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GEOLOGIC ATLAS OF 'THE UNITED STATES. 

The Gcolo,::?;ieal Survey is making a geologic atlas of the 
United States-, which is heil1g issued r.lilletl folios. 
Each folio includes topographie and 
area, together with descriptive text. 

THE TOPOGRAPHIC MAP. 

The featul'(:,s on the topographic lllap are of 
three distinct inequalities of sllrfacc, called relief, 
as plains, plHtcflus, hill!;, alld lllount"lins; (2) distribu-
tion of water, called as streallls, lakes1 a.nd 
(3) the works of man, CUUl1ye, ns roads, 
boundaries, villages, and eiLies. ~ 

Re1iej.-All elevations are measured from HlCHll sea level. 
The heights of IIlall)" points are H('curateiy determined, and 
those of the most important ones are given on the mi'lp in 
figures. It is desirable, ho\vf>ver, to gi\'e the elevation of all 
parts of' the area mapped, to delineate the outline 01' form of all 
slopes, an (I to indiclIte their grade or This is done 
by lines eadl of whieh is dnrwn through of equal elm'a-
tion above mean St:'<l le\~el, the vertical iutt:'nnl represented by 
pach spaee bctwf'en lines being the same throughout eHcll map. 
These lines nre called cOJ/four lines or, more brietl \', contours, 
and the uniform H'rtical (li"hlIH'e bet\\een ea"h two"eontours is 
called the contouT intr:rml. Contour lines and elevations are 
printed in brown. The manner in whi('h coutour lin,es express 
altitudf', form, and grade is shown in figure 1. 

FIOT:RE \.-ldeal view and correspondillj.{ contonr map. 

The sketch :J ri \"cr VB Hey bptwet'll two hills. In 
tIlt:' foregrOlliul till? seH, \dth a bay that is partly ('losed hy 
a hooked sand bar. On eaeh sirlf' of the v:llley iB a terra('e. 
The terrllCC on the right merges into a gentle hill slope; that 
on the left is baekeo by a ascent to II diff, or RCfll"p, whidl 
contmBts with the gradunl awny from its ncst. In the 
map each of these features jndicat.ed, direetly bel10ath its 
position in the sketch, by contour lint'R, The map docs not 
include the cliHtant portion of the yiew. The following notes 
may help to explain the use of contour lines: 

1. A contour line reprt:'sentR a eertain height ahow sea le\·e1. 
In this illnstration the eontour interyal is 50 feel,; thel'efol"E' 
the contour lines arc (lrawn at 50, 100, ] 50, and 200 feet, and 
so 011, ahove mCHl1 sea leyel. Along the eontour at 250 feeL lie 
al! points of the surface t.hat Ht"e 250 f~et above the sea-that is, 
thil:l eontour would be the shore line if the sea \vere to rise 250 
feet; alon!!: the rontour at 200 feet. are all pointl:l that nrf' 200 
feet abo\'e the sea; and so on. Tn the i:lpace bet,"ween any two 
contours are ul1 pointR whose elevations are aboy,=, the lower 
and below the lligher ('on tour. Thus the eontnur at 100 ft'f't 
falls jUSL helow the edge of the tenare, etnd tlmt at :l00 feet lit:'i'l 
above the terrace; therefore all pointB on tile terrace arc shown 
to be more tlwn 150 hut leBs than 200 feet aboye the sea. 
The summit of t.he higher hill is rm'lrh(l GiO (feet aboye sea 
leyel); the ('ontom at (),)O feet surrouuds iL. In 
this illust.ratiou the contoUl' ]ines arc nuwbered, and those 
for 260 and riOO feet are areentuHted by being Illade heavier. 
Usnally it is !lot desirable. to number all the contonr lincs. 
The a('eentnating flnd nnmhpring of ('ertain of them-say eyery 
fifth one-suffires and the ht'ights of the others may he l.lSeer­
tained hy tOllnting up or dmvil from th('se. 

2. Contour lines show or' express the forms of slopell. ~\.s 

contours are eontinuolls horizontal they wind SlllOOtJlly 
about smooth surfaces, rett:'dt:' into rpentrant of 
rayinei'l, and projert. in .passing around spurs or I"·o,mi,,wnees. 

These relations of' cont.onr ("urn's Hnd 1:..0 of' t.he 
can be Been f!"Olll. the map and 

lines sl~o\v the appl"oximate of any sl~pe. 
The yertieal interval between two ('{-lIltours the same, whether 
they lie along a diff or on a genLle slope; but. to at.tain a gi ven 
heif!;ht on a gentlc slope olle must. go Dll'ther than on a HtCt'p 
siope, and thel"efore eontOun:> are filr apnrt on gent.le ~lopcs 
and near togethf'r on steep onc". 

A small contour int~ryal is necessary to express the relief of 
a flat oj' gently undulating country; a stcep or mountainolls 
country ean, as a rille, be a(leql1ately represented on the same 
seale by the use of a huger intenal. The smallest interya 1 
used on the atlas sheets of the Geologieal Survey is 5 feet.. 

This is in regions like the Mississippi Delta and the Dismal 
Swamp. For grellt mountain masses, like those in Colorado, 
the interval may be 250 feet nnd for less rugged count.ry ('on­
tour intervals of 10; 20, 2iJ, 50, and 100 feet are used. 

Draina,lJe.-\Yater~oursf's are indicated by blue lines. For a 
perennial stream the line is unbroken, but for an intermittent 
stream it is hrokcn or dotted. "Vhere a stream sinks and 

the probable underground course is shmm by a 
blue linf'. Lakes, marshcs, and odler bodies of ,vater 

by appropriate conventional sigBs in blue. 
{)U,UW·C.--/J," symbols for the works of' man and all letter­

are printed in blaek., 
,)ca'U.'.-J~ne area of the UniLed States (exclusiye of Alaska 

and island possessions) is ubout 3,027,000 square miles. A 
mup of this area, dl1Hvn to the scnle of 1 mile to the inch 
would ('over 3,027,000 s<jlHlrc incllCi::l of pnpel' aI1(l measure 
about 240 by 180 feet. Each sqLUHe mile of ground Sll1-:race 
wonld be represented hy a inch of map snrillee, and a 
linear mile on the ground a linp...ar inch on the map. The 
seale mav be also a fradion, of whieh the numer-
at.or is a" 011 the map and the denominator the eorre-
sponding lengt.h in nature expressed in the same unit. Thus, 
as there arc 6:3,;~60 inches in a the scale"] mile to the 
inch" i8 by the fradion 

Three are used on the sheets of the Geological 

inch on t.he map. 
surface 

a gradua,ted line repre­
a similar line indieating 
a fraction. 

OU""',',,,,a(,,.·~j "cmap of the Unit.ed Stat.es 
is being nhE-dB of eom'enient size, wlrieh 
represent areHS boull(lc,d parallel.; atHl meridians. ThCBe 
~Heas are called qnadrangle8. Eaeh sheet on t.he seale of ~"O~Oili) 
represents one s(llUl.l'e degree-that il:l, a of latitude by a 
degree of longitude; eaeh sheet on thp of reprcbents 
one-fourth of a squal'e degree, and clIch sheet on scale ot 

one-sixteenth of a square degree. The areas of the corre­
sponding quadranJ!;les are about 4000, 1000, and 2;)0 square 
miles, though HH'Y vary with the lat.itude. 

The atl:lS sheck;, heing only parts of Olle map of the United 
States, are not limited by politi(,al boundary lines, such as 
those of SLates, ('ounties, an (I tow nships. Many of t.he maps 

arell" lying in two or eyen three States. '1'0 each 
and to the quadrangle it represents, i::; given the name of 

some well-known town 01' nntural feature within its limits, and 
at the sidel:l and comers of each sheet nre printed the Hames of 
adjacent quadrangle::;, if the maps are published, 

THE GEOLOGIC MAl'S. 

The nwps l'cprf:'6entillg the show, colors and 
conventiowll sip;ns printed on topographic map, the 
di:3tl'ibution of rock mnsses on the surface of the land and, by 
means of structure sections, their llnderf!;round relations, so far 
as known and in suell detail as the scale permits. 

KDi'llS OF lWCKS. 

I{oeks are of many kinds. On the geologie mnp they are 
diRtinguisheil W'l igneous, sedimentary, and metamorph~c. 

19n~'lms 1'oclcs.-Roeks that haw cooled and consolidated 
from a i'llate of fusion are known as igneous. Molten material 
hay from to t.ime IJeen forced upward in fissures or ehan-
lIel,.; of and sizf's through rocks of all to 01' 

llearly to t.he Itoeks formed by the of 
mohen material, or magma, within these ehannels-that is, 
below the suriu('/'---;-art! ealled ·irlil'u.siL'C. "'here the intrusive 
rock a fissure wit.h approximately pm'allel walls it is 
called n where it fills a large and irregular conduit the 
mass is termed a 8Ioch:. "\Vhere molten map;ma trayerses strat­
ified rocks it be iIltruded along betiding planes; Bueh 

or "hed.s if eomparatively thin, and lacco-
chambers prod uee(l by the pressure 

of t.he m<lI!;Illa. roek molten material rool.; 
slowly, witll the result that rocks are generally of 
crystalline texture. "Vhere the channels reaeh the surfaee 
the moltell material poured out t.hrough them iB called IwVll, 
and lavas often build up volcanir mounli:lins. rocks 
that. have solidified at" the sllrface are called 
Lavas generally cool mort:' rapidly than intrusive 
a:--1 a rule contain, CBpf:'f'i:dly in t.heir superJieial parts, wore or 
lel::1H voleanic produced by rapi(l ehillillg. The outer parts 
oflanl flow,:;; are llHlWlly porous, owing to the expansion of' 
the gai:lc" originally prcsent in the magma. Explosive aetion, 
due to these gases, often accompanies volcanic eruptions, 
causing cjt,etions of dust, ash, lapilli, and .larger fi .. agments. 
These materials, when eOllsolidated, constitute breceias, agglom-

and tuffs. 
l'oclcc~.~noeks eomposed of thc transported 

fragments or partieles of older rocks that haye undf'r~one 

dii:lintegration, of volcanic ejecta deposited in lakes and seas, or 

of materials clcposit.ed ill sueh water bodies by chemical precipi­
tation are termed 15ediuu:nta1-Y, 

The ehief ngent in the transportation of rock 46bris is water 
in motion, including rain, streams, and the water of lakes awl 
of the sea. The materials are in large part carried as solid 
particles, and the are t.hen said to be mechanical. 
Buch are which are latel' consolidated 
int.o Sfllldstonc, shale. Some of the mate-
rials are earried in soluLion, and deposits of these are called 
oq:wnie if formed with the aid of lift.', or ('hclIIical if formed 
·without the aid of life. The more important rocks of chemical 
and organie origin are limestollt', ehert, salt, iron on" 
peat, lignite, and coal. Anyone of the named 
may be f'leparatply formed, or the different he 
intermingled in many wayi'l, produeing a great variety 

Anodler transporting flg-pnt is nil' in llIotion, or wind, lmd a 
third is icc in mot.ion, or glaciers. The mORt characteristic of 
the wind-borne or eolinn deposits is loess, a fine-grained earth; 
the most characteristic of ghcial deposits is till, a heterogeneous 
mixture of bo·wlders and pebbles wit.h day or sand. 

Sediment.ary roeks arc usually made up of lllypr",. or beds 
which can be separated. Thel:lf' arc caned .strata, 
and rocks in such layers are t.o be stratified. 

The snrf'aee of tlIe earth is n~t immomble; 0\ er wide regions 
it \'ery slowly rises or sinks, with reference to the sea, and 
shore . lint's ~re thereby changed. .L\.s a result of upwanl \ 
moyement manne sedimelltary, ro(~ks may become part. of the 
land, and most. of our land areas are in fact orcupietl by rocks 
originally deposited as sedilllents in the 

Rocks exposed at the snrf[~ce of t]le air, 
watf'r, ice, animals, and plants, 
known al:l bacteria. They 
soluble parts HTC leachp(l ont, the 
left as a re8idual layer. \Vater washes this 

and morc 
material being 
material down 

the slopes, and it. is 
other bodies of W(lt~r. 
but it is 

ean~ed by riYers t.o thc,oeean or 
its journey is not eontinuous, 

huilt into river bars and flood plains, 
_·Ulu \·ial deposits 

belong to 
laver is commonly inelnded 

Their upper parts, o~cupied by th~ roots of 
eOll:'!titute soils and subsoils, the soils being usuHlly 

dist,inguisim! by a notable admixture of matter. 
Hnd by various 

processes, rocks may in com position 
and in t.exture. If the new pro-
nounced than the old such rorks arc ealled In 
the of metamorphism the cOlll:ltituents of a chemi(,~ll 

may enter into new combinatiolls and eert<lin substances 
may be jost or new ones added. A complete gradHtion [rom 
the primary to the metmnorphie form may exist within a 
single rock mass. Surh changes transform sandstone into 
quartzite and limestone into marhle and modify other rocks 
in various ways. 

From time to time dnring 
been deeply buried and haye 
pressures, to slo\v movement, and to igneous intrusion have 
been afterward raised and later exposed by erosion. In snch 
rocks the original 8tructures may h:1\ e been lost entirely and 
new ones substituted. A system of planes of division, along 
which the rock. splits most. readily, may have been deyeloped. 
This structure is caUed and may cross the original 

roeks rhar:wterized by it 
Crvstals of mica or minerals nwy have gr~wn 

in tbe rock in "such a as to produce It laminated or foliated 
structure known as The rocks characterized by this 
structure are schisf.s. 

As n rule, the oldest rocks are most altered and t.he young,=,l" 
formations haw eseaped metamorphism, hut to this mle there 
are many illlpOli.ant t.'o'lpeeially in regiolls of igneous 
activity [mel complex 

TOlOl.A.TlO.KS. 

For of 
above are into A :'!edimentmy 
formation ('ollt.ains bet~yeen its upper and lower limits either 
rocks of uniform cllflrad~r 01' rocks more or 1ms uniformly 
"\]uiell in eharader, fo1' example, an alternation of sbale and 
1imestone. \Vhere fn}m one kind of rocks t.o 
another is graduHl it. may TWef:'s:'!ary to two eontigu-
ous formations by an arbitrary line, aTHl some rases the 
dist.ill(~t.ion depends almost <"nt.irdy on the contained fossils. 
An igneous fOl'mat-ion eont.ains one or more bodies of one kina, 
of' similar oecurrence, or of lil-:e Ol·igil1. .r\ metanH1l11hie for­
mation lllay C'Olwist of rock of nniform eharaeter or of se\ eral 
rocks having comIllon charaetel'istics 01' origin. 

\Yhen for Reicntifi(' or eeonomie reasons it is dcsimhle to 
re('ogni.ze and map one Ol' more dcyploped parts of ~J 

yaried formation, such parts are member15, or In' oom(' 

odler appropriate term, as '(!ntil.i:J. 

.\GER OF ROCKS. 

Geoloy'ic {i'llie.-The time during which roeks ·were made is 
divided into peripds. Smaller tim~ di visions are called epochs, 

/I 

• 



and still smaller ones stages. The age of a rock :is expressed 
by the name of the time interval in which it was fonned. 

The sedimentary formations deposited during a period are 
gronpf'd to,2:f'ther into a 8Yl:Jtent. The pl'illeipal divisions of a 
system are ealled 8('}'ie8. Any aggregate of formations less 
thlul a sf'rie); is called a !Jrollp. 

Inasmuch as scdimeIlta:r;y deposits accumulate successively 
the youn~er rest on those that are older, and their relative 
ages may be determined by observing their positions. In 
many rcpjons of intense· disturbance, howevcr, the beds have 
been o\'ertnrned by folding or superposed by faulting, so that 
it may be difficult. to d(,tcrmine their relati \'e from thcir 
present positions; under !:lUch eondiLi,ons. if prcscnt, 
may indicate which of t.wo or more formations oldest. 

Many strat.ified rocks contain f()ssil,~, the remains or 
imprints of plants and animals which, at the time the strata 
were dcpositcd, lived in bodies of ,ynter or were ... \ashed into 
them) or were bmied in surficial deposits 01] the hlncl. Ruch 
rocks· are ('aIled fossiliferous. By studying fossils it has 
been found t.hat the life of each period of the earth's history 
was to a extent different from that of other periods. 
Only the kinds of mm·ine life existed when the oldest 
f()ssiliferous rocks were deposited. From tiIllI:' to time Illore 
complcx kinds de'i'eloped) awl as the 8impler ones lived on in 
modified forms life became more varied. But during each 
period there livf'd peculiar forms, did 1I0t exist in ('arher 
tiIllI:'S and lwve not existed sinpe; are c/w/Ylcieril5tic types, 
and thcy define the tlp:e of any bed of roek in which they are 
found. Other types passed on from period to period, and thus 
linked the fOl'minp; fl. chuin of life from the 
time of the rocks to the present. 'VJlere 
two :'leuimentHry formations are rernot,e from ea('h other ami it 
is impossible to obscrYe their relative positions) the charncter-
istic fossil found in thcm may (letermillC which ·was 
deposited Fossil remains in the strata of different areas) 
provine(~8, and f"ontineuts afford the 1ll08t important menn:'l for 
comhining loeal histories into a earth hist.ory. 

It is TllHlly places diffieult or to df:'terlllille the age 
of an igneons format.ion, hut rllf:' rdatiw age~of .:mell a f()rm;l­
t.ion ean in generaJ be ascertailled by 
associated Redimentary formation of known 
igneous maRS or iR depositetl upon it. 
which metamorphic' J'oeks \\ere formed from the 
may be shown bv their relations to formation.., of 

age; hut the l'('cohIt'd on nwp i.., that of the 
masses and not. of diCir metamorphit>lll. 

culon;, and pa.i/(jms.-Ench f()l'lnation iR :::;hown 011 
the map hy a dist,inetive combillation of color awl pattcrn allii 
is'laheled hy a speriallett.cr symbol. 

Patterns <colllpO.')f'd of parallel 
fOl"lllat.ion8 

lineR are u:::;ed to 
ill tlw jn lakes, 

tlots awl 
eirdes repre:::;ent idluvial, and eolian i{ll'lfllltiollS. Pat­
terus of trianglf's and rhombs arc u:::led for ignf'ous f()l'IllaLions, 
:Metalllorphic rO{'k8 of unknown origill are 
shOJi, <l~:shes irn'>)!,ulady placed; if the I"()(,k is 
may lw Hrranged ill \\avy lines pm·Hllcl to the t>truetllre 
Suihlble combillatioll THlttel'llR an' used for met.amorphie 
t.ions known to he of or of igneous origill, The 
patterns of eaeh cbs.., are in varioHs (~6101's. "\Vith the 
patterns of parallel colors are used to indieate age) a 
partieular culor to CHell t>yst(·lll. 

The s\'mbols of two or more lettf:'rs. If the age 
of a fOI'~ation i:::; known the snnhol includet> t.he 
bol, ,drieh is H capitnl lett('; or monogram; 
symbol:::; atf' ('01l1p08ed of I:Hllallletters. 

sym­
tllC 

The n<lInf'S of the systems and of Iwries that have heell giWll 
diHtinctive in (mIf'r from to oltlest) with the 
color and assignc(l to 
subjoined 

Symbols and colon, a8,~if}ned to the l·ock systems 

By.tAll 

f'TTRF.\CE l'OlGUH. 

JIills, Ynl1!'ys, 11l1d 1,1l oiher snrfuce forms Iwyl"' bceD produced 
F9r example, most thf' result. 

streawtl that l1(nr through 1), 
p}ains hOJ"(]('ring- mall)' stream:::; were up 

hv the st-reams; \\(lves cut tlPJl ()lifI;" nml, in cooperation \\ith 
c~rrcllts, lmild up sand spits aIld ham. Topographic form" 
thus constitute part of the rceord of tIle of d](' ('[l,rth. 

Some ionns are insepllrably cOIlllBcr,cd with TIH, 
hooked sh9wll in figure 1 is an illustration. To thi8 dnstl 

alluvial plain8) lava streams, drumlins (smooth 
of till)) and moraines (ridg-('s of drift made 

at tilO Ot,her forms are produced by erosion. 

The sea cliff is an iHustration; it may be carved from any rock. 
To this clnss belong abandoned river channels, glacial furrows, 
and peneplains. In the making of a stream tf'IT1WC an n lluvial 
plain is first built and afttrward partly eroded aV'lny. The 
shaping of a 1Ila~'iIle 01' lacustrine plain it> usually a douhle 
process, hill:::; being- worn away (degraded) and yalleys being 
filled up (aggraded). 

AU parts of the land surfaee ate to the aetion of air, 
water, and iee) wlllrh slowly wenr down) and streams 
eurry the waste mat€rial t.o the sea. As toIle Jf'p~'nds all 
the £low of water to the sea, it can no,t ('arried belo·w sea 
level, and t.he pea is therefore ealled the basf::-le1Jel of f'rosion. 
LnkPs or hlrg: rivers may ddc,rmine 10Cld hase-Ievels for certain 
regions. When a large t.raet is for a long time undisturbed hy 
uplift or suhsidence it is degraded nearly to base-lc\'t'l, and tlll:' 
fairly even snrface thus pl"odu('etl i:::; called If the 
tract, is aft€l"w:n'd uplifted, the ele\ated 
re('ord of the former dose·relation of the tract to hase-level. 

