Ilium sui ph, t .. .... .. .... .... . . . - ... - .. - .-. 
Lithium ulphak ...... . •. . ....... ..... .... 

('uh11 · iut Jw,.. nf !!II" iu !!.tllou ol "ater : 

T •tupt·taturt of .·prin!! 5Ui Faht. 

v n n1 r 

, n d if 

1 J. . [-1~ 

'ollt·<·t<'•l Coli t d 
Juo !l, I 12. Octob l' 25, 187:!. 

0. 00161 

trat• •. 
(1. 79 2 

0. 51":?7 

0. 54:33 

u.u:i '"J:; I 
0. 052:?:i 

J . 99!)05 

0. :!5:!. 

I. SOl '5 

0. 06:!7 

0. 0 76 

0. 017!)(1 

:?. :.3 06 

I. !125111 

O.l<l24b 

0. 10370 

:!. 901:?2 

0. 0 12<~ 

u. ~174 
7:!. :H33!l 

:.?. :H3:!7 

7.:l6JHl 

u. 175 6 

ll. 034h3 

0. 03211 

:l. 06633 

I. 3 346 

n. 14246 

tnu· . 0 05174 

:.?7 U!lU 

nnlth•l JJIIinttl . 

nnt tlt't rmin<'rl. ' 
not tl It rrnin <l. 

trace-. 

trac . 
t ru.c . 

1)4. 837 

l. 00174 

~~- 72 
1.64 
4. 12 

n th·u th 1ven 

n ' at r ar 0 



178 E Ill " lUHY 01• L E L 

n arl T th· t ·dl 1111 ral ma 

l h'Ul. r h r aud 

bt· lll l l - f uri h im 

an It i · t 0 " It p( cl tha a rn r ' ·tnnna 1 n f 

· untr ll1<:1 1 t ur 1 n wl dg 

titu nt f th n.rth. 

0 ~ A "\ ATER . 

r with th ir 1 ad f min r( 1 m tt r i 

·urf<: , u IT n , n nun a 

rrh w 

an r u h f i f( ll 
thu m 1 tin , the 

th an In Inti n 

h ott m and id 

ra , and t nd to in rea 

mineral 

rowth 
r1 h r 

1n r an l tb 

rrq ·ition 

th 

mouth 

th u tan 

th fr m 

'r 

m 

f 

ar the 

Di r -

gar in · th 

po iti01 f 

tan itt1 Htr ·i, .· til, av rag com-

' r · · f ll \\. : 01 

bl ritlt· or. odiuru ...... . .... : . .... . .......... .. ......... . ... . ....... . 77. 7!".>8 

bl ridP frnacrn , ittm ............ . ... . . ................. .... ....... ... 10. 78 
ulphat ofma~nc · in- . . .... ...... ..... . . .... . .......................... . 
nlpbatl oflitlH' ..... ... .... . ........ ..... .... . ... ... ..... . .... .. ..... . . . 
ulpbat r pota. !J .. --- . ...... .... -- .... .... --.. . ....... - .... -- .... - ... 2. 4 '5 

Br mHl ofnt:tcruc inm ·---- · ........ .. . . ....... .... . . . . ..... . . . ... .. . . . . '17 
'arboua eofliwe .......... ........ ••. . . . ... . .. ...... . . .... . .... . ... ..•. 0.345 

To al alt ....... - ................ ......... __ . . . __ .... _ ...... _ . _ . 100. 000 

ta le giving the c mp ition f he w ter , f the cean at many 
b r £ u ed h ref r 



C El\11 TRY OF NAr£UR.A.L ATERS. 17~ 

compcn n. I t w n nl ~ th rage compo iti n of th -\ great bulk 

f the water of th glob but illu rate ne of the m t important a
0 

s 
in th hi t ry f natural waters. 

Compari8on of the ntean.s of a.ll region of the ocean ( Ger>11ULn Ocean, Kattegat, Baltic Medi.ter-ranean, and 
Black ea except d). 

[Expreeeed in parta per thousand.] 

Region. 
1

-Ch-l . olphurio I 
l----:-or_m_e_. l--ac- id_._I- -L-im_ . _ Magneala. All saJ.~. 

The Atlantic b tw n the equator and N. 

lat. 300 - - - - - .. . . · ·· ··· · ··· · · ·· ·· ······ · - · · 20.034 2.a-.8 0. 595 2. 220 36. 253 
The Atlo.ntio betw D N. la t. aoo and a line 

from tb north poi1 t of co tlaud t N W· 

fonnd l:md ... ...... . . . .. . .. . . . .. . .... . . . . 1 19.828 0. 607 2. 201 35. 932 
19.51 2.160 35. 391 
19. 45 35.278 
1 379 2. 64 33. 281 

20. 150 2. 419 2. 203 36. 553 

2. 160 I 35. 038 

18. 670 2. 247 I 0. 557 1 2. 055 33. 68 

I . "'' I 2. 207 0. 503 I "027 1 33. 506 

T~ie; ;•~,::•· n th AI uMo •nd th ~ 19. 495 ' - 7G 0 "71 I 2.156 I 35.219 

The Patacroni n ~l d-wat r unent . .. . .... .. 1 ". 804 2. 215

1 

0. 541 , 2. 0:6 33.966 

Th SoutbPolar !\ ... •.•...•• •..• •.. .•• . ... , _ _2:_~-~~-~~-~~-~ 
M D . ..•.. .... - . . • . . . .• .. - . . . • . . . . . . 1 999 2. 25 0. 556 2. 0 6 I 34. 404 

, ___ - -- - -

19. 376 2. 313 0. 556 
The oce. n b we n Afri ·. 1 Born(: 1 and Ma-

laoca . . . . . . . . . . . . . . . . . . · · . · . · · · · · · · · · · · · 

It i e n l r diffi ult, if n 101{ tai c n a nra rage 

of the c m1 an in al1 Inti tu l an l uta on-

venient appr h m an .4 4 
part· p r th n . :1 n th ( f a r 

nu f hi ·h n rth rn <l.ll hj 

m l in , f the 

wl ether 

th iY n al th linity of 

th rait and of the 

Fr rn 134 analy-
th' hem-

a.l rao· f 7 p l' p r th u and wa ob-
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nut a· ·ntn l 1' eut. a th a. f 

'a.l ium, rna ' lUn l , • I diun1, 
h lll b an 1n 

d d n 

nt · in ' lu i n 

r n, ·ih r, g ll, 
n · , ahuninium 

lll nt nt ril . mr ·iti din 

h ' at r of the n. 

The foll ' ino· ·ompari on ·i ti n f an an n r w · t r · 

1. fr m 1{ th',· h mi al 

number f anal e ·, and 

fi o·Lu n t th an f a lar r 

lid . : 

- - \ --~~i~ l'\~ t ~ , 
e an water. Ri " 1· w t 1·. Ill r gar] to 
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a, b, nud c 
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a. Carl nat 1< 

Thi · h r ' U} fa v ry mpli n f 
han ' n L h and h ffil . 1 r whi h ' 

\ ur wh n ri r wat r ar .· ubj f n· n that 
--- --- --

ag of 'hall n ~-, r , ' h nti try a11d Ph y. i , ol. I , p. 2 1. 
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tak ~ rla oc an. A ho, n in tb arb n t m tl 
, in r r ~ , . li o'h l :- in per 

n1 tb c~h ant t ri ti in 

WATER OF INLAND EAS. 

.h 1 rid 

When riv r. m1 · into ba._, in that he- 11 uti t, h ir wat r. r 

in th .. 111 mann r a in th th th ir n1 ·hani al 

th fillin<Y f h <1 r 

' 11 ] n wn in ari u.' 
p;: rt~· w r1 . ral D ad i 

nntn r oth r .. ·alin h k 1'0-

'J h 1' 0"1 ff 

]', -

ia i ,' "it hout lraina ' t th o an. Tn rth 
Am ri · t h r f a in1ilar natur in u t il t. ·p-

furni h -d by th l\L n · f 
'a ri us int rior 

·alin . matt r. In 

and pr eipit.at i n i. t<: ki1 o· pl·t . 

lak mr ar c1 with th 

'1' ft ilitat 

,· i m i 1 a r w < t rs 

wnt 

1 lll' 

th t th ir n u alin 

that th y w r i lat 

tri 

f 
th 

a. onnt d unnn , 

f a-' c t r whi h h d n hut ff fr 1 
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the g n Yati n f th 1 n . 

m 1 r aban ln 1,. a.ft 1' 

th 

of forme: ti n 1 too b ious to 1ng 

seas. 

UCCES ION OF SALT DE :>O I'l DUPO 

A already en, in l ed lak 

streams, pring , and rain nt 

balanced by e aporation. Thi 

matter must increa . Thi pr 

when the water are atnrated "ith n 

a.lt and pr cipitation commen e . V ry impl 

pro' e that waters of compl x 

ti n, do not d po it their 'alt · in a h m 

lay r or strata of varying om it1 n. . 

salt are depo it aries ~ ith h 

evaporation apt to be i en6 al. 

of the vari u salt up n ach oth r, it i 

natural brines the order in whi h th 

inver ely as the order of their solubilit). 

a large amount of wat r f r i l1ti n, r, in 

0 T 

h· ben 

n t di d, 

int to a ingl 
}') 111 f 

EVA 0 TION. 

fr 1 

ant 

soluble, will reach it p int of at.urati an ut 

a aporation progres e , previou t the d p iti n f a r alt. 

T illu trate, it ha been found tha alcium arb n te r u1r , 0 

tim its weight of water, aturated with carbon di xide, £ r it olution, 

while alcium chloride i very deliquescent and di l in n arly it own 

w ight of water. In inclo ed lake to which tream are ntributing the e 

salt in equal quantities, and in which evaporati n equal r exceeds the 

sn ply f fresh water, it is evident that the calcium carb nate would reach 

it point of saturation and con1mence t parat 1 n e£ r the waters bad 



SALTS DE 0 ITE EV POR TIO . 183 

b c m ri h in l inn1 bl 1id . In fa ~t , owing to it delique nt n re, 

na ural ap ration el ' far en ugh to u e th l r ir itati n 

f h hl rid . The f calcium c rbonat wh n nat-

ure I wet r are evapor t d i r n the more c rtain £ r the r a nth t 

it is by far the m t abun h nt s lt found in surface wat rs. 

rh fac.t th at \ ariou p ited in a regular u 

min ral wat r ap rat ~ , i f great nice in e uring rtnin 11 s 

in c. pur t· t b the m thod f fra tion l cry talliz· ti n. a1 r·:tti llg' 

th nn f ) racu th pr ipita i n f £ rric xid and cal ium ._ ul1 h<lt , 

i fir ·t ur d r m d rate ncentr tion; tLe wat r i , t.h n ndu ·t d to 

vap rati n i on inu until the odium cblorid J ha m stly 

'Ih m th r liqu r, rich in m ()'n ium an 

t wa t . In tl lal 

and . ( 1 lUD1 arbonat ry talUz 

11atuntl n ntrati n f h wat r; wh n a rati n ntinu 
i ti n of dium ulphat an carbonat tak pla e previou 

·r ' , tallization f n1 r alt. 

n n ntr ea water it h b n £ und that cal ium carb nat 

n titu nt to b pr cipitated. Thi al i n t alw ) 

un ' hen th w t r of th ocean ar nal z d, but m 3 u ually b d -

wh n the a ple xa ined i tak n n ar hor . Th qu ntit d li -

r to th an b; the draiuag f the land, m ' to be almo t ex· 1 -

unterbalanc by it nd pl nt . 

fi ftli.· 
f fr 

tur 

Th 

ulpbate and th 

f odium 

a water is 

bout four­

ntain d; af .r a ding 10 per cent. 

tl r Hq n r r maining, it i pa d thr ugh a r fri ·­

] w r d t -1 ° C. The l w tempera-

d t t.-k place b tween the ma ne ium 

dium llorid ; inm ulphat eing d po it and the 
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n1aan s1nm chi rid remaining in .. oluti n. Tl1 l moth r liquor ::-;till r tai11 

· mr C 1Til1l011 .'alt t g' th r with l ta::;~inm hl ri<lc rllH fln~t f th 

btain d b vap rating until th ,' P ifi.<· g-ra\'it r of 1.33 ~~G 0 B.) i,' r aeh 

whi ·h can th ,l J ,ll ' tti n f n <lrl ' <111 th JUlnon .'Hlt ; th r Jn' Llllllg 

liqu r i~ th .n ndn ·t<: cl t .-hall( w Yat ' and all w d to '( ol; t.hi r; cans , 

the pr ipitati n of th ·wbol) of the pota, 1nrn a. th doubl ehlori 1 of 

1 otas iun1 ·1nd 1nagn ium.li4 

Th u ion of h mi al pr jl it t f nn d wh 11 c1. w· ter i · 

f'vaporat d ha, n .· u 111 tlv rib d y ~1. Di uhtfn1t, 1n th P 1 u1· r 

'ci nc Monthl T,05 fi·otu vvhi h w qn t the f llowiu o·: 

Fir an r_y weal' prceipitation oernrs uf {'arlwnntP of liltlt' with a Ira ·p of' !'lfr lltinrn, and of 
hy<lt·ated s qnioxid of iron mingled with a, lio·ltt. pn)portion of' rnnllgn.n • •. Tlw water thc·n onLin­
tte to vaponLt , but r ruainH p rlec·tly li111pid, "ilhout fonui11g any ufh •r dl'po it than tho on I b: v 
m ntioned ill it bas lo. t 0 per f'Pnt. of its OTirriual volunw. It tlll'll lll'~in • to lean• n.n n.lmnd:lut. 
pre ·ipitate of p r£ ct,ly cry talliz<'d nlphatc of lime with t\\'O '''lni,·a.lents of watPr, or gypsum. icl<'ll ­
ti ·al iu geom tric::ll form antl eh rnical t'Olll)lO ·ition with thnt, of tht' g~·psnnl - ll('cl.. Thi . depo it •ou­
tiun suntil the W<Lt rba. lost 11 r cent. 11101'<' of it. origina.l YOlttnw; tht:'ll :!11 prt:'ti]>itntion ce:tHf'H 
Li11 2 perc nt. roor of tll' ,n·icriual quantity of watt'r has evapol'atl'd away. TlwrJ a, rww d 110 it 
beginR not of gy] um hut· of ('hloridP of oclinm or st•a-, all. "' * * 'J'lw d£'J)Osi I io11 of pur or corn ­
m r ial salt continn<'s till tb<' YOlnm of tho '' atrr ha~; lH:'Pn ugain n dn · d by on -half, \Vlwn 11. prC'c·ip­
itntiou ofsulph~Lt ofmngrH•sia heo·i n. to takt' pln.c·C' \\'ith it. This c·oHfillllt", the lwo altH lwin.r de­
po i t.ccl in qnal q uant ilic , till Olliy :~ 1wr ·eu t. of the origi n~li q n, n1 it.\' of watl-'r i le ft. Fiuall,T wh n 
tb water llas be n ·oncC'nf rat ed I o ~ JH'r c n t. rarnall it ' 01· t ll · (lou hi • ch Iori de of pot a · inm a ud ntao·­
nc ium i. d po ited. pont::uwou, aporation annot, O'O much fnrtb r. 11w r Hidnal mothPr-watc•r 
will not dry up at the ordiuar~· temperature v 11 in th bott t r gions of tlrp rrlol><•; it. c·hi(•f ·on. tit­
uent i C'blorid ofrna,CTne inn1. hotly ofsea-wl\tt•r, o , porated naturally, will then l<'n.v a. rriP, of 
flepo:it in wbiclt w will find as w dig down t.h • following 1nineml in ordt'r: d liqtu e nt .·ult8 
induclitw chi fly hloride of magne inru · arnu.llitP, or th don ole clrlori<l( of p ln. . . ittm a.n<1 magtw­
·iunt; nlixecl alts, ir, htding hlorid of odium :tul sulphate' of rn;tgrll'.·i:t;. a-sal, llli:xcd with Htrl ­
),lbat ofmagn. ia· pur sa-salt· pnr rrypsnm; weakd po its of ·arhomttf' of limo with !-lesqnioxidt 
of irou, et . 

The con·e pond nc betw n th . n ce · ~i n of . ·alt.· .C rm <1 L , th . 

,vap ration of 'ea-' at r, e: nJ th , .-u ·e 11 found i1 man ·, alin cl l.H ' it · 

1\ for r ck . fllt, iH f ~::~'1' at int r st, n.utl 110 J u LL 

g ne lB f 1ne alin Jep ·it lt i n t alwa .,. n · 'ary, r, 1n 

th planati n f the pr enc f . alt 1n 1 nticular ba, in , to ( .' ·un1 that 

th depo its omn1 n 1 with j olat d portion. of ea-wat r. n-

trary the stuuy of in l ed ba. in , indic te, that d po ·it f thi natur 

m time re ult fr m th l ng c ntinued on ntrati n f ordinary river­

waters. The pre enc of lt r fre. h water 1n 1lu 1 . a· , ciated with aline 

EH Rep rt of Jnrie : Int rnational Exhibition, 1 6 , Cia. li, l'P· 4 54. 

6110 ·tob r,l 2. 
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rom the analyses of the tributary str a1ns we know th· t larg quan-

titie of cal ium ar1 nat ar ontribut d t r a Salt Lak in ' 

but th h mi t fail ' t find this It it ~ H. 'I'h 

arci t .., f ani mal an oul 

len1 nt 

lake W<- t rs were min ,,led f ooliti "111 l 
al DO' the bore f th h k , which i ap1 ar ntl 

in ·ur l ort of thi .. h poth 

n1on salt i tal ing plac , in 

Over hundr d of acr c long it 

with a continuou ru t of alt ery tals, forming a pav 1 

f £ rm·t -

v·~p­

whi ·h 

trong to up rt a hor e an ri l r. Thi c ndi i n ·wa,' ' r'i d durint; 

the arid a ·on· wh th r the alt i r di 'Olved during the r<- i1 y 
not, ha not een detern1ined. Fr m th re rded ab e w 

1 arn tha pre ipitation i now ta] iri parat w y in tb 

waters of c ,· in l lake; (a) calcium .arb nate i thr wn down, pr ably 

through ut th ) ar, as the tributary r am mingl with he brin f th 

lak · (b) o ium sulphate i precipitat d in all portion . f th lake wh n 

it t mp ratur fall below 2 ° F.; (c) .. dium chl ri ry talliz ·in th, 

v ry hallow portion duri the arid sea on. An example of tbi ' natur 

t ach th t < tratifi d aline l po it might form in an inclo e ba in a a 

result f fractional cry tallizati n de nd n upon hanae. f t rnperatur 1
• 

The depo it £ und in th m( ll r f the S da Lak at Ragt wn, evada 

( ee page 7 ) a par ntl i .lu trat . n h an occurrence. 
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PO ITIO 0 C.ALCIUU CARBONATE. 