T1Ll: V~UtlO\JS GEOLOGIC i'lHEE'l·S, 

lllap tlhowing the areas occupied 
is called an areal geology map. On 

,vhieh is the key to tile map. To asC'el"-
tain the meaning any color or pnttern and its lett.Pr 
the rfwler should look for that color) pnttern) (lnd 
the where he will find tIle name and 

If it is desired to find 
name should be sought in the 
llOted; thE'n the al'eas on the 
pnttern mny be iraeed OUL. TIle 
ment of tile ,2:f'olop;ic history. In 

aecording 
unknown 

group t.hey are placed in the order 
so far as known, t,bc youngl:'st at, t,he top. 

map.-The map reprf':::;ent.ing the distribu-
tion of and roekl::1 ,ina their relat.ions 
to the topogrllphie fpatures and to the 
~el'Jned the economic Heolog!l map. The that appear 
Oll the areal geology lllnp arc usually shown on t.hi:::; map by 
fainter color and the areas of produdive formationH 

(~()lors. A mine symbol shows the 
or qualT,v and is aecompfmied tll(' 
mineral mined or stone If 

mining indust.ries or artE'tlilln in the 
nmJ1Y to show thuse additional economic features 
in tht' folio. 

shaftl', and otJler 
different beds to 

elltting thut exhibits thosc 
a sectiun) and the same tf'rm is applied to a 

renTesomt.;ng the rebtions. The arrangeillf'ut of'rocks 

arrdll~,emenLiH (,ll11ed <l :;lrudu.,·(J section. 
is llOt limited, fIOWf'n'r, to naturnl and arti­

for hi" iuformnt.ion eoneerning the earth)s 
the mallner of f()rmation of rocks and 

the be(ls on t.he surface, 
they P118S benclith Lhe 

surflwe and ('an draw repl'f'f<(,J1ting the strueture to a 

f:Ollsi<irrable uepth. i:"3Udl a see~iou is illust.rated iIl flgure~. 

t'IGURR 2.-r\ketch ~howing a venieaJ section at the fronT and It landscape 
beyond. 

The figure represents a landscape which is cut off sharply 
in the fOl'eground ou a vertical plane) so as to show the 
underground relation:::; of t.hc rocks. The kinds of rock are 
indicated by appropriate pattf'l"lls of lines) dots, and dashf:'-I:l. 
These patterns admit of lTIueh variation) but t.hose shown in 
Ggure a are used to represent the commoner kinds of roek. 

':l=cl"t<>n~HalHl~'Hl' 
glolJl<"c!l.te, 

ShaJylm19st0]1CS 

l',Hl;RIi: 3 -SYlllholB 1l6ed ill sectioIlB to represent different kinds of rO(Jk~. 

The plateau s.hown at the kft of figure 2 prescnts toward 
the lower land an escarpment, or fi'ont, "hich is ,made up of 

sHndst.ones, forming the cliffs, and shales, con.'ltituting the 
slopes. The broad belt of lower land IS traversed hy several 
ridges, which are Sf'en in the scction to corrcspond to" the out­
crops of a hed of sandstone that rises to the surf~lce. The 
upturned NIge8 of alis hed form the ridges) and the inter­
mediate valleys follow the outcrops of limest.one and calcareous 
shale. 

'Yhere the edges of the strata appear at the surface their 
thickness can he mew-mred and the angles at which they dip 
below the sllrffwe can be obscl'\"ed. Thus their positions 
underground can be int"(·trf'd. The direvtion of the intersee­
tion of a lied widl a hOl~zoIltal plane is called thc ,~lrike. The 
iudinntion of the bf:'J to the horizontal plane, measured at 
right angles to the strike, is called the dip. 

Tn many regions t.he strata are bent into troughs and nrches, 
sllch as are seen in 2. The arches arc eallt'(l anticlines 
and the troughs As the sandstone:::;, shales, alld 
lime:::;t.ones were df'po:::;ited beneath the sea in nearly flat sheets, 
the fitet that dley are now bent. and fcildf'd is proof that forces 
have from t.ime to time caused the earth)s surface to wrinkle 
along certain 7.ones. In plaees the 8trata are broken across 
nnd the parts haye slipped Nf"h other. Buch brenks are 
tel'llle(ljaults. Two kind8 arc 8hown in figure 4. 

At the rig11t of figure 2 the section show:::; schists that are 
tra "ersed by igneous roeks: The schists nrc much contorted 
nnd their arrangement uwIerground can not llC inferred. 
HencE' that. port.ion of the :::;eetion delineates what is probably 
true but i~ not known by ohHervation or by well-fOlUldf'd 
inference. 

The sf:'ction also shows three set." of formatioIl~, distinguished 
by th!:'ir underground rehttiolls. The uppermost. set, ~een at 
the left) i:::; made up of sanriRtOllt'S and HiJalf:':::;, whieh lie ill a 
horizontal position. These ~trat9 were laid down under water 
hut are now hi,2:h above the SOlt, forming a plateau, lind their 
ohange of elo-mtion shows that u portion of the earth)s mast< has 
hef:'ll uplifted. T!le strata of thi8 seL are parallel, a relatioil 
whieh is called cmoero/·muolC. 

The s('cond set ('ollsists of strata tlwt have be-en 
folded into an,hes and troughs. These strata were OIlt'e COll­

tiUllOUR, but the erests of the arche!:l litl\Te b;'en rt'llio,'ed bv 
erosion. The beds, like those of the li1'8t set, are conformabl~. 

The horizont.al st.rata of the plateau rest upon the upturned, 
eroded edges of thc heds of the :::;eeoml set sLown at tlle left of 
the section. The overlying are, from their position, 
e,·idently younger than the deposits, and the bend-
ing awl t'Toding of the older beds must havc occurred betwe~n 
tllf'ir deposition Itnd the Hccumulation of the younger beds, 
The roek:::; arc to the older, and the 
:::;uriaee i", IIll "nconformity. 

The third set of formations ('onsistt> of crystalline schist:::; and. 
igneou8 roei;;:s. At 80n1e period of their history the !:lehists 
were folded or by pr,..:::;s11r.o and t.raversed by emptiolls 
of lllOltf:'ll But the pre8SUrf' and intrusion of igneous 
ro{'ks have 1l0t affected the oyer!ying- stmta of the sE'rond set.. 
Thus it is evidellt that a con8iderablf:' int.enal elapsed between 
the formation of the sehisLs and the beginning of deposition of 
the strata of the seeond set. During tllis int.erval t.he sehi<;lts 
were metamorphoscd, they were (listurbed by eruptive 
and Lhey were deeply eroded. The contact between the 
l:llld third sets is another unconformity; it marks a time 
intel"Yal bet.\\een 'two periods 'of l'oek forrr;ation. 

The seetion and landseape in figure 2 are idf'al, but t.hey 
illush'Me aetnal relations. The sections on the stl'uetul'L'­
spction sheet arc related to the maps as the seetion in the 
figure is relat.cd to the landscape. The profile of the surface 
in the section corresponds to t,he aetual slope:::; of the ground 
along the s('{!tion line, and tile depth from the surface of any 
min~ral-producing or water-bearing stratum that appears in 
the seetioll may be measured usillg the seale of we map. 

Columnar secLion.-The maps arc usually accom-
panied by a c()lumna,j' :;('ction, which eontains It coneise 
description of the sedimentary formation8 that oecur in the 
qU~idrangle. It. presents a summary of the fiwts relating to the 
<charader of the rocks) the thi(~kne:::;s of the formations, awl the 
order of aeeumulation of su(:eessi ve deposits. 

The rocks are briefly deseribcd, and their eharaders are 
indicllted in the eolumnar diagram. The thicklle8ses of for­
inations are p;iven in figures thaL stnte the least and greatest 
meIL'lUl'ements, and the thicknesH of caeh formation il'l 
shO\\n in the colullln, which drtlwn to :::;eale. The order of 
accuIllulation of t.he sediment8 is shown in the columnar 
arrangement-the oldest. being at the hottom, t.he youngcst a.t 
the t.op. 

The intt'rvalt> of t.ime that correspond to events of uplift and 
degradation and eonstitut.e iuterruptions of deposition are 
indieated graphically and by the word" uneonformity." 

GEORGE OTIS SMITH,. 
May, 1900. Director. 



DESCRIPTION OF THE LARAMIE AND SHERMAN 
QUADRANGLES. 

GEOGRAPHY. 

By N. H. DAR'I'ON. 

POSITION AKD EXTENT OF THB Ql1ADRASGLFS. 

The Laramie and Sherman quadrangles embrace the half of 
a square degree that lies between pamllels -:11 0 and 41 0 30' 
north latitude and meridians 1050 and lOGO west longitude. 
They measure approximately B5 miles from north to south and 
53 miles from east to ..,yest and their total area is 1797 square 
miles. They comprise part of the southwestern portion of 
Laramie County and most of the southern third of Albany 
County, Wyo. Their geogntphic position is shown in figure 1. 

The quadrangles include It portion of the Laramie Mountains, 
the northern prolongation of the Front l{ange of the Rocky 
Mountains. The Laramie quadrangle lies mainly in the 
Laramie Basin, oue of the ~retlt intermontane valleys, and the 
east.ern third of the Sherman quadrangle comprises a portion 
of the Great Plains. 

FIG-URE I.-Index lIlap of vicirdty of Laramie and ~herman quadrangles, 
Wyoming. 

Scale.linch~50miles. 

Being part of the Rocky Mounta.ins and the Great Plains, 
these quadrangles illustrate many features of both. Aeeord­
ingly a general account of these provinces 'will be present.ed 
before the detailed description of the quadrangles is gi \·en. 

ROCKY X{JTTNTAiN PltOVTNOE. 

Reliif.-The high mountain chain known as the Rocky 
Mountains rises abruptly from the Great Plains, from altitudes 
of 4000 to 6000 feet above sea level at its foot to a general 
eleva.tion of 10,000 feet, though many scattered summits attain 
heights ranging from 11,000 to over 14,000 feet. The Rocky 
Mountain province consists of numerous ridges, differing in 
width and length but most of them extending fOT several 
hundred miles in a. course that lies approximately north and 
south. These ridges are due mainly to ant.idinal uplifts of 
pre-Cambrian granites, schists, and other rocks and of the over­
lying Paleozoic strata. The most prominent ridge, known as 
the Front Range, extends from Arkansas RiYer in Colorado 
northward far into 'Vyoming, 'where it is known HS the 
Laramie ,Mountains. Next ,vest is a long valley, of irregular 
width and altitude, which in 'W yorning, 'where it widens 
and deepens considerably, is known as the Laramie BlISill. 
Farther west are ma~ly high ridges, one of which in its 
northern extension, known as the Medieine Bow Mountains, 
rises on the west side of the Laramie Rasin. In central 'Vyo­
ming the Rocky Mountains are extremely irregnlar, as the 
range is cros~ed and offset by areas of high plains and pbteaus, 
one of which merges into the north end of the Laramie Basin. 
The Bighorn Mountains, an ontlying hook-shaped range, are 
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united to the Shoshone :Mountains by the lower Brid~er Range 
and the Owl Creek ]\''lonntains. The Wind River Mountains, 
which may be regarded as the principal representative of the 
Rocky Mountil'ins in central Wyoming, give place farther south 
and southeast to low, scattered ranges, composed largely of pre­
Cambrian rocks, with interspersed areas of Tertiary plains, 
which extend nearly to the northwestern extremity of the 
Laramie Mountains on one hand and to the north end of the 
Medicine Bow Mountains on the other. The Black Hills, 
which form an outlier of the Rocky Mounwins, l·ise about 
3000 feet above the surrounding Great Plains. 

Dra'ina.lJe.-The Rocky}Iountaill province marks the divide 
between the waters of the Atlantic and those of the Pacific 
Ocean, but the line of separation lies some distance west of the 
front ranges. The Missouri, rising in ::\iontana, and the Rio 
Grande, rising in central Colorado, arc the principal streams. 
The Arkansas also rises in central Colol1l,do, where it drains a 
wide area of high mountains. It cuts a deep gorge through 
the .second of the eastern ranges. The North Platte, which 
drains a large mountain area in northern Colorado and central 
Wyoming, flows around the north end of the Laramie Moun­
tains. Laramie River, which is one of its larger branches, 
rises in the mountains of northern Colorado and crosses both 
the Laramie Basin and the Laramie Mountains. The high 
mountains of north-central Wyoming are drained by 'Vind 
and Bighorn rivers, branches of the Yellowstone, which empties 
into the Missouri in Montana. 

GREAT ['LAtKS l'ROVD'OE. 

General feattt1·e8.~The Great Plains province is that part of 
the eontincntal slope which extends from the foot of the Rocky 
Mountains eastward to t.he valley of the ':\lississippi, where it 
merges into the prairies on the north and the low plains 
a.djoining the Gulf coast, and the l\-lississippi embayment. on the 
south. The plains pre!:lent wide areas of tabular surfacE'S, 
traversed by broad, shallow valleys of large rivers most of which 
rise in the Rocky )fountains, and cnt more ,or less deeply 
by the narrower v.alleys of lateral drainage ways. Smooth 
surfaces and eastward-sloping plains lire the charaderistic 
features of the province, hut in some parts of it there are 
buttes, extended escarpments, and areas of badlands. Sand 
hills smmount the plains in some localities, notably in north­
western Nebraska, where they occupy an area of several 
thousand square miles. The province is developed on a great 
th'ickness of soft rocks, sands, clays, and loams, in general 
spread in thin bllt extensi ye beds that slope gently east\vard 
with the slope of the plains. These deposits lie on relatively 
srrlQoth surfaces of the older rocks. The materials of the for­
mations were deri ved mainly from the west and were deposited, 
layer by layer, either by streams on their flood plains or in 
1ak~s and, durinjl; earlier times, in the sea. The strata show 
hut few local .flexures, as the region as a whole has been 
alternately uplifted and depressed and not subjected to folding. 
During earlier epochs the surface was even Rllloother than 
at present. Owing to the great. hreadth of the plains and 
their relatively gentle declivity, general erosion',hal:J progressed 
slowly notwithstanding the 'sotlnecs of the .formations; and 
'as at times of freshet IYltlny of the rivera bring out of the 
mountainH a larger load of sediment thari,'they can carry to 
the :3fississippi, they are now locally building up their valleys\ 
rather thrill deepening them. 

AIWlldcl5 and slopes.-The Great Plains province as a whole 
descends to the east about 10 feet ju earh mile from altitudes 
approaching 6(X)O feet above the sea at the foot of the Rocky 
Mount.ains to about 1000 feet near MisRissippi River. The 
altitudes al1d the TIltes of slope differ considerably in different 
distrids, particularly to the north, along th~ middle course of 
J\lissouri River, wherc the general level has been greatly 
rcduced. The Greut Plains rise to an altitude of 6200 feet 
at the foot of tile Rocky Mountains, west of Denver, and 
mainta,in this elevation fa'r to the north, along t.he foot of the 
Laramie Mountains. High altitudes are also attained in Pine 
Ridge, a great escarpment that exteuds froUl'a point neal' the 
north end of the Laramie l\fountains eastward through Wyo­
ming, across the northwest coruer of Nebraska, and for many 
miles into southern South Dakota. Pine Ridge marks the 
northern margin of the higher levcls of the Great rlains and 
presents cliffs and steep slopes descending a thousand feet into 
~e drainage basin of Cheyenne Rivcr, one of the most impor-

tant branches of the Missouri. From this basin north ward 
there is a succession of other basins with relatively low inter­
vening di vides, which do not attain the high level of the Great 
Plains to the south. 

Drainage.~The northern portion of the Great Plains above 
described is drained, by the middle branches of Missouri River, 
of which the larger members are Yellowstone, Powder, Little 
Missouri, Grand, Cannonball, Owl, Cheyenne, Bad, and 'Vhite 
ri verso On the southern slope of Pine Ridge not fur south of 
the eSCllrpment is Niobrara River, which rises in the midst of 
the plains some distance east of the north end of the Laramie 
Mountains. Farther south are Platte Uiver, ""ith two large 
branches headin§!: far back in the Rocky :Mountains, and 
Arkansas River, both of which cross the plains to the south­
east and afford an outlet for the drainage from a large area 
of monntains and plains. South of the Arkansas are Cimarron 
Ri vel' and numerous smaller streams that hcad in the western 
portion of the plains. Betweeu Arkansas and Platte rivers is 
Republican River, rising near the one hundred and fifth 
meridian, and an extensive system of loeal drainage in eastern 
Kansas and Nebraska. 

RELIEF OF THE QUA DRANGL:ES. 

The Laramie and Shermnn qnadrangles occupy 11 re~ion that 
presents great diversity of relief. It includes high mountains 
and ridges, wide plains and valleys, ext.ensi ve terraees and 
mesas, canyons of moderate dept.h, and basins of various kinds. 
At the west are the spurs of tile Medicir.e Bow Mountains; 
east of them the wide, relatively level Lammie Plains, extend­
ing to the high, broad ridge of the Laramie MOllntains, from 
the foot of which the (treat Plains stretch far to the cast.. The 
history of the development of these features will be considered 
under "Geologic history." 

The topographic features are closely related to the lithologic 
character and distribution of the .rocks. The monntains are 
due to the pre-Cambrian granite and schist and the flanking 
ridges to hard sandstone and limestone. The valleys are 
excavated in shales and in soft thin sandstones, and the Great 
Plains llre developed on soft sandstones, sandy clays, and 
deposits of sa.nd and gravel lying on shale a.nd soft sandstone. 

La.mm£e Monnta.in,s.-l'he most prominent topogra.phic 
featUl'e in the area is the range ealled the Laramie :310Ullta.iIlS, 
an elevated plateau rising about 1500 feet above the adjoining 
Ltlra.mie Plains. Its altitude aoove sea levelrange..'3 from 8000 
to 8500 feet. in gr©ter part, although some of the summits are 
higher, no~hly Crow Creek Hill, 8877 feet, and Pilot Knob, 
8850 feet. The outlying Pole Mountain rises 1\ lit.tle above 
$-)000 feet. The mountain plateaLl is neither level nor smooth; it 
slopes up to the eentral divide, it is cut by many canyons, and out 
of it rise many knobs and short ridges. Still, when viewed from 
a commanding point, a wide area, especially of the granite sur": 
face, will be seen to fall into a remarkably even plain tilted 
slightly'to the east. In many local arE'-8S between the streHms 
the land is smooth or but gently rolling and the ridges have 
rounded summits. Such areas are especially well marked on 
the divides between Crow, Lodgepole, and Horse creeks. 
They are remnants of a nearly smooth plain, worn almost level 
by long-continued denudation. A few l'llgged hills, such as 
the 8herman Mountains and Haggedtop Mountain, which rise 
above this old surface, were not entirely worn away by the 
denndation. The old plain extends across granites and schists, 
and although the different rocks pre$ent slightly diffcrent 
details of topography~here smooth and rounded, there ragged 
and nneven-all are equally worn down to the same general 
level. The rocks are deeply rotted, so that thick residnal 
detritus mantles the old surface wherever it is well preserved. 
Tn the granite areas the soil is a coarse feldspat.hic gravel; on 
the gneisses and schists it is sandy or loamy, according to the 
composition of the underlying rocks. The surface of the 
upland is not strictly plane, but its undulations are incon­
spicuous. Shallow depressions, sOllle of them seemingly the 
work of wind, alternate with broad, low swells. Areas repre­
senting the old plain may be seen west and sontheast of Twin 
Mountains. 

The main Laramie Mountain divide, which passes from 
north to south along the west side of the Sherman quadrangle, 
is throughout the greater part of' its course a distinct ridge of 
sandstone and limestone, presenting to the east a cliff 50 to 200 
feet high and sloping down on the west to the Laramie Basin; 



near Laramie it has made a total descent of over 1500 feet. 
This long western slope accords closely 'with the dip of the 
strata in that direction. But few streaIll gaps break it[4 even­
ness, and in this respect it presentf'; a lllarked wnt.mst to t.he 
eastern slope. 

The eastern slope of the Laramie Mountains descends 
abruptly to a line of foothill ridges made up mostly of hard 
limestone and sHndstone. (Bee Iig-. 11, illustrHt.ion 
These ridges are specially prominent. north of Crow 
where they rise high between the numerous eanyons'of creeks 
that How eastward out. of the highlands. The ridges are 
narrow because the hard rocks are vertical, but. one of t.hem 
widens in Mesa Mountain, ,,,,here the nllgle of dip decre~H;es. 

South of Crow Creek the foothill ridge is interrupted Illany 
broad overlaps of Tertiary deposit,;, and from Grlmite 
soutlnvard these dcposits rise so high on the mountain 
fhat the slope fi'om the plains t.o the highlands is filidy 
uniform. By means of this slope the Dnion Paciiic Railroad 
gains an altitude of 7300 feet bef()fe ent.eriug the granite area. 

Gl'eat Plain.'l.-The region lying enst of the Laramie Moun­
tains is a t.ypical portion of t.he Greut Plains of the middle 
western Unit.ed States. These plains present wide areas of 
smooth-surfaced lands thnt slope gently to the east a.nd are 

. traversed by broad valleys, most of them with gentle side slopes. 
Local buttes and badlands give considerable diversity to the 
lanuscape along some of the valleys. The region is underlain 
by a great thickness of soft rocks-shale, sandstone, and sand­
in large part lying nearly horizonta1. In the sout,heaRL portion 
of the Sherman quadrangle these plains rise from 8500 to 7400 
feet above sea level, extending far up t.he slope of the mOUll­

tains. Crow, Lodgepole, Horse, and Chugwater creeks have 
cut deeply into them near the foot of the mountains north of 
Granite Canyon, so that their west.ern margin is a west·ward­
facing csearpment, as shown in figure 5 (illustration sheet). 
This escarpment, \'ihicIt is 200 to 500 feet high, is a prominent 
feature on the divides and along the sides of the valleys of the 
creeks mentioned. Its western edge is about::> mill:'s from the 
foot of t.he mountains awl t.he valley at its base is t.ra.verse(l hy 
the Colorado and Southern Railroad. In t.his valle\' are 10·w 
ridges and butte!:l and loeal badlands t.hat ext.end to "the limc­
stone and sandstone ridges of t.he narrow foothill range. 

Laramie Basin.-The Laramie Basin, generally known al:l 
the" Laramie Plains," is a wide, rollillg plain lying between 
the Laramie Mountains on the cast and the j.ledieine Bmv 
Mountains on the wei'lL Its altitude varies from about 'lOW) 
feet in its northern and central portions to 71300 fcet near the 
Colorado boundary, where it narrows into a valley that rifles 
into a high divide between the mountains. The bllsin is HO 
miles long and about 30 miles wide at itil widest part. The 
Laramie .Mountains rise on the east. side of the hasin in a 
long, gentle slope, as deseribed above, but the mOllutainl:l on 
the ·west arc very steep and the continuity of their front. is 
interrupted by some high outlying masses, of which Jelm and 
8heep mount.a.ins are el:lpecially prominent. Tbese st.eep slopes 
are due to great faults. 

The Laramie Basin consists mostly of broad, l:lhallow, ter­
raced valleys separated by low, flat-topped l'idges which are 
remnants of au earlier terrace svs1em. The valleys of the 
Little Laramie and main LHramie riven; are especially wide 
and flat bott.oIlwd. A charaetel'istie view of the vallev of 
Little Laramie River is shown in figure 4 of the illustn;t.ion 
sheet. The divide between these two vallevs west. of Laramie 
is a broad ridge 200 feet or more high, eOlltaiuiDg a 
300 feet deep known as the Big Hollow. It i8 9 long 
and::> miles wide, its longer llXis trending west-south·west and 
east-northeast. .Big Basin, northwest of Ltuamie, is similar to 
t.he Big Hollow but is of less extent. and lies at a slightly lower 
altitude. Both depressions are' somewha.t deeper tlwn t.he 
valleys to the north and south. They arc exeavated in Creta­
ceous shale, which is capped There are 
many other similar but smaller 
by James Lake. 

The topography of the sout.hern part of t.he Laramie Basin 
presents eonsiderable diversity. Boulder Hidge il:l a prominent. 
granite rnnge projecting into t.he basin from t.he south and 
rising 600 to 1000 feet ahove the valleys on its sidel:l. Hed 
Mountain, a pile of nearly horizont.al strata extending from 
the Chugwater to the Cloverly formation, rises over 1000 feet. 
above the Shell Creek valley, near the Colon-I do state line. 
Several ridges of mod crate prominenee mark t.he course of the 
Cloverly formation on the slopes between Hin~ Mountain and 
t.he Dmvney Lakes. -

JJfedicine Bow Mountnins.-The l\'fedieine llow Mountains, 
which extend along the west side of thc I "aramie Basin, form 
a northern extension of one of t.he main ranges· of the Hoeky 
Mountains; in their central part. called the Snowy Range, they 
reach an altitude of 12,005 feet. Thc main body of' these 
mountains lies outside of the Laramie quadrangle, hut t.he 
outlying ridges, known as Sheep and .Jelm mountllins, are 
included wit.hin it. Jehn Mountain, which has an alt.itude of 
9665 feet, is separated from the main range by a gorge eut hy 
Laramie l{i ver. R.ing Monntain, 8805 feet high, is a spur of 
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,Tclm ~.follntaill. The greater part. of Sheep Mountain, which 
in Olle summit reache", the heigllt of H.590 feet., is separated 
from the -:'Ifedieine Bow Monntains hy Centennial Valley, a 
narrow hasin "(GOO to 8000 feet in altitude. 

llUAINAGE OF '1'l1E QCADRANGLES. 

The Laramie guwhangle is drained by Laramie Ri vel'. The 
I4'reater purt of the Sherman quadrangle lieF! on the headwaters 
of branches of lIorse and Chugwater creeks, whieh flow into 
t.he ~orth Platte, and of Lodgepolf', ero·w, and Dale creeks, 
which empt.y int.o the South Platte. Thus the ent.ire drainage 
of dds area passes into Platte and ]HisRonri rivers and empties 
into the Gulf of Mexieo. 

The greater part of the Laramie Basin is traversed by Laramie 
River and its branches, a stream whieh riscs in t.he Medicine 
Bow Mountains and ot.her ranges ill northern Colorado, receives 
variouR branches from the sout.h and weRt, CrOSRf'S the Laramie 
Mountains 80 miles north of the quadrangles in a deep eall­
yon, and flows out aeross the Great Plains to join the North 
Platte. Lit.tle Laramie River is its principal brandl, flowing 
in ftom the west, and Sand, Willow, and Fivemile creeks are 
othe1' tribut.aries of moderate volume. Laramie Hi vel' reeei ves 
hut few brandH:'.8 from the east amI south, the prineipal ones 
being Sand. 'Villow, Soldier, and Spring creeks, whieh earry 
Rmall volumes of' water. 

A notable feature in the Laramie :J.Tountains is their general 
drainage toward the east, down the long eastern slope of t.he 
range. The principal strcams of t.his slope are the various 
hranehes of Crow, Lodgepole, and Horse creeks, which earry 
titir volumes of water derived from many springs in t.he 
mountains. Dale Creek is a similar stream flowing into 
Colorado, to South Platte River. The southf'rnmost prongs 
of Chugwater Creek, \",hich drnin the northern part of town­
sbip 17, are f:llIlall running stremns. Lonet.ree, Duck, and 
Coose creeks, which hl,tYe very sma 11 drainage areas on the east 
slope of the mount.ains, sink into sa.nds of the Arikrlree forma­
tion a :::ho1't di.<;tance east of t.he mount.ains except. at times of 
heavy nlins. All the small streams that rise on t.he plains are 
illtl'rmittent, and ma.ny of' them are eomplet.ely dry in SUlIllner 
except at a fcw "water holes." 

The l:ltrealllS present much variation in grwle nnd in the 
cllllrader of theIr valleys. 'Vhere the rocks a.re soft, as in the 
Laramie Ba",in and in the phiins, or deeply rotted, as on top of 
the Laramie :J.Iolltltains, the grades are low and t.he valleys nre 
wide and shallow. On the mounta.in slopes and ridges, where 
the rocks nre hard, t}w Rtrcam", are rapid and the valleys are 
mostly deep, nal'rmv eanyons. Such canyons are especially 
not.able on the east side of the Laramie Mountains, ·where the 
st.reams cross the ridge caused by t.he Casper format.ion in 
deep rocky The dept.h of theSE; gorgeR is due t.o 
the proximity the lower lands of the plains. Farther 
llpstreUJIl, '\yllere t.he \'olume of water is less and tIle rocks are 
deeply rotted, t.he valleys are wide and in places eontain 
eonsidemhle alluvium. 

CLIMATE OF THE REGION. 

The clirnale of t.he Laramie-Sherman region presents the 
lLsual feaiurel:l of that of the northern Hoeky Mountains and 
the higher Great. Plains. It is dry and cool, relat.ively uniform 
from yea.r to "year, and il:l notable for a large amount of SU11-

shine. Meteorological reeords have been kept. at the Stat.e Uni­
\'erl:lit.y at Laramie sinee 1SHl and t.he results arc given below. 

Januar.\'_ 
F()bl·u;~ry __ 

Ma.reh 

April 

l'IIl'an for the yl'ftl". 40.3 

_ 47.4 ! September ______ 51. 8 

56.6 , Q('t.oher __ 42.1 

62.3 i ::>fovember _____ 31.1 

61.9 I December ____ 21.8 

EX[remes of temperature and mean annual temperature at Lai·amie. 

18!.H 

189:3 

1803 

1894 

lS(l.'J 

18H, 

HJ99 

1900 

19fJl 

1911\l 

190L_ 

190'-' __ 

H1Il6 __ 

II)!), _ 

1\)08 _ 

Wyo, lS[jJ-J!!OS. 

87 ~ }~r; ~~ 
9l Juno 2fl 

92 July 20 

91 Aug. 1 

i ,June 2 
S4 July 2(i 

! Aug. :1 
.'q Aug. 2~ 

91 July 1ll 

88 Aug. 16 

8'; Aug. 4 

8(1 Aug. 9 
__________ 1 •. _-

Jail. 20 i as.9 

Feb 12 38.8 

-27 Dp.e. 31 42.(1 

-23 nee 14 , 40.2 

-18 Jan ~6 40.9 

i- 8 Mar 30 40.1 

-Hi Jan . 28 1t S 

-42 Feh. 12i 40.3 

-lO Ma.r. 
HI I 

44. (\ 

-9 Dec 19 41.8 

-241 Nov. 14 4ll.' 

It will be seen from this table that the t.emperature rarely 
reaches noo F. and that the periods of higher temperature are of 
short duration. Owing t.o the great (lryness of t.he air, the 
heat is not oppressive. The nights are cool, the temperature 
falling rapidly after sunset. The lower winter t.emperatures do 
not eontinue long but reem in irregular eyeles separat.ed by 
several days of more moderate t.emperllture. Heavy winds 
ma.y accompany a eold wave or a t.hunder storm. 

The average yearly preeipitation at Laramie is 9.9 incheR. 
The monthly averages and t.he annual preeipitation for fifteen 
years are shown below. 

.Monthly mean JlTedpitation at Laramie. Wyo. in inches. 

January _____ 0.23 i May ______ 1.47 i Sept.ember 

February_ 3,1 : JllnEl 1.24 October_ 

March 831 July _______ 1.40 November __ 

April _ ~~~~~~~~~~~ 1: 14 Aug~~;~~ .Oll ! December 

AII'n1tal precipitation at Laramie, JVyo., in fnches. 

1891 ____ 13.02 1il97 __ 12.48 1903 
1892_ _ _____ 12.73 18\1~__ 7.63 1904_ 

18\J:L 8.tH 18\m _____________ 11.M 190.) __ 

1894__ 7.63 1\100__ I:l. (;3 1\1()6 __ 

8.52 I UJ07 __ 

7.7ll I Ifl08 __ 

______ 0.92 

.79 

.22 

.33 

_ 10.37 

9.58 

9.76 

12.57 

9.46 

lB. 02 

A portion of the preeipitation is snow, whieh falls in vary­
ing amounts but seldom lies long on the ground except. on the 
higher mountain slopes. Hail falls occasionally and every few 
years does damage t{) erops. 

GEOLOGY. 

lH1'3CRIPTIOX OF THE ROCKEt 

1'1U£-CAMBRIA"S ROCKS. 

By .ELIO'l' BLAOKW l£LDER. 

G£.N£lI.AL :-:TATJ~MENT. 

Occurrence.-In the country about Laramie t.he oldest. rocks 
whose age has been dckrmined are the Pennsylvanian (" LJ pper 
Carhonift:'rous") limestones and shales. Beneath these, :md 
separated from theIll hy a pronouneed uneouformity, lies a 
mass of igneous and metamorphic roeks which are evidently 
very much older hut which yield no fossils or other indications 
of their exact agc. These ancient roeks are exposed only 
where the arehing of the sediment.ary heds, followed by erosion, 
has brought. t.hem to the surface, namely, in a Lroad belt run­
nillg nort.h and south through t.he Sherman quadrangle and in 
several isolated pate-hes in t.he Laramie quadrangle. All of 
these are really northward extensions of a mneh larger area of 
similar rocks in the adjaeent parts of northern Colorado. 

1(1:nd.~ of l'ocks.-This ulleient foundation of' the sedimen­
tary strata is a. complex, eonsisting of ma.ny variet.ies of rocks 
of diITerent modes of origin. ,Most of these are igneous rocks, 
some of which have been highly metamorphosed. In a few 
localities metamorphic sedimentary rocks ha \'e been detected, 
and there are some other variet.ies whose origin is doubtful. 
The J"oeks are of many different ages. The oldest have been 
folded a.nd metamorphosed and ot.hers have been intruded into 
them later without being themselves deformed. The most 
widespread of all these formations is the Sherman granite--one 
of the younger intrusives. This has so hroken and separated 
the preexisting mass of rocks thht they are now found only in 
irregular patches, surrounded by and apparently rest.ing upon 
granite whieh has welled up from helow. 

Age.-Since all these rocks lie unconformably beneath the 
Pennsylvanian ("Upper Carboniferous") series, it is clear that 
they are pre-Carboniferous in age. Ttl the Bighorn Mountains, 
the Blaek Hills, and ot.her uplifts not far distant similar rocb 
lie beneath the Cambrian strata. There t.he Cmnbrian and 
Carboniferous are part of a nearly continuous sequence of rocks, 
which were deposit.ed during a. single great era of submergence 
and have neyer heen greatly'disturbed sinee. They began to he 
deposited not only aft.er the metamorphic and volcanie proc­
esses ,,,hich produeed the ancient rocks had eeased, but after all 
of those rocks had been eroded to g-reat depths during a long 
period of quiescence. It is therefore reasonahly certain that 
the rocks now under eonsideration arc much older than the 
Cambrian. 

There are less firm grounds on which to assi~n these rocks 
t.o specific periods within the great. pre-Cambrial; eon. In that 
tJle oldest. of the format.ions in these two gua.dran~les consistR 
largely of metamorphosed yoleanic rocks intruded hy gneisses 
the rocks resemble the Arehean system of t.he Lake Superior 
region a.nd some other parts of North America. In the Lara­
mie J.ist.rict, however, we find no trace of a great sedimentary 
series comparable to the Belt series of Monta.na and the other 
Algonkian strata of the Rocky Mountain province. On the 
contrary, the roeks here a.re vel:Y mueh like the igneous com­
plex which lie.s heneat.h t.hose sediments where they have been 
found. Farther 110rt.h, in the Laramie MountaillR, and farther 
south, in Colorado, there are met.amorphosed sedimentary rocks 
which seem to belong t.o this eomplex. They are provis­
ionally referred to the Algonkian system. It therefore secms 
reasonable to conclude that the pre-Cambrian rocks of the 



Sherman and Laramie quadrangles are in part of Archean and 
in part of Algonkian age. 

SCHIST AND GNEISS. 

Gene-ral charactl?'r aud d£fJtribui'ion.-The oldt'st rocks in the 
district are certain dark schists and gneisses, 'which are exposed 
chiefly in the southwestern part of the Laramie quadrangle and 
the northern and southern parts of the Sherman quadrangle. 
Owing to the fact that they have been intricately int.ruded by 
many later igneous rocks their outcroJls arc yery irregular in 
outline and pakily in distribution. 

Vilhen examined in detail this ancient series discloses a large 
number of rock varieties, sOllie intruded into other['( or lying in 
alternating heds and all so highly folded tllHl metamorphosed 
that it is difficult to ascertain their structUrt" origin, and 
inter-relations. The most. abundant rocks are dark-greenish 
hornblende schists, or amphibolites, whieh are apparently 
metamol'phosed basie dikes and lava Hows. 'With these are 
found acidic eruptive rocks, such ns schistose rhyolites and 
felt3ites, as well as soft mica schists, contorted. mica 
and many others. Hocks resembling highly altered 
and quartzites are occasionally found in the twisted complex of 
igneolls deri\'ative~'l but they are rart', awl the identification of 
them is open to question. 

Jelm .JfouniaiJi w·ea.-Banded hornblendie schists pl't'dorn­
inate in the slopes of .fclm :J.lountain. They sho'w many 
variation:;; in texture and color; some are lllassi \'e, others 
slaty; some i.llack and glistening, others gray because rich in 
quartz. 

specimens 

'Vith these rocks miea schists are intima.tcly associated. The 
north slope of Jehu Monntain shows them to the best adnm­
tagE. They are banded gray Illuscovitic schists, some being 
highly quartzose, 'while in others t.he mica largely predom­
inates. The micaceous variety is soft lwd disilltegrfltes readily. 
The origin of these schists ean not he stated with confidence, 
for either sedimentary or igneous rocks may under proper eon­
ditions produce such varieties. Thc relntioll between Lhe miea 
schist.s and the hornblendie roei;;::s 'with which they are so 
intimately mingled i8 ohseure, but. certain of the horn bIen die 
gneisses seem to o("eur as dikes intrusi ve in the schists. 

Twin Jfv'Ufdahu) areu.-The largest exposurc of the most. 
aneient roeks is in the 8herman quadrangle, in the vieinity of 
Twin :J.fountains, and extends thence northeastward. Here 
again the prevailing rocks are gTeenstones or bandcd llOrn­
bIen de sehists and gneisses, of greenish and gray colors. The 
origin of these roeks is not clearly nppareIlt, but they dosely 
reS8111 ble greenstone schists, 'w11ieh in Rome ot.her parts of the 
world have been proved to be metamorpllOsed basie lavas. 

Bedded structure observed south of Hecla may mean that 
the roeks are actually old flows which were poured out. upon 
ihe surfaee. The occurrenee of greenstones south of Gunsou 
in the form of irregular dikelike bodies traversing roeks of a 
different character indieates, however, that some of them are 
intrllsions. 

South of G-nnson's and Haygood's ranches the green schists 
are associated with other schistose rocks which are morc aei(lie 
in composition. They are hard steel-gray, bufi:'?,Tay, or even 
pinkish rocks, with dense or slightly porphyritic texturt'. 
Microscopic examination shows that they are fine-grained 
felsites or rhyolites whieh haye been rendered :;;;ehistose. Thev 
form a highly inelined series with alternating bands of' eolOJ~. 
Possibly ihis is a sequence of' acidic lava flows, eorresponding 
to the basic flows now represented by the hornblende schists. 
The presence of fraglilental breeeia schists nnd amygrlule,ids 
in the series lends additional plausibility to the idea they 
are surfaee volcanic products. Some of these roeks occur also 
in the form of dikes which cross eertain of the hornblende 
schists. It is Jlrohable lhat the hornblt'mlic rocks aIld schist.­
ose rhyolites together represent an alternation of basic and 
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acidic £lows and breccias belonging to a single period of vol­
canic activity. The dikelike bodies of rhyolite se1list and 
greenstone schist may then represent conduits leading to the 
later acidie and basic flows, respectively, but cutting some of 
the older flows. 

In detail the siliceous schists are varied. tlome are light 
gray, some are purplish, and others are nearly blaek. Fine 
parallel streaks and indistinet spots are ehamcteristic, yet some 
are massive and ,vholly without schistose structure. Almost 
all are hard, heeause highly qnartzose, and they therefore have 
a telldeney to forlll low, ragged ledges in the otherwise smooth 
surface; but the wstriet has been so thoroughly worn down 
that. few rocks build notable ridges. 

strneture. 

With these demonstrably igneous roeks, bodies of banded 
and highly contorted mica schists a.wl gneisses are so dosely 
assoeiated that the relations betwecn the t.wo groups are doubt-
ful. Tn fhet, seem to into each other by impercep-
tible stages. If distinet, metamorphism may 
ha ve caused the seeming- The origin of these 
rocks haH not heen (lscel'tained. 

At two loealities roeks whieh scem to he dcarh of sedimt'n­
tary origill have been fonnd intimately mingled ~ and infolded 
among the other schist8 of t.he series. vVheiher they 'were 
originally interbedded with the lava flows or are of' Inter 

and iHl\'e been folded down into them, or whetller they 
some still different relation to t.hem, are unnnswered 

questions. 
Prospect pits:! miles northwest of McLaughlin'f:. raneh dis­

dose white qlutrt7.-11111scovite schist in which certain bands urc 
verv rich in fthrous tremolite or wollast.onite. These roeks 
lw.\~e been so intensely metamorphosed dwt. no tnlCe of original 
bedding 01' frngmental sirllcture remains, and only their 
mineral eomposition now that they were once sedi-
ments. Quartz-muscovite eall be derived ouly from 
roeks that are very rich in siliea and low in the ferro mag­
nesian components, and wollastonite implies all abundance of 
lime without iron. Sehists of this sort are readily produced 
in the extreme met.amorphism of quartzite or of 8iliceous 
limel'ltone. 

At t.Vi'O other places t.here are rocks whieh seem to have been 
derived from sedimellts; they ha.ve ,vholly reerystalli7.ed but 
are not schistose. 

thi~ origin, and yet, again, the evidence i~ not eonrlnsive. 

Horse llIounia£n and norihem areas.-In the llorth(~rn part 
of the Shennan quadrangle three fail'-sized outz'rops and a 
Ilumber of small slivers of t.he schists arc enYf'loped by t.he 
younger igneous l'ocks. As elsewhere, they eOlllprise a mixture 
of various metamorphic l"oeks, fanging from IlHl8Si ve to slaty in 
strnetnre au(l from acidie t.o basic in eOlllpol'litioll. IIornhlcll(lic 
schists fOUlul among them al"e not essentially uIllikP those in 
other parts ot' the distriet, but the ot-hc!' varieties require 
additional mentioIl. 

At Horse ')lountain the prevalent roek:;;; are largely greenish 
and silieeous rocks of uncertain origin. Layers of a. 

yariety arc interen.\ate(l with the light~r kind8 awl all 
are di['(tinetly hedded, as if derived frolll sediments. Theil' 
millt'ral character, however, is peculial" and docs not necessa­
rily bear out that supposition. Being very hard and resistant, 
they are slightly salient in the topography. Horse Mountain 
and lesser hiU!,l in the vieinity owe their elevation to l'oekt3 of 
this series. 

In ('ompositiOlI and in strueture these peeulim'rocks do not 
reselllble any common igneous rocks. Not improhably they 
were onee sediments which have been so bighly metamorphosed 
that have completely recrystallizc(l, without the produc-
iiol1 struetnre. 

Certain other yarieties belonging to t.his same series but. 
found southwest of Horse Mountain consist. ent.irely of inter­
loeking grains of quartz. They are thoug-ht. to represent 
highly metamorphosed qua.rtzit.es. 

The ancient sehists exposed west of Raggedtop Mountain are 
very different from those described abovc. The prevalent 
roek is n dnrk coarse-grained biotite sehist, varying loca.lly to a 
banded miea gneiss. Being a soft roek it weathers into sub­
dued forllls lllld fresh outerops are sea.ree. The granites and 
anorthQi,:ite are dearly intruded into it. This dark schist is 
apparently 011er tha;l cyen tllt' granite gnei8s of Raggedtop 
.i\Iollntain, for the gneiss eontain8 fragmentary illelusions of a 
black schist. like it, and these xenolith~ are lllost abundant 
near the gneiss-schiRt con tad. This schist is therefore thought 
to be equivalent in age to the other schists, nlthough it hai:i not 
been found in contact with them. 

of the 1'Oeks in this series have been 
intensely folded and metamorphosed, so that it is uSl1ally not 
possible to deteet definite structures 01', whcn they are deteeted, 
t.o iraee them for any {'onsiderll ble distance. In SOHle places, 
however, the I'3tratificatioll of the ancient lava fl.ows may he 
discerned: in others it is {'leal' that the rocks oecur as dikes. 