In on id ring th n ural method b · whi h ~ 1 1um ar nn t 1, l re-

·ipitat d from oluti n '' ha a pr limin r · de ta th thi nlt j m r 
abun c nt than any th r in rdinc ry urf·t 

n arl - n -h( If < f th t t 1 f 11 
j tl fir:t to 

,al n te, a 

n ti a 1 £ r it o] uti n. 

n vi nt fr m the I nlen-

I ·ium 

ra ion · 

f cal ium arbon t may 

way : (a) B; e a orati n, c n ntrati n b ing 

- n l h I int f turati n. (b) B3 he lo of th ar 

hold th alt in I tion. 

ia11 T if aD'itat , a in th 

w (c) By eh 

d 1 t w< t r h ldin n. 

he re ult f 
nv n ff 

n imp rt nt art, a 

lake; but in g 

xi. t in luti n i t o 

thi cau e when it may 

f ap rati n. 

h mi tr) f natur 1 water w will 

pr d wi h r u y f th hi tory f Lake Lahontan. 
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n on1m n in th ·tud T f th 

t n, w h 
b in fl 

ll T 

f L k L h n-

na-

m n T f th , · lrin o'.' ' hi ,h r . , in th , bott 1n f th 
rj h ,11 t: , n tri u t l to h f rn1 r 1 1 w r , 

th 

th 

nti< 11 th 

r 1' m th da.t 

i l t 

· J n1p si ti n f t.h , 

Yid nt th·1.t nt l .. a, t th , n n 1 ch ,mi. tr · 

r ] a k E, 1 1 n, r 1. I 1' vi d i I o· h t 11 () .. n 1 t .' 

a in lurinr-· an an 

,-i 1 nt fr m th han1 J r f th , infl \ring wa 

n Lak Lah ntan ' a. · , fr h-" at r lak with a nt 

t 

, .m , me' ha 

it. · fir n axin1nn1 it 

min ra.l 

·1itn i h 

ut ri h r in 

·uch , rc t f hundr d ) ar , £ r 

nliti n. 

n, it 

fir.· t. 

rmal 1 r -

t. th tin1 f 

1 , i . ., r fill th Lah ntan a ir , it w ull f rn1 

1· k in w hi h th h u I <1 d t t · m w h t n b of 

it-w u11 
w· th .. 

:alin m· tt r th n 

a1 · r a u h, w 

f L ah nt n at it 

g f th h mi try f natur 1 wat r '' 

th fir t r ci it t f rn1 

" r · fLak Lab ntc1 w r a1 ra i u an l 

1 r ·il itati n bah n a ·lt th tin1 , an innu n de-

1 ). it f thi · ·a.l w nhl l> ~ a · ·umulat <l. If l : an u1 pl ' w r bal· n d 
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·iall fa 

p it . 'I h 

ld r rock ; <- t th r tim 

m h· 111 n 

ci l ttr cti n t tu nt 

la 

F L 

an 1 1 r 

J; T 

rv .. l 11 

r f 

f m 

ab v th 

nab 

Early iu h min·:~,tion f un 

H h 
th 

in definite lay r , and f rm ' hi h tln 

ll ' d -

f ·p -

clivi 'i n , t g th r ' ith m n b 'ily tr 
ClEJ,s if ·in · h 11 aj r i vi i n , a ing t · tru ' ur f h r k, b l'J li -

ning "ith the fir 't f rm d, we have: (1) Lithoid tufa; (2) hi noli tic t tf ; 

(3) Dendritic tufa. 
LITHOID TUFA. 

W b, d thi am t th firs f the thr 1 · in d 

nat pr ipit· te fr m th wat r f L k L h n an. 

ru tur , li5 bt y 11 wi h Ta , in 

1nt ru ·eun 1 frequ n ly h w , a, 

im · t ' ell-mark d tubul r tru tur when - ec i n, ut 

a coating to rock urf it i u ually mr ' d f thin, 

la r ' . In w 11- xp · ti f 1i hoi l tnf<t tb an l 

n r t~ 
. . . 

n rn n ( · 1 n 1 

will b · Vi 
f thi Yari y 

imbricated i u h a mann r a · tor embl 

an nly be e to a vantag a 

nt ufa ' ; it is peciall; w ll di rlay n th 

hi 
th limit f tb n r 

Ul p r p rti n f \n h 
I hu d an the M r 1 Butt . lVIu h f th gr 

allu i l -1 pes of th Lahontan ba in, a w ll 

l f rmitt th pr la u ·tral 

· hat c rupo ing the earlier-
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f rn1 1 t lT e ~ and ll1 ankment , i m nt b ~ i into a mpa t n-
o·l 

Lith icl tufct hr u ·h u th 1l 
ll1 rl · o 'llll th ndi 1 i ti n 

\' 'lti ' t 

t 

upp 

n d 

h· 
£ t. wha j t , nl it 

( c ] 11 ufa . 
Th urfc f th xpo. d 

h a thing f thin li e cr ·. tal u u, ll ov r l 

=·c:-c=:::>o-==--====--=~ 

ZJe1zari#c tur~ 0 5 10 ~ XJz;it'rcZi -c.s 
~Verticar'. and Hori:zont I caie . li.i.1l.hl1.J 

LitluJ"UJ, t:d'a · . , h·· 1,1 'AZZuvtu.m 

FI . 27.- tion bowing t•un.,nt-b ·dd •rl g1 v I 

thin lit t IT ath c. rin rr whi h to k 

' an t ~ . 

Jn 

L rbl utt . in .·tan · · . t n arn 
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w v 

J. n 

~tll l 

g J.J \. n T 

li h i ufn. 

tufa w~ ' 

a. mu 

n inu cl thr UO'h ut w-wat r 

In I n 'tru t r and 
f th ufa i d in al 

· me h It is al ' 

1n num r f th 

evada. yr nti l, 

lak hapt r II. t j ~ vid nt 

lT n t " i th th fir t al are u 

rdin ry m te ri w ter ar ev por, t d. 

THIN LIT! TUFA. 

u in · the li h id tu£ in rd r f p 

atino· nth id of th Lab nt n 

11 
th 
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tat in the pr ding I araO'ra h. In a few in t nee , how ritic 

·tructure may e et ct d · a i · be a , a1 it of he 
lak ud ~ in . 

In th Lah r tan b in thin lit in the l w t 

a b 
1 y of yramid nd \Vinnemu a lal 

ok r k d rt . The i id t" eBn 

in 'vhich r mid Lake i 

th U. 

thi lit 

larO' 

a me 

er 

litie 

the 

n 

1 n have hown that tb ur in 

n he or er of the a in , ' ith the 

ther tuf: d po it tb t th h e in the 

h £ rm d an ind p nd nt 

r · ·t I 

f thin 

it f th me ineral in b Bl k 

th thin li th 

th 

1 

b n 

M I-1 

ur · c t c n 

In 
hi . h riz n. 

f 11 £ t ab ' the 
in tan the thinolite 

nab I l nd the terrace 
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1 and forn n pt .u u in th 

i land n h n n th n rth rn id 

bin lit tufa xt nJ a out ' ub 'T tb wat r-lit l'l'<"t 

w n th li h i.d 
f h thin-

ll -

rate m a ur m nt n 1nc 

The h tbir g of tbinoli 

low t point in th bott m f the ba in n w 
n p r limit it i fr r t f t tbi 1 

the urfac of Pyramid Lak . Lik 111 

1 y r , a h wn 

a find fini lay r f 
with a h oth r. N and 

narrow layer of heet n riti tufa· indi 

cry tallization w re ltern t I y f: v rc bl f r th n i 11 f 

line or the d ndritic tructur . Th favora le f r th f r-

ma ion of the latter finally Ire ailed, and nly d ndritic tufa " d p it . 

PROFE OR DA A' CRY TALLO RAPHIC TUDY OF THI OLITE. 

While carrying n the field tud; f L 1 Lab ntan, large q ntiti 

of the different vari ti s of nfc w re coli ct d, a1 d peci 1 tt ntion n 

to ecuring a many pe in1en s could w 11 e l ir d £ r illu trati 0' he 

structu1=e and mode of occurrence of hin lit . r re ntative I 

f thi colle tion, t gether with imnar m t rial fr m th n1 n 

b in, wa p1a e l in the hen f r f: . . Brn. h a1 l 
th purp f bta.in in()' an au tho rita i e tat 1 ent of th 

r lati n f thin lit . rrhi ud \ a finall; und rt ken by rof 

wh e r p rtf rm Bull tin o. 12 of the pu lie tion · of thi Sur 

he tud nt of Lahont n lri tory thi r p rt i e pecially welcom it 1 c r 

avvay the previ u h) I othe i , advanced by King, to the eft ct that hin -

lite i a p endomorph fter gayln ite. The f llowing de ription f thin­

olite i quoted with li ht verbal alterations from Profes or Dana's bulle-
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tin67 t which the reader bould refer for a, more comr l te lu ide n of 
the u ~ect. 

aid h t th thinolit iE r nt 

a i of of Ion Lak , n hil 
varyin widely in xt rn I r 1narkably uni£ rm in all n-

tial char t r . It i thu eyond u ti n that b 

po ·ited w thr me, al hou h, in n e nen f 

onditi n een u de t d, the form re ulting 
from it G lterati n are 'ery di r . Thu , in m p in1en there i nly 

a deli ate kelet n remaininG', the wh le on i ting of thin plat , held to­

gtb r in their parall l i ion by c light central fra e-w rk, wbil in 

oth r the whole i a. firm and comp ct a a cry talline lim tone, an b -
tw en the two extreme many inter tin varietie occur. Th most imr r­

tant c nditi n upon whi h tbi di:ffi r n I nd i the varying ext n to 

whi l a depositi n of calcium carbonFtte ha t ken pl ce subsequent t the 

fir alterati n of the original mineral. 

A ha lready been tat d, the bin lite i roo t cbaract ri tic lly 

' eloped about Pyramid Lake. The writ r ha had in hand specimen fr m 

the 1 rble Butte , from the N e dies, from Anah I land, an from the 

Dome , and, as they illustrate well the diffi rent varieti , it will be conY n­

ient to r £ r to them by localities, although no p cial ignifi an e i r b­
a ly t b ttache to the particular spot from whi h the in i idual pe i­

llected. 

'I he hown in the 

III. Th 

11
0 

ular n m, i h 

xtr miti h col r i rown. 

a quart r fan inch to n inch in di tn­

or m r in l n h. Th y are g 

ly parall l po ition, often omp tly, with 

In th r ca , e pecially when the form are 
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mall r th 
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tr mit l' th 

ar lD utljn ar all 
1ri m( ti 111 o- n r 1 
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wb nth 

Th 
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one xtremit -. 

the 

L IT I r Flu\hhlJ\.IT KT X. 

i nt rp n tr tin , a h tl1 r, 

, I r 1111 

a 1 li ti n t 

n, fr nt 

, 11'1' n1 ar a 

ak lT nd 
th 

with th r flection from the cl a a e 
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FJ .. l. ' roup ofi hinolit ry. tal from Marhl H11t.tef; y rnmicl L:"tl« ( n due cl 011 -ll <1 lf)· op n JIOI'On 

vari t . . 

FI 

rtion ll<Ltur:.l · i~t; Fig. ' 1 ]H'Il sl\<·h'lm l fonll · Fi~. :3 p<trtially tiJINlup 
TlH•. o iions sho w tlH· sy. lt•m of rcetn ng lllar ( ·qnarc) and <lia•.,.on:tl 

bt• f wo sy. h' JII . of plottN! 

fH' tiOII ill 

f'H iing th 

• urf<H' 'snH othml \ ' l ' r l>y nbMe­
xLrrmit i1•s. 
lik t.lwt. in }'i<J'. 11 . lwwin 1r , 

~'ranulnr, p artl y :unorplttms \Yit.h ln.n ' r !i 

natt• partial!. · till ,d in with .t'<'OJHiary 

pnrtinlly till din' it.h c·c:oudar.\' \ t · 'l 

lllllgniti •<l !JJIII'R :wd :,;howilw tlw tnwtlln liJw. 

t ))(' ac:ic· JJLtr ry . taL · of n-rngo 11 it " ( ) 

. · i~t·) showing hy <li: · C'li n tu ·ap- in-l'a.p . I'll 
t nw p y rn.midal for111 f th ori a inal mint r I. 
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bTan . In th r a th ut r urfa ar m th 
un id d f th na 

' ill b m r full 
fill l ur th 

n t ill anoth r t; I J f h 

are r wni h 

lll 

f 

Butt -i 

up f lin in 

nat , r al-
llin trn tur thr n ·h ut. 

t rn , l f rn1 f b 

Th 

th int rn ·:t l tru tur 

r xtr lnit r. ll'l' dg f th upw·n<ll - n\ 

·h wn in thi ur . 
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AI 
shown in ig. 

( LO 

t that f Fig. 2. 
either i e f th 

35°. Like the pr 1 u 

a] it with nl} 

It i · t b n 

of th 

noth r tr n v r 

like Fig. 2 in mo t r 
dir cti n nd. the 

] 1 t n fr m -worl-­

th dr 

dary 

ha .n 
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natur l 

e an 

n 

It is 

n 

111 

the 

tru 

u 1 or a ut , 

nth urfa , ,an th anol 

(n~tur~ 1 s1z ) . 'I l1i ·bow · lllU ·h 

tru tur b ino- m a 

d, ut th ndar3 l iti n 

· ill further, that a a "ho1 

ar 11 1 t the id and th ]i re, h w v r, 

still very di tinct and n tirely r; tall in . 1 h form f the cry tal w hi 1 
ga e thi ection i ho-n n in Fig. (one-half natural ize ). A .n here 

it i an acute quar pyramid, approximat ly conforming in outward form 

to the internal tructure. The su1face i h r no 1 ng r open and fretted, 





FIG. 5. 

E PL.A. 'l'I N OF LATE 

r ( r <luc cl OIH•- ll·tlf) . tb r i1Hlividn:\l ry t:\lA rnnuing off into 
from n.bov ha ;1, ('Anliflower-lil <' form. 

'. lif rui:t ( natural .· ir. ) , l1owin g thr grouping of t.h 

111]1 

howin 1r th rtltl< k I ton t.nt t.~1r 

in form awl n 1' -

r mblan in form t t h , :1.110' rh, 11 r u 

and ·t rnal marking. ; Fin·. :n n a t.nml 

ry. t l (na ural ir. ) from Kating, Silesia. 
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a in the o her , but nearly mooth, x pt a it i co ered , ith m ll wart­

like pr min nee . The color i a dark brown. The line in which the 

ecti n was cut is bown in the figure. 

till another · 10n 1 hown in Fig. 14 (natural ize), and one 

w hi h mark a furth r d gree of d po ition of econdary calcium carbon te. 

The ry t 1 from whi h it wa taken had a quare form tap ring lovvl 

u1 w rd, and th urf e wa covered with mall mammillar 

The kel ton of ry talline c lcium carbonate i here n arly 

the d e a or hou materjal, and the outer por ion con i t of c n en ric 

I yer f the me ub t nee. 

Th xt ri r appearance of anoth r cry tal i bonn in Fj ·. 4 ( ne-

b If f natural iz ) . A li()'htly ton r b th xtr miti , 

a a that it mi -bt b dou ly t r-

nnn 

th 

' ith < m 

n 

th 

th 

a h n 

1 a k 
th m. 

f the me 

havin , 

toward one nd, 
th r th grow h wa 

r ~ talline skeleton ha b en nearly fille up 

te. 

oth r like hem f large cr -

and I ngi udin , 1 to 

e th m I int 

hwd~hti, 

e wi h 
dd d o it. The al ite T<. ins are larg , 

d r llipti 1 h y are 

tw n 

how a 

mpl t ly th viti tru ture, nd metimes projecting 

int the , iti n in many , an are th en ral rule, 

th ugh m tim ab nt· th a r in li at d magnifi d eight tim in Fig. 
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lo. Th 

ri n1ati 

how uni£ rn1l .. tin ti n p r 11 1 to th ir 

m 1 r that h n1 u t. b 1 on g t .- n 

th, t th y ar l'C10' nit . A h nl-

r ult li a rdan ' ith thi 

f I e f th m h VI n in l ·. 

12 rna nifi d i ·ht tim rr ry t l ar 1 ar 

thr uo·hout· in tb 
0 ' 

mi ro or th r i . 11 to 1 
grain , fill in with an l'l h U . n1 tter, c n 11 

band pal-11k arbon, t , that it on form H 

th f re r re en d. The di, O'Onal line 

and th r ar aL r t n ·ular line m r di til t} T 

The ar illu trated om ' h t o ur ly in figur th r 

sb wed ntially the atne r lati n . 

tructure in dissected cry tal .- ha 

of th thinolit ry tals eldom gi e tb 

of di e tion, howev r, whi b ha 1· i ar 

in b " in th tru 

tructure, J 

in lengtl . 

an 

'v m e: y ha a n 

p t the n pr 

and g in in } ig. 1 

f 

liD 

s 

whi h 

n 

'rhi 1 • 

(b th 

le 

in i . 1 

B fore pa ing to the de cription of the next u ee 111 tufa der o i , 

we m y note that the external tnface of the thinoli d not hi it 

e id nee f ha ing been weath red previou to the depo iti n f tb d n-
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lritic ' riet -r . Thi rn y tak n a ' on .lu iY evi 1 n tha thv lake 
u1fa id not fall 1 w th h riz n f th thin lite t IT'l u uent 0 

th c1 po ition f thi1 olit until aft r th d n lriti tufe: , a form d. 