Where identified the heds are always highly indined and 
are no doubt complexly folded in a large ''lay, just as they arc 
erumpled in detail. Tlw dominat.ing 8tl'Uctures, however, are 
]]ot due to the folding hut to the proauction of schistosity. 
This is expressed in color banding and cleavage. Although 
10('al variations are numerous the general trend of the sehis­
tosit.y i:;; ea1:\t by north, averaging about. K. 70Q E. 

GRA:'iflTB GNEISS. 

Ur;nr:ml charrwifT and d'islribntion.-The next series of roeks 
is dearly YOlwger than the ancient sehists and contorted 

" .it eodsists of granitic whieh have been on 
less altel'ed than the which are tiwl"cfore 

interpreted. That they are mildly mctamor­
ph08ed granitcs obviouK from their mineral composition and 
their Held relations, noted later. 

The gmnite have a distribut.ion similar to that of 
the anei{'llt and are dosel y assoeiated with them. In 
addition, an isolat.ed patch of tile gneiss forms the nort.h weRtel'll 
part of the tlherman Mountains east of Laramie. Two distinct. 

of l'oeks, which al'e of' slightly different age, are com­
in t.his seri('8, and eaeh of'them has certain vHriations of 

own. The oldel' and more wiaely is the gneiss 
thnt ollterops prominently in the valley Dale Creek ncar 
the southet'll border of the Shcrman quadrangle. Thl" younger 
variety fOl'llll:l the 81.1l11mit and much of the slopes of' .Telm 
l\-fountain, in the southwestel'll Laramie quadrangle. 

(]ne'iBs of DaLe roek is a filirly coarse grained 
biotitie gUCiS8 ill whieh the parallel st.reaking is cverywhere 

although not. so pronounced as to ob:::;el1r€; the granitic 
roek. l't rarely shows deftuite bands or contorted 

larniux. .Along Dale Creek and again e<l:::;t of Chcytmne 1).ass 
it is reddish and deeidedlv eom'se in texture. North of Leslie, 
on the other hand, and tl"orth and ::3outh of Hecla the gneiss is 
medium graine(l and of a clear These two varieties 
were not found in contact with other, and it is not known 
whether they an~ of different ages or are merely phH:::;es of a 
single forlllntion. III the Sherman Mountains both types are 
foulld with Hlany other varieties from finely lilJed lay ender­
('olored gneis;:;es to ullusually eoa.rse ,L,'Tained augen gneiss. 

The gneiss seeins to he more resistant to weathering than the 
granites, so it 8tands out in the forlll of hills, sueh ns Pole and 
l{nggedtop mountains. The banding and other structures are 
eye~'ywhere nearly ,"ertical, alJ(l weat.heriug bands of 
diffcrent eomposition tends tD pl'oduee sharp pinnaeles, 
and crHgs. J{aggedt.op l\follniain derives its name i'rolll features 
of this kind. The craggy appearanee of the gneiss outcrops 
distinguishes t.hem fi'om exposures of the Sherman granite, 
,vllicit normally haye massivc roulHled abpects. 



From the present composition and texture of the gneiss 
along Dale Creek, it is clear that it was once a granite and is 
now moderately metamorphosed. Originally the reddish 
phase must have resembled the coarse-grained pink Sherman 
granite by which it is now intruded. Were it not, indeed, for 
the occurrence of many clear contacts which prove that these 
two rocks are of vastly different ages it might be thought that 
the gneili!S was merely a locally deformed phase of the Sherman 
granite. 

The contact bp,tween the gneiss and the schists is highly 
irregular in detail. Dikes and veinlets of the gneiss reach out 
into the schists, and xenoliths or angular fragments of the 
schists are found en veloped by the gneiss. The intrusions 
issuing from the gneiss break indiscriminately through horn­
blendic schists, rhyolite schists, gray mica schists, and other 
rocks. During the metamorphic episode which produced the 
banding of the gneiss these dikes were twisted, broken, and 
made schistose. 

Gneiss of Jelm Mouniain.-Exposures of this gneiss occur 
not only in Jelm Mountain, but in the hills south of it. 
Again, in the southern part of the Sherman quadrangle a 
granite gneiss that is believed to be identical with the gneiss 
of Jelm Mountain is an important component of the Twin 
Mountains and is exposed at several places in their immediate 
'vicinity. As a fairly resistant rock, the gneiss of Jelm Moun­
tain stands out in hills and ridges. Jelm Mountain and the 
Twin Mountains are ribbed with it. Because of its uniformity, 
however, the outcrops of the gneiss are not craggy nor serrate 
but resemble those of a massive granite of firm construction. 

The gneiss of Jelm Mountain is different from the gneiss of 
Dale Creek in appearance and in lithologic features. It is a 
fine to medium grained reddish gneiss, ordinarily deficient in 
the darker minerals. It is therefore of more acidic composition 
than the gneiss of Dale Creek. The gneissic structure is a 
little less distinct in this variety than in the other. In fact, 
the rock might be mistaken for an ordinary granite if the out­
crop happened to be obscure or deeply weathered. Under 
more favorable conditions, however, the streaky appearance due 
to parallel arrangement of the minerals may be clearly seen. 
The gneiss of Jelru Mountain appears to be rather more 
uniform in texture and composition than the variety occurring 
along Dale Creek. Locally it contains a fair proportion of 
biotite; elsewhere even the muscovite is scarce. But its 
color is relatively constant, and coarse porphyritic phases are 
lacking. 

Microscopic study of the rock from.r elm. Mountain shows that it consists 
of quartz and alkali feldspar (most of which has the structure of microoline), 
with muscovite, 8, little biotite, and iron oxides. The micas are roughly 
parallel aod are associated with partly recrystallized seams of quartz and 
feldilpar. The rock appears to have been severely mashed and largely 
recrystallized, but the paucity of the mica. and other dark silicates which 
favor ready cleavage leaves it less schistose than the other gneisses. 

At Twin MountainB the hard pink gneiss Is similar, except that it contains 
iron oxides with very little mica.. A variety ooourring near McPhee ranch, 
however, is speckled with hornblende and biotite. 

At Jelm Mountain the gneiss has been intruded into the 
dark schists of the older system, leaving a very irregulm' con­
tact between the two. Near the j unction of the two rocks 
pieces of schist are embedded in the gneiss and dikes of the 
gneiss invade the schists. Secondary minerals, such as garnet, 
are common in the schists for some distance away from the 
contact. 

In the Twin Mountain region the rock which is correlated 
with the gneiss of Jelm Mountain occurs as elongate intrusions 
in the schistose series and also as dikes in the gneiss along 
Dale Creek, where the two have been found in contact. This 
establishes the fact that the one is somewhat younger than the 
other, but as both have been metamorphosed to a similar 
degree and bear the same relation to the older schists on the 
one hand and to the basic intrusives, porphyries, and granites 
on the other, it is safe to believe that they belong to the same 
general division of time. 

Gneissic dikes.-Both of these gneisses, as well as the 
adjacent schists, are cut by small dikes of fine-grained granite 
gneiss. In the gneiss along Dale Creek these dikes are gray 
in color and biotitic; in the gneiss of Jelm Mountain they 
are dense, red gneissic granites containing a small amount of 
muscovite. From the striking Similality of the dikes in each 
place to the gneisses which they invade it is thought probable 
that they are genetically connected with those rocks, or, in 
other words, that both the massive gneiss and the dikes were 
made from the same b9<1y of magma, the dikes having been 
intruded into the gneiss during the later stages of its cooling 
and solidification. 

Large dikes or mas~es of pegmatite that lie within the schist 
and gneiss of Jelm Mountain are thought to have been 
formed by emanations from the gneiss during the later stages 
of its intrusion. This view is favored by the facts that the 
dikes are very numerous near the main body of gneiss and 
that the pegmatite consists of the same minerals as the gneiss-­
quartz, pink feldspar, and muscovite. The mica is especially 
abundant and occurs in flakes so large that an attempt has 
been made to develop mica mines from some of the pegmatite 
deposita. 
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OLDER BASIC INTRUSIVES. 

General character and distribution.-Under this head are 
grouped a number of dark igneous rocks which outcrop in 
small but widely scattered areas. The largest exposures 
are south of Tie Siding, near Bald Monntain, and at the 
extreme north edge of the Sherman quadrangle. They have 
little in common except the facts that they are dark colored 
and mostly basic in composition and that they belong to the 
same genera] position in the time scale of the district. They 
comprise syenites, gabbros, diorites, granodiorites, and gabbro 
gneiss. The rocks are partly of coarse-grained texture and 
partly dense or porphyritic. Some of the-r;n are easentially 
unaltered j others have been katamorphically changed without 
the loss of original structures; stm others are distinctly 
gneissic. 

No definite topographic forms mark the outcrops of the basic 
intrusives. Near the south edge of the Sherman quadrangle 
they stand out as dark hills partly mantled with coarse talus. 
In Ring Mountain, in the southwestern portion of the Laramie 
quadrangle, they form small, bare knobs projecting from the 
granite gneiss. Near Tie Siding and in most other places they 
have weathered flush with the surrounding rocks. Even here 
the brownish loam which they yield on decay is notably 
unlike the coarse gravelly soil of the Sherman granite. 

Age and relations.-As a group, the older basic intrusives 
are intermediate in age among the pre-Cambrian formations. 
They are intruded not only into the ancient schists but also into 
the granite gneiss of Dale Creek. On the other hand, the 
great mass of Sherman granite surrounds them and sends many 
dikes into them. Even the anorthosite near LesliE'., which is 
itself older than the granite, irrupts the gabbro gneiss along 
the northern border of the Sherman quadrangle. The basic 
intrusive rocks are therefore younger than the granite gneisses 
and older than the granites and anorthosites. 

The various intrusives in the group, however, may differ 
considerably in age. It is probable that the gneissic varieties 
on the north and south edges of the Sherman quadrangle 
are older than the nearly unaltered gabbros and syenites of 
other localities. It is possible that some intrusions distinctly 
older than even the granite gneisses ha ve been included 
here because of lithologic resemblances. 

Description.-The outcrop south of Tie Siding displays 
syenites, diorites, and a variety of other rocks, some apparently 
segregations and others intrusions, but all more or less related 
in mineral constitution. 

The prevalent phase is a pink and black diorite of medium texture. 
The minerals shown by the microscope are sodic feldspar (chiefly oligoclase) 
and green hornblende. Locally the rock is porphyritic, having large 
crystals of feldspar sparsely distributed through it. Some darker varieties 
are rich in biotite, in addition to the hornblende; others" grade into quartz 
diorites by increase in quartz, or into monzonites and syenites by the prev· 
alence of orthoclase feldilpar. Iron oxides are abundant in the form of 
grains and dustlike paiticles. At certain points the feldsp&' has been 
wholly altered to epidote and quartz, and the rock has therefore a bright· 
green color. 

The gabbros have been found at Bald Mountain and near Key's ranch in 
the Sherman quadrangle. They are c0HJ'8e·grained blackish rocks, with 
poikilitic or ophitic texturea. They appear to have consisted originally of 
lime feldspar and augite, with or without hornblende. Hut they have been 
katrunorphicallyaltered either partly or entirely, without modifying their 
original structures. In SOUle the original pyroxene is replaced by fibrous 
green tl1'8.lite; mothers even the lime feldsplll's have been altered to alkali 
feldspar and epidote 01' zoisite. The uraUte usually preserves the stubby, 
short prism forms pOSBe!!sed by the older pyroxene. 

A small intrusion in the schistose rocks of the Twin Mountains consiflt.s 
of diorite. It is a speckled gray rock of ratho:u- fine texture, in which long 
needles of hornblende are readily seen. Microscopic examination reveals 
soda·lillle feldspar and hornblende, with a smaIl amount of biotite, quartz, 
and potash feldspars. It thus verges toward quartz monzonite. This rock 
haB sutIered no'alterations worthy of mention. 

Related rocks, some of which are really quartz diorites, occur as. la.:rge 
inclusions in the Sherma.n granite, especiaJly east of the Sherman Mouu· 
tains. They are fine·grained, sparsely porphyritic rocks consisting mainly 
of BOdic plagioclase, hornblende, and biotite, but with notable amounts of 
quartz and some ruicrocline. 

Dioritic gneiss, assigned to this general group but perhaps older, appea.rs 
at the extrellle southern edge of the Sherman quadrangle. The intrusive 
character of this gneiss is sufficiently proved by the contact features of the 
stock. It invades ancient mica schists and has metamorphosed them 
peripherally into spotted schist!!. The rocks are black and white, diBtinctly 
streaked, and probably have wholly recrystallized under anamorphic con· 
ditiODB. The chief minerals, lime·eoda feldspar and grel;ln hornblende, are 
arranged in parallel bands, yet the individual crystail:l are not strained. 

At the northern edge of the llame quadrangle the largest exposure is 
that of a black·gray gabbro gneiss.. It cont!ists of lime"soda feldspar and 
augite, with an unusual abundance of magnetite in the form ot irregular 
bodies scattered through the mass. Nodules of pure magnetite the size or 
walnuts may be found in the brown residual soil above the gneiss. 

GRANITE {'ORPHYRY. 

General character and distribution.-The rocks belonging 
to this group are confined almost entirely to the region south 
of the railroad in the Sherman quadrangle. At Granite 
Canyon, however, they extend northward across the railroad 
and appear also in a small patch farther north, near Arp's 
ranch. 

Outcrops of the granite porphyry have the irregular form of 
intrusions where they invade the older rocks and are equally 
irregular where embedded as more or leas isolated bodies in the 
prevailing Sherman granite. Although several types of gran­
ite porphyries occur in the region, only one is either widely 
exposed,ror well known as regards its relations and age. This 
is the I gray or browpish granite porphyry, which is best 

exposed near Granite Canyon and southeast of Sherman. It 
has the composition of hornblende granite, the constituents 
appearing both in the form of a dense groundmass and as 
small phenocrysts embedded in the groundmass. 

Relations and age.-The granite porphyries are intruded 
into the ancient schists and gneisses from Granite Canyon 
southwestward, and also into the gneiss of Dale Creek south 
of Sherman, where they are cut off and locally surrounded by 
the great mass of Sherman granite. They are therefore dis­
tinctly older than the granite but younger than the schists and 
gneisses. Their age with reference to the older basic-intrusives 
and to the anorthosite is still in doubt, for they have not been 
found in contact with either. In this connection it is signifi­
cant, however, that some of the dioritic rocks have been 
notably metamorphosed, that the granite porphyries show some 
evidence of deformative alteration, but that the other basic 
intrusives and the anorthosite have not been perceptibly 
deformed. These conditions indk-ate that the granite por~ 

phyries are younger than some of the basic intrusive rocks, 
although older than the syenites, the unaltered' gabbros, and 
the anorthosite. 

Description.-The typical granite porphyry is a dark-gray 
rock. of uniform character, locally tinged with purple. The 
weathered outcrops have a rusty brown color, and even freshly 
broken surfaces near the outside are brownish gray. The 
grayish ground color is varied by the little spots of green 
hornblende, quartz, and pink feldspar which represent the 
phenocrysts. Of these the feldspars are the largest, averaging, 
about one-eighth of an inch in diameter. 

MiCl'OBCopically the rock consists of a tlnely granular matrix set with 
phenocrysts. The phenoorysts comprise orthoclase, quartz, and hornblende, 
and the groundm.aSB is composed of the salDe minerals in minute grains, 
Shreds of biotite are found in some specimens. The phenocrysts are not 
idiomorphic but rounded. Strain ~hadows, fractur(ll;!, and microcline grat· 
ing indicate that the rock. has been slightly deformed, but not so far as to 
produce :reorystallization and gneissic structure. 

Near the borders of intrusive masses, ~specially in the small 
dikes that emanate from them, interesting variations of the 
porphyry are found. Usually the texture of these varieties is 
considerably coarser than that of the others, the feldspar 
crystals being more than a quarter of an inch in diameter and 
decidedly idiomorphic. In some places these coarser dikes cut 
the porphyry itself, but as they have also been traced into the 
main body of the intrusion by a perfect gradation, it is evident 
that they were really derived from the same magma. 

Where the contact is a breccia zone other variations may be 
seen, the ordinary porphyry blending by loss of phenocrysts 
into pink microgranite and by increase of epidote into green 
felsite. The inclusions of the older rocks are locally changed 
to knotted schists by the growth of large hornblende crystals 
under the influence of the intrusion. 

A different quartz porphyry, probably unrelated to the one 
described above, forms small intrusions on the east side of 
the Twin Mountains and is found among the inclusions in the 
Sherman granite. It is bluish gray and contains very large 
crystals of white orthoclase and quartz embedded in a matrix 
of quartz, feldspar, and biotite. Its relationships are· not 
known. 

ANORTHOSITE. 

General character and distribution.-The anorthosite is 
exposed only in the northern part of the Sherman quadrangle. 
There are two broad outcrops, each occupying several square 
miles, and adjacent to these are smaller patches. Owing to the 
fact that the rock contains little bu~ gray feldspar, its prevail­
ing color is a clear dull gray. Locally it has a speckled 
appearance, due to the presence of more or less black horn­
blende. As it resists weathering a little better than the coarse 
Sherman granite, it usually forms somewhat higher hills than 
that rock. These hills, however, are unlike those in the gneiss 
and schist areas, in that their outlines are softened and subdued 
rather than rugged. 

Relations and age.-The anorthosite is intruded into the 
siliceous metamorphic series near Horse Mountain, into the 
dark mica schist near Brown's ranch, and into the granite 
gneiss north of LeSlie. It is therefore distinctly younger than 
either of the two oldest series of rocks. On the northern edge 
of the d~trict it also invades the dark gabbro gneiss which 
extends into this quadrangle from the north. It appeal'S, 
there:fore, that the anorthosite is younger than at least some of 
the older basic intrusives. It may be younger than all of them. 
On the other hand, the anorthosite is bounded along an 
irregular line by the Shm'man granite, which is intruded into 
it. Many dikes of various sizes issue from the granite and trav~ 
erae the anorthosite. In the vicinity of Leslie, and for several 
miles around, these dikes are particularly numerous and con~ 
spicuous. Small bodies of anorthosite are also embedded in 
the granite on the outskirts of the larger outcrops. It is clear, 
then, that the anorthosite is older than the granite. Its age 
with reference to the granite porphyries has not, however, been 
ascertained. Both of these formations stand in the same rela­
tion to the older and the younger series, and so, for the present, 
it may be said that they are not fax apart in age. 

, 



Description.-There are so many variations in the anortho­
site that a single description does not apply eqmllly well to all 
of its varieties. Generally the rock is clear gray in color, has 
a medium granitoid texture, and consists of feldspar with a 
small amount of black-IQ-'een hornblende. Its t.exturc Yaries, 
however, from rather nne grained to very eoarse. At the 
extreme northern cdge of' thc district the rock is locally com­
posed of' iridescent bluish feldspar crystals generally ranging 
from 2 to 4 inc-hes in length, although single crystals more 
than 6 inches long fll'e Bot I"Hre. In some Yflrietics the texture 
is granular; in others there are large feldspar phenocrysts; 
and in still others small idiolIlorphie fchh:lpars are embedded in 
a matrix of hornblende, giving the rock HIl ophit.ic texture. 
In one extreme of the anorthosite no minerals other than the 
feldspar appear, but from this variety there are all gradMions 
to a typical epidioritt:' ill whieh homblende is abundant. The 
basic phase is best seen near Leslie and at tiHther south; 
the plain anorthosite is prevalent west t.he gflbbl'o gneiss 
outerop, vl.l"ther north. As a rulc the anorthosite shows no 
evidence of deformative metamorphism, fllthough traees of 
gneissic structure may be obscrved loeally nem" its contact witll 
the Shemmn granite, where the influence of the intrusion has 
been strong. This t-ype should not to be confused with 
varieties that exhibit a parallel arrangement. of the feldspa:rs, 
due apparf'lltly to original flow structure. 

There is 1'('aSOn to beliove that this is the original fe",o"""",,,;aU 
find t.hat the hornblende ha~ been produced frum it by 

Blow rnoJoouiar Chlillg'('R. 

SHERl\IA:r.~ GRANTT.E. 

Gerwral characte1' and diEtrib'/.dion.-'l'he granites of the two 
qua.drangles are the most widespread of the pre-Cambrian 
formations. They occupy not only the larger part of' the 
Sherman pre-Camhrian belt, but aU of Sheep Mounta.in and 
praetically all of Boulder Ridge. The rocks may he readily 
separated into two gToups-(l) coarse-grain en lIlassiYe' granite 
OCCUlTing in one or more hodies of vast S17,e; (2) fme-grained 
and_Ioeally porphyritic granites, occlllTing llsnally in dikes or 
small stocks, together with dikes of gl'flphic granite and l'oarse 
pegmatite. The first variety hm, heen name<l tIle Sherman 
granite. The dike granites, which on the geologie sheets arc 
mapped as Sherman granite, branch out from thiR coarser 
granite or actually cross it as lat€r intrnsions. It is believed, 
however, that all these rocks are referable to a single parent 
magma and to one general episode of'intrusion. 

RelatioJl.~ and aye.-/\s has already been indicated the 
granites are almost the youngest of the pre-Cam brian rocks. 
In the northern and southel"ll parts of the Sherman quadrangle 
they are intruded into the ancient schists, granit.e gneiss, ohler 
basic intrusiye rocks, and granite porphyrie8. tlouth and 
east of Leslie t.hey invade the anorthosite. They are t}lUS 
younger than Illl t.hese formations. The unaltered character of 
the granit€s ,vould alone serve to indicate that t.hey fire among 
the younger rocks of the district, as t.he oldest forrnationl:l are 
distinctly metamorphosed and BOHle of the intermediate llIembers 
are locally altcred. The granites arc cut by only the younger 
basic dikes-the mOSL reeent iutrusive rocks in tile district. 