D DRITI T FA. 

A h n(r in b h mi al nHtur f I.Jak Lah nt·u , "hi h rminc t d 
th ry t llizati n f thin lit , i r rd L ~ third it, 
whi h fr mit r m lance in tr1 tur t 

all cl 'I h onditi n that 
f th al 

bin lit . 

1 d in ur 
t n f Trami lll 1 In 

' it i I an m ya tim 

at an ] ,.a i n 

f the 
t tb 

u t and 
on th Ill liffi in 

m f 

til The 

Vl. 
rti n ·ent 

Y lum. a1r , the n-

dri i an ath r into imilar r U D'h 

un 

th 
nt 

1' cl 1' rodu ti n f 
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a ph h f a m r 1 c f-like n1a , the tor of 

th t rra ' h r the 

biab t tufe: " :f 1'11 , th i tributi 

of tbi ari ty i r xt nt th·u1 he t f h thin liti ; ut it i ' n t 

pr d a th li h id tuf<:. 

I not only o ur in f r gr t .r , bun an than ith r f tb th r 

Yari ti , but i £ und in v riou , r l·tti n t h la u trc 1 

''hi h the o 1 r tufa ha o not b en o rv nt. , 1i-
ti u~ 

f:t 
1na r 

exam pi 

rag th t pr ~ ect 

ep iti n comm n ed 

t p of mu hroom- b 

rn 

l y 

tt m; in Fib. th 

bout grains f and; n ho' th 

d growth . At om l calitie the ''m 1 hr m ' 

ur of lar e ize and form a ntinuous pa ment ov r be urf ce f the 

f rm r lal e bo to , rna y be en alon the road ct'' een "\V d w rth 

an P -r mid Lak , and a · in in the Car n afi n, n rth f Chur hill 

y 11 '". t the 1 caliti he y metri ·al utlin f the tufa-£ rr . h 

ifi by the 01 tact f one with an th r during th ir 

ti n, o t at n re 1 lyg nal in tead of irc.nl r in horiz ntal 
rrh G rna. cl' fr U ll ly he .. ag na] Wh n een fr ill c nd 

ha r unue d me- ha t p ' w hi h ar ometime hollowed u t b) the 

' ath ring of their ummit and c llul r interior in uch a man1 er to 

f rm irr ular v e . In many in tance the parate mu bro m-lik rna e 

r rin in from independent nucl i are 10 or 15 feet in dian1eter an weigh 

many t n . In tl e "\\ 11 of the canon carved b; the Humboldt and 

Trucke ri er through the edim nt of Lake Lahontan ections are ex­

po. ed f continuous layer f dendritic tuf , inter tratified with ntarls and 
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clays. The occurrence of e enly tratified la u ral b d , containing the 

shells of fre h-wat r m llu k , abo' the lay r f dendritic tufc:, i vid n e 

that the lake ro e af r the precipitation of the tufa and wa e enti lly 
fre b. 

As in the arlier formed varieti , a ection of the h athing of dendritic 

tufa xhibit many altern ting band , howin
0 

that the d p ition took 

plac from without an wa ubj ct to man) variation . 

CITEl\IIC L COl\IPO ITIO OF THE T i A DEPO IT . 

Carefully coli cted sample of ach of the arie ie of tu£ d n d 

a ov were u mitt d t Pr f. 0 . D. All n, of Yal Colle
6 

, £ r an<- 1} 1, 

who report th 1r omp 1 10n a follow : 

Con titu nl. 
t ufa. 

D nclritio 
tur • . 

Lithoid tufa. I Thinolitio I 
-------. 1.70 1- -3. ,- -5.0-6

1 

50. 4 50. 45 49. 14 

2. 1. 37 1. 99 

It will be , en fr m thi re 

n hint a t 

Wi h the i n of th 

pr 

a 
mp iti n. 

. 71 1. 29 

40. 31 

2. 01 

s 

ariou pecin1ens 

v e n made in 

the (. f thin nnioe if in me it mi 'ht n t contain 

n t bl quan itie l ium chl ri e or th r i il r lt, but the re ult 

'' r n g tive. In mm n with all th tufc d I o it din the Qu ternary 

l·tke ba in f the F r W , the r l L h ntan ari tie , a £ und at the 

pre ent day, are im ly im1 ure al ium ar on t . 
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1 he r lati n f th thr 

n r f tlt 11' UlT n n in t ri r 

t d il th £ ll ' 1110 1 eal 

Iak.Becls, 

The £r £ rm d d po it, lith 

abov th h riz nt 1 lak -b ~ 

po i , thin liti 

' l f Pyr( mi Lake. 

I L rE n :XT N. 

p IT . 

1' c n th ( n-

ntnn bn. in ar in 1 i a-

h 1' 

L ut 0 £ t 

and la t, ndriti tuf( 

1h 
th 

f the hi he t h r -lin . 1. h 

termine with ac ur re 

ah n-

1-

, wh r it 

n1u t h<- ' e ~ n ,x1y n ·iant h 

'Yhi h thin 

urfa ' a 

d ndritic tut . 

hown by th la n r l 
111 wa 

cur a ove 
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t1 c1 n riti tnfa in th Ilumb ldt an l Tru k can n . nri1 a- thi la 

n · th c h riz n ab nt · f t ab " th li h id 
t rra , an < n e Lab ntan b a h-th hi 'h tb :.> 

at l 

nn 

n 

ati 1 , an 

wat r a thy 

ma 

11t n . rr bin 

\' 1' h 

uth rn nl f\ 

l 

h .. t 
f h 
wfi 

w lnll1 

att red ,. r th 

fr n tb thin lit t un 

f tuf<- U} n th d n l ·it.i , ln n 

whi h i r rr babl f th 

Tru ke an lin -
att r d 

tbe 

· at 

th f h ir £ rmati r, ntain an 

111 ' t 1'-

/ 
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In tb 
y llowi h 
vari ty, wbi h i qnit iff r nt fr m 

the ba in. 
Fron1 th ir 

tie of tufa lc t 

8 

wh n 

into in n 

imilar t 

Valley, occur at other 1 c liti , but 

, rj \.. E r 

1'\ 

l'l "" 

ra i n 

·dome b ut Pyramid Lake i very imil r n 

date. It general ab ence rna perha e ac ount d 

tie by a umin that it w ul e the fir t f th tufa 

ero ion, after the evapor ti n of the wat r in whi hit w 

inform tion reg r in the 1 t r-f rm cl v ri ti f tuf.. i 
and doe n t aft r a f th 
of he lake a. co 1 ir 1. 

Carrying nr u ~ of tufa d p it o e t p n < r r 

that the rock an 1 tufa- rag a out Pyramid ak at 

f 

urri n , in 

h f th vari -

< h nt~ n. 'l h 

ly 

t 

n 

me 

y 

po it f calcium carb nate, in the form of on1pa t gra) tu£- , 1 

of about 12 feet bove the level of the lake in 1 2. Tbi h 

scends beneath the lake su1face and, judging from it fre bne , it i t 

that it is still in process of formation. The i il rity between th tufG n w 

forming and the variety first deposited from the waters of L ke Lahontan,_ 
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in th 4. the n ntrati n of the w ter of yr mi Lak at pr nt 

mu t a r ximate that of tbe ancient I ke during it fir t ri e. In. helt r d 

b, n1 n tLe ee le , ''here rinb' with a temperatur f ab ut 1 0° 
ri . e in hallow wat r, th re are ach of re m -whit "liti nd, whi h, 

lik h al , r on oatin n the rock , is till in I ro of ~ rmati n.68 

r[ he Cc 1 ium m ing th "liti nd i ro , bly d ri m th warm 

pring near at h n , whi h are I d 1 I or u tufa 

n the l, ke bo tom. In a nun1b r of in tance , tul ular an m-

haped gr wth oc ur a nt the ori£ of the ubm rg d r ring . me 

of these irregul r tub ri e 5 r · £ et abo e the b t on1 of th I 1 ., nd 

afford pa ages for the warm water hat rean1 thr ugh them. It i · evi­

dent that the precipitation of cal ium carbon te commence at thi lo 1i y 

at the in tant that the warm pring-wat r comes in contact with the l r 

and den er water in which it ri No chemical exa1 ination of th e 

pring water ha been mad , but ju ging from their t te th y ar 

tic lly fre h. The tubular form I roduced are high in compari on t 1r 

diameter and £ rm miniature tower and dome , which in dAep, till ' t r 

might grow to be of I rge ize. A few of them are repre ented in Fig. 6, 
page 61. They a i t n in und r tanding he origin of certain Lahon­
tan tufa , which we hall next c n jder. 

TUF .A D PO ITS IN THE FOR~! 0 i TOW RS, DOME , C.AbTLE , CR G ~ 

ETC. 

In the foregoing de cription our attention ha been dire ed to the 

layers of tu£ heathing the int rior of the Lahontan b in. W n w turn 

t o h r po it of the arne nature c lilTing in i ole ted position t ' ri.:. 

fr n1 th f th v II r , "hi h we h ll ll tuf<:t 

me of th . e 

f the 

60. 



208 

\Yith th 

iti 

f tuf< , 'vhi h tak t h 

th 

11 

l' 111 u 

l h : t ll fc -f rm 'tll' f 11 ' IZ fr lll 

al-

< h a,. · 1 -

h }j th i l Hll 

n a un lan 

.r · ·tallizati n · 111-

1 nn th I h a1 -

in th 

int 

furni h 1110 

ur ar fr 

ry d 
£ r th tu 

·Tc1.mid Lak h "n 1 I ]at 

' thi. 

1J ft how at ·lan a 

po ed of thre varietie f tufa, a in the a f th 
ru­

h c thint:; the 





----------------------



fj) 

r 
)' 

/. 

( , 
)· 

../ 

) 

)' 

I 
)· 

/ 
,n 

!''1 

J • 





T F T \VBR 209 

jnt ri r f he ba in. f on of th . lnn111 i: h \' n in 

2 t 

f m ;> what err c- r thi kn 

ut ide of the tow r and r h 

rti n (a) 1 · f ~om p a t 1 i tho i c l t 11 fa, 

r tubular ·tru tnr n,nd i ' er - fr -

h y · r i a o tii , f 1 :l n lri ti ' ufa ( ) , 

thnn the thin lit la r wbi h h (. h th 

o r the 1 w me £ rmi1 g it ummit. 

• IG. 29. - rticn l and ho1 izou la l S • d ious of 1'1. tufa. tow 1· . 

ot only are th 

thr v ri ti . 

f lith id tufa i 

1ri ti , tn a. 

Lt ,. ' rs. I~H e h of th l: 

towt•r lik 

nfn:1 u 

c ntri 1 nnd r 'Or l. c hancr 
~~ ~ . . -I--14 

m 1 d f d i 1 n · hL) · r · f th 
but a·lt 

f th 

n-

~ r 

n It i v11 nt tha ,e: b on-

f r at r r l in1portan · ,) in th hara t r 
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f th Inti 11 fr n1 whi h th e1l · i um · ar u at 

] ith id 

th ·h mi al 
i .. ] w r n 

. n 

h thin r han l i · 
hen r ~ t lliz u fr 1n wat r that ,. 

tail, with th 

no 

t th 

in tb 

lu i n hat th 1urin , thr 

f tb f rm r lak . 
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-ir m th f 
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lal :\ b am · n 

'L h ~ nditi n · un 

ti n ar o littl 

ha 

'I'HE EPO ITI 

n r in · t.h 

alin 

nabl 

f rnlc i n f lith i 

th ir na.tur an not diffi n1 t d t rmin . 

ti al ' i h that pr ·ipitat 
·ir ilar t h 
fr 111 the 

rati n 

ry talliz 

rnbl n 

Th 
a·h 

nt that 

id nt­
f th ) 

U 't(\O' 

f I nl La­
th 1 r 1p1-

up-

w r, that 

lll 

n-

iti n t< th 1 n di xid , · ud t< --val on. ti 1 ; lm-

ilar t h . fir ·t-f rme l L h n a11 tufa, tlla th _. re .· e rn · n d ubt but that 
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the f:tncient tufc w dep ited in a similar manner and wa a dir t pr ip­

itate from lake ' t r . It i evidently not a pseudomorph, and since it 
depositi n ha und rgone but slight change. 

We have alr ady 1 ot d that he dendritic tufa is mu h m re clo ly 

related in it tru ture the lithoid than it i t he thinolitic variety. The 

alt rnation of lithoid and dendritic tufa in narrow band indicates that the 

condition under whi h they were depo ited were ery imilar. At the tim 

each f th e varieti wa pre ipitated the lake wa of broader extent and 

had a n1ucb great r d th than when the ry tallization of th thinolite 

took plac . i r n1 th e fa t w conclud that th dendritic tu£ , like the 

lith id, ' a pr ipitat when the 1 k water were moderately concen-

tr t d t tb tim f it formati n, how r, they mu t have been m r 

hi ·hly with hl ride of dium, alkaline carbonate , etc., than 

durin · part f it hi t ry. 'I he pr n f the e lt may ac-

unt f r th p culiar £ rm a umed by th carb n te upon cry -

ta.llizin '. rfhj Yari t} f ufa, like tb lithoid, ha 1' main d ·practi all J 
un h ng d in i wa d po ited, and cann t be on ider d a p eudomorph 

aft r any th r min r 1. 

] rom the relativ h i ·ht of the variou tuf. d p it on the ide of 

tb ah ntan a in ' e k1 w that tb lake wa u h 1 wer durin th thi-

than wh n th th r ri ti f tuf. w r £ rmed. It "'a , 

ther f re, I r urn luti n. Thi tate-

UlT j iu hi 

tw n the 

rra e and 

va rat d t 

n ssen­

e£ r any of 

n alkaline and 

alin n-

lubl alt w uld h ve been 
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r m " 1, 1 a Yin o· th \ at "1' · in th ' ·o nditi n f < 111 th 

1 z l b · t 11 · 11 • 111 r d 1 i q ll · n · <:tl · . 

th 

If th 

. 1u.liti >ll. · n th 

d ·l ·it L 
ul 

in th n ·111 o· lak ". 

, how v r, 1t " ul 
a · th tufa form l 

wod 

llff r 11 fr 111 th li h i<l ufa w 

ut a ·ligh , 

n rf al ·ium 

h ~ 

<lllnllth pr i1itctd ·tlt · \ r r 

n >f h lak ' uld pra ·ti ·all 

uld 11 ) d iA>r fr 1n h·1t. pr "-

i )U ·1 v pr 

If th 

a. 'Ill '\ <:1 ' 

third \\ r 

partially r 

ru 

ll l w u ll n . ·ul . 

na ur f h lal 

I h fir.· ·al t · t 

wh •u h 

from a brin 

th J ri 

1 hat 

e1 1 · ·n all, th 

e r · ' t<-t1l iz<t i 

would 

ain l b th t.h( · ~ lUn in 

en chara t riz 

lt among which the alkalin carb nat w uld l1 av pr -

d )lllill at u. rl h "11 iu quentl ntril ut 1 

·t11l prin · · a · th b 

mi~.;ht a urn , tha 

urin (r th t im . in r nin tw n th £ rm i of th li h i an thin -

litic t tfa · 11 · 11tn iou W e · ntillll "U fo r a lonb p ri l ' ith ut th d 1 -
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ition f < ny of th 

harg ...,d with ' lin 
ntc ineu , 1t '. Th ' ( t r, 

la.k 1'0 
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th ir p rc ntag 1n g i n quantity 

ignontn of th inftn n l hat th pr n 

f th ·a1 ium c rb na pr ipitat d fr q1 , li 
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n1 r hi ·hly 
f th li 

n­

ut 

ur 

th· t uld iff r in r t· llin f rm w h n 

0 it d 111 

m r m rk 

trati n. 

mor 

Th 
ln. 

t <ln a1t r 

t 1111 rn.tnr b 
that thi 

111 

111 thi . lll 

in h" Lah nt nand Th1 n 

it d 
th· t in ].. t 

th ) ar tr ng brill s 

£ rn1a ti n f thin lit . 

·h 1 1i ·try f th lal' 

tb y diffi r c1 fr 111 th 1r 

1 in f nn f th :al · i u m 

wa · ( 11 

hn l from th , . <Ull 

a 

n H -

' t h b li f ha th f rm 1.;, 1 h 

per nt ()' 

that t.l in lit h· . 

.,. th 1 r 

n t tha. 
1n i 1 un 

f 

f 

n 

in alkalin 

i n , f r 

an th r . 

r a ll tha narrow c-u1<l· f th ' 

\ 'ltnil ar alternatio n )f thinolit an 

ri ti tufa 1 u~ t 

,·ar 111 r ndi­

ru at v ith n 

ndri i tu£1 ha , n b-



214 E L III T 0 

r ed In 1nan ti \ r d -

fr m th n 1 1 n. hnr-

l 

h 
n f tbin lit t th ,' ' adrnit in f th 

riti I Jr , 

w r very li ht. th alt rnati n f hin 

lay r of the 

d . That th ar n t annuc 1 
umm r and dendri i tufa duri , h ' int r, i m 

th f al 1um 1n n th thinn r h y r n 

in l y r. 

rofe or tudi h ·h wn that 

but what th ant nt in r l l a b n 

Ge I gical b erv tion ' h n c n id r d by h n1 

e i that thew ter in which ~hin lit w{ £ r 1um 

arbonate, and that the cry t l now r pr 

c mpound of oda and lim , re urn< 1 c h n 

Dana ha h wn, how r, th t thi o tulat n 

c ylu site (a uppo ed by Kin o-) and, in £ t, w n t any n tural r rti-

fici l ry tal that ha been reco niz It app ar a if the unkn wn min-

eral mu t hav been produce 1 y delicate ju tm nt f th n 
clition of la.ke wat r -in whi h th influen f th rna 

ture perhap played an import, nt art-whi h ha d in 

nature or reproduced in th lab ratory. In re£ r n 

of the original mineral Pr fe or D na says: 

"Th e ripti n f th ri ' lD c l ry tallin f rm f the thin lit , 

far a it can b mad ut, i . ·uffi i nt1) n1 1 t t give an mph ti neg-
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ative n wer th qu 10n t the natur l mineral. It 
wa not gaylu it , nor 

nor, in fact, 

ti n f th 

n y f the . Thi is 

droit f n 

w n whi 

natural 

h d 
oT un nd n1u .h a a 

i · n t n v at a in a 1 

'"lh 
nat , m ] it 

alt, and th t a 

nly n u h 

f lar · a part f th 

plate f al ium arb nat , m rkin th 

vVh tb r the riginal ry t 1 w r 

1'1 ' 

lu-

al ium 

w a 

al 

m5 ' hin f th 

rigin l ry t llin tru tur . 