Shenfw,tl b(Jtholith. - The coarse Sherman gmnite occurs 
in the form of one or more large bathol1t11s and in subsidiary 
int.rusions. There is no direct evidence of tbe exist.enec (;1' 
more thall one of these great masses, but the eovering of' latf'!" 
sedimentary rocks makes it impossible to trace the gr:lllite from 
onc out.crop to 1-mother. It is dear, howeyer, that the 
exposure in the tlherman uplifr. is a single continuous 
The depth of the granite mass is unknown, except 
1000 feet, but there is considerahle evidence to show tlmt it 
underlies many of the patches of gneiss and schist. that. inter­
rupt its olltt:~rops on the surfil.Ce. The eon tact between the 
batholith and these older rocks is at some places nearly hori­
zontal, at ot.hers mod.eratf'ly inclined, and elsewhere essentiallv 
vertical. The shape sll~gested is that. of a vfry flat dome witll 
minor irregularitieB; but it. must be admitted t,hat the mass 1s 
not sufficiently la.id hnre in this region to give a ckar idea of 
its contour. 

Description.-Normally the Sherman gmnite is n vel"yeOa1'8C 
grained rock, composed chiefly of' pink feldspars, gt-lssy 
and black hornblcnde and mica. A spotted pink 
result of this combination. 

and sheared feldspars indieate t.baT- the roek has been 8lightIyaffected by 
BubBequellt (lompresslOn. 

Locally the granite shows considerable variation in 
color, and composition. One of the commonest phmws 
coarsely porphyritic, the feldspar Rtanding out as more or less 

Luramie--Shcrman. 
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perfect crystals 1 to 2 inches in lengt.h. The gnlTJite of Shcep 
Mountain is finer graineu by half than the typical Sherml-IU 
rock, b1lt. otherwise the two are similar. By a change in t.he 
feldspar from ,,,hite to pink, eertain varieties become pale gray; 
in other variet.ies the feldspars are deep red, thus giving the 
roek a much darker appearance t.han is common. "There the 
Union Pacific Railroad crosse.s Dale Creek, and loeally on t.he 
west slope of Boulder lli(lge, t.he granite is 1'ieh in epidote, 
which, together with the red feldspar, imparts a mot.t.led red 
and green color. Still anot.her variety, comlllon south-west of 
Twin Peaks, contains only feldspar, quartz, and magnet.ite, the 
last playing the part of hornblende. 

A lthough hard in its unaltered condition the Sherman 
granite disintegrates readily under the influence of descending 
surface wat.ers and produces a coa:rse gravelly soil, which is 
charaeieristic of the region it. oecupics. In exetwat.ions at 
Buford the granite has been tound to be decayed to a depth of 
40 to l50 feet, thf' ferromagnesian minerals ha ving been decom­
posed, leaving the quart.z and feldspar intact. vVhere thus 
deeply weathered, the outcrops of gra.nit.e are smoothly roundec] 
flnd free from visihle ledges. (See fig. 7, illustration sheet.) 
In hills and ean yon walls, however, where the rock is still 
finn, it weathers- along widely spaced joints and give.s rise 
to heaps of rounded howlclers, some of which are of huge size. 

At the contact between the granites and the older rocks 
therf' are numerous special features that require mention. At 
some points this contact is sharp, a continuous mass of gnei8s 
on the one hand being scp:lrated by a definite line from a con­
t.inuous mass of granite on the other. EIscwhere, notflbly on 
Dale Creek just north of' the state boundary, the conta('t is not 
a line but a broad zone of breecia, whieh eonsist.s of fra,gments 
of t.he older roeks eemeut.ed by t.he granite. From the outcr 
side of' t.his breccia dikes of granite, varying considerably in 
texture and composition, reach far into the older roeks. On 
the inner or granite side of the breecia the number of angular 
fraf!;ments of the older roeks decreases comewliat gradually, 
until fin;llly tlley are merely seat-tercd xenolitlls emhedded in 
the continuouR granite mass. 

,"Yhet.her the con tad is a definite lille or an indefinite zone 
it is rcmarkable that the (,Olllltry rock -is as a rule not highly 
metlllHorphosed, Tn tllt:' vicinity of many batholiths of granite 
elRewhf're t.he rocks have been altere<l through a 
radius of 1 to;) or even more, but l1<:'re t.he alteration is 
rarely noticeable more than a [mv rods from the contact llnd 
at. cOllie places it is not apparent an inch away from the dh'id­
ing line. At lIHlIIy point." along the COli tact between the 
granite awl t.hc .granite gneiss or the granite pOI"phyry no 
evidenee of thermal alteratIOn is visible without the aid of the 
microscope. On the otller hand, the gmuite itself takes on a 
gneissic stl'uet.ure llt certain points very close to the (:onunillg 
roof, as if it had been mashed or dragged during the proeeHs of 
soli(lificHtion. 

Gran£h: dikes and t'einE.-Tn addition to the HUlny dikes 
whieh emanate from the granite contact and cross t.Le older 
rocks, there are others which cut the Sherman granite itHelf 
and must, t,hereforc be younger in age. These eOlllprise granite 
porphyry, nne-grained Branite and syenite, graphic granite, 
eOHrs(' pegmatite, flnd quartz veins. The first two eorrespond 
eXHctly with observed offshoots from the Hherman granite, Hnd 
it ean sCHrcely be doubted that they were prodnced from the 
same magma. Pegmat.ite also has been traeed into a porphyry 
dike, 'Y~lich in turn arose from the granite. It 113 probable 
that the veius of pegmatite and of qua.rtz llflve been made by 
hot .,,;olutions whieh exuded from the granite as it slowly 
cooled, 

bmall dikes of graphic granite and pegmatite t.rayerse the 
Hhennan granite and all the older rocks in the district. 

qUHrtz alone, or quartz and pink feldspar, in ('oarse 
make up the pegmatites, which not uncoillIilonly carry 

biotite. Pseudomorphs of chlorite after biotite ocellr in 
neal' Tic Hiding. 
all of these younger dikes a.re more resistant to 

weHtllering than thc coarse Hherman granite. They therefore 
have It tendency to stand out as hills Hnd ridges. In lllany 
pIa(~es this contrast of relief is slight, hut ill the Hherman 
]\fountains very large dikes of tine-grained granite, sOllie of 
thelll 600 to 800 feet thiek and several miles long, uphold all 
of, the higher peaks. Greentop ~lountain, in the Jlort.h, 
owes its elevation to a small stock of t.he coar:::;e porpllyritie 
granite. The gmnite dikes are most ahundallt in tile vieiuity 
of Le:::;lie and in the region extending from that place north-

eastward. l'vfany of them are present in the central portion 
of the quadrangle or in the area, extending thence southward 
to the state boundary. In Boulder Ridge they are v-lirly 
abundant, but in Sheep and .TeIm mountains they arc decidedly 
less common. 

BASTe DIKES. 

General chap(u:teT and diHtrionf1"on.-The smallest. and lenst 
important of the several pre-Cambrian formations ('omprises 
small dioritic and diahasic dikf's, whieh traverse all the other 
rocks indiscriminately. The largest of t.helll is not more t.han 
30 feet thick and many tneasure only a few feet. :For t.his 
reason they are not shown ou t.he geologic maps. These tra.p 
dike", are most a bundant near Tie Siding and in areas south 
and southwest of that place. A yery few arc found farther 
east and some oecur in the Shernwn Monntains. They are 
rare in the nort.hern half of the ~herman quadrangle and 
the sonthwestern part of the Laramie quadrangle. Alt.hough 
ou the average they weather somewhat. less rapidly than the 
granite they seldom express themscl Vf'S definitely in the topog­
raphy. Here and there they protrude slightly from the weath-
ered forming greenish ledge8-, hut nothing more. 

Aile relations.-The fact that the basic dikes cut the 
bherman gTanite and all older granites marks _ t.hem as the 
youngest. eruptive rocks of the district. They lJave 110t been seen 
in actual contact. with t.he granit.ic dikes, but as these dikes 
appear to be merely ph as€;:; of the greater mass of grcmit.e it. is 
vlir to suppose that. the diabases are still younger. Rince they 
arc cut ofl" by the Carboniferous sedimentary formations they 
are, howevf'r, members of the great pre-Carboniferou:::; complex. 

Descl'ipl'ion.-Tbe rocks are chiefly dense greenish-blaek 
val'it:'t.ies in whieh few of t.he minerals can be seen. They 
fraeture inegulnrly and on weathered surf~lces are greenish 
gray or rusty brown. 

The basic dikcs arc all too small to have produced marked 
contact alt.erations in the roeks through which t.hey were 
intl'llded, hut Ioeally they seem to have indurated t.he country 
rock for a few feet. on either siele. 

POS'[-CA)UlRTAN SEUB-fEN'!'ARY HOCKS. 

ny K. H. DARTON and C. Eo SlJ;llKX'l"HAf.. 

CARllONl1<'EROUS S),ST.E.~I. 

In northern \Yyoming t.he pre-Cambrian gl"anites, schists, 
and other roeks are overlain by ncnrly 1000 fcet of Deatlwood 
1:i;1tJ(hitone (:J.Iiddle Cambrian), upon whieh lies 200 to i-)(){) feet 
of Bighorn limest.one (Ordoyician) and about 1000 feet of 
IHadisou limestone (Mississippian). These deposits grow 
thinner toward the southeast and finally disappf'ar in south­
central "\Yyoming, so that in tllC Laramie-Sherman region t.he 
Casper formation, of Pennsyh,nnian lies directly on t.he 
pl"e-Cambrian rocks. The roeks of the formation arc 
lim8-..:;toneR and sandstones somewhat. like of the corre!-l-
ponding Amsdf'n and Tensleep formationl:> of ecnt.ral and 
northern \Vyoming. South of the latitude of Laramie, how~ 
ever, the snnd:,:;tone predominates, finally to the exclu,;:;ion of 
the lirnc::ltones, and lllueh of it is red in colOl". 1\ear Laramie 
the Casper formation is overJn.in by a deposit of' rf'a shale, 
named the Sat.anka shale, on whicJl rest" the thin Forelle 
limestone. 

CASPER FORMA.TIOX. 

General charadeI' and outcrop.-The Casper formHtion, the 
lowest division of the sedimentary rocks in this ref-,rlon, consists 
of limestones, dolomites, and sandstones of various eolors. It 
outcrops along both sides of' the Laramie ~:[oulltains, and 
appears also in the vieinity of Ring awl .Tclm mountain8, in 
the ;'louthwest corner of the Laramif' yuadrang1e. In their 
sOllthern and especially in their southwe.::;tern extension tllesc 
.,,;cdiments ,gradually pass into red beds, which eonsist. largely 
of coarse red sandst.one. The CW'lper formation constitut.es tlle 
ere.'lL" and west slope of the Laramie ~lOUllt.aiIlS, and as its dip 
is low its outcrop is widt-'. The southern end of t.his area 
lies about half a mile south of the Colorado boundary, in the 
narrow syncline between Boulder _Ridge and the Laramie 
}fountains. Its outcrop extends around thc point of t.he 
Boulder Ridg;e flnt.iclinc and reappcars in the uplifts adjoin­
ing Ring and .Jclm mountains. Along the east side of t.he 
Laramie'l\:fount.ains, where the dips are t.he Ca.sper 
formation cOllstitutes a. sharp but, llarrow tidge is intcr-
rupted in places by strf'am gaps and by :,:;lopes ('ontaining over­
lapping Tertiary depositR. In ::\,Ie8-a ~fount.ain, where t,he 
formation lies in a shullow syncline, its zone of outcrop widens 
to about. :2 miles. lts \vidt.h also im'reases in the region south 
of G-rnnite Callyoll, where the allgle of dip deerea:::;cs. The 
fOTnU-ltion is remarkably uniform in charaeter on opposite sidcs 
of the Laramie }fouutains. Tt-is IlHmed from typical exposures 
in Ca8per Mountain, in central \Vyoming. 



%ickne88.-In thickness the Casper formation has a con­
siderable range. The maximum thickness observed was in 
Gilmore Canyon southeast of Laramie, where a measurement 
gave 1007 feet. The amount diminishes toward the south and 
southwest, so that on Sand Creek the formation is but little 
more than 500 feet thick. On the north west slope of Red 
Mountain it is about 600 feet thick. On the east side of the 
Laramie Mountains its thickness near the State boundary was 
found to be 797 feet. In the isolated ridge northeast of 
Granite Canyon station a section of the greater part of the 
formation measured 795 feet. A section measured by Mr. 
Blackwelder halfway between the forks of Lodgepole Creek 
gave 934 feet. On Horse Creek the formation is only about 
500 feet thick, but its thickness increases to 750 feet on the 
North Fork of Horse Creek. 

Local features on the west side of Laramie Mountains.-The 
principal features of the Gasper formation in the vicinity of 
Laramie are illustrated in a weIl-exposed section in Gilmore 
Canyon, as follows: 

Section of ForeUe, 8atanka, ana Casper formations in Gilmore Oatfl,yO'fl" 
Wyoming. 

Forelle limestone (20 feet). 
Satanka shale (red shale, some red sandstone, 282 feet). 
Casper formation: 

Sandstone ___________________________________________ _ 

Red shale with some thin beds of white and red sand-
stone______ _______________ _ 120 

Red to buff sandstone____ 65 
Limestone (fossiliferous)_ S 
Upper "monument" sandstone__ ________________ 45 
Hard limestone, buff_________________ 2i 
Lower "monWllent" sandstone, .red_____________ _____ 78 
Massive lumpy limestone, in middle of hill 1 wile west 

ofColores__________________________________ 20 
Reddish soil; rooks concealed______________ 88 
Red. sa.ndstone______________________________ 92 

Thick-bedded liwestone containing Spirife1' camer-
atus___ ___ ______ _________________ 24 

Salmon-red fine-grained sandstone_ ________________ 120 
Purple limestone____ _____________________ 4 
Concealed; .shale (t)______________ 110 
Limestone with crinoid stews____ __________________ li 
Concealed; shale (t)_____________ ________________ 45 
Purplish sandy limestone_________ ________________ 15 
Bhale(t)______ 50 
Sandy purple thin slabby limestone___ <I 
Shale (1)________________ 11') 
Blabby purplish sandy limestone_____________ ifj 
Massive shelly cross-bedded purp1e sandy liwestone__ 20 
Concealed; probably red shales and sand.stones____ 90 
Purple sandy oolitic limestone_ ____________________ 1 

Massive red arkose and conglomerate (i-inch pebbleB) 20 
Granite. 

1"",. 

This section exhibits twelve beds of limestone, from 1 to 25 
feet thick, separated by beds of shale and sandstone. The 
sandstone beds of the lower portion of' the section are prevail­
ingly arkosic and locally conglomeratic_ The limestones are 
generally crystalline, in many places sandy, and range from 
purple to white in color. The purple-limestone members near 
the base of the formation extend for many miles along the 
Laramie Mountains. A thick bed of limestone ill the lower 
middle portion of the formation is especially conspicuous in 
Cheyenne Canyon, where it lies on bright-red sandstone which 
is in turn underlain by about 100 feet of gray sandstones. In 
slopes north of Laramie aud to some extent in other places the 
top member of the formation is a coarse gray sandstone, 30 to 
50 feet thick, which rises out of the red-shale valley and con­
stitutes the lower mountain slopes. East of Laramie this 
sandstone is overlain by a 6-foot bed of limestone, which is 
extensively quarried. This limestone extends some distance to 
the south. South of Gilmore Canyon the purple tint of the 
limestones is stronger, their sundy character is more pronounced, 
and the beds are thinner. 

Although limestones predominate" about Laramie and north 
of that place, red. shale and arkosic sandstone are the 
pre\'ailing rocks in the vicinity of Tie Siding and in areas 
farther west. The limestones do not disappear, however, but 
most of them persist as thin beds as far as the Boulder Ridge 
fault. The limestones at many places form cliffs and ridges 
of' considerable height. In the Red Butte region and south­
west of it, about 250 feet below the top of the formation, there 
is a sandstone member, nearly 200 feet thick, which is divided 
into three ledges by thin limestone beds. This sandstone is 
fine grained, massive, cross-bedded, light red to salmon-colored, 
and weathers into fantastic forms, or "monuments." About 
.Red Buttes, at the end of Boulder Ridge, and in the" Mush­
room Gardens" along Sand Creek these monuments are espe­
cially numerous, occurring in extensive groups. Typical forms 
of these monuments are shown in figures 8 and 9 of the 
illustration sheet_ 

The thinning of the formation toward the southwest is illus­
trated by the following section, in which the thickness is less 
than half that seen in Gilmore Canyon and the limestone mem­
bers diminish both in number and thickness_ 

Partia~ section of Oaspe1' and o'f)e1'lying formaUo'fl,S nea1' Pulpit Rock, on 
Sana Creek, at Colorado stau bounda111. 

Chugwater formation: 
Gypsiferolls limestone in wavy layers___ 2 
Red shale with aragonite______________ ________ 100± 

--100", 
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Forelle limestone: 
Gypsiferous limestone in wavy layers __ 

Casper formation: 
Light buff sandsooue and shale _ l00± 
Flaggy to wassive light-colored sandstone ______ SO 
Limestone (thins out)_______ 1 
MllBsive fine-grained red "monument" sandstone 40 
Shale, arkosic sandsrone, arid conglomerate __ 40 
Heavy blocky limestone __ 5 
Sandstone, arkose, and conglomerate__ 170 
Bandstone_______ 5 
Arkosic sandsoones and conglomerates__ 80 
Limestone ________________ _ 

Arkosic sandstones and oouglomerates___ ______ 25 
--4.8 

The section given below is condensed from one published by 
W. n Knight, subdivided according to present classification.a 

The lower portion of this section was measured on Sand Creek 
near Pulpit Rock.. 

Section of Casper and o1>erl1!ing formations at Red HOUlJ'l,tain, 

Chugwater formation: 
Red sandstone and shaIe_______________ 676 
Gray wavy quartzite [gypsiferous limeswne 1] __ ;) 
Red shale and sandstone___ 100 
Bed clay and gyp8llIll with aragonite crystals _____ 20 

SoUd gypsum -----_~ 850 

Foralle limestone: 
Fossiliferous rock _______ _ 

Casper f{U'.ma.tion: 
Gray sandstone _________ _ _ __________________ 20 
Red BIUldstone __________ _ 15 
Interval; notover___________________ 50 
Red. sandstone ____________ . __________ ______________ 152 

White to red shaly sandstone______________________ 96 
Reddish :flne-grained "monument" sandstone _____ _ 
Shelly drab Hmestone _________ _ 
Red sandstones and conglomerates ___ _ 

" 21 
124 

Red to groy bedded sandstone, with plants____ 22 
Light to red coarse sandstone and conglomerate__ 166 
Drab caleareous sandstone_______________ 1! 
Light to red. coarse sandstone and conglomerate___ 86 
Granite. - 7S6t 

Another section of the Casper formation, measured on the 
north face of Red Mountain and reaching to the granite at the 
south face of Ring Mountain, is as follows: 

Section of Oaaper and GSsfJeiatedfo1'mations on &d Mountain. 

ChUgWater (ormation: 
Gypsum (67 feet). 

Forelle limestone: 
Fossiliferous impure limestone (1 foot). 

Casper formation: 
BufI' shale and calcareous sandstone ___ _ 
Massive light sandstone __ _ 
White sandy shale and a little soft sandstone __ 
White, soft wassive sandstone _______________ _ 
White sandy shale __ 
Red sandy shales and thin, .:flaggy red sanilsrone 
Pink to white wassive sandstone; some arkose __ 
Bedsh.ale ______________________ _ 

Sandstone __ 
Red shale and sandstone and shale; limestone nodules at 

• 
50 
65 
18 
20 
90 .. 
• 4 

baBe__ _________________________ 161 

Mostly concealed {red shales, sandstones, and arkose)___ 165 
Granite at south base of Ring Mountain. 
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In Red Mountain there are only two limestone beds and 
they are inconstant and impure. The "monument" sandstones 
are not prominent, although they project here and there. Near 
the crossing of Willow Creek, 2 miles east of Willow Springs, 
a bed of limestone 1 foot thick lies npon conglomerate consist­
ing of rounded 'q'uartz, angular feldspar, and more or less 
rounded limestone pebbles. East of the creek this limestone 
becomes more massive and sandy and overlies an arkose con­
glomerate contalning mass~s of nearly pure limestone, appar­
ently concretionary, 5 to 6 feet in diameter and 2 feet thick. 
This limestone is the second one above the base of the Casper 
formation in this vicinity. A similar limestone caps the hill 
about It miles farther east-northeast and is likewise underlain 
by coarse arkose containing concretionary limestone. This is 
the lowest limestone of the Casper formation in this vicinity, 
the interval to the granite below, 40 to 50 feet, being occupied 
by coarse arkose_ 

Other sections of the Casper formation are given below. 

Partial section of Gasper formation in railway eut in southeast corner 
sec. 1, T. lS N.. R. 73 w., 2i miles south of Co~ores, Wyo. ..... 

Fine-grained salmon-red cross-bedded. sandstone________ 10 
Coarse arkose and conglomerate; limestone fr.agw.ents at 

base ________________ _________________ ___________________ 4 

Purplish sandy limesoone ___ _ _________________________ 2 

Shales anil sands. 

Partial section of Caspe1' formation 600 yards northwest of the p1'eeeding 
section. 

Conglowerate ____ _ ____________________ _ 

r;~;·~~_~~~~_~~~~~~_~~_t_:_l_~~~~~~~:~~~~~ ! 
Cross-bedded. fine-grained red sandstone_________________ ____ 5 
Arkose, congloweratic _____ . _ 5 
Sands and particolored clays _____________________________ 6 

Parlialseotio'fJ of Casper formation at high hill just north of the railroad 
1 mile northwest of CoZares, Wyo. ..... 

Limesrone______________________________________________ 6 
Fine-grained bufl' to salmon colored "monument" sandstone_ 97 
Limestone forming bench (lumpy limestone of Gilwore Can-

yon) ____ ~__________________ 18 

Terra-cotta sandstone; massive; coarse groined. in places____ 45 
Reddish sandy.shale and shaly sandstone___ ________________ 40 

"Jour. Geology, vol 10, 1902, pp. 418-419. 

The long, gentle western declivity of the Laramie Mountains 
from Laramie to Tie Siding is characterized by extensive 
smooth grassy surfaces marking the dip slopes of the various 
limestone and sandstone beds of the Casper formation. These 
slopes are interrupted here and there by "monuments" of 
bright-red sandstones. For some distance in the vicinity of 
Gilmore Canyon the slope is formed by the 2~-foot layer 
of limestone included in the Gilmore Can yon section, and it is 
remarkable that a stratum so thin should have controlled 
erosion to such an extent_ The stratum that forms the wide 
lower slopes a mile north of Colores is the next lower limestone 
(20 feet thick in the Gilmore Canyon section), which is 13 
feet thick in the vicinity of Colores. 

Local featu'res on effllt side of Laramie Mountains_ - The 
Casper formation is much more uniform in character in the 
eastern front ridge th~n on the opposite side of the mountains. 
Limestones predominate, especially to the north, but the for­
mation inclndes much reddish sandstone. Farther south, in 
Colorado, it changes to red sandstones, constituting the 
Fountain formation or "lower Red Beds" (Lyons and Foun­
tain)_ The following section shows the components of the 
Casper formation near the Colorado state boundary in the 
Sherman quadrangle: 

Section of CatJper formation along Colorado- Wyoming boundary in secs. 
28 and 24, T. 12 N., R. 70 W. 

'""­FIaggy buff dolomite, underlying Chugwater red sandstone 
and shale______ _____________________ 8 

Blocky limestone __________________________ 4 
Bed shaly sandstone_________ ___________________ 11 

Alternating shaly limestone and olay _________ 11 
Massive pink dolomite; shows bedding when weathered____ 35 
Balwon-colored sandstone_____ ________ _________ 5 
IJmeatone__ ____________________________ 2 
Red sandstone and shale______ 58 
Lim9l!tono ______ _ 

Red shale (t)-----
Limestone __ _ 
Red eandstone __ 
Massive limestone 
Concealed __ 
BtLft'to blue limestone __________________________________ _ 

Red "monument" sandstone ___ _ 
Limestone ____________________________ _ 

10 
10 .. 
15 
10 

110 
35 
80 
10 

Buff to red "wonument" sa.ndBtone__________________ 70 
Bluish to purplish limestone_ ___________________ 84 

\. Salmon-colored "monument" sandstone. fine grained. ______ 25 
Dark-brown coarse-grained. sandstone __________ _ 
Purplish lumpy limesto.ne ____________________ _ 
Bu1I" arkoseconglomerate ___________________ _ 

Dark-brown COarBe sandstone_ 
Massive slabby purplish limestone __ 
Shaly oolooreous sandstone and sandy limestone ______ _ 

• 
4 

• • 
10 

Concealed; sh.ale(~)_________________ __________________ ____ 15 

Purplish sandstone and arkose with limestone oement and 
lenses of limestone ____________ _ 

Concealed __________________________________________ _ 180 
Granite. 
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In the gorge of Duck Creek below Hosack's ranch is 
exposed the following section. It Ia_cks an unknown but prob­
ably small amount of the upper beds of the formation, which 
are cove~d by Tertiary strata. 

Parl.ial section of Oasper formation along Duck Creek, in sec. 86, 
T.18N" R. 70 W. 

...... 
Massive dolomite _________ . __________ ~_______ _______ ______ 10 
ConceaJed_______ ____________________ 2S 
Pink. sandstone____ ________________ _______________________ 4 
Concealed ___ _____________________________ ___ ____________ 47 
Pink sandstone__ ___________________________ 8 
White limestone_______ __________________________ 10 
Concealed _ ______________________ ______________________ 10 
Bed sandstone____ _________ ______ I) 

Massive lilllestone___________________ _________________ 15 

Mostly concealed; shale, perhaps with leDBes of limestone __ 95 
Massivelimestone _________________________________________ _ 
Concealed___ _ _________________________ _ 

Purple limesoone_ 
Flaggy red sandsto.ne____________ _ ____________________ _ 
Pnrplelime.stone _______________ ....-____ _ ______________ _ 
Shale ____ ~ _________________________________ _ 

15 
>Ii 
JlIl 
17 
12 
19 

Limestone ________________________________ _ _ ________ 25 
Bhale.~ ____________________________________ _ 
Limestone __________________________________ _ 
Shale ___________________ • __ 

Purple limestone __ 
Shale. 

• 
• 
8 

Purple limestone ______ _ _ _____________________ 10 
Shale ('1) ____________________________________________ _ 

Limestone_______ _ ________________________ _ 
Bhale __________________________ _ 
Purple uen.&OOOus limestone ________________ _ 
Shale (t)--------- ---------- ----_______________________ _ 

50 

• .. 
Blue to purple limestone___________ 2 
Concealed; probably red shale and sandsoone, about______ 180 
Gneiss and schist. 

710 

In a section by Arnold Hague in a report of the Fortieth 
Parallel Survey it is stated that the basal member consists of 
100 feet of red'sandstone, limy near the top, which is overlain 
by 400 feet of bluish-gray limestone and 300 feet of lime­
stones, red and sandy below and blue above, with a thin 
included bed of conglomerate. 

The Casper formation is croased by the Union Pacific Rail­
road just east of Granite Canyon station, but owing to extensive 
overlap of Tertiary sediments at that point it is not completely 
exposed. It appears in the isolated hill a mile northeast of 
the station in the following section, which probably represents 
very nearly the entire thickness of the formation: 



Feet. 
W'hite limestone__ 10 
Red sandstooe__ 4O± 
Rcd or purplish limestone _ 10± 
Red sandstone__ :JO± 
Rcd limestone __ to 
Red sandy shale __ 1)0 
White dolomitill limestooe_ to 
Red shale, grading iuto limestone toward top __ 64 
Whit-c dolomitic Hmestone__ 70 
Red sandswne__ 18 
WhUo limestone__ 4 
Red sandstone__ W 
Red Ilhalo .. _ 1() 

Masllivo white limestone ___ _ 
JWd shale 
LimeRt·ono _ 
Shale 
LiIlleHhme with some shale 
Red lUaH~ive sandst.one _ 
ROll ~ha.ly limestone __ 
'Vbite massive limest.one ___ _ 

10 

" /:iii-9,) 

4.1-15 
4:~ 

17 
70 
23 

" 12 
10 
43 
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A completc section of the formation 011 North Fork of Cro'w 
Creek is as follows: 

F~et 

~faRHivo whit-e limeRf.()lW 30 
Purple eahlareous shale and flaggy limestone __ 
Flaggy limestono 
ArellalleOUS Aha-ly lilll('stone __ 
Purple limeRt.one 

Limestone __ _ 
Hard purple calcareous sandstone __ 
Soft red sand~tone __ 
Light·purple limestone __ 
Red limestone _ 
White limestone __ 
Concealed; d~bris slope __ 
Al"ko8() conglomerate and red sandstone __ 
ShaJo_ 
IWd flagg~' sandst{lne __ 
Pa.rticolored shales 
Calcareous sand~tone, conglomeratill oalle _ 
Schist. 

50 
10 
10 
40 
40 
20 

20 
20 
6 

50 
10 

HiO 

'" 17 
Hi 
10 

rm 

Nort.h of :Mesa .Mountain the proportion of limestone in the 
Casper formation gradually increases and for some distJlnce the 
total thickness of t.he formation decreases to 500 fcct or less. 
On IIorse Creek the basal beds are sandy limestone, and near 
t.he middle of the section is a 30-foot bed of rcddisll-brown 
sandst.one. Toward thc top the main body of' limestone is 
overlain by a 40-foot bed of reddish-brown soft sandstone, 
followed by [j feet of' mtlssive whit.e hard limestolle and 
20 feet of very pale red sandstone. This sandstone is overlain 
by red sandstone and shalc of' the lower part of the Chugwater 
formation. 

On the south side of' North Fork of Horse Creek the forma­
tion consists largely of gray limestone beds separat.ed by sevcl"fll 
bodies of sandstone, in an about 750 feet thielc At the top 
there is but little stlndstone; at the base there is about 180 
feet of sandstone, mostly of reddjsh coloI' and in part gTay. 
j\fueh of this sandstone is fine grained and slahhy but part of 
it is massivc and ineludes some conglomerat.e. 

Fossils and age.-The limestones and cfllcareous sandstones 
of the Casper formation have yielded a few fossils, and sparse 
faunas are found nt ir.tnfYals. The 24-foot bed of limeshme 
in the section in Gilmore Canyon contains ca-rneratIl8, 
and the ,s-foot bed of limestone near the top formtltion 
in the sallie section yielded an abundant fauna of the follo'wing 
species, as determined hy G. H. Girty: 

Dcrbya? sp. 
A Villulipecten ocnidentalis. 
Aviculipect.en (2 ~p.). 
MyaJina permiana.? 
Plenrophorus? ~p. 
Schizodus sp. 
Sllhiwdus meekanus. 
Patellostium montfortianum. 

I Enphemu~ Ap. 
Belleropholl llrassus. 
Soleniseus hallanus? 
Murchisonia alI. M. terebra 
Tainoceras occidentale. 
Nautilu8sp. 
Orthoceras sp. 
Ammonoid indet. 

Dr. Girty regard!:l "these species, taken as a wllOle, a:::; very 
closely related to and probably lllany of them ident.ical with 
those from the upper part of the Penllsylyanian series in the 
Kansas section." 

From a limestone -in the mi({dle of the formation on slopes 
of the Laramie .Mountains 20 miles Bort.h of Laramie were 
obtained Productus se-mi1"etic1Jlatus, P. cora, ArchfBOeid(lri,~ sp., 
and Pinna sp.; ill the upper limestone 2 miles east of Laramie, 
BcUcropJW'fi sp.; in thc lowest. limest.one nClll' the of the 
mountain G milcs east of Laramie, MeekeUa 
Spirifer cameratlls.? and BelleTophon sp.; in the upper lime­
stone a mile nort.h of Satankn, ahundnnt OJ'lhotRte.~ sp.; [md 
in the lower limestone!:l near .t.he head of C:l-ilmore Canyon 8 
miles southeast of Laramie, na-me1'atus. These were all 
determined OJ' G. H. Girty are of Pcnnsylvanian age. 

Laralnie-Sherman. 

7 

Arnold Hague report.ed fossils (Pennsylvanian) from Sybille 
Creek, Cheyenne Pass, and a point 5 miles llorth weRt of 
Sherman.a At the 1i.rst of these places the fossils were found 
througllOut a range of 200 to 300 feet of limestones be?;inninp; 
about 200 feet above the granite; the secolld 10eaEty was at about 
the same horizon; and the third was in the lowest limestone, 
which lies on a thin mass of basal red sandstone. Fossils h:we 
recently heen discovered in basal beds along the Colorado 
state line by geologistl3 of the Colomdo Geological Survey. 
They have heen identified by G. H. Girt.y as Cranmna i>ub­
elliptica val'. hardingen8is, SpiTiJe1' centTonatus, and j)"'pil'ijcJ"1:na 
solid·irostr1:s, all Mississippian forms. They occur in chert 
nodules 2 inches to a foot in diameter included in conglom­
eratic sandstone a few feet above the granit.e. They appear to 
be in place, but this import.ant. consideration has not yet heen 
decided. If in place they indicate that the J\Hssissippian 
series is represented in the hase of the Cagper formation in the 
southern portion of the Sherman quadrangle. Thc northern 
limit was not ascertained, hut the fossil-bearing chert nodules 
'were t.raced for a few miles sout.hward in Colorado. 

C01"1'elaf<ion.-From its character and st.ratigraphic relations 
the Casper formntion is believed to represent the grefltcr part 
of t.he Tensleep and Amsden formations of the Bighorn Moun­
tains, the Minnelusa formation of the Black Hills, and the 
Hartville limestone of the Hartville uplift. The three forma­
tions last. numed are mainly of Pennsylvanian nge, but their 
lower beds represent the Mississippian series. The presence of 
red shale and cherty limestone with MiRsissippian fossils at 
the bnse of the Casper formation in the north west corner of 
Albany County and the widespread occurrence of an upper 
member of gray sandstone are in accord with thiR correlation. 
Owing to upward overlap at. the haRe of the Casper formation 
in flrCHS farther sout.h t.he lower member does not. ext.end far 
south of latit.ude "12", so that beds represent.ing the Mississippian 
series do not reach the Laramie and Shennan quadrangles. 
~ enr Laramie, as stated ahove, Pennsylvanian fossils occur in 
the lowest limestones a few feet above tJlC granite. Farther 
south, along tIle east side of the Front. Hange in Colorado, the 
Casper formation is represented by the Lyons and Fountain 
formations. 

The Satanka shale lies hetween the Forelle limestone and the 
Casper formation along the west slopt> of the Laramie .Moun­
tainR. Tt is named from Satanka siding, wllieh is situated a 
short disbmce eW'~t of its outcrop zone. At the mouth of 
Ci-ilmore Canyon the formation iR 232 feet thiek and consists 
of sandy red shale ,vlth thin layers of soft red sandstone, all 
closely similar to much of the Chugwat.er formation. lis 
charact.er is uniform thronghout and its outcrop is generally 
marked by a shaBow valley at. the foot of the long stlndst.one 
or limestone slope~ of the mountains. The valley has a low 
but dist.inct ridge of Forelle limestone on its west siae. The 
Satnulw shale out.erops almost. eont.inuously ti'om township 
li past. Laramie and Red Buttes to Sportsman Lake, hut 
on some of the divides it is covered by high-terrace gravel!'! 
or talus. East of Laramie the shale lies on limest.one tlw.t. 
form!'! the top of the format.ion, but nlrther north 
llnd sont.h it rests on gray sandst.one. The shale 
is ahHent in the region between Sand Creek and Red }lounblin, 
where t.hp Forelle limest.one lies directly on light-colored 
sflntlstone that is believed to be at the top of the Casper 
formation. It is possible, however, t.hat this sall<]stone repre­
sents the Satanka slw le, and the formation may also be 

the l)Hse of the Chug,vatel' formation on the east 
of the Laramie }fountains. 

Local deposit.s of gYPSUlll occur ill the Satanka shale south of 
Hed Buttes. At the plliSt.er mill one bed, now worked, is 1 fj to 
20 feet thick, and 25 feet higher is another bed, 10 feet thick, 
whieh was formerly worked. The upper bed appears again 
half a mile farther north, near the Union Pacific RaiIroHd. A 
H)-foot bed of gypsum was found in the shales not nil' below 
the Forelle limeRtone in a pit. in sec. 2, T. 16 K., R. 7:1 'V. 
~o fossilR were found in the Satanka !:lhale, hut its Pennsyl­

\'allian age is indicated by the OCCUl'1"ellCe of' fossils of t.hat. series 
in wljoining formations. 

Outcrop and elwraeler.-The Forelle limestone, "\vhich out­
crops along the west. slope of the Laramie )fountains, is named 
from Forelle statio]], south of Laramie, where it rangf's in thick­
l)ess from 4 to 20 feet and gives rise to a low ridge lying a 
short distnnce west. of the main slope. The shallow interven­
ing valley is due to the Satanka red shales, 200 feet or more 
thick, which underlie the limestone a.nd sepaTate it from t.he 
top of the Casper formation. These rockR are mostly covered 
by dctritus in township 17, but the outcrop of the limestone 
extends almost continuously fi'om the north side of township 
16 2) to Sportsman Lake. It paS!:les a !:lhort distance west 
of great sprillgs 2 miles east of Laramie Hnd is crossed by 
the railroad at Forelle and Red Buttes. In sec. 11, T. 16 N., 

aU. S. Goo!. ExVI. ·lOth Par .. vol. 2, De~c.ript.iyo geology. 1877, pp. 76-77" 

R. 73 ,"V., t.he limestone is in part highly gypsiferous and a 
!:lhol't distance below it there is a bed of pure gypsum which 
was found to be 10 feet thick ill a pit in sec. 2. In the 
railroad ('ut just. Rout.h of Forelle, where the limestone is best 
exposed, it is heavily bedded and nearly 20 feet thick. Near 
Red Buttes and fl"Om that locality south ward to Sportsman 
Lake the rock becomes gypsiferous and varies in st.ructurt. 
fi'otH massive to tllinly laminated. In places it is brecciat.ed. 
It. nlso lies in several beds, some of which locally give place t.o 
shale. 

The Forelle limestone is hidden by alluvium in tllC flat 
extending from Spo"rtsman Lake to and up Lone Tree Valley, 
hut an outcrop on Antelope Creek near the center of sec. 16, 
T. 13 N., R. 74 \V., is believed to be the same bed. It con­
tains t.he same fossil, M.lJah:na pemttenu.ata, that Otcurs north 
of Laramie. This bed outcrops along the west side of Sand 
Creek and in the .Red Mountain-R.ing .l\fountain region, 'where 
the lower red shales are absent nnd the limestone lies directly 
on sandst.one. Apparently it is the Forelle limestone that 
imlHedifltely underlies the 67-foot bed of gypsum in Red 
~fountain and that yielded the numerous fossils discovered by 
'V. C. Knight.. On the slopes 2 miles south of R.ing Moun­
tain the limestone under the gypsum is thin but it contains 
distinct.i ve fossils. 

F08Hiis and c(wrelatiun.-In the exposures from sec. 2, T. 16 
N., n. 73 W., north of Laramie, to sec. 7, T. 13 N., R. 73 W., 

Red Buttes, the Forelle limestone conta.ins JJ[yal£na 
per'aa,maala a.nd fragmentary remains of other speciei'! not 

The supposed Forelle limestone just below the 
gypsum bed 2 miles south of Mountain afforded great 
num bers of A vicubpecten lIfyalina po'uti,maa/a, 
Allor"·isJna {erminalis, limestone 
believed to represent the Forelle in the Bed Moun-
tain section eOllsicts mostly of casts nnd impressions of fossils, 
specimens of which were collected by 'V. C. Kni.ght in 1902.a 

According to Dr. G irty they Sole'JIOJnya n. sp., 
Delll)pecten D. Sckizodu8 -rneekamlS, 

regarded by Girt.y as late Pennsylvanian or 
possibly as equivalent to that. of the 10'west limestones of the 
so-called Permian of Kamms. 'Vere it not for this evidence 
the limestone flnd shales would be regarded as II portion of tbe 
Chugwater format.ion, for Ileal' Laramie and Red Buttes the 
stratigraphic snccession is strongly suggestive of l\'linnekaht.a 
limestone lying Oll Opeehe shale. The Millnekahta limestone, 
which occurs south of Douglas on the east side of the Laramie 
.!\fountains aud in the lllaek Hills, eonta.ins a different fauna 
from that of the I1'ore11e, but perhapR the difference is due only 
[,0 (liiferent. conditions of deposition. 

It is possible, Oil the ot.her hand, that the Forelle beds repre­
sent. the Embflr format.ion of t.he Owl Creek-Bridger uplift} 
but t.hf'y laek the distinctive Spiriferina pulchra. 

TRIASSIC (?) SYSTEM. 

It is not de1i.uitely knO\vn that there are rocks of Trinssic 
age in sout.hcHstern \Vyoming, but as t.he t'xtensiYe series of 
red beds have long been supposed to belong in the Triassic 
syst.em they lllay be so regarded unt.il evidence is ohtained on 
which they tun he properly classified. As in other portions of 
\Vyoming the rock8- are red shaleR and sandstones. They are 
compri.sed in one formation, which has been de!:lignated Chug­
water, from the extensive exposures on Chugwat.er Creek, on 
the east. slope of the Ltlramie ::\.fountains. 

Ou1crop (J,nd TelaIi01I8.-The red shale and soft red 
l::Iandstone of formation outcrop in a broad zone 
along the west side the Laramie Mountains and appeal' at 
int.ervals in the foothills on' the east side. ,"Vide areas are 
exposed in the region west of Sand Creek, especially about Red 
:Jlolllltain, which iR na.med from t.he prominent. outcrops of red 
roeks on its northern slope. The most extensive exposures on 
the east side of the mountains lie between the North and the 
Sout.h forks of LodgepBlf' Creek and in a narrow hut neJ:lrly 
continuous outcmp extellding from the southernmost to the 
northernmost. prongs of Horse Creek. Small exposures appear 
on the ~ orth and Middle forks of Crow Creek and at the 
Colorado houndary. In the sout.hern portion of the Laramie 
Basin the formation comprises the upper half of the "Red 
Beds," the lower balf being t.he Casper formatioll. The 
average thicklless is about 1100 feeL In the Laramie region 
and to the south and south we:::;t the formation lies on the 
FOl'elle limestone; east of the Laramie )follntaills it lies Oil 

limestones Ilnd gray snndst.oneR of t.he CHsper forma.tion. The 
line of demarkntioll betweell is not eyerywhere clear and may 
dift'm- in horizon in different parts of the regioll. East of the 
Laramie Mountains the fOrtllfltion is about 1000 feet thiek 
except north of Horse Creek, where locally it is less than 800 
feet thiek. Gypsnm is a chameteristie feature in the Chugwa.ter 
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formation, occurring in beds that range in thickness from a 
few inches to Gi feet. Thin beds of limestone also occur, 

in the lower beds east of the Laramie MOLlntains. 
,in lhe LarU1ltie Bmrin.-The Chugwater for­

mation consists mostly of red shalell and fine-grained red 
sandstones, but includes a subordinnte amount of lighter­
colored sandstone, thin beds of limestone, and depo.':lits of 
gypsum. The g'ypsum beds nea.r Red Mountain are e:::;pccially 
thick and prominent. The fine-grained, massive sandstones 
weather with rounded outlines, especi:lily where the bedi:l are 
horizont<11, and in places they rise in "monuments," onc of 
which, neal' Steamboat Lake, has given its name to that body 
of water. (See fig. 6, illustration i:lheet.) In ioealities where 
the dips are st.eep the outcrop of the s:md-"!tones presents many 
ragged ledges of considerable prominence. In the southern 
portion of thc Laramie Basin the formation is so largely covered 
by Quat.ernary deposits tlUlt complete sections are rare, but all 
the beds are exposed in the north wall of Hed Mountain. At. 
this place the formation is supposed to comprise all the strata 
between the fossiliferous limestonc (Forelle) underlying the 
gypsum and the base of the typical }Iorrison. 