' lid tbr uo·h ut, at th 

tim f their £ rmc ti n, it i n t y n w with rtaint ; v ry 
y v ri d n1uch a di:ffi r nt J? int in thi · r pe t. Fr m th 

lu 1 lt it d r pidly from a ne u ' luti n it m 

mmon, perh p th r 1 . But 

u u in pect ueh gr up f k 1 t n 

ti< n , k l t n 

th t what now 

u t f the ~aline 

ular rm , a v r imp rtant hint the chan e whi 

ry talline b d h v und r ne. rrh u ce ive tep may ha en a 
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£ 11 w .. : ( 1 ) Th 
c eha1 · f 

th lak ' <lt r 

f fr ~ ·h ' at r 

luti n a1ar 

te1llizati n llllll 

u ut an 

oatin · 

hat th rio·in l u1in 

r uir m w 11, t r it i~ th n 

ltll11 

hin n£ r un t l T f r 1 ' 1111 p 1' AA 11 i l 

£ rm. whi b n "' r n1au tlt n·i ·inal nun ntl '1' ~ .. ' tnlliz d 

m n lin i f rm · 1 nrth ., rm r J-fr. l >,u , 11 finds 

tal I pla. 

''It 1, 

rna · ha 

b 

p int 

ar 
"rib nl anna an r 

nal p ~rami f the thin lit , of whi h 

· r e f th p eudon orph of lead arbonat 
y Krug v n idd· 71 fr m th z1n 11111 : 1n 

larity in habit and an I 

lt i · pr f, f n· th 

uld n t h·' 1 

h 

1 hi . '11111 -

hin lit f, rm j ' an 
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nnu ual on . nun1 r of th p u omorph are in he Blum c llecti n, 

n hi h ·:tm the r ert.y of the Yal Mineralogi al Mu enm in 1 72. 

Th y COlT 1 nd to the d cri1 ti n iv n b .,. Krug n N idda. They have . 

th f rm of a uar I ri ·m, ometim tenninat d a pj ran1id ha iug an 

an 1 o r · h xtr n1ity of about 36° , and a ionally how tr s f n 

o 'ta! nal I Taini<l · oth r form how nly a v ry a ute quare o tab ron, 

of about 13° in ne case and 2G 0 in anoth r. ne 

Th 

n 

b n chloro-carbonate of · alcium isom,o'rphous with pho ge­
'te ; bat i -, n 1Tii11 ral ha ing th ompo ition Ca003+ a 12 i m r hou 

with 3+ bCl 2, and now alter d to Ca003, a in th pho geni e t 

Pb 0 :1• rrh 1 ) oth i , a far a h r ~ tall grar hie r lc i n ar n-

rn <.1, i · me ,' t na ural on . The difficulty ari e when "' n ider the 

f .a1 inm ebl ri l , and hen qu ti n wh th r an anhy-

1 u1 d f < l ium ' rb nat nd al ·ium hl ri 

l 1 o it d fr n1 th v ater of La e Lab ntan. bvi-

u l) tlti i a u t f r · ~ n hetic x1 riment, and what ' r the natur f 
th origiu 1 min r 1, i oub·bt to p . ible t a proximat t the ndi-

ti n und r whi h i wa mad and to r 1 rodu e it. It i to be h d 

that th ' rl ow b in , carri d £ rw· r by th h mi t f the G ol gical 

r m in 

l ci. i \ r ult in thi dire tion. 

only in which, 

f calciun1 ba be n 

b in the Bulletin f the 

the J urnal fiir prak­

luti n f r tallized 
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oluti n b an1 fina1l whit Whn f th pl d n 
" 

la n 

r-

w nt n 

fell t f 

rnr ·i­
bar f t 

thin ni ·m , an 

n tion. In rd r t n1 n ~ t n t d that r-

thier peak f £ rmino' a n p und f al ium- arb nat and hl rid y 
fusion. 

"Anotb fi r d a t tb p iti n f tb 
inal mineral, viz: that it ~a a ubl rhc 1 

onforrning t th f rmula 

it i po ibl , might l' b i mor h u with pbo nit . 
hypoth tical th t v ry littl w ight an be given t it; 
ntirely u l . t thr w ut th ti n, alth u ·h nou n 

me up to n1ind. In n e it mu t b rn 

that arb nat and hl ride w r th al roo t lik ly t be pr 
fr m the lak w ter, and calcium nd s dium were the prominent b i 
ment · at he nd." 

The cry tal depo it d on uch an enormou scale in Lak 
are n id red y Pr £ r Dana a being of the am n< tur a th w 11 
known an6 rhau en p ud m r h imilar ry tal ha' 1 b 
at th x loc liti .·, bnt f, r th f th e mineral 

P r f, -. r c n c • r rt, w h r th 
a · m 1 n th. 



TUFA DEPO IT OF WEAK BRINES. 219 

\\hi l 

gan c ut c 

uild upwar Owin<Y t tbi 

rat d, thu 

re ence f whi h i n '-''"''"'"'"''"" 

nat . Wber v r tufa ur 

n arl y al wa be found 

eb le and hell lyin n th b tt m, 

th mu , wer fav ra 1 
bo t u h 

n Plat XXXVII, r 

Soli 

f t fa, ar kn wn t 

initi t d, re ipitati n 

hav n ontinu d in 

turati n. n the cr 'tallizati n 

be tenden w t 

ited in i 1 te 

1 aliti · .. urn d th form f d m 

eliver d by tributary 

erat 1; In 

f one 

f the 
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y t ll f bY w t r tb, t h ld a ut th n rmc: l 
fo 111 n nv r 

nd d lak , th cal-

ium a,rbo at th n i · at 

· m rt h u r r T btllin ndi i n, an 

th f rm f n1arl or, 111 Dl in tc; n a 

nf< m abou th 

tb·t th al i u11 Inti 1 f r a 

o th<-t it ma; b 

hi hl 

d, ith r in a1 

h 

r er that 

nt. 

rnpa tnfa j n 

ntain a u thr -

11 -

11 

b erv d in 

whi h hea , al iun1 

ha b , n 

d po i ti n marl in I k f tr t 

nt it app ars probabl th t th hi .O'hly lear u I-

f th Quat rnary 1 .k · of th ipit· d 

' ater . TL ' hi h d t n in 

al i urn arbon at fr m }, k 

in oher nt c nd f rn1 n rl, or wh tb r it h ll r; tc lliz nnng 111 

nta t '' ith foreign bodi r ·tal h t b n 

<1 t rmin d. Qu ti n f thi a gr at me ur b r n l 

lal ora or xp rim nt for th . r a n tha large bodi mu t b d al "ith 

in rd r to r pr du the ndition f n ture. 

Th t the hell of m llu k ur in thou and in otb th li hoi and 

the dendritic tufa, i al o proof that the wat r f L, k Lah nl · 

n1oderat ly co.ncentrated t th tim th , u ,po ·it w d. tra 

f f · il · 1 ave n f und in th thin lit r · tal ·. 

vVh n rinD' ri in th b tt 1n fa la.k < n ' t i intr u d 

it toiL ·.h mi al hi.-t r ·. ·u la ·u.-trnl prin ··.· , luno· ,cl with arb di xi 
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and ·:-1 ium arbonat , up n minglin
0 

with tb wa r t' c 1 k 

Again, 

nat 

"ith th ir di · lv and l po. it a lear u tufa. 
of < 1al u 
r tain 

II u h 

f th lnl . 

.-urfa . 

than ·1t th 

£ u1 te:tin 

r ixt) uf 

f ''hi h l'l 
'1 h t p 1f . ()111 

t W<l.t r in h 
t 

id t f a 1a.k 

221 

a 

ar-

f the 

ntain 

ar 

11 

r-
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unfit £ r drinl ino·. In m r tw lv £ tin 

di m t r 1 rh I · £ t a th 

b tt m "h r 

th arl 

ru h u ' ar fr n1 

n di ti tl y n1ark th 

t l'. 

Th £ rm ti n f ufa fin 

whi h will n d m re 

h l' 

in h t 

rl hi ' tran 

th 

pnn · · 111 

111 the M n 

r rt. nly a f w 

rv , in he 

ar th M( n 

. th l k . ' th t. i 

afw 

iti n f al ium ''lr­

Wh n th rifi at 

th r p ning w r £ rm d at tb i 1 , 

brancbin5 . 

pring en th 

t high r 1 v 1 th n t pr nt, and 

ftb w 

d b ut 

man f tb tufa tow r n w t ndin 1n 

ab ntan, i ·uffi i nt indi ati n that m n; 

llk m nn r. Tbi xplan ti , h w v r, ·c nn t th 

f tl in lit a ndriti tu£ nv 1 in 

n lu ar at lea t tw 

v ' Fir t, by th dhect r i it -

ti n f al ·c r u tufa a ut nu lei. , fr m the r ci itati n f tb 

111 m terial fr m pring ri ing in lake that are highly charged with 

mineral matter in solution. 
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SECTION 3.- ESI ATION PRODUOTS. 

Durin th nturi that wi 1 d th d p iti n f th v t am unt 
f calcar 

ntrihu 

the wat r 

1 k 

1ak ar 

a 1n. Th 
evap rat.i n 

nd 

k in 

tufa n " f u1 1 n th 

th 
f th 111 nr n 

'I'h c umulation 

tlt 

n iderab1e quantiti at rtair 1ocalitie , h 

f th £ rmer 1 k . In 

th , 1e bin · of aline la 

n n in re tri ted ar 

ther time alin 

fr m th 

utan b ar fr q 

a umul ti 

nt:: n din1 nt h 
hi ·hl h r 

1 a t r thu ' im ri n ,d i 

t r pre ent th m re 

tb r 

in th 

p it 1 ft b th 
alif rni·1, in 1 

icc t d ba in 

111 

f 

a umu­

rati r f 
lll 

th have 

Th t t I 
t, nd i 

t L ke 
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TH 

Th · 1 ar ntl 

l k without 1 ~a, i1 

W:-t). d } tlJlO' tb 
1 rti n of th , hi ·t r )f Ln J ~ 

nnted f r 

b ·ln 

f a r nt 

a lin 

un 1 : ncl 

Th ll it 

l "Un 

f rin 

1r ·n · , lurino' th 

"hi 

of , 
1 il . }',. 

th ) 

Ink r turn f ltumi 

migh f rru c fr h-w 

\ hi . h '" 
' I h 

v I Lufa f the m 

11111 rtan 

' I h •y 0 ,nr in b .:in hat in 

Jar r ' at r-b li · uri1 g h 

nt1.tiY :-; n \. r OY rfl w 

lin.· tak ,n pla · 

li pt r. ·. 'lit 

alin mn, r, an 1n o 

r undincr c nd 111 rl yincr th 

·alt. ·, ' hi h ri e to th ur£ d uin o· th 

d in th l ar W s . 

a. 

rain ,. 

lt rnat ing 

arth r until 

f rn1 r 

w ul 
th b 

r fill a 

t Dl f 

l1 t l t. 

mn h 

Ul'·· 

'' i h . 
ffior er 
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and absorb ., 
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n ' l' fill l 
influx " a 

xtr m 

llld.rl ' an ·.· whi h a 

f b 

, v e 

b 11 l ll 

f 

h n th b 111 
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w ill' £ r 1 t 

n, an tha 

Ul'l 

ly, 

1 urp f tbi ' n a ur in th ca · lak 
n w ccurrin · in th 

1 iled fr m an ly 
f ll wjn O' ta l b·v b en n1-

T ABLE ontpo ilion of tit p rin ipallak sand 1·i til' of lh Lahontan basin. 

In 1,000 part of wat r. 
P •ramid Walk r I 

(a,- rag fl (av r, g of \ 
4analy · ). ~no ly ). 

--I 
o. 0334 o. oo75 1 

o. oo o I o. 02215 
0. 0797 0. 0383 

0. 0733 

L KE . 

inn mn a. 

o. 0275 1 

0. 019 

0. 0173 1 

1.1796 1.!!070 
0. 0 6 1 

0. 1 22 0. 1333 

" ra~ . 1 Probabl om bin, tion in av ra<r 
s ition. 

.. ........ .. . ! 

ompo-

0. 02517 

. 0:$:..'21 

0 •> 

0. 4 327 

0. 09 04 

1. 4300 0. 5 375 1 l. 6934 

__ 0.4990 _ _ 0.47445 -~~~ __ 0.43 75 I 

Total.. . . . .. . .. ...... _ . . , 3. 4 61 2.50150 3.6025 1 3.19r. 6 

1. !)4244 

0. 40195 

In 1,000 pa.rt of' ator. 

RIE 

Humboldt Tru k . W alk r. 

0. ~326 r- 0. 013; 0. 0225 

0. 0013 ..... . . . ....... .. ... . 

o. l) o. 03 0. 022 

o. o124 1 o. o3o I o. oo3 
0. 0100 0. 0033 trar 

. 0467 0. OO?:l 0. 031 

O. 0477 0. OOf~ 

0. 75 I o. 0023 

o. 0284 

0. 0131 

'arboni ' a ·id ( ' 3) b · difl' ·r- j 
n . - ...... .. ........... " 1--0.154-! __ o~l _ __ o_. _~_,6 

Total.. .. . . .. .. .. .. .. . .. o. 361 0. 0730 I 0. 1 00 

I 
. xr--15 

a. 1 
-- - _______ ___..: __ 

v ra . Probabl ' mbina.tion ill av rag omp . 
ition. 

0. 219 

0. 0004 

0. 0675 

0. 0044 
o. 0224 

0. 0294 

0. 001;, 

0. 006-! 

0. 0076 

0. 0393 
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illlll 

char 

urn f th lake, 

13,1 ,000,0 
nd nin teen y 

ONT 

r wat r. It £ 1-
lum f Wall r 

t th ir pr nt 

an d t r­

n ity. 

n 

ba in to it pr ent xt nt. mount 

to bout f urte n tim wha w ul e nt in d in n equ bulk of 

river wat r, it w ul 2 0 y ar for th riv r, wi h it r ' nt v 1-
um , t uppl) tb w di 1 d in t.he lake, 

provided tl er had d. 
ha h wn, h we 

w ter of the lake. and ri r 

water given v n l of tbi 

alt in the lake than in n qu· 1 volume of th river w ,ter. ll f th 

alcium n w contribute i , app rently at nc pr cipi c te . '] h r .maln­

ing alt curring in the lak are m re lu 1 than 1 ium arb nat , 

and w ha no r a n to upp that any of th m ar in pr ipiu t d . 

I r I ping rh 1 at fr n the n lyse , nd 

c ntain 

pr achi h qu 'ti 

the lake i 1 

t r , bu u in th la t 

an river, w find that 

up ly the am unt of alt w 

ann r, it. i vid n that we tnay 

, nnual vap r ti n is kn wn, 
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t r the rea 

oth r. There ar n o b. r 

n t t OY r timat , h w 

in Walk r Lake tb t ha 

n1e atm ph ri 

arly a urc te brin 

f et Th ar c 

pre ent v lume f Walk r L k . 
length f tim that th pr ent lak of tb L<: h 
we me: y make a 1 or g n r I < 1 ul 

L t u th thr 1 l k 

f We lk r Lak the 
n id r­

In or r 

wa m d in l 
aril 1 indefinit , 

f ccura 

th w t r ar 

n te fr m 

L I e of fr b w t r 

f alin 
f £ t 

t tb 
t th 

n taini1 a- 2 . 71 tim he 
tr atn ·, n t includ­
f alini t from the 

lak f 
r ti n t.akin place 

£ r th water t 

nt lak . Tbi timate 
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ha~ · )ltsid ritt g- tit I ;uu lllt t 

au l a ·.·tnn ,· tlw JH 

f ·nliu 1n·1 t r r u0·1tt 
in th , .·tn 

\\ ' h1 ''" ho\ ( \' ·r, th< Y rylaro· qunntiti ~ f 

vnri HI · .'alt · ar '< ntril u (t t th, lak .· >f th Lab nbtJt ba ·in fr m ·u -
lltlttsi( Jl 1 l'l\' d Cr ll1 th auuv . JL ' i l l'H i( n.· 

lll Ll h \\' i 0' lt fa· that lt · nnnl · i · f th ri\' rs " ,r :.i i11 all 
l'"> 

·a · f ·• 11111 ut:i 1 th I >l<l L k ba ·iu an l 

affi t l h · th ri,· l fr tll h ri ·hl · sa1in 

p r , · n t 1 ak ' a 1 ' Ill-

1 nu:· rill th;.tt ar f nn ll ~ nt .·t )l'lll. ' and· r ·harg l wi th 

th ·alt.· d rjv <1 fr m th l' or · • 11 ,. fn·m 1 )ll th 

late- " 

han 

ab 
fr 111 th o :-11 u1atidn: w lt<l\ . 111<1.<1 th·tt th Lab nt-1.11 a· in 

e nll 1 t 1t \ xi t nn l r the pr .· 1 t )1 liti< n. t r m r t han a f ' 
lntnri ' a the m . alill an 1 a.1knlin han " 

n H\ iind th m. 11 r n1 th h p h :i f th fr h nin r f lak 

ation ' · n lude hat th' ba · i11 f Lak Lah nt·u1 wn: 

11 I' 

ut tlu· 

it ~ . l hat thi · wa. · th ~ 

ino· th Lah nh.n ~:in at 1 

th fa that h 1 tt m f ~ ll th lak 

mat r 

(. l'l l ' 

i 1 I 

f th r 1 n 
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ar 1 .11-fl or d, n.1 h .. ,. th am g n ra1 nt nr a many n igh nn · 
vall ) ._ whi eh ar 73 

Ar plyin0 thi . ~ 1l h in 1 

Ba in n e find, '' ith th ox pti n 

h·tv m nti n 

nl. ·o .in it· nvir nm nt. 

] a. in o ur 
it. · . a1t 111 a npar1ti r 

Th ba in f 
xt. nt 1 ut r 

in th ari l re i n f 
f th 111 r 

n-

1i rnin-

n , 1 nt 

1"11 

l ' ·id all 

pr 1u t. 

f thi .. hlk ' 
ln ri n <1. 

n all r bn. il L' 

it 1 ft by th 

~ i11 an ari r ,i 11 Iii 

th 

'H I 

ll Uc 1 d i -

f "'hi h 
lak 
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o cillati n ; ' l1il ivin o· th drainaO'C fr m ~ 1 ft T 111 un ain ran e 

m r b l1 li o·htl 1 w l' b a limati hat w nl<l pr u 

i cati n in 

matt r in ol1 i n. 

lak wa 

ic ated, and i it c n ert f alt. 

a playa lake, nd d not con i r it f impor an 

as it not only ari greatl~ 

i al o o ituate hat it r 

rec ive large quanti tie of lin tn, tt r fr 

year on the neighborin5 land ur£ c . 

m th 

h 

thi 

u '1 11, 

an l Walk r 1 1 with 

ha ·1ken place in th 

A compari on of the n1ollu an li£ 
Lahontan fo ils indicate that a mad 

fauna of the a in in e the la t high-\vat r 

que tion is consid red in the chapter devot 

L bontan. 

tage f th ld lak . rrhi 
t the li£ hi tory of ak 

SEOTION 4.- 1 •FLO E E "E . 

In the preceding pages we ba ve had cca i n t p k f th alin 

incrustations, or effiore cences, to be seen o er l, rg , r a in th L< hont 

ba in. It is now our purpo e to describe the e a umulati n m r full; . 

They riginate in the aline lacu tral clays which fl or 11 the vall y n 

occupied by the ancient lake, and u ually o cur i reate t bund nee ~n 

the borders of the larger de .ert , where they not uncomm nly whit n the 

surface over many square mile . In tra ing their di tribution it i notice­

able that they occur roo t abun antly in th e ortion of the vall y th t 

are underlaid by the clays depo ited dir ctly fr m u I en i n in the ancient 

lake, but are not found on the surface f many f h more tnodern playas 

which occupy the 1 we t epre n in th 'ari u a in , thu h wing 

th t th rec· n ly ~ rm d playa-b le aline than 

the true lacustral clay . 
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Th g n i , f the fH r ar n 

diffi ul t urin ()' th rain · . H 11 th 
with n1oi tur , but n th a 1 an 

th me tim that m i tur ri from b 1 w thr ugh h 

attra.cti n. The water aturating th 

they di ol from the 1 y , and n a1 rating 

£ reign matter a a surf: ·e in ru t tion. 1 h 

ar frequ ntly fiv or ix in h Tl 

th t 

alt 

it all 

l' 1 -

nt 

in h Lah me 

e 
but in en ral th y con i t n ainl 

ha been h wn by ualit~ ti e t t 

tion to the qu ntitati analy her intr du 
Dr. T. M. Chatar . Sam le No. 1 i from th 

mile n r h f the n rthern nd f W lker L k 
Ro 1 int in th B1 k 1 ert. 

c h' a} mi1 o'l l with p 
in th £ 11 '' lllh' na1y 

Con titu nts. 

rtion olubl 

No.1. 

Per cent. 
1. 96 

l. 1 
2. 53 

bu d n of th m r 
L al 

1-

y 

in water 1 

No.2. 

Per cent. 
~.18 

1. 39 

59.32 

'~ n.l oH. p rt of ol ..,i nl E.·pl rnti n f th Forti th P:uall I, Vol. l, Table of ohem-
i al aol\1, s, o. . 
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h t tal qnnntit · f ,'alin , matt r n n 

f th , Lalt 1 tnn n ·in w ul<1 

r 'k n c1 in ton:. \.. t )f .((. n mi 11111 r a1 

mm n . nlt, lit11n ar nat h ra ·i <1< ·i<l ~ t ·. tha ntain ·. 

indn. t ri s nri ' inb· fr rn th Yalu f th •· 

li i eel at th , pr · n tim 
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1 < li ti " tn ar 
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th urfa 
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lak hr uo·h th Rnot wn 
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a tnrc t cl w c t )r t 

h 1 k -

'l h ar a 

th ]( n · trmt >'h 1 '" n tb m wh r th n1 n I-
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, are l1 wn< "vat . ' 'I h ] rnntely and lll b 

rnultipli l t n 1 r fil thr n th l1 

ith r h.._ n 1 i h wn in th diabTam. 

at. R e ervoir. at. 

'Ih 1 om-

tufa by 

amrl f Lrin fr m a Y< in ''hi ( lt he l 1 O' Ull t ry tc Biz 
lyz d by 1r. 'I ay lor with th £ 11 win , r ult: 

Th ann u, l yi ll 
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ut ~,!) 

The an1 unt 

alin lak -l> 
with ut lin1it. 

Th m tin ru 
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t the n 

11 ali all y . 
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n rth to out} , be) nd whi h th u1fac f the d ert ha a g ntle in lina­

ti n a tward. Th urfa f th 1 ke- ed wh n fir t depo it d wa h ri­

z ntal, n th pr s nt in lina ion i , due t a fault cr ing th v 11 y wi h 

a north ~ n uth trik , and t th til ing f the or gr phi b1 k n whi h 

the a t rn p rti n f the vall y i itu t d. The tilting f the fl r f tb 

all r ul d in h e ta li hment f a drain 0' t 

' at · r , nd th £ rmati n f a m 11 lal e at th 

fr n1 3 t 5 in hes thi k n ar 

th n1arain , and i ' aid to have a ep h i h entr 1 p rti n f th 1n 

f n t l ha ' feet. It i 'ath re by irnpl h veling it int barr w 

nd wh ling it ou n t firm gr und, wh r it i piled in hug heap r ady 

£ r tr n portation. 

Tb urfa e f th in lin d lak -b d 

lut 1) de titut 

in , thi i di Th 

n ath th a umul t d It, i a fin , reeni h, lin lay, and may be 

readily ex min d in the i f drainage hann l , whi h cor the I p1ng 

tufa t th pth of 3 r 4 fee . 

Th n1 th d her , rranged b) th n t 
~a1 nrfa ·e f th la1 - alin w r 1n 

th 11 y th d y man n a 

iti 

a f 

th t £ rm n th 

warrant th v rki1 f th 

1t w rk are gre ter 

r t of lim , and in orne 

, hey ·tttain u h imp rtance 

ra '" . Th r ar m ny oth r I cal­

hlorid , h b r t , the ulphat , 

in lar qu ntiti , in th in-

th ' an 1 n t uffi-

n m1 purp 



236 EOI..JO I AL I TO • LA T 

RE ME F TIE ii L HI TO 

f al Lahon n, ·o f(. r a w ha b n c bl t 

d t rmin fr 111 tlt ud ~ f it h 1i al r b bri ft. 

lZ 

t l' lal he in ar ll' .. ~imat l y th 

u lin 

with man 
" 

b· in ha th 

tur t 1 ' i h al i un1 

lith i tufa. 

Whe h r th lak 

inO' 1na1 7:; _,, hi h ind1 t h 

f all-an th n d · v c y 

r ati n f tb 

ill ti )11 tb 

t quanti i . t 

tufa r n1ai1 un-

ntra t in th 

th ll 'ht 

buri'tl of th 

cati n. 

, lubl alt rl hi i · h 

Th water a out the l 

man flu tuati 

nt water-b di , whi h w re ru r hi 

unn th fir · n. .From hi 

identi l in th 

p ud morph w 

ari u tnlll 

lit t tT·:t with 

thr i11d nd-

1 1att r than 

a l n arly 

thin ]i h a 

Th bin li ti ta; w 

w r diiut d, ut I r bably 

b a n e of the lak . Th 

th 

ti n 

f rn1 

ill n tai n e a l r r p r n t. f . c 1i n m c tt r 

r dendriti van f tuf: wa. 

ut did n t attain great an 1 vati n n 

f the b in a. the fir, t f rmed tufa. 

tllr maJ r . ilt ti b r w r m l1j m1 r flu tu -

n by th lar uruh r f c riati n in th tufa 

f r th pr ·ipitati n f th 1 n riti tufa th hi h r than 

e r b £ r , the viden eiu furni It d by 0'1'< v 1 
7il Jn p ·k t a nd of ,·oluro . 
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ud , din1 ntar 

ably t 

la ' t 
t rm l 1 ~ th 

f thin lit 

V\ h n h lak 

h int 

be rn 

tion. 

ub i l n a thin 

ry t·tlliz· ti 11 of c 

h n r a l d,, ay 1r 

o·Lting f · ral-lik tuf '' c ~· 

mpc ratiY 1 limi u n( n i 

ll '"ft 1' th t- n-

I nd 1 ar a ·, a: lurin · 
tha 

th bat 
wh n n1 

'I hi · 1 ri 
that n uld b , r quir 

gr 

dr' ar · 111 

rminat 11 m >r tlHUl br hun-

~~------4'00 
T-----\·--------4-CO 

--·-------------------------- -----
FlO. 31.- m- v ·xhibitin th r i · a nd fall f JJnk L aJ10ntan : a a, d po it i n of lithoid tufa · b, d po it i n of thin li tH: 

tufa ; c, d pu i t i n of <1 n cl!·iti tufa. Ih fi i:,'Ul.' intli ·a t , in f •t, th tl utt uativus ,,r Ill •• an ·i nt l. tl ,. :tbm·,· nntl h•--
low th 1 2 I v 1 f Pyramid J,.ak . 
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Th r n1 ins of fi he w re £ und at few l 

tral lay expo d in the Truck au n. 

ha b e n mad , farth r than h fa that 

'I h y 1 r b·:t 1) 

r alin , 

it wa · fi.·e ·h; a num r 

tl pr ,nt tim 

· tta h d t he 

lak , £ r th r a on 

tr m even h ugh the ' a nn 

ar metime £ un fl atin in Gr c t 

n1e fr m the i flowing ·tr am . rl he 

th brine f he lak ut m t v n ually m 

now forming at the bo n1 of th ba in, an 

b-in n , forn1 a f< 1 ntry in he e logi 

uring ur exami1 e: ti n f th L hontan ba in, f 
tained at a 1 r · numb r f 1 litie , 

gr at abundan e. B th the £ il an 

with the imi1ar n1 t ri al l r tained y :&1r. 

ne il1e ba in, w re tudi d by 11r. h. i 11 w rth all, wh 

vi it to ach of the :11 ient lak 1n urinu· th 

in the llecti n 
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r la u ·-
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'J'abl of h U jow1d in th Lahontan ba in . 

Margaritan. mar ' ltritif ra, Linn . ... . . .. .. . .. .. .. + 
. \ uod nta Xuttalliana, L a .. . .. .. .. .. . + + 
.'ph:t•rillllt c]Pntatum , Hald ..... .. . .. .. .. .. .. .. .. + 

, l tiatimtnt , Lnm .. . . .. . .. .... .... 
1 

+ 
l'i idium ultramont anum, P r·m .. .. .. .. .... .. + 

+ 
+ 
+ 

1-

+ 
\'Otup : r suut Pr·m . . . .. .. .. .. .. .. .. + 

11 li . ornn tJi,·oh· is, uy .. .. ...... .. 1. .. ... .. .. .. 1 + + 
autm u, G ultl . . .. .. .. -- j----.. .. .. .. ... ... + 

yrnul11 . pan·u t<, .' ay .. ... ... . .. .. . .. .. .. ' + I + + 
,. rmiculnri , .oull .. .. .. . 1. ..... 1..... . .. .... + 

]\ [ 11 tll . Ojl(I' ' U] li Ji. , JOUJd . .. .. ... 1 .. ... . 1 .. .. . . + 
J~~mna>a s tngnali , L~nu ... . .... .... -1- .... J .... . .. .. . 
LtUIIIOph yu paJutn., MuJJ .. . . ... . . .. . . . + + 

lmlimoid , Lea .. .. . ~-~~-- ·' + 

l n c l'l'c n ·in 

r d h 
\ ith th lith 

th thin liti 

indi 

w 1' 1 

+ 
+ 
+ 
+ 

thu eri ed fi- m tl e l w r la ustral 

l'l Z hav 

art, 

rr 

ont m u · 

t d in tim with 

" ith tl 

(Porupholy 
lay·. T hi wa 

tufa. 

1Ju a) h 
f und ir 

Yl' t a und nee in th lithoid tufa on nah I ·1, n , an wa equally m-
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n1on 1n th r lo aliti at a orr ponding g olo()'i al h riz n. 'T'hi the 

ITIO t undant an bara t ri ic fo il of th Lahont n edim nt ; it ur 

fr m th ba e of th lde t f h ufa d po it all tb way through th 

eri , and i ne <?f l;ree peci of mollu k found li ing in ramid a1 
at the pre nt day. 

All the fo il hell obtain are f r nt p cie , and the m j n 

ha' b n foun }i, ing in the r t Ba in. mpari on f th livin
5 

aud 

fo il form ha hown th t the fo il ' ar d paup rae, and 

ari t ion in the ize, thicl ne nd ulpture of their hell ur 111 

11 ing x mpl of the ari u g n ra and pecie IV hen b aine fr m 

r gion where they find a congenial en ironment." In hi r. 

all ay : 
"Th 

alua 1 mpari on f th ,. m sp i r pr f 

th l ·d~ "idely parat din I oint of tim . . . . . . . pe im n taken fr m 

th lith id tufa n nt: h I land, in P rr mid Lal , wh n 

fr n1 horiz n IT lated with the d ndritic p riod 

am n i1 clivi ual ·. Th hell' froru b th 1 aliti 

mid Lake f ru1, re mu h thinner, and the ilin 

lo · r. Th lith i tufa pecimen pre · nt · ]art:; 

£ rn1 , the r tio b in 1 t 2, while in rec nt p 

t 32. Th re ent p c1 p roxim ~ t . effusa, var. salida 

'Cul ur and eie tion the e rli r forms f th lith i tufa c p 

t t.h ty i alP. ffu a, Lea.'' 

r i i · a 1 

all, " hil in 
t 

a ur m nt f ]Jmnp7 oly iffu a fr m d p it f 1 w r 

f th 

111 

rann 

r m mber d, i 
laro· num r f nl a ur tn nt 

1 N . --lu 

1-

f the 

, wbi h, it will be 

57 and ). 

th t the 
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Lah u tau fos .. il. · ( r l ' lll<tll ' I' and than th me 

·r ·i •.· wit 11 liYill<Y un l r n nun] ·< 11 liti n ·. 'lZ £ 
P mplwly. · f'rom \nab I. ·lctn l (1 " r Lah 11 an), whit 

... ali 11 an) and \V bi t ' Pin v·tda ( li \ iu c) h r~ti f 
ta i1 :. .77 

'I h ' ill 1 • of 
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w · t r m lJu,.]· · \ i ~., .. liui 
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t th ir flu n e 

u · ffi t n 

form r 1 l w re not highly barged witl min ral n1att r during the in1 

the fo il-bearing e im nt ~ an l ufa wer form d. 

The condition of ral f h \n 1 ed 1 ke f the Gr at B in at 

the pre ent tim , h wev r, indi at that ' ry mod r t d gr f alini 

an lkalinity is perhap £ rable to th gr wth f fr h w 

Franklin Ru y and Hum oldt lakes ar all 111 r highly harg 

han i ~ th ca with rdin·:tr · lake· an tream ( th total f li 111 

ti u, how v r, 1 ot exceedin mall fra ti n f 1 p r 1 t.) but hav n 

abundant m llu a1 £:tun . 'I he i fer n is h t a id d · lth ut;h ind fi­
uit gree f alinity i requi ite to f r du' d aup rati n. I1 th m re 

tr ngly lin lkalin lake , f wlli ·h l\1 n , b r an r at · lt 

k d,re x m le , r ful search ha been mad £ r li ing tu llu k but 

11 ne Lave be n found. rlh ·e lak are beli d t b ntir lv de titu e 

f b th 1nollu ar and pi cine li£ . 
A Lak Lah nt n n er v rflo w d, it i ·af t · n lud that i t ~ 

water at all time mu ·t h v been 1 , pur than h 

with utlet. The d aup ration fit· £ 

f rdinary ]ak · 

t 

erved 

hemi al 

a I Quat r-

' nl a panp r 1ti n f the fre 'h-
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Th £ i1 b t might b XI t thr w h m 't light n tb li -

lll< ti . 1 r blem ' l' th 111'U1111Htlian r main nt, nnf rtun t l T' ur t th 

I r · nt tim the hav n £ und in u h limit d nun1 ut lit l 

id nee as t th natur f £ rmer 1imati ban o' · an d ri fr m 
b 

thern. 

Thr ughou L< h ntan hi t r Pornpholy iffu a wa th 

ha 

1ng 

alt 
if n 

ie in th 1nollu 

a ran 

ar "till a h ring. 