Section of Chugwater formation in Red Mou1ltain, Wyoming. 

Feet, 
Light sandstone, underlying shale and limestone of Morrison 

forlIlation _____ 12 

Terra-eotta to bilw I:;bale 20 
Soft sandstone or Handy shale 10 
'l'erra·eotta sbale __ 17 
Light-buff soft massivo s(Uldstono__ 30 
Terra·(Jotta. bluo, and green shales 65 
Light ~hale _ 2·2 
Hea v~'. flaggy light to buff flandRtonc fmd light ~hale _ 30 
Pink lIIas~ive fine'grained sandstone__ 24 
j{eddi~h sallllun·colured sandy shale____ 35 
'V hite flaggy sand~t()Ile and red ~hale 45 
Massive, (·ros~·bedded. fine-gru..ined HalIllon-colored 

ment" sanclst.oIle__ J5 
20 

lUld shal(-l and red flaggy sandstOlle; some gray beds 4,'j() 

nearly pure__ !i 

35 
HypsulII__ 3 
Red shale__ 10 

Gypsum; pure, massiye _ " 6, 
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In this section the upper limit of' the Chugwater formation is 
placed arbitrarily at the base of the h]ue shale helow the lowest 
limestone contnilling l\forrison fresh-water fossils. The upper 
part. of the Chugwat€r thus includes about 200 feet of alternat­
ing terra-cotta, blue, and hull' shales and light-eolored sand­
stones which are not typical and are absent in the region to the 
northeast; but they appear more likely t.o belong in the Chug­
-water than in tile }forrison formation, It ill possible tlwt they 
are a 10('<11 bHl:lin of Sundance (JuraRsic). I'he gypsiferous 
mem bel' at the base of the Chugwater formation, here 2i3 feet 
feet thiek, consists of alternatinp; beds of gypRil'eroul:l linH:'8tone 
and red shale, with a massiye bed of pure g),PSllUl 67 feet thick 
at the base. In the red cluy 20 feet above the gypSUlll numerous 

of Hragonite occur in hexagonal prisms, mostly short 
to tabulH, and in penetration twins of tahular form. 

to Knight they are all pseudoIIlorphic aft.er hanksitc. 
of typical red beds above the gypsiferous nlf'aSlll'es 

consist of altel'llatillg red slwles and red flaggy sandstones, 
-with rmll1y thin white or pH Ie-green layers. The 3'iS feet of 
bedR next Hboye consist of masRive, fine-grained salmon-colored 
snndRtone with a Blinor amount of red shale. The sandstones 
w(~uthcr wit.h rounded outlines and their erosion forms resemble 
t.hose of the "monument" sandstones of the Casp(:'r formation. 

On Sand Creek the gypsum measures are not prominent, but 
ledges of this mineral from ~ to 4 feet thick, aRsociated with 
and ]O('ally replaced by gypsiferous limestone, erop out ou the 
red point north of the ]\'orth Park road and at points 
e<1st and sOllth of that place. At the bottom exposures 
there is a wavy gypRiferous lilll(:'stone, supposed to he the 
Forelle. This f.H1pposition ii:l strengthened by the occurrence 
of aragonite crystals on the hill slope above the limestone in 
this Yieinity in a position similar to the onc they occupy in the 
Red :J.lollnt.ain section. A mile southeast of SportRman Lake 
there is an outcrop of gypsum, apparently unilerlain by a wavy 
gypsiferous limestone, -which can be t.raeed northward with 
certainty inlo the outcrop of Forelle limestone that is erosRed 
by the raill'Oad at Forelle. At fl point northwest of' Forelle awl 
west of the line of outcrop of the Forelle limestone a well 333 
feet deep is reported t.o be in red beds and gypsum measures, 
which doubtless lie above that lilllestone. 

EaRt 8ide of LalYt1nie JJfouniains.-On the east side of the 
Laramie Mountains the Chugwater formation presents its usual 
features. In the exposure near t.he state boundary it is about 
gOO feet thiek, comprising 385 feet of red Randy shale and soft 
red sandstOlle; 50 feet of gypsifel'Olls betlR, thin limestone, and 
red shale; :-Ind at t.he top 450 to 500 fept of rcd sandstone and 
shale. On Lhe southernmost prong of Horse Creek the forma-
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tion is 1000 feet thick. About 100 feet above its base is a 15-
foot bed of s[Hbby limestone resembling the ~.finnekahta lime­
stone. On 80ILlh }'ork of Horse Creek there is a fiO-foot bed 
of massiye gray I:landstone at the top of the formation, a 
feature often noticeHb1e ill Colorado. PossiLly this member 
may helonl!; t.o the Snndanee formation. In Horse Creck 
canyon, wher(:' the heds are \-el'tical, the thickness of the for­
mation is slightly gmlter, owing to the thickeIling of a basal 
member of red shale <1nd thin-bedded sandst.one. On t.his lies 
a. 20-foot bed of dolomitic limestone, which giyes rise t.o a small 
but prominent ridge thaL ext.ends some distanee nortlnvard. 
The follo'Ning section was mea1:iured at this locality: 

SeCti01J of Chugwater on HU'i'.Yt C'i'eek 1t mIles northWest of 
Oreek station, Wyoming. 

Pale reddish-brown massive sandstono 
Bright-red snndysllale and soft, thin·bedded ~all(IRhm(' 

Feet. 
40 

{i60 
White, fine-grained limestone 
Brig'ht-red 
Porous dolomite 
Bright"re(l shale __ 

100 

4+ 
70 

Lim(lstone; massive, gray above; thin-bedded, purplisb 
below __ 

Bright·red shales and sandstones __ 
Pale reddish, massive, soft sandston(l _ 
'VWte, hard, massive lilnestono_ 
Pale reddish-brown, massive, soft sand 

stone_._ 

20 
260 

2Dft'j 

5 ft. r Casper? 

40 ft. J 
1159+ 

.T llst SOUdl of the North Fork of Horse Creek the Chugwater 
formation ('ontains a t.hin bed of limest.one about 100 feet above 
its base, probably a ~ontinuation of the 20-foot bed of the above 
seetion, wit.h diminished thiekness of the underlying shale. 
This diminution of thickness continues northward to Chug­
water Creek, the type localit.y, a short distance north of lati­
tude 41.° 30', where the formation is Letween 700 and 800 feet 
thick. 

Age.-The age of the Chugwater fornwtion is not definitely 
known but has been supposed to he TriasRic, <1t least in part. 
In otlwr portions of 'Vyoming the formation ineludes in its 
lower portion a limestone C~\Iinnekahta) known to be Permian, 
in the sense in which that term has been used in the J'v[ississippi 
Valley, and in the Bighorn supposed Permian fossils 
occur in a limeslone 150 feet the top of the formation. 
The fact. that there are similar red beds belM{ it in the Ca'lper 
format.ion in the southern porLion of the Laramie Bai:lin throwi:l 
no light on its age, for in this a.rea, as in others, the deposit.ion 
of red materials may have continued from Pennsylmnian 
through Permian and into or through Triassic time. 

.n:RASSIC sysn:u. 

1\-farine deposits of JUl'assie age appear extcnsively in eentrm 
and northern W~yollling, as well as in the Black Hills and 
Montana. They consist of 100 to 300 feet of sandstone and 
~reenish shale, which are remarknbly uniform in character over 
the entire area, They have been nanwd the Sundance forma­
tion, from Sundane8, in the Black Hills uplift., where they are 
exposed in typieHl forlll. In the northern part of thc Lardmie 
Basin this formation thins out amI diRappears neal' Rock Creek, 
but on the (:'ast.ern slopes of the Laramie l\:Iountains it extends 
a short dishlllce into Colorado. It is possible that the forma­
t.ion is represented by t.he 200 feet of light-eolored shales lying 
bet.ween the l\Torrisoll formation find the top of the red beds of 

forlllation in Hed l\1ountHin and vicinity. As no 
fbssils found in thest' beds, however, it is not. desirable to 
dassif)' tllt'lll as Lhe Sundance, which at all other places is 
allllndantly fossiliferous. 

The Morrison formation, which by some geologists is re­
garded as ,I urassic; is 'deseribed under the heading "Cretaceous 
system." 

The thill southern margin of the Sunilan('e formation 
cxtelHls W:l'os~ the east Ride of t.he Shennan quadrangle, where 
it outerops at intervals along the foothills. The expORlll'e is 
almost continuolls from Korth Fork of Horse Creek to the 
soulhernmost prong of Horse Creek and from Kort.h Fork to 
South Fork of Lodgepole Creek. Small exposures appear on 
~orth and Middle forks of Crow Creek. The rocks are mostly 
light-buff ciandstones but iLlehule SOIlle sandy shales. The 
average thickness of the formation is 40 feet.. TIl the first 
can von south of HOllth Fork of Horse Creek t.he rocks are 
mo~tly hard buff sawlRtone, which riscs in a low ridge above the 
Tertiary deposits, The upper third is sl<1bby and indlldes 
some buff to greenish sandy shales. On South Fork of Horse 
Creek, where the formation is 60 feet. thick, it eonsists of slabby 
buff to g-ray sandi:ltone, sandy shales, and grayish-green shales. 
It. lieR on a ,50-foot bed of llHlRRive gray sandstone, '.vhich is 
regarded as the top of the Chugwater formation. Houth of 
Horse Creek ca nyon the lowe!' 30 feet or more is greenish 
sa.ndy I:lhale, above which lies 10 feet of bright-huff soft sand­
stone, which extends to the base of the l\forrison formation. 

Fossils occur in small numbcrs in some of the heds. The 
forms collected Bele'tnniJ'('8 den8us, GJ'yplaea calceola, 

of late J urasi:lie age aud ('haracter­
areas. 

CRETAOEOUS SYSTEM. 

Hocks of Cretaceous age underlie t.he Laramie Basin and 
the Great Plains east of the Laramie Mountains. Their t.hick­
ness is about 6500 feet and the formations comprise the usual 
succession-the }Ionison, Cloverly, Benton, Kiobrara, and 
:Montana. There appears to have been an uninterrupted 
8equenee of sedimentation from earliest Cretaceous to yery late 
Cretaceous time, (:'xcept, p(:'rhaps, during the intervals repre­
sented by slight. unconformities <1t the base and the summit. of 
the Cloverly formation. The Morrison format.ion il:l proyision­
ally included in this sllecf'ssion, for reasons that will bc stated 
under t.he heading "Fos8ils and age." 

OutlJl'O}J and cltaracler.-The main outcrop of the Morrison 
formation extendl:l along the east side and around the south end 
of the Lannnie Dasin, and the fommtion also appears a.long the 
foothills on t.he east side of t.he Laramie )Iount.ains, In the 
greater part of the Laramie Basin the Morl'ison formation lies 
unconformably on the Chugwater red beds, but cast of the Lara­
mie Mountains the Sundance formation comes between the two. 

The Th-Iorrison depoilits are mainly har(l day or massive 
shale, ranging in ('0101' from pale gre(:,llii:lh to maroon and hav­
ing a peculiar eha]ky appearance. The prevailing tint is pale 
olive-green. 'l'llCy include also thin heds of drab linwBt.one 
and a few layers of light-colorcd sandstone. In places t.here 
are Hlso eOllCl"etionary nlaHSf'S, 2 inehes or l(:'ss in thickness, of 
olive-green to d<1rk-green brittle siliceous rock. Some of the 
most extensive exposures of the f{lrmation are west and Bouth­
west of Red Buttes, west of Downey 8oda. Lakes, and at Hed 
Mountain. On the el1i::;t :::;ide of' the Laramie ::\-loun tHins thel'e 
is an almost continnoLls outcrop of the formation from South 
Fork of Lodg-epole Creek to 1'\orth _Fork of Horse Creek, but 
most of thc exposures are poor. 

In Red _Mountain the formation is 128 fect thiek and cou­
sists mainly of pale-bluish shale, whieh in the upper beds con­
tains green nodular masses. At 36 feet above the ha1:le tllere 
is a 2-foot layer of limest.one, and at H8 feet a l-foot limestone 
layer eontai~ing fresh-water fossils. Below t.he base of the 
formation there is a scries of light-colored sandstones and terra­
eotbl and bluish shales which may possibly represent. the marine 
Jurassie but which, as they contain no fossils, have been pro­
yisionally placed in the Chugwater. 

Seetion of JfOT1'ison forml1tion on erIst 
Ll1ke8, 

ridge west ()f Downey Soda 

Drab to olive-green shalo, underlying sandstone and shale 
of Cloverly formation 30 

Soft. coarse-gra,ined. disintegrat(-ld ~aIl(lst.()ne with c~tlcaro· 
ous matrix containing teeth and bones 

Drab to blue shalc_ _ 13 
Nodular limestone 1-2 
Blue shalo . 50 
Limestone 2 
Concealed; probably blue shale __ 30+ 

131;+ 

The formation outcrops on the west bank of Lflramie RiYer 
just north of the bridge a lllile northwest of Laramie, in a low 
mound capped by lel'raee gravels. At the base is 3 feet of 
dark shale, then 20 feet of soft., massive light-colored s<1nd­
stone, and finally 10 feet of 6'Ta.y shale ineluding several thin 
slabhy limestone layers, one of which is pebbly, and a thin 
layer. of gray sandstone. Exposures of moderate ext.ent appear 
in the slope1:l to 2 mileR' south-southwest of Howell Rwtion 
where the lower are soft, massive, bull' sall<18tone. 'l'hese 
are overlain by gray and greenish-gray massi ve shale or clay 
with thin limestone, cherty, and sandstone byers. One of the 
sandstone layers is 2 to 3 feet t.hick, At the top is very dark 
shale, which has been prospected for coaL It is overlain by 
coarse sandstone that forms the base of the Cloverly fOl'mntion. 

On the east side of the Lal'Hlnie :J-Ionntains the ).foJTison 
formation present.s its usual elmracteristi0:l. Tn t.he first can­
Jon south of' South Fork of Horse Creek there is at its base 30 
feet 'of light-colored nbesive shale containing several layers of 
limestone. One of t,hese layers, 6 feet. thick, is marked by a 
small ridge. Above is pale-green and maroon massiy.e shale. 
On the South Fork of Horse Creek the 6-foot. limestone mem­
ber is a.gain conspicuous and is underlain by 20 feet of gray 
shale that rests on a I-foot liruel:lt.one bed at the supposed base 
of the formation. The tobl t.hiekness here is about 200 feet, 
which appears t{) be the average amount in other seetions 
except ou the southernmost prong of Horse Creek, where it is 
less t.han 150 feet. 

Fossils and age.-Large numhcrs of dinosaurian bones have 
been obtained from the }forrison formation in southeastern 
'Vyoming, nota.bly from the extensive bone quarries near "Bone 
Cabin," in the northeastern portion of the Freezeout Hills, 
as well as on Como Uidge and on Bone Creek. They comprise 
Bronto8Uu-ru.~, J.rIo}'osau'J'u$, Diplodocus, StegosaIl1"u$, Call1pto-

Ornitholestes, and Allosau,Flls. 
made 2 miles west of Steamboat 

Lake. Bones have heen found at a point 2 miles east of Rea 
}Iountnin, at seyeral loealities in Colorado a short distance 
south of the state boundary, and in the slopes just west of 



Downey Soda Lakes. In the drah, brittle, impure limestones 
occurring in the :Morrison forlllation there are found at nunw 
places numerous remains of fresh-·water mollusks, which aI:e 
usually of Ycry small size. Fossil alga' occur in the lillJestone 
beds on the eHst side of the Laramie l\1ountains, hut they were 
not observed in the Laramie Basin. Collections of mollusks 
made at several placcs h~I\'e been identified by 1'. \V. Stan-
ton, as follows: 'Vcst of' Downey Soda in the N\V . .J-
sec. 15, T. 13 N., R. 75 'V., Unio and Lim-
nma; at H,iverside randl, in the 1 sec. 10, T. 1:3 N., 
R. 7G \V., Planorbis 1)eter"ItIt.~, Val-l'ata .~c(Jhrida, V01't£cifex 

on the ridge 0 Tlliles south of Hutton 
t see. ;}2, T. 14 X., R 74 'Y., Planorbis 

veterJlus, ValvaLa s(:rrbrida, steal'nwi, Liuuw.'n; on 
the road west of Homer's randl, in K"r. 11, T. 14 N., 
R. 74 \V., V1'vipm'us n. sp., "n large forlll unlike any-
thing previously reported frOTH the ~foITison." 

The fossil bones from the 1\lo1'1'ison formation have been 
regarded as late Jurassic by sOllJe paleontologisll::l, but several 
eminent authorities now believe that. they are early Cret.aceous, 
a determination that is in accord ·with "the clo.:;;e v stratigraphic 
connection between the Morrison and the overlying Crehlceous 
sandstone from 1\'1ontana to Kew 1\fcxieo. 

Outcrop alld 1'e/rrtiollS.-The outcrop zone of the Clm'erly 
formation extends all alollg the east side and across the south 
end of the Laramie Rasin. There are prominent exposures 
west of Red Ruttes and in the ridges between Downey J...·akes 
:md .Jelm 1\lountain. Small outliers cap Red l\lount.ain and 
the ridge nexL east., and there are small outeropR a.t points 2 
miles west and G miles north west of Laramie. Oil the enst 
side of the Laramie Mountains the Cloverly format.ion gives 
rise to a line of 8ruall ridges which extends from ~ orth Fork 
of HOl'.':le Creek to the southernmost prong of' that el'eek. (Sec 
fig. 11, illm;t.ration sheet.) SIllall exposures occur on the north 
sidcs of the North awl South forks of Crow Creek and aL the 
tllUlt a mile sout.h of Houth Fork of Lodgepole Creek. In the 
intervals and in the area farther south the outcrop zone is 
('overed by Tertiary deposits. There is an abrupt change from 
Cloverly to :Morrison beds, but probably no notabJe uneonform­
ity. There is considerahle evidenee of' planation uneollforlllity 
between the Cloverly and Benton, especially in ref!:iolls north 
of the Laramie Basin. -

The Cloverly i()rmation ranges in thiekncss from ,50 to 236 
feet in the Laramie Rasin, hut the average amount is about 120 
feet. It eonsists as a l'Ille of two thick sandstone men! bel'S, 
separated by gO to 60 feet of buff anu purplish snndy clays. 
The lower sandstone generally incllldes mOTe or less conglom­
erate, especially in its lowcr portion, with pebhleR of varieolol'ecl 
chert and jasper. It is the most prominent memher topograph­
ically, giving rise in many plaees to prominent hoghnck ridges, 
notably the ridges west of Red Buttes and wcst :md south·west 
of the Downey Hoda Lakes. 

There is an extensive and complete expORlire of t.l1f~ Cloverly 
rocks in t.he antieline on the south side of Hutton Lake, where 
they appear in nearly vertical beuE that, run out' into t.he lake 
in a prominent point. The following is a section at that plaee: 

Srwtion of (}lrH'6'rly formation on south sldl! of Hutton T,akr". Wyoming. 

;0 
lj 

30 
20 

40 
40 

35 

236~· 

Tn t.he hill 2 miles south-southwest. of Howell station, wllerc 
the Cloverly is oBly about 50 feet tllick, it. consists of two mass­
ive cOllrse hard sandstone members separated by. dark shale 
whieh has been prospeeted for coal. 

On the east side of the Laramie :Jlollntains tllC Cloverly 
presents its usual characters. In the small exposurc nOl'thwe,':lt 
of Hecla the foHowing be(ls appeal': 

Partial swUon of Cloverly formniion near Htdn, Wyo. 

IIIostl~· concealed __ 
Buff ~audHt()ne_ 
80ft white Ha.nd~t()ne __ 

Feet 
[0 

20 
H 
1.2 

10 

South of ~ort.h Fork of Horse Creek the Cloverly formation 
is ahout. 100 feet thiek and cOllsi1:its of t.he two sand~tone mem-
hers by shale. Near Horse Cl'cek the (;lo\'erly for-
mation mnde up of' :mft sandstone and is not well • 
but the lower sandstone of the Benton, here hard and 
gives rise to a. more prominent ridge. 

Laramie-Slwrlllan. 

9 

Age.-The Cloverly formation in southeast.ern 'Vyoming is 
believed to represent the same formation in the t.ype loeality­
Cloverly, in Bighorn Basin. It has similar stratigrnphic rela­
tions and character and has been traced almost continuously 
from the Bighorn Mountain region. It was formerly called 
the Dakota. sandstone, but probably only its upper sandstone 
member is true Da.kota, or Upper Cretaceous. The medial day 
is believed t.o represent the Fuson, and the basal sandstone the 
Lakota of the Black Hills, hoth Lower Cretaceous, as is shown 
by abundant plant remains. No fossils have been discovered 
in the Cloyerly formation in southeastern Wyoming, hut a 
short distance farther south, in Colorado, fossils of the Coman­
che series have been found in the medial shale. 

Occurrence, rciations, and charader. - The dark Renton 
shale outcrops at intervals from t.he foot of Jehu Mountain 
northeastward past. Laramie and through 'Yyoming sUition, 
but owing to its softness it has been deeply eroded and largely 
covered by Quat.ermuy deposits. It is extensively exhibited in 
the vicinity of Hutton Lake, in the hills In- miles southwest of 
Howell Rtation, and in the railroad euts extending from a 
point a mile north of Howell to 'Vyoming sta.t.ion. It extends 
along the east side of the Laramie J\.Iountaius, but south of 
Lodgepole Creek it. is mostly covered by Tertiary deposit..,. 
Thf're are numerous exposures in the slopes adjacent to 
Horse awl Lodgepolc creeks and their branches. 