'fh f P mpholy 
lak f h 

th I ( h 1 t ( n . ri . ( n d it , 

h f P.IJ r_g ul (l 
ar 

fLak , 

nndan in< 

. , in whi h it i.· 

intr 111 

th lin 

'111l 

, nu ur hrough-

undant that th t rm th 

1 ri n i pc: l 1 rti 1 rat ~ r , " m ) b n 1n 
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th f ml: n . t 

lc1t an 

ar n 

t l1 wind in uch quantiti 

n~n thi f 

n1 nt in L, ke Lah 1 tc n i 

At a ingle locality, the lar ( l a e 

whi h' r 
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a un 11 t] r in tr m 

that th water 

r line. 

The w rm-like L: r 1 a 
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din lithoid tufa. 

nr in th 
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li th i tnfc (Fi D'. 2). 

ad li fl r now £ nnd 

tufa a ut the da 

ar id ntly f uit l' nt date nd ann t 

b il . 

ntan bly be n ' ider d 

J b th 0' lo i t. c n d , r h 111 ]' t, i a pear-
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head f htnnan w rJ man. hi1 . Thi. wa. o tc in 

urI r lacu trc l Ja , 

time. 

f hi p 
imr I .m nt. of th am natur 

out th c r W t. 
f la 

nat rnc ry lake 

th f 11 ' ing figure. 

The nly f 
tan ar rtait pr l mati , t r like uh , fr tn n 

n , l1 and ~t} pr ximat ly the hir ti th 

po 
kin 

,' \ 

1 in d. u 

bnt th ir unif rn1 diam 

hi: d t rn1in .. ti n. 

fr n1 I c h I land Mr. \ . II. 

f th 1 as . r n dl 
tnt f th Ill 11l c . 

f h lith icl 
f t f th 

f th 

th 
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0 1 (l y <f (1)\" kit d 1n n-

ti n ld 

1 ar and 

influ ne hn.ra ,t r 

We Y a ti n. ITa l the .· l1 r 

t , · ar th ,. f L< 1 ~ n[iehio·e: n, £ r 

abnn lan r rd of the fad . . 'h n1 n t. 

hn d nrn in th be: ·in. 

11 al .·amin cti n cf th : nn 

lal h th < r ri hly har0 l ' ith th 

infu oria, an ~ m 1m a un 1 i u1 ' . 

tbe:e £ i] wa no Ira ti bl_ 

pr 

d n 

th 
h -
na-

n 

en 

h b p th i thin lit wH,. ry lliz 
fr n1 w with min r l matter. 

In orr 1 ting th vari u Lahontan -P it. h 

thin li t a hi 'all w n th 

lc u tral lay 

Th £ ra 

n 

u p r limit of the thin li . il n1 } thu rep-

r . nt a :ta r in the r fillinrr f the l k wh n i water 

' r n t · n a v h n h hin lit wa In the Humb ldt 



anon wh re fo . il w re £ und in th medial r J , it i pr b bl hat th 

,' trat are in I rt a flood pl in d p it, a unndc: ted when th lc 1 -v 

b low that horizon. 

Ul\'11\J .A.R • 

~h evidence deri ed fr m org nic r main indi ate that La1 

Lah nta n thr ughout it hi h r t g wa r r a tr n lin and 

alkalin lution. Eve during th a Ulldant pr ipitation of d nill·i i tnfc-

t.he 1 k wa inhabit d b rr ollu k i1 O'reat nun1b r , n i w 

a l th h me f Teleost fi b of lar e 1z . uring th 

when its ' at r wer reatly c n entra d b 
fo il indicat that it wa uninh bit d y ei h 

Th liB l i tory of the lak , c: w I n w i t t pre nt, an ot b n-

as affor in d finite in£ rma i n in r f r n th f th 

·lim at during the uat rnar3. 1: h 
m llu an lif that mi ht du t 

m k d by tb :ffi t pro uc d by ada i n 

f the wat r . 

\Vhen other in th an1 r g i n x lor d, e p 
whi h found utl ,t, he hara ter of their m llu an f iL may 1 ad 

o itiv 

an abnormal hemi al c nditior 

w uld b liminated. 

i n, f r in uc h in t· n e the in flu n f 

f th ' t r on th gr v th f mollu ·1 



CHAPTER VII. 

RE UME rl I:IE HI T K 1 LAI TA. 

The hi tory of th flu tuati n 

Nevada is r ord d in ari u way , n n 

chapter , whi h tr at it fr m th hy i ~ 1, hemi ) and 

p int ; in the pr nt chapter it i ur 1 urp e t pr 

clu ion ba ed u on the e variou lin f viden . 

ob erved have great diver ity of charact r, but when interpr t of 

geological hi tory, they upp rt and up lem nt a h th r i 

that the conclu ions dr wn are beli <1 t b w 11 u 't in d. 
the facts ob erved in the Bonnevill ba in nd in mor than a 

valleys through ut the northern half f the Gre t Ba in whi h 

ntemporary water-bodie , harm niz with the interpretati n f th .Ja-

b ntan record here presented. 

The fact th t all the min r ba in in the arid region 

are filled t depth f many hundre f feet with alluvium n u tral 

f th 

r 

Th hange f Jimat a mitting of the exi tenc 

ion f 1 k in h . th r u h u t th Gr t 

num vad 

n­

au d n. 

ntl · to unit 

ncl f rr a .·in:rl liT nL r wat r-bo<l · . 22 U c r n1il 1n nr a. Thi , 
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v\ c th fir t r · fLak ahont n. Like c ll in I d lake it mu t h v 

ptl and t .nt with th lternati n f arid .n humi 

and th pr ipit ti n f r at uantiti 

The time of low water, and perh 1; 

ded th fir t ri of L k Lah nt n, i 

car ed in th lacu tral d an by UlT nt- ",,, .. -..x . ... L 

s 

liruatic o ill ti n ·, 

1 in all 
f 

Tb ]a] ~ ) 

n-

u -

in turn 

, n ' a 

n during th int r-L hont n peri 

fa d. 
din a 

in h 

ba ·in w again p~ r iall) 

i ti n f t h . al t d 1 o 1 in t h 1 k n 

m­

r uo·ht 
0 
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ab ut y 

fir hi h-\ 

'lh t ufa 

nit p ri , 

E j II 'f 

tt r t d durin · th 

f i cati n. 

hin lit ; it i · 
P n 

a 

t w vid ntly 

h mi ·:tl luti n th· n th t 

Th t thi ' wa th 

· ri ty o ur · nl wn in th 

£ t f the high .. t 

n c ITl on £ r n ind fi-
h 

h vi t it f al inn 1 

Durin · thi . 

c n c CUD1 lat d 

I k ntinu d t 

ri e and at la t rea hed t high r than rna 1rnum. 

urin · thi xpan i n th wat r ling r but a mpar iv l t 

th high t I vel nd then 1 ~ ly u .. i d. Th 

f d ndritic tuf i h wn by th pr dim nt 

depo it. 'rhe tructure of th hi her ar and m , nkm nt 

order f the ld lake ba in, pr v c n lu iv ly that th 

xp n i n wa during he cond ri . 

With th la t re e i n of the la1 e all p rtion of it ba in w r r ught 

within th r a h f wav a ti n, and the tufa d po it heathin it int ri r 

~er br k n, nd the fragment wept away b current , and built int m-

nkm nt and terrace . The water continued to fall until the ba i w 

n pl t ly dry. All the alt n t previou ·ly precipitat d wer d po it 

, and became buried and ab orbed by 1 y· la 

' h I r f f h UlT n e of thi time f d ic ati n i furni h d by th 

I c ra i ly fr h n iti n of th xi ting l ke of the ba in, an by h 

han llu an fauna -v hi h to k pl c inc th la t high-' at r 

p ri <1. lnn tion f thi .· po t-L h t .n cri p n i unkn ~ n, u 
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it wa ) ar ' ln · n 111-

cr a in hu 1i it . 11 . 

·1. tnulti-

tnt ifi h r-

int rior f it b in. 

limatic hang "hi l br u ut 

T at xpan ion f L k Lab ntan, a w 1l a th n 111 t 

flu tua ion to whi h it wa u ~ t, will 1 indi at d, far c h "' rit r 

ha been abl to int rpret the record , in the £ ll wing hapter. 
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n · f it lin.ra.ti 
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,. )n r· 1 t 

ou r a,im t r 

"hi 1 hav 
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n iti n th t I rmitt d f it 

fi ]'(\, 

nt. 

lil g the 
·1. r th 

at t1 01 th 

au ~ , an a ,ain, a · b 

i tur th m lr " n, c: nd 

ath. 

w 111 n wn hat n r . pr i t 

th r ·nl pr due d ) it 
2M 

ari u l m nt on th a p t fa given regi n. 
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tb Dlal' rin 

num r 

a h m untain xhi it a 

t th n1 uth f a rg , n with it br c 

j (' pl in r 'all Bar ly th 

n1pl t ly in i vi u l i in t, but u ually the 

hi kly l ng tb n1 untain fr nt tha th n are 

ont ur f th m untain ba e a al-

one ar t b 

-rea m gnitud . Thi i pa1ti ul rl y n i in h 
n rthern I rti n f the b in wh re th lak w gen rally ball w, nd 

i lly in th Humb 1 t and u1nn 

a lum ring Hill . Tb am ph n n1 non i al o 

n p1 a out he bord r f the C r n De ert an in Buffa} prin r, 

lkali an n vall y , well at many plac on the borders f 

W lk r Lak 11 y. Th alluvial lop tt·eaming d wn from the 

m untai to a h riz n far low the ld b h line , b r id n h t 

th with llu ium b £ re they w r upi d ) 

th n y f th e ba in n ' r rfl w d, it i 
w re £ rn1ed durin time f 

a rati n qual d r 4 e ed 1 re ipitati n. If thi had n t b en 

it i · man if ,t that lak w uld hav een f, rm d and the debr · 

fillin<r th 1r b i1 arr nged in tratifie bed or uilt into ar · and m-

I 1 m nt . lar e number of 'alley· in th n rthern part f the r at 

a in ~ hi h h I in l d Quat rnary 1 k h ve b en explored, nd in 

th arne relati n f sh re terra e t previ u ly formed 

· 1l n ial 1 pe ha been b rv d. It i · b re£ re considered as proven 
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that an arid climate prevailed for a long time previ u t the e isten e f 

the Quaternary lakes, the records of which are now b ervabl . Th rate 

at which alluvial cones are formed i irregular nd depend o a number 

of variabl fa tors, , £ r exampl , the amount of precipit ti n, the grade 

of the canon , character of the rock forming the m untain, etc. A the 

geological nd topographical conditions at a d finit 1 cality may be n­

sidered onstant, so far a the present di u i n i concerned, it i vid nt 

that < llu vial cones are in some mann r a record of rainfall. Many b r­

vation have shown that they al' u ually form d in arid region , and r ult 

from udden storm which flu h the canons and w p ut the ac umul t d 

debri with violence. Thi is ob er ble not nly during the occa i nal 

" loud bur t , ' as th udden torm of the Far W tare alled, but may 

al inf rr d from th oc urrence f a gular r cks, weighinb 1nany ton , 

on the urfa -. f th alluvi 1 on Durin0 th interv 1 b tween th 

st rm , li int grati n tak pl 111 h upl nd , and th mailer tributari s 

d o it their 1 ad in be lar0 er canon , which thu bee me charged with 

debri . The ra e o 'iti n of alluvium about th n1 utb f n n 1 

1 r ely influ n d by the fa t that what was ntir ly a urfac tream 

durinO' it anon ur , ink. below the surfa e n pa ing to tb lluvi l 

slop and deposit it 1 ad. The e c n id rati n mi ·bt be ext nded and 

the ction f perennial tr am ntra ted with the r ult pr du d by 

infr qu nt t rm , but perb enough ha ~ alr ady been writt n t h w 

that alluvial cone are n t onl 'h r cteri ti of rid limat but th the 

preci itation which 1 r duced them i comm nlypar xy mal. 
festly n uni£ rm rate at wbi h uba··ri< 1 c llu iati 1 take o 

definit , m sur f the time n ces r f r th a u mulati n 
thi mparative iz f h d p it mad urin di tin t 

n urni h . t general indication f th r lative length of time 

r quir d £ r th ir a· umul tion 
A umin · that th iti f llu vi ti n w re qually favorable 

uring th pr -Lah n r 

th tn o itu f h 
ti n f th tw p n d . Th 
an i nt ( lluvi 1 n ar bu d li at in· rii ti n vvhi h, in a g ol gical 

MoN. xr--17 
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xtren1 ly eph m r 1, · t th ar . 

rigin. 

mu t 

pr u 

t 1'1'' 

111 · mpari · r t th , · r uir l f r the a un1ulati 

ly ri f 
f he a t debris 

il · n whi h h y were m d . 
n th r, al hough le finit pr f f th aridity f th tim preced-

11 g he ri e f Lake L h ntan i furni hed by th fi. f th 

th t n r th ba in. In many in tan tb e wer 

pth e£ r tb e i e f th 1, ke, V'i hi h u b ' q u 1 tl) 

A illu tr ti r f hi ph n m n 

ni h and Bu:ffal 

When the lake had it· oT at 1 w r 

f th gorg and fill th n1 elta 

~l it , at th arne tim that their w 11 Wh n 

th 1 k r tir d th ·tr am r lairn d their an i nt channel a1 d m­

ID n the rem val f th 1· cu tra 1 trat . Th re k ar n \ fl wing 

er th ir ancient bed of b alt, but the re ent c rr i n f th v 1 ani · 

r ely r · . ti le. The amount by which th l v been 

p n uring th pre ent arid peri d, a co1np red with tl w rk a con -

pli ·h din pre-L~1hontan time , is ertainly in the pr p rti n f net man. 

h u nd. rallel illu trations f the me ph n men ar f 1rni hed h. 

the river which enter the ba in fr m the we~t, all of whi h fl. w in hann 1 
of pre-Lah ntan ate, an b arne partially filled with la u tri 

n equ ntly 1' - ' a at J a in th r .VIOU in tan ach 

n w fl w thr u ·h a ·anon within a afi n, in the m nner illus-
b g 44. 

· id that wh n th afi n w r f. rmed, the b in to 

r n w tributary had a free drain g t th It i 1m 

r d1 r ve thi hypothe i , but in eneral, cafi n of the 

bar t r f tho e in que ti n may be con idered a characteri tic f arid 

B kn w, fr n1 th great depth of marl nd gr vel in 

f the r at B ·in, th t they ha e been regi n f 

a ·unntlc i 11 f r l ng p ri d ·. '1 h wei ·ht f evidenc i uch, in our 
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judgment, a to confirm th hypothe i · that an arid period of 1 ng dura­

tion preceded the fir t ri e of Lake Lahontan of which we have d finite 

kuowledge. 

The variations an fluctuations of the pre-Lab ntan arid period are 

unknown, but, from tLe general t achings of m teorolo;y, we may re on­

a.bl y con lude that, like the pre .. ent climate f th Gr at Ba in, it wa 

marked by many fluctuation in preci itati n and e aporation, which at 

time gave origin t lal e of gr ater or le xtent. As the ari peri d 

drew t · clo and m re humid c ndition prevailed, it i most rea onable 

to uppo-'e that th change wa gradual. The phenomena do not call for a 

~udd n break in the proce se f nature. 

Humidity of the Lahontan period.-In 1 ed lakes may be c nsidered as 

repre ·enting he n t balan e b tween preci pitati n and evap ration. A 

the r lati n f th e t\ o climatic 1 ment are mpl x n independ n , 

th ir re ·ultant will be inc n tant and vari ble; their mutual neutralizati n, 

far a th lak ' of a ref)'ion are concerned, mu t, ther fore, be a matt r 

f J li te a ju ·tment. It f ll ws from thi that the differenc in limate 

etw n a time of expanded lakes and a time of de~ic ation might be c m­

parati ely moder te. 

In a o·iven area, like the Great Basin, we may afely 'ay that a lower­

ing f the mean annual t mper ture will in rea e preci itation and d crease 

evapora i n, thu · ffordin th climatic conditi n favorabl to th X} n­
sion f th lake . n th other hand, a ri e in th mean annual temp ra­

tur , uld increa evapora i n and decrease precipitati n, thu favorin(r 

the contracti n and extinction of incl d lakes. The exi tence f a l rg 

f lak in tl e Great a in durin · the u t rnary i eemingly 

n f the reD'i n durin a- the time f th ir gre ter 

t nt; unl it an be hown that 

th r wa, a v r 

f pre i1 itati n, a ph u men 

tim in th < rcti latitu e . 

That many f the lak 

that pr ci itati n within their 

ex e 1 ve. Had th rainfall 

id n t 

n 

rati n with ut a orresponding 

n nly to be bserved at the present 

verflow i equally po itiv vidence 

D'raphi ba ins uld not have be n 

1 mo rat ly iou , it em elf-
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mu t ha b tributary t the 

·~an. n 1111 d in arid r gi ns. 

In , rid untri th 

f th 1· k ' ar 

drai 11 • in humi r bl ns tll r 

n t h a.r a that they 

L· ke Iu h n ta , a 

l . ;. 

th 

fit . h 

Dl 

,422 uar mil · in 

th 

· m1 an 11 

Lal· Lab ntan wi h 

dn ina ar a · a 1 t 

er 

11'-

81 th 

ha th nl ap u· wat r 

id nt th t th y w 

ar c ' than 

l' '1 n 1 mu h 1 

uld 

at pr 

than th 

c up 
In fact, th 

1n an annual 

in •r for nv n-

Ar eas of lak and of ill ·r hyd?·ographio basin . 

--------------------------------------------
L ak I

Rati fwn 1 

a1· 11. to b dro· 
I g •·aph i a rea. I 

quar. "'"''· I I 

:::: 11 ··· ·· · . · · · '·~ ' 1 • ·· I·~· '-"• I 
396 . .. .. ..... . . . .. . ! ... . ... .. .. ... .. 

9, G33 . . . . . . . .. . · ···•· ..... ..•. . 
7, 104 .. . ... ... .... ..... . ... . . ... . 

'om bin. d a rM .... ... .. ..... . .. .. . .. . .... ---~-?:l;j 1- ·- 290, 9HJ _1~ 

B nn v11J . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . 19,750 5:.?, 000 1 to 2. 63 
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nsideration f thi hara ter might be multipli d, ut it i 

that n ugh ha alr ady een writt n t how hat th limat.i chang 

whi h ga\ origin t Lake Lah ntan but did not p rmit itt rfl w, mu t 

he v 1 f m der te pr cipitation in mpari n, for ampl , with 
th pr nt r infall of the regi n of the Laurentian l ke , even if Y\ 

th f ev poration in the Gr at B( in t h e b n th during 

h n increa in th ann uc l1:ainf ll f a r 
0 

i n 

n idered a au ing a d rea e in th m c n · p r ti n thu 
in i ting that the r infall in th regi n of L k Lah nt n during th Qu -

t rnary, uld not have been greatly in x f the n nnual 

pr i1 itation in the am area. It will b · th hi -

t ry f Lak Lah ntan i deci edly in iti n t 

th limat of the Gla ial ep h wa. hara t riz b a r 1ncr 
pr i itation. 

A · t n lu i n eem to b that th chang fr m ari t m r hnmi 

whi h produ ed th Quat rnar) 1 ke. of th asin wa n t 

·n ll n r xce iv , but con i t d in gr ual clima i ilt ti n f mode'r-

ate 'range. 
on idering the que tion of humidity al ne, we v nture t rr 1 t 

p ri d of lak xpan ion with an incr a in m an annual r ipitati n · 

and peri d of ntra ti n and desi tion with d r a of rai fall W 

th r t r u e th diagram repr enting th flu tu ti n f Lak Lah n n, 
a an xpr f th humidity I m nt in th climate f th r gi n nrin 

t] Quat rnc ry. 1 t rpr tin5' the urve r pre nting th o illati n f th 

1 ke in t rm f humidit we have: 

FIG. 84.-Curv of Lahontan Jiruate. Wet tlM'BtU dry. 
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Temp ratur of the Lahontan P 1·iod.- on i ring t mp rat.ur a th 

ontn llin Ji atic l m n -in r t r n .e a r 111 th 
m t vap -

n ti 1 an that a 1 w 

n1 \ alu , in p 

r t r f tb a undant 111 

ju, tifi d iJ 1 

lar r h n 

ha 

IJ 
b n 

ar Wet i n ga-

ab hyp th i. ·. 

f th Lah ntan 

ba in pr clud h hy oth si f n r ti lirnate. 

If we p tulat . ub-tr pi al r tr i ~· 1 nditi n f th L b nt n b -

in luring th Quaternary, we mu t, fr m th anal gy of tr pi al untrie,· 

in g n ral, n lude that tb r gi n w uld pr bly ha , b n humid a 

well a warm, and c n quently produ tive f abun ant faun and :ft ra . 

Tb ab en e of fo sil indicati' e f su h nditi n i uffi i nt evi 

that they did not prevail. In tb h pter de ote to th lit hi t ry f h 

'£ rm r lake it ha be n bown that it bore mu t h ' been t le t a~ 
d , lat , and lifele a th ord r f h exi tin0 1 ke f the ame r gi n. 

The alternation f humid and arid onditi n urin5 the Quat rn r 

fin , perh p , it b ·t analogu in he pre nt annuc I limatic chang f 

th am r gion. The ea · n in the Great Ba in re tw , ( n arid and 
1 umid, th £ rrner being of tb greater length. In the winter pr i itation 

i · ( undan t in c mp ri on with the untm r; in fa t ne rly the entire rain­

f, 11 f th y r tal e plac b tween D c mber an Mar h. During th e 

1 1 l h the ki are cl uded, and rain an w are n t infrequent; the 
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n erR r1 , , nd m n hannel that r compl tel r; uring th u mer 

be n1 fl ; th in 1 d lal e incr a e ir area an many n w n 

£ rm d in ba in tha ar par hed d rt during th urn r m nths. Th 

wint r a n i , th refor , th humid 1 eri d, during whi ,h ' a1 ration i 

decrea ed, and i in e' ery way favorabl t th "i tenc f lak . 0 uld 

thes c ndition b ntinue for ufficient I ngth f tim 

evident that the Quat rnar; 1 k b in would be r fill d. 

On the ther hand, thro,1ghout the arid ea n the rain 

entir ly, th kie re clear and loudle ' f r day an p. rh p ·:tt a 
tim ; the h at in th d ert valle; ome int n e, c 1 n 1 

greatly a eler t d. The r ult i ad rea f: ilure f h tr · m and 

hanb· . illu -

durin · h 

th shrinl a ·e and di app aran e of the lak . . Th , n1 nal 

trat th bar t r f the se ular · ilia i n that t k pl 

Quat rnary. 

I h £ rm r gr at xt n i n f the 1 k i , th r -

a. evidence th t th mean annual t mper ur ' a th n 

Inteqreting th curve gi en on pa ... 37, whi ,h 
in i , J, the flu tuati n of the Lak Lah ntan, in term f t 1 1 r c ur w 

hav the following as generalized diagram f thi element in th limat 

f th Quaternary: 

Cold Period. Cold Period. 

Flo. 85.- nrv of Ll\bonta.n limate. Cold ver~tU warm. 

In tb 

a t d ti 

th 

t £ w I ipher th revaili n · ehc r-

he regi n f Lake L ahon an 

be n c 11 id r in r f r-

rnplicated and f·u·-r ,·:tchin 

b nfin d by ; r ph-

in broad an perlu1 p far-
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di tc: nt r o-1 In fa t 

m nt. H n 

bee 

nary r at th b 
weight f e i en 

th phen m na in 

pinion, even if m f the fact 

by different b erver ~ . 

B LA 0 T 

The present ri limat of th Great B· in nnn t 

aying that the t mp ratur i high n 

pre ipitated i rapidly ev rat d. 

probably£ r the r n that pre ipit ti n i 
rat ly, be au e th mean annual h, midity 

expl nati n f the r 

as drying wind . 

r gi n, to e 
w rl . .1-

'llVl-

f th LH I'-

rr h 

fr n1 th tud ' 

11 - r un l 
diffi r nt1y 

n-

carcely, if at all, n1 r humi h r 

of the b sin range , and that n1u h f the a ifi a] an arid un-

. try, lth ugh ituate bet we n th ocean < nd the m untain that r . u -

p d t rob th wind f their m i tur . Oth r xplan ti n f th aridi y 

f much f h regi n we t of the ky Mountain have been ad an 

ut it remain d £ r aptain utton to pre ent the view th t apparently h· : 

th trong t f undation.83 Thi writer ex1lain th ridity by peculi riti 

f the urrent of the Pacifi . In brief, thi the r a u e that tl e cur­

rent from th north which £ 11 w the we tern b rd r f the c ntinent co 1 

th air that i carried over them toward the land, thi · ing the prevailing 

reaching the 
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I nd, th~ air ha it temperatur increa d, and thu 

If thi xplar a i 1 of tb pre ent climatic conditi n 

a pt , it i vident that pc t fluctu tion in tb 

be me a ry wind. 

f tb Gr t B in b 

Iirnate f th m 
regi n uld b account d £ r by assuming hang f ir tion in h nr-
r ,n t f th ifi . 

1 e t ·1nony of the Glacie1· .-Thus far our di u i n he- b n nfin d 

t th id 1 ffor ed by the r rd of the an i 1 t lak It i ma1 I-

£ t th t th gln i r wbi h xi ted on th n igh ring tn un in nn 

th tim th I ke were fl oded hould furni h additional vid n beari g 
n th m qu ti n. 

The lim ti condition favoring the origin nd gr w h f glaci r h 
r ntl en a ubj t f contr ver Some writer hav th t 

th 1 ial p h ' a c w rm p riod, in ompari n with th pr nt, and 

th t he .xt n i n of the glacier wa due to an increa f pre ipitation 
au 

1 r k­

r Whitne in hi work n 'Clim ti 
. . 

an U SCI I-

the ope of the pre nt v lum t ent r int the th r t­

i al di u i 1 thu pened, nor is it n e ary, the ar5 um nt · br u ht 

f rward y th writ r cited above ha been c ntr ' r d ewb ,IT}, 

utt n, ilb rt, nd th r , wh adher t wh t m y b the rth -

d · b li f-h held by th maj rity f writer n g l gical 

eli n in ex f c ld, and that their great in rease 

du t a deer a e in m an annual t mperature. 

during th Glacial epoch w r l r r r more 

their n w n t ompl t ly melt d during the 

entir ly in 

wi h ll th me und r our own b r ation i r £ r nee 

t th f gl i r , that we do not he itate in con idering their de-

t rminati n final. The fa t that th winter ea on in the Far We t, for 

x mpl , i the one that fav r th a umu1ation f now and the growth of 
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gla i r:, 

f th 
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the umm r th 

w that 

nditi n 

f tb 

r · u £ r < g reat r p 

win r on i ti n in 

Thi i th m r 

f tb 

lima tic 

xi ting l::)aci r of th 

to ~ ppr xi mat t) th ~ ir f rm r tb 

>f th r t Ba in un il th xt nt f tb 

··tm r 

i x1l ra-

ti to bear viden e f f rm r gla iati n a ut their ummit . 

The£ rm r pr of xt gl· ier on the Si rra a nd 

Wa at h 1 nntain , and of ice field f 1 ~ xtent n me f th int r-

m diat range , i uffici nt t pr ve that during that time ll them untain 

f the region mu t h ver d £ r at lea t a larg p rti n f 

·t. h y ar. Thi in it elf-unl s th temperature throughout they ar w 

1 w freezing-woul nece itate the formation of lake in th in I 
tw en the range . In three in tances in the Bonn -vill b in, an 

< t four I aliti near M n L ake, th lacial and lake record f uatern ry 
dat v rlap. The oraine at the western base of the Wa ·atch m un -

ain · whi h d 1 w the I v l f the Bonneville beaeh hav en d -
n ilb rt · ~ in thi ge f th 

1 1 n number of 
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glaciers of large size form rly flowed down fr m the High Sierra, whi h 

t rm it we t rn border, and dep ited morain f r at 1 ao-ni ud n 
5 ' 

wl i h the terraces f the Qu t r o ry lake, that form rly fill d h b 

tho d pth of n arly 900 t t, are distin tlj tra d. Th m 

Lak w r carried out into the valley asp r ll 1 rid o- , r 

m nt we have£ und it on ni nt t 

ar prol nged for a con id rable di tan el w th high 

b a he~, and ha t rra tra ed n t o ly n their ut r 1 p 
inner ides f the couche £ rmer]y o upi d b g·l i 1 i 
tance deltas have been form d b tw n the extremiti 

embankments. Th pr of i th r for onclusi 

i n f the gl ci r pre ed d th 

·la i r had r tr at d u th 

it is imp ible to det rmin . 

f th M no 

fl w d. 
vad . The 1 · u trt: l r 

hi 5 1 water, c IT p ndin , it i pr umed, t th tw main 

xt n i n. All th fc t ' kn wn t u re in harm ny with th 

that the two humid peri d r c rded in the B nne ille n ah ntan 

racti ally ynchr nou with th two rio 

f 

The fe: t that th f th Qua-

t rn ry lake 
f th gla i r doe not milita e 80'ain t thi t r in 

that the mel in · of the now and ice n th Iuountain 

f wat r t th 1 k whi h th n r 

Th 
lim t am r i n t th I re nt time, thu fin 

Th n l din t th corr lati n of the 

f L( k ntan with th tw Glacial epo b 

xpan i n 

ti n, nt indi te 

ontribut a un-

it greate t fl d. 

wint r 

ar 11 l. 

n rthern h mi -

ph r ha alr ady been indi at h nld thi nclu i n b n tain d, 



268 EOLOGIC L HISTOR OF LAKE LA ONTA . 

it foil w that b th n, r ult d. fr m a c mmon clim ti 

hang . In th 

that h hang 

them an annu 

a reiativ n 

v rdi t 

m 

th 

nc 

o-laciati n. 

ratur 

The 

Lah ntan w 

xpan 1 n 

nd that the n 

Thi int rpr t ti n 1 

f writ r In 

em n trat 

wa I " erini:; in 
ati n indi ate 

in h rmony with th 

th pr I -
r tim , a t pr nt 

itt r d wid 1) in r t r ­

humid r o-1 n w r the area of gr te t 

Th u, ion of th ul imat au of th 1d f the 

Iation in 

following 

rt. f th 1 r nt r 

f th writ r' n Iu ion in refer n th 

.,. th flu tua6 n f La] 
lim ti cii-

di din th 

r
Prob ble Jimatic omlit.ions . __ ~ .A ime of nridit ; pt· ipitati n aronll; evap ration 

_ . ) rapid; t mp ratur high. 
I. Pro-Lahontan aml p nod ..... ·t 

Resul R _______ __ ___ ___ _________ ~ Ln.k
1
es. mall, at tim s u icc tell; mountains fr from 

l g act rs. 

(Probable limat i oudi tions. __ ~Precipitation modem ; vaporation d r ase<l; t m-
1 ~ p rature low. 

2. First rise of Lak Lahontan .. i 
lResult ··---- -- --------- · ····-- ~Lat:g lak in Lb vall ys and glnci rs in th mount­

l ams. 

3. Int r-Laboutau ariel p riod .. . 
{

Probable climatic condi ions ... S D cr sed pr ipitation; vuporatiou rapid; tempera· 
l tur higb. 

r Lakes small r than nt pr ent, and at times po ibly 
• Re ults . . . . _______ . ___ _______ _ ~ d icoated; glaci rs ontrac d nud 1 o ibly com-

l pl tely m lted. 

(Probe.bl 
I 

4. econd ris of Lake Lahontan . < 
I 

{

Pr ipi tatiou madera , but probabl morecopiouA than 
lima.tic conditions.· · during the fh-st riB ; evaporation .d r d; temp r-

ature low. 

l Results. ----- ... ........ ....... Br ad la.kee and large glaciers. 

l 
PrQbe.bl cl.it:natic condition!\ ... {A ti. 'me of gr~t aridity; precipitation small; mean 

5. Po t-Lahontnn arid p riod . . . . temperatnre h1gh r than at pres n 

Results .... --. . . .. • . . . . . . . . . . . Lakes desiccated and glaciers mel d. 

{

Clima.ti conditi ns .. _ .. __ ___ . . 5 Precipitation small; vapora.tion rapid; m an 
~ atnre about 50o Fabr. 

!!. Pr enttimo ... ...... . . ..... . . 

R olts .. _. ___ ... _ .. _ ...... _ .. _5 OllDl ~Y arid ;
11
rivers mall and fluctuatin g; Iak 

l g amers sma . 

mp r· 

ROO 
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GEOLOGICAL AG KE L 'I A 

A review f the fa t 

tates orne repetition, ut , ms de ir ble in 

in a onnected form. 

The reader is alre dy awar that B nn 

1 rge ~ of an ext n ive n flak whi h £ rm rl 

f the Great Ba in. l hat th l k 

n1 n f referen e on Pla I-w re 

t be u tion d. 
ing of t rr ce , grav I ., 111 

which n differ nc f a 

in others near at 

xi ted at the am tim 

a abundantly pr v n th 

ompleted geologic I r rd 

The £ s il h ll · t· in 
nd Laho tan, n a £ w 

f all th 

r at Ba ·in. 

ufa un ill 

a­

uat n ary trata. 

Th upp r Lah nt n di-

id r d evi n - 1 h u h a et un u tain d by th r 

find imilar h ra t r- hat m inhabi d thi onti ent during th 

la t r t ri of the £ rm r 1 ke. 
269 
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'rh 0'}' ( t . t in ·urrecl ub-

la 1 !though thi · 

f th £ rm r lakes and gla-

1 n c cry 
n }lttain th ir maxin urn at 

xt n i n of lak s in 

, we corro 

mum ext n ·i n of th 

I h nomena, the tw 

gain, fr m imilarity f 

unt8,in. of the Far We t, 

re rrel t d in time ' i h th t'' 
a r t;niz d by rt in g lo 'i t . 

1 ow hat t b l a · t r at x p c n · 1 n f the I k 
during tb 1 e f th Gla i<: l period, and Dlt: 

r oran ou with the Oh mpl in ch of b a tern Rtates. 

That the YaH y f tb Gr t Ba in h 1 1 k , at 1 t t int rvc Is, 

hr UO'hout th Quate.rn· ry, is n t nly pr bl , a priori, but i indicated 

b th g r at hi kne · f marl , ·lay and grav I th t fill the e pr ss1on . 