The Benton shale appears to lie on the Cloverly fOl'mation 
with some slight unconformity hut is succeeded conformably 
by the overlying Kiolmna limestone. In the southern pa.rt 
of the Laramie Rnsin the thickness is '700 feet, to judge the 
drill hole:! miles nort.hwest of Hutton Lake, which 
near t.he top of the formation and reaehed the Cloverly at a 
depth of GOO feet. Thc thickness of' t.he Benton shale on the 
east, side of thc mountains in the Hon3e Crcek region ranges 
from 700 to 1000 feet. 

The formation consists mainly of gray to black 8-hales. 
The mid(Ue 01' (+reenllOrn limestone memher, which is charae­
teristic in the Black Hills region and Colorado, Hppears only 
as a. t.hin layer the east side of the mountains. About 
200 feet ahove the is the .Mowry shale member. This 
consist.s of SO to 100 feet of hard shale alld thin-bedded, fine­
grained sandstone whieh weatlwrs to a light silvery-gray color 
amI contaim large numbers of fish scales. Owinf!: to its hard-
TIl'S" this lll('mber rise to rounded ridf!:es o( considerable 
pl·omincnee. A member nel1r the top of the forma-
tion is also eharact.eristic. 

Detaas ill Lam'ff/-ie Bas-in.-The Mowry shale memhel' is 
espeeially conspieuous in the slopes east of .Jelm Mountain, east 
nud llorthenst of Hut.ton Lake, and southwest of Howell. An 
outcrop appcars in slopeR and hrick-clay pits miteR due west 
of Laramie. 1'1 ear the top of the Benton there bed of sand-
st.One whieh is at. some places 20 to 30 feet thiek; find toward 
the bottom there are usua lly one 01' more thin beds of sandstone, 
one of ·whicll is several feet thiek at Hutton Lake. In the 
exposure southwest of' Howell station thcre are, at t.he 
200' feet of dark shales, inelu(linp; a t~-foot. bed of buIT 
stone 45 feet aboyc the top of the Cloverly formation. Ncxt 
aboY(~ arc 100 feet of the Mmvrv shale rnem ber, overlain bv 
100 feet, of' .da.rk shalt's with d~rk concretions. The upp:r 
beds are eoneealed by Q.uaternary deposits in this vicinity, but 
the upper shales are ext.en.':lively exposed ill the long, deep 
railroatl ('ut a mile north of Howell. The upper sandstone 
outcrops in euts just south of 'Yyoming station, where it is :10 
feet thick. In the ,5 miles east of t.he summit of J elm 
.Mountain the beds the Mowry shale member consist of' 
20 feet of drah brittle sanche shale, 0 feet of hla('k sllndstone, 
4 feet. of white sandstonc, a.n~l 145 feet of black shale lying on 
the Cloverly formation. In a hluJf on t.he south side of 
Laramie Hi ~'er, :i miles north-northenst of the summit of .J elm 
:JIountain, the upper Renton beds consist. of !) feet of bla('k 
shale, "27 feet of soft gray heavy llaggy sandstone, 8 feet of 
interbedded sandstone and shale, aud 30 feet of black shale. 
In the Ryneline northeast of Red ::\Iountain the lower 110 feet 
of' the formation consists of blaek shale overlain by;-{O feet of 
yellowish or gray shales, upon ·which lies 10 feet of Baggy buff 
sandstone containing impressions of long, nnrrow, willow-like 
leaves. On thc southeast sitle of Hutton Lake the lower Benton 
beds are exposed, dipping steeply and lying on the Cloverly 
formation. At the base is 100 fcet of dark shale with many 
oval eon(,l'etions and a few thin sandstone layers, then 25 feet. 
of gray sandstone overlain by 00 feet of dark shale, on which 
lies the }Iowry shale member, 100 feet 01' mOre thick. On die 
east bank of Hawl Creek near t,hc middle of the nort.h side of 
see. 2, T. 1:3 K., R. 7f) 'V., t.he lower member of tlIe formation 
includes a bed of bentonite, 4 feet thiek, unuerlain by 7 itlches 
of ROft, gray sandolLone. A bed of bentonite also llppeal'S in the 

of Hutton and Creighton lakes. 
end, oj' L(Jramie J.lfo'tl1da1·ns.-On the east side of the 

Lal'amie Mountains the Bcnton consists mainly of' shale, but 
severnl membcrs are recognizable. The Ureenhol'u lilllestOl1e, 

so \vell developed in other regions, is doubtless represented by 
a thin of impure slabby lime8tone containing the eharac-
tcristie lab1:atu8. The Mowry shale member is dis-
tinct, and near the base of the Benton there is a hard sandst.one, 
If) to 25 fcet. thick, which in lllany places rises in small, sharp 
ri(lges t.hat lllay be lllorc eonspicuous than those made by tJle 
Cloverly formation. A representative seetion in vertical beds 
ncar Horse Creek is given helow. Some of the measurements 
a.re uncertain, owing to talus or crushing. 

/'{er!Uon of Bcntonj"ormation west of Horsa C1'eek station. Wyoming. 

Carlile shaJolnember: 
Black sh:~IE', overlain by Niobrara limostolle __ 
8all(lstono and sandy shale __ 20 
Elray R&'l,lo with concretions containing Priorwtropis 

near t.op __ ___________________________ ______ 200 

Greenhorn lillleHbmo momber: 
Sandy lillleHton(l with In.oceramus labiatu$ __ 

Gl'anerOS shale member: 
Shale. dark and 1isHile bolow ___________________________ 350 

Hfll'd shale and twn·bedd('d finD·grailJed hard ~and 
stOllO, weatheri.ng light gray; many fish sua,les 
(l'Ifowry shale member) _ 80 

Dal'k shale _ :)0 
IIa.rd coarse ~alldst.one, maHsiV(' 
Dark shales. fissile to soft. re8ting on Cloverly sand· 

stone _ 150 

The presence of the Greenhorn limestone ma kes it possible 
to subdi vide the Benton in this \'ieinity, as in the Black Hills 
and in eastern Colorado, hut the divisions are not separately 
mapped. This limestone wus trared north ward across Colorado 
from the type locality in Arkansas Valley nearly t.o the 'V yo­
ming line, with gradually diminishing thickness. Kear North 
Fork of Horse Creek it is about 1 foot thick but yielded no 
fossils. At this place there is at the top of tile lleuton 15 feet of 
slab by gray sandstone wit.h Rome shale, then 20 feet of shale 
with oval eoncretionR. The top of the ]I.,Io·wry shale member 
lies 500 feet below the hase of the Niobrara in this vicinitv. 
~ext below t.he Mowry beds is ahout 30 feet of black shale, 
and helow this is 2,) 'feet of nne-grained hard white sand­
Rtone, which is separated from the Cloverly by 200 feet of 
blaek fissile shale. 

F08sil,<;.-The principal fossils of the Benton shale are the 
\'ery numerous nsh scales in the :J.Towryand a few fragmentary 
mollusea.n remains, fish bones, aud teeth, which occur at vari-
ous horizons. Tn the Randstone, nca.r the foot of Jelm 
Mountain, were found fragilii3, together with fish 
teeth, apparently of .Ptychodns and Lamna. The sandy con­
cretions neal' the top of the formation contain PTionocyclus and 
rTw,,''',.,n'''" gasteropods which are chara.cteristic of' the upper 
portion Renton in a wide area of the Roeky Mountains 
and Great Plains provinces. 

The Nioorura limestone outcrops at intervals from the foot 
of Jehn and Sheep mouqtains northeastward nearly to \Vyo­
millg station antI extends along t.he east side of the Laramie 
:J.Iountains. For much of its eourse, ho\\ever, it is buried 
beneath later deposits and outerops nrc scarce. The most 
extensive ones are at. the south end of the Dig Basin, in the 
east and we8t portions of the Big Hollow, in bluff's alo'ng 
Laramie River west. and north of Hutton Lake, awl at" 
interval8 from Lodgepole Creek to the Nort.h Fork of Horse 
Creek cast. of Laramie }Iollntain. Small exposures appeal' on 
North Fork of Crow Creek; at. a. point halfway hetween North 
and Middle forks; :3 miles we~t of the summit of H.ed Moun­
taio; and on the cast slope of Sheep ]\fountain, where the 
format.ion is faulted against the" H.ed Beds." 

As in its t.ype.locality, at the mOlllh of Kiobram Hiver, t.he 
formaLion eonsists largely of impure chalk roek, which weathers 
bright yellow and contBins large numhers of Ostrea cOlIge.~ta. 

In the region west of Laramie its t.hickness could not be 
aseertained satisfact.orily except in the sharp uptUl'Il 2 miles 
northwest of the Union Pacifie Soda Lakes, where it is 42f) 
leet thick. In the middle of the formation ill this region tlH~re 
is a deposit of dark-gray shale. The chulk rock oceurs in beds 
ranging from thin layers to slabs 2 inches thick, and at some 
plu~es it is sufficiently hard to give rise to buttes of consider­
ahle prominence, as in the west end of the Big Hollow anti 
in t.he bluffs overlooking Big Basin ;) miles northwest of 
Laramie. The bright-yellow eolor of thesc bluffs makes them 
conspicuous features. According to L. 'V. Trumhull the 
~iobrura. chalk I) mileJl southwest of Laramie eontains 75 
per cent of carbonate of lime, 10 pel' eent of silica, and (:i pel' 
eent of alumina. TIle amount of iron is small. 

\Vest of Horse Creek stat.ion the forma.tion is ;1if) feet thick 
and consists of' limestone and calcareous shales. At the hase 
is a. massive bed of lilllestone containing Inocera-mu8 J(forrrti8. 
Another bed of litllestone occurs near the middle, and layers 
of impure shaly limestone which weather to a bright-yellow 
color appeal' a.t. Lhe t.op. Slahhy aggregates of Ostl'ea cOflfjeRta 

occur in many of the beds and this fossil is also disseminated 
through som; layerB. Kear Korth Fork of Horse Creek the 
formation is 400 feet thick. 



Shales and sandstoncs of the ~lontana group occupy 
the large syncline northwest of Laramie and also under­
lie a wide area of the plains east of the Laramie Moun­
tains. In the Laramie Rasin the group consists of two 
formations. The lower onc, which has been designated 
the Steele shale, is a thick maps of shale representing part 
at If'llst of the Pierre. The upper one is a succession of 
sandstones and carbonaceous shale believed io be equivalent 
to the :Mesaverde formation. Only the lower and middle 
portions of the upper formation, which 'Nill be called Mesa­
vcrde, extend into the Laramie quadrangle. On the east 

- side of the Laramie Mountains Pierre shale several thousand 
feet thick is overlain by sandstones that arc reganled as 
equiYftlent to the lower part of the }~ox Hills sandstone. 
Higher beds are covercd by Tertiary In both 
areas the shale succeeds the chalk of ~iobrara con-
formably but with abrupt ehange of materiaL Along the 
foot of Sheep Mountain the beds of this group are faulted 
against granite. 

CharadcT and relationll.-The lower portion of the Mon­
tana group in the Laramie Rasin consists of about 3000 feet 
of dark shale with some thin beds of sandstone and numerous 
nodular eoncretions, mostly sandy. These rocks are believed 
to represent the Steele shale, named from the type loeality, 
Fort Steele, on ~orth l)latte RiYer. Their thickncss appears 
to decrease locally to about 2600 feet at the south end 
of Rig Rasin. Fcw of the sandstone beds are more than 
5 feet thick, and Uley are separatcd from one another by 
100 to 300 feet or more of' dark shale. At the top these 
sandy beds are milch more numerOllS and constitute a thin 
pass~ge series into the overlyillg ~.ff'saverde, a feature well 
exhibiter1 near the J. Ernest ranch and in the slopes north of 
Lake Hattie and south of ,Tames Lake. The prine1pal cxpo­
sures in the Laramie Bl-Isin are northeast of Lake Hattie and 
at the \vest end of the Big Hollow. Hmaller OllCS are OIl the 
south side of Big RHsin, at a few points along the north side of 
Little Laramie Hiver, southeast of James Lake, and on the 
south side of the ridge wcst of 'Vyoming. Toward the top 
of the 10wC'r division there is a thin bed of hard nodular sand­
stone of light-gray to buff color. 

F08sil"so.-Fossils collected from the Steele shale beds at loe~d­
ities west and northwest of Laramie have been determined by 
T. 'V. Stanton as follows: 

In a sandy layer in the upper beds of shale in the west 
end of the Rig Hollo·w were found InocerallltlS barabini, 
l1Iactra grac'ilis, and Bacul,ite.~ Tn sandy beds a few 
hundred feet higher, in sec. T. 15 R. 76 'V., 
the fossils collected are Inoceramus barabini, $)Jf:ci-
osum, and JIyLilw; cf. subarcuatll$, and in still higher beds 
a short distance north of Table Mount.ain occur large num­
bers of Carditt'm spec-io,~um, a form which has a wide range 
in the Montana group. The beds at the top of 1.he 
formation in sec. R, T. 16 N., n. on the bank of Little 
Laramie River, yielded InoceJ'amu.~ and Baculites 

awl "at the same horizon on the south shore 
Lake Nucula Luci-na, and Oinalia 

were collected. In the north of Little Laramie River, 
at a point miles north of Carroll Lnke, the shales 
j}IaeiT('( B(fI)UWe8 ()'liailJ~~, and B. 
Tn upper beds of t.he .9hale a mile southeast .James Lake 
(S\\T .. i K\Y. { sec. 7, T. 17 N., R 7;") 'V.) tlwre was found 
a part of H skeleton of a large saurian which has not· yet 
been elassi fled. 

Ch((rader and OCCUlTcnce. - The Mesaverde 
underlies the north \vest {'orner of thc Laramie 
IllIICh of its tuea is eovere<l h:{ alluvium and terrace 
Tts lower hed is 11 promine1lt., moderately lwnl gray 
about GO to 80 feet. thiek, which outcrops conspicuously at 
,T. Ernest rflneh, on the b:mk of Littlc Laramie R.iVE'r in see. 
:1, T. 1G N., R 76 \V., alld in a high point 4 miles northeast 
of Lake Hattie. This bed also appears a mile east of James 
Lake and in the west slope of Big Basin 6 Illiles southeilst of 
heneh lIlark 7159. It ('ontains eoncret.iOlls of harder rod;: and 
some dnrker-gray layer", and is overlaill by about 2000 feet of 
soft sandstones of various kinds ·with but little slwle. The 
colors vary from gray to greenish huff and some of the beds are 
carbonaceous' 

Fossi!,~.-Tfl the prominent point n mile east of Table 
.:\.fountain, in the lowest heavy sa.ndstone of the 1fesaverdc 
formation, t.here was f(mnd the of a remarkable 
egg ease of a chinHeroid fish, Dr. Uill in the genus 
Harriotta, which has living represcntatives that are all deep­
sea d welters. In a prominent bluff on t.he nort.h hank of 
Little Laramie River at the ,T. ErneAt ranch, in sec. 3, '1'. 
16 N., R ',6 'V., the lQ\l{er sandf<tnne fOARilA com­
prising JnoceramIUJ barabim:, L 
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A. nebra.scana, and Bacnlites compressu8. The first and last 
of these forHls a.lso occur in upper bcds of the underlying 
Steele shale. 

Charocter a.nd to the extensive overlap 
of t.he Terti.ary depositR in thc east of the Laramie 
Mountains the Crehl('f'OllA rocks are exposed only in the deeper 
valleys along the foothills. The Pierre shale appears in an 
irregular area of moderate size on Horse Creek and its branches 
and in small outcrops on some of tlle hranches of Crow 
and Lodgepole creeks. In the exposl1res about Horse Creek 
station, where the shales aTe nearly verlical, t.he distance 
is over a mile from the yellow upper beds of the Niobrara to 
the beginning of conspicuous gray sandst.one layers. These 
sandstone layers are mostly soft and in part concretionary and 
many of them are highly fossiliferous. T. \V. 8tanton regards 
these beds as probably representing the Hygiene salldst.one 
member of the Boulder region in Colorado. The upper portion 
of the formation, about 1000 feet thiek, consists largely of shale 
and sandy shale. A I-foot layer of brown hard slabhy sand­
stone occurs 100 feet above the base of the shale in the slope 
south of North Fork of Horse Creek. A small exposure of 
shale overlying the Niobrara appears on McDonul(l's ralll~h, in 
Loagepole Creek, but t.o the north, east, and south there is a 
thick covering of la.t.er formations. On North Fork of Crow 
Creek, where the entire thickness is exposed and the beds are 
vertical, t.hey mcasure 4000 feet across but aTe considerably 
crushed and much obscured by talus. The shale is bared over 
an a1'ea of nearly a .square mile 1t miles farther south. It. is 
foulted against grnnite and limestone of the Casper f01'mation 
on its west margin and passes beneath'Vhite River beds to 
tile east. The shale in this onterop includes many concre­
tions, somc of whieh are highly fossiliferous, and thin layers 
of clay, ironstone, and soft sandstone. 

Ju~t east of Hecla the upper portion of the Pierre shale is 
obscurely exposed on the north side of ':\liddle Fork of Lod?;e­
pole Creek, where it dips gently beneath Fox Hills sandstone. 

On Horse Creek and .:\Iiddle and N o1'th forks of Crow 
Creek the Piene shale is overbin conformably gray .sand-
stone that probably represents the Fox Hills ~ The 
snlldstone is mostly massive but only moderately hard and the 
beds are locally separat.ed by deposits of sandy shale. The dips 
are gentle, to the southeast or east. Chimney Hock, on the 
south bank of Horse Creek 1 ~ miles cast of Horse Creek 
st.atiOlI, is a notable outcrop oi the formation. (See fig. 10, 
illustration Rheet.) This sandstone Hlso appears on the north 
side of the creek, where it extends across sec. 24. Some h1'own 
sand8tone that is obseurely exposed 4 miles northwest of the 
stHtion is believed to be ot the same age. 

The sandstone outcrops extensively along both sides of Mid­
dle Fork of Crow Creek below Hecla and in the slopes adjoin­
ing North Fork of Crow Creek. It dips gently to the east in 
this area an1 extends eastward far down the valleys, finally 
passing bene:ith the 'Vhite River group. The thickness 
exposed is not over 600 feet. 

TE.ll.TIARY SYSTE:'r. 

Tertiary deposit.s underlie a large portion of Ule plains east 
of the Laramie J\.fonntains, antI remnants existing at various 
points in 1.he basins and slopes west of that range indicate their 
former wide ext.ent in t.he Lara.mie Basin region. One large 
mass oceupies the slopes west and south of Ring ~Iountain; 
another tills the saddle at the south end of Celltennial Valley, 
west of .Telm Mountnin; a third lies in a hasin a short distance 
north of the Fommile Creek yalley, its southern edge extend­
ing almost if not quite to the northern margin of the Laramie 
quwlrangle, in R. 7;3 \Y. The deposits east of the mountains 
are of Oligocene and :Miocene age, represented by the Brule 

and probably also by the Chadron sawlstone (the basal part 
of 'Vhite River group), overlain by t.he l\Iioeene Arikaree 
formation. The deposits west of the mountains are of unknmvn 
Hge exeept ill the Litt.le "Medicine Creek basin north of latitude 
42°, where the two formations of the White RiYer group occupy 
a wide area. 

OLI(;OCEXE DEPOSITS CWlll'.l'J:: HIYEll GROUP). 

The clays, sands, and sandstones of the White River group 
underlie the plains eaRt of the Laramie .Mountaills and are 
exposed extensively neal' t.he mountains in all the larger valleys, 
notahly along Crmv, Lodgepole, and Horse creeks. They lie 
uneonformablyon various formations, which range in.age from 
prc-Cambrian to upper 1\IonhUla, on a plane that slopes east­
,vard at a rate of about. 7 {) feet "to the mile. The rat.e is some­
what less on Crow Creek and it increases in plaecs on the 
slopes in the larger valleys. Toward the east the t.op of the 
group passes beneath the Arikaree fc)rmation a short distance 
west of longitude 105°. In most parts of the nort.hern Great 
PIHins the ,Vhite Uiver group comprises tlle Brule dny abo\'e 
and the sands, sandstones, and fuller's earth of the Chadron 

beds below. These two divisions a.ppear to be represented in 
the Sherman quadrangle, but the identity of the lower olle 
coul(L not be established by paleontologic evidence. 

General 1'elations.-The lower beds of the White River 
cloRel)' resemble the Chad1'on formation that they are 

nrO,V,,,,omIHY eOrl'elated with it, although the usual remains of 
were not found in them. They consist hirgely 

of brown sandstone, ,,,hich is conspicuous in bluffs and on 
wide tabular snrfa('es in the Crow C1'eek basin in the western 
half ofT. 14 N., R 6H 'V., on the north side of North Fork 
of Crow Creek, and in Horse Creek valley. This sandstone 
ranges in thiekness fi;om 20 to 40 feet in most areas and as a 
yule is decidedly hard. ~orne parts of it are conglomeratic, and 
where it approaches find overlaps the pre-Cambrian rocks it 
contains much coarser material. It usually lies on a small 
amount of coarse arkosie sand, in places merging into fuller's 
earth. Locally t.his underlying member increases 6'Teatly in 
thickness along the bases of the mountain slope13, and loeally 
also the sandRtone gives place to loose sand and gravel, so 
that its identity is lost. These features aU exist together in 
some of the slopes south and north of Horse Creek station 
a.nd south west of Hecla. 

Local ferdurel3.-In the nor1.Lern part of T. 17 ~., R. 70 \V., 
the basal deposit is a conglomerate or bowlder bed containing 
larf!:e bowlders, SOIllC of them of decomposed granite and others 
of limestone. A mound of Fox Hills sandstone that rises in 
the formation in the northern part of sec. 10, '1'. 17 N., 
R. 70 "T., is capped by eoarse howlders, whieh probably form 
the basal part. of the 'Vhite R.iver group. The brown sand­
stone appears again 2 miles HOlLt.h of this point, abutting 
against the Fox Hills sandstone. A short distance farther 
southea.st it is underlnin bv about;; fcet of siliceous lime­
stone. It extends nearly to'the Horse Creek road and occurs 
again just southeast of Chimney Rock, t.ogether with the 
underlying siliceous