Ju th B nn 'ill b·:t ·1n b ·e I o it have been p n trated to a depth of 

Y r I ,500 f t with ut r a bing the und rlyin r k. That the low r 

1 rti n f be mat rial filling th d r i n may be ofT rtiary age, i 

an 

' nt 

rd of th p ag f th T rti ry into the 

littl known that it i at pre ent impo i-

f th ar W t, t a where th £ rmer end 

When Lak Lah n an b gan it e i t n will pro -

kn wn, x pt in a g neral wa) ;· but hat it r ached it 

a l wa · · r xim·t ly yn bro-

ad Yan and r tr at f th ierra Nevada 

the eviden e re-

be tim , a mea nred in years, that ha elap ed in e th 

i thi r p rt t k plac , we have but had wy vid.ence t 

n e tim a ted by .] a Croll, 85 from a tr n n1i al data, that 

86 lima.te and Time, 
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the la t Glacial p th 
hav a.ppr h 

ant result . 

that th va 

. ta d a th b innin of thi para rar h, \\ hav n defi-

tlJ uaternar lak fl o d rtain 

familiar with th h 1' ph n 01 nc di play 

f il t e wi h th perfe ·-

In many in tan 

m 1n 

ro 1 n 1 • r u d 

int r-

nly (1le-

op n to 
of nturi 

v n th e ~ 1 w pru . . ' 

.. ·ar ely ap ar nt i1 th It i eV1-

c1 nt th t gr I mb~ nkm nt in arid r 

witl1in th r .a h f tr an1 r ·i r, m· 

ar 

1110 t 

n t 

r-
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m n nt f t p 

· in t p . It i 

1 ta t, iu fa t, th n the ro ky monnt­

th r £ r , that the gr v 1 true ur fail t 

m a ur ; bu h m unt f er ion her 

r£ rm y h xi ting tr am in a£ w year ·, 

hara er f th tTata and th high r d 

werinh f th ir ba 1 1 up n th withdrawHl 

r th tr am ha e m ander d but little within 

th ir a,tio ·, thu , in i ating that th e tren h ha' e not be n 1 n fini h l. 
n h wh l the fi n ir di at that but a bri f eri d has elap ed in ·e 

a in hav b en p d to ero i n sine the 

withdr·n al f th lak wat r , and might b xp. t d t present · ru indi-

·a i n f th tim th y ha b n subj ct d t u .. rial ero i n. Th e 

rou and op n in tructure a d favor th ab rpti n and 

'I hey ar tbu e pe ially liabl t th d tru tive 

fr zi~g f water in th int r pa e f r ck , espe­

n fro t f th Great Ba in oc ur t getb r. W may, 

t h· t th uba· ·rial ero ion f th tufa p its w uld be 

L t if they ha been exp ·ed £ r a long period they would 

vid n f wa t ·:t.nd d ay. Th fact i , on the contrary, 

it c r r marka ly well1 re erved. Th greater amount f 

fr· tur n di pla ment that ha b n ob rv d ha evidently re ulted 

fr m th w i ht f the deposit wh n 1 ft un upp rted by the waters in 

' hi h tb w r £ rm d. Th nly n lu ion to e draw fi· m th tufa 
p it · in r £ r n · t th dat f the 1a t de ic ation f ake L honta.n 

i.· th t th ir im f exp ure ha een h rt. 

h 11 trewn ver m ny portion of the 

d rt ' hi h, in many ca , mu t hav been left by h v p ra ion f the 

£ rm r lak , w find that th f il , or emi-fo il , they Lave been 

1 h d white and have lost their epidermi , but are therwi 

a per£ ct a wh n inhabited by the mollusk to whi h they 

That the e fragile bodie have been drifting about at the caprice 
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f th \' lll tr ) d is improbabl , 
t 

he d t rminc i n of th I ngth f i e that ba , 

eiap ed ~ir f th I iai po ·h rna b b r 111 he an t • 

of the High 
We ne d r t 

the gra l mbankm nt 1 

ure ; ut in the gl iat d 

nTanite nd quartzite that 

i e wa m lt l fr r a ve h uL 

· th n1 t gli t n in th 

th 'tn a tr e 

f 
ial 

till 

f 

r th ir 1 li ,h ' n ·trjati n . e · 

f ar plyino' uanti <: ti' e m a ureu1 n , ; 

l1 t r k urfa 

it v ]' 

High Ri rra it uid not remain uniu1l air d £ r n1or ban a £ w 

at mo t. 
Tb un1uiati 

th 01 irtion tha 

Gr at B i 

f 

tan, a· 

MoN. XI--18 

n l rl u 

f th 

n t lUc.tllY th u­

hat h pr ·-

f th J 

< ri u ·flu ·tua i n fLak ahon-

hi tory, tbu · remains an 

. eological Sunr y. 
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T- T 10\ ME T. 

n Ul' Lah 24), a 

ri f a un fanl t. \\a · o·n n. A. 

nt in 

, t a. · In 

F IG. 36. - Id al ro -profile of fa ul d bed . 

h riz 1 tal 1 htin w v ith a imil r I lain ov as indi ate in ti n 

at b. the scar i u u lly parti lly in r l and p rti, lly 
ill 'lluvinn1 a ' l' pr ' 11 t C. r{ he Ul' f th arp i alway liT -

ular an n1 tim · £ rm · zi za liu ' that m, f ll ,, d £ r many mile . 
74 







RECE 'r PA LTS. 

The ·carp differ fr 111 h lop boundin w t r- built t lT and 

embankment - . th<- t i h r th ir upp r or low r limit are horiz ntal £ r 
any c n iderable distance; they d · irr gul rity, and rl 
not define the b undc: ri b tw n dep it of i:ft r n har· c r. Th } 

occur b th ab ve and b 1 w th hi.ghe t b a h , f th Quat rnary Iak 

of the r gi n wher th y are £ und, an lley th t h< fr e 

drainage a. well a in th that r in 1 h 1 lak . It i ·, 

therefor , evident th t th ir origin i totally in 1 nd nt of th action f 

' ave and culT nt , and it i equ lly lear th t they cannot be th r ult 

of erosion. 

Scarp of thi nature w re fir t 

Gilbert, whil xamining th w tern a 

w r re ognized a h re ult f r ent 

wor , th y are fault arp f .ry 1 t 
) th f<: t that the) omm nly 

r nt alluvi l lo , nd £ rn1 

· rv . in th Gr at Ba 'n b) Mr. 

f th Wa c:tr.h 1ount in , and 

In th r 

li.tt1 ifi by ro i n, and in many in t n 

In m ny , it i e ident that h y · ul n 

pre ent c nditi n £ r m r th· n a f ' ) e, r . m t im th y ar m r 

than a hundred mile in l ngth, and vary from a few £ et t m re than 

hundred fe t in height. 

Rec nt fc. ult. of this natur h b n n th 

of the W a atch M u taiu , at h da., n 

on the f t- 1 pe f m ny f th in erme rang . n tb La-

hontan area recent fault arp · ar a mr 1 n f at re in th t raphy f 

the valley , and furni l f th man) i.nt re ting problem in tL phy i-

al 1 g f th r 'ion. 

All of the line 

t exi t in the h 

a cura y a th 

knowledg 

pi rnent 

modifi d th 
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r 

£ l'lll mrli ·a ed n 

the ntir ar c:. 
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r not. Could th full t nt f the 

wap, it i · pr ba le that th y w uld 

tin · lin the: t ' uld em rae nearly 

The fir t t ature of general int re ~ t th t pr nt it If up n mmen -

ing the tu y f th r nt fa.ult , i th t th y fr qu nt~y, if n t alway, 
£ ll , th tn\ of n ien di pla em nt that are u uaUy f r ·~t magni­

tud . Th y ar recen m vement f ncient fault . 
Th intim te a o ia i n f th rm 1 prin5 with re nt f: ult i t b 

noticed n t nl in the b· in f Lake ah ntan, but thr ugh ut th ntir 
ar < f int ri r dr inag thu far xpl r d. t i aL t b ti d that th 
J t e t pring alm t in ari ly u th lin 
ba suffer d he m t r nt n1 v rn nt. t i ' thi >rre-
h ,tion; th t wh r er thenn 1 prin · ur, th r vid n nt r -
graphic m em nt are aim t alway a h<: nd. The u g ti n ha been 
ad anced in thi c nn ti n that the hi 5·h t mp ratur of th pring i~ 

dn t th fri ti n f the rock along the ide of the fault plan . It i the 
c nver ·i n f n1 ti n into heat. , h wev r, the faults result fr m a r -
£ und fracturing f h arth' ' rut, it i ident th t , ny wat r whi h find 

it · \\ ay int fault m y de end t great d th and n ueutly r a h 
regi n f high temp ratur ; it i m re than pr b· ble, th r f r , that th 
sprino· d ri at le t c p rti n f their h at fr m the internal h at f the 
arth. It i: in1p ibl at I r eut to detennine h w mu h f th h at affi ct­

ing ·pring · is au ' d by fri ti n and h w mu h i ue t the pr v ilin 

r bably both cau con-

iati n of the th rmal prin of th L·:1.hontan ba in 
with r nt di pla em t me: y e illu trated y om paring late VII <: nd 

XLIV, ' hi h will ·h w th t but a ' ry few thermal pri s c ur in thi , 
ar a h ar n t ·l ... ' ly d, • o ·iat d '' ith r cent fault . 

TL ri u ~ line f r ent displace ent in the Lab tan a in hav 
n1any £ < ture ii c rum n th t it i unne e~ ary to enter int a d tail d 

e cri ti n f ach. All hat ar rer re ente on Plate XLIV, within the 
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b rd r f the ancient lak , xhibit scarp in lacu tral b d and I 
p i , and are therefore mor recent than th last rise f the lak 

The appearan e of th fault at the western ba of th W t 
rang i 'hown on Plate XLV; the point of view b ing near b uth rn 
end of Humboldt Lake. The precipitou m untain fa e h wn in th pi·­
ture i in re lity an an i nt fault carp f grand pr p rtion , whi h wa 
om what r d d b £ re th xi ten e of Lake Lahont n. urin th ti 

the lake occupied umb ldt Vall y its waves carve numb r f t rra 
al ng th ba e of the mountain , which are repre ented in the k t h, c 1 d 
ar fan1iliar t many wh have tr veled over the C ntral Pacifi ailr arl. 
Betw n the higbe t terrace and the h re f the pre nt lak th r i a11 

irregul r line f cliffi -in part ob nred by talu I ,n 
pr duced b r nt r gr phic m vement. Thi faul aq i d 
prin ipally f emented gr el f Lahontan aO' , but in pla th r k 
forming the m n ben h th la ti b Th harac-
t 'r f tb n ..,' po ed at many 1 ali i al n , thi £ ult i r pre nt din 
dia Tam , • i . Thi fault c rp may be trae d ntinu u l T fr m th 
M pung I-Iill n rthward, along the ba e of the We t Hum ol t c nd t r 

eak r ng , to the neighborhood of Winnemucca, a di tan f 
dred mile ; its full extent, however, remain t b d term in d. hr u 'h n t 
the greater part of it c ur e it cro es alluvial lope , with fi· h · arp . 
from ten to twenty feet, or more, in height, it , gre te t r agnitud b inb 
near it outhern end. Along the eastern h re of Humb ldt L k it£ rm 
a nearly vertical carpment, fully fifty fe t hit:;h. At the.M 1 un lill it 

divide int veral branche , which rna y be traced to th b rder f th 
Car n rt, and then become o bs ured. 

In de ri ing the hor phen men on th iter utte , a ur of the 
m ~n rang , t the uth rn end of urn I t ak ( ·ee ante, page 112), 

unt wa given of I pin5 t rrace , whi h in i at that r graphic 
111 -.v 1n t mu t have tak n pia dnrin int r-L h ntan tim . We have 

, th r £ r , that th ft ult along th w t a e f theW . t umboldt 
r ng ttain a reat m 'nitu pr vi u t th xi tence f k Lahon­
t , th t it und rwent 0111 di turban e during inter-Lahontan tim , and 



278 J; I TO 

h in r ed iL di pl em nt fully fift) ~ t . in 

nat rnary 1 k . 
1 h hot nn 

r c: d, ccur n a lin 

£ w mn ' b th 11 r h and . 

po it 

r 

fin 

n f the 

ail-

nt 

pnnb 
th w ter .. t 

rt i ,· m<rk 

arp in llu ium, n th 

Alk 1i Valle 111 

Valley n the lin f fra ture, th tward, 

and c nduct th drain ge t th nd 

£ rm , which on evap rating I a 

nc . Alk li Valley i b rd red 

rt-

ing wh r it n int th C r n ' rt, and £ rn1 

durinb the xi t nee f L k Lah ntan. In pa . i1 g fr m th rt 

int 1kn1i Valley no hange in th nearly 1 l rt urf< i n t.i a 1 

untjl th line f faulting i. r < ,h ; th pie:~ in h n in lin 5• ntly a tward 

a ' have d cribe It i · nt th(" t thj · in linati 1 < f th d rt urfa. 

ba taken place in po t-Lab ta.n tim :, an i · u t t tilting f th 

orogr pbic bl ck on which lkali Valley i l cated.' 

Th c ur e f the fault indi ate n ing th north-

ern rder of Ma on Vall y, i rendered c n 1 i u u in th ra by f 

the vall y b ttom by a c rp from t n t twent) £ t hiD'] in l· cu tr 1 marl , 

and lay·, and by numer u therm I pring . 'I hi · i pr bably a c ntinu­

ati n r a branch of a di pl c m nt in Walk r Riv r Valley which pr sent 

a cti n of Lahontan edim nt fully 150 £ t high. In common with the 

majority of the recent displacement of northern evada, both end of thi 

f: ult are obscur and indeterminable. 

What is probably a continuation of the eri 

in Me: son Valley is indicat d by 'l. rec nt arp 

W a uck or Walker Lake rang . The influ n 

f disturbance observed 

along the ast ba . of the 

f thi di placement on 
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the nt ur of the lake ott m i indica d to om ext nt b) tl e undint; 

gi v n n the rna £ rming I at ·xv. Th 1 ke i deep t in th imme iat 
vicinity f the fault line. 

It i pr bable that th direction tak n by Walk r River n 1 avin
0 

Mas n Valley wa det rmin by r graphi mo m nt, a it d not £ 1-
low what appear t hav been it natural our e, but the ·hara t r f thi 

chan~:; i · diffi ult t de rib . Th £ rm r outlet f ~Ia n V· 11 ~ ) "' n 

tbr ugh c narr w g rge leadinb to the C r on River whi h it nt r 

point ppo ·it th ·ite f mp h~rchill. Thi w ul pr babl b 
th tak n by th tre m when h water of Lak Lah 

withdrawn for th la t tim , he d n t orographi 

l p f the valle ar d tbu d fl t d th ri' r t 

That p·rti n f h gr t i rra Neva af ultwbi h d fin 

b rd r f ar n and E gl v ll y ha und rgone a rec nt 

f fr m n t thir £ t, a i h wn y fre h arp in rth G n 

an 1 a] o by th utfl w f heat d wat r at everal lo aliti . 

l'I 

carp in thi in tanc h b n £ llow all he way fi· m n r Car 1 it · 

to bey nd Gen a; the full extent of the movement, however, far urpas 

the e limit . 

Tl b in f Lake Tab e i an r gr phic valley of the Gr at B, in 

typ , but i · ituat d at e: high , l itud in th i rra N ev da n he b r .r 

f th int ri r raina5 ar . 'Vith the xc ption f the h t ring8 at h 
n rth rn n 1 f the l k , n id nc i · kn wn to the writer t .,n ing to 

·h w the: th r h b n r c nt m vement in it imm di· t 
vi init . 

rJ h 

oint 

th r al prin5 c m to th urfa . 

in 

• 
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nd a numb r f £ et I wer than the iuface of th 

n io·h n 

du 

th 

h a thr '' 
hun lr cl mil 

a·. · 111 

'c;ill 

f th £· ult uu r-

l m nt 

1 rth 

tho alr ( d 

th r with 

, aliforn i< ., 

£ r nearly a 

f Qu t rnary 

b th rmal 

1\11 u tain , 

imilar i pl· m nts 



2 2 EOLO I AL ISTO 0 ~ LAKE LA ON·r 

in the me· region will be found de cribed bri fly in the Fourth nnual 

p rt f th U. . e 1 gic 1 Surve; .80 

:B r m the tudie f th re nt di placement of th Lahontan b sin 

which we hav b . en nabled t eem safe t n 1ude that the 

v 1' 1' 

ri C) which h d it 

' l h l , n1 ' m nt · w re in 

by 1 ping 

f fra tur . 

sIn 

r f th ph n 

the: t it i ill i ' h n th t th £ r w hi h pr 

h 
d 

th re ult d ribed ar till in a i n. 

Wheth r th fa.ult h·:tv b en rm d gradually without any marl 

di ·turb nee, r wh th r h 3 haY b n paroxy mal, i n t de:finit ly 

known. That r hquake are felt fr m tin1 t time in ari u parts f 

th Great a 1n, an th d th w n: V 11 earth-

quak f 72, tend to th on ·1n ·i th 

been par xy mal in th i r atur . 

The Owen's Vall ar hqnal · , it will 1 re 'ulted in the 

form ti n of a fal e ~ aq of th am we hav been 

d cribing, whi h may be traced f0r a number of mile As reported by 

Mr. ilb rt, wh recently i ited Owen Va1l y, th main rp pr n din 

1 72 vc rie from 1 to 20 fe.et in height, hades astward at a high ngl , 

and gr e in all it featur s with the similar carp ob rved tbrougho t th 

r t Ba in. Tbi i apparently he late t slip in the great Sierra . v 

di · lacem nt. 

n the c e of all the recent fault of the Great Basin thu far exa -

In , the movement ha been nearly vertical, and but slight crumpling or 

nt rtioil of the adja ent trata ha taken pL-. ce. 

A g ner 1 view f the I ben omena presented ugge ts that in th 

m ~ rity f in tanc th l k now £ rming the mountain hav b en 

r< 1 l whil n ath h valley remained nearly undi -

ur u ained y direct pr of, howev r, 
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and meet with apparent or p ition in the case of the fault along th 

' t rn rd r of Walker Lak . In thi in tance a depression of b 

thr wn blo k is indi ated by he p ning of b w t r f the l ke a 

a proach th lin f di plac m nt A pointed ut b ~ T {r. Gilb rt, r t 

alt Lal ha. pr b bly b en hift d t th ea tward of it n rn1al po iti n 

hi m vement, whi 1 w may eon id r t lea t in part, a th 

b reat Wa c: t h fault; thn indi ating that th 

thr wn re ed. 

way f a ummar of thi ch pt r we rna tate that the r c nt 

fault f tb Great Ba in hav , th £ l1 winO' characteri ti 

'l h are irre ular n n ul r in th ir c ur e, in referen e to · both 

r i 1 and b rizontal plane . 

rrh y Ul' n1 t Ommonly 011 the te p r ide of th ba in rang , 

n<.l, far a known, invaria 1 r had tow rd th all y i. e., th v( 11 
1 y the thr wn ides of th di pl c n1 nt '. 
rrh ir ar d ,and ut he ml anl­

Dl nt fr ~ h 

f earth and 

a 1 the ca e wher 
t hundred of lo alitie th rmal m to th urfa e alon th 

lin f fracture. 

In the majo1-it of instance th r mov ment h tak n pla 

al n an ient lines f di lacem n ; t-Qu t rnar fault in u h 

ca e i but a mall fracti n of th ntir di turb nee. 
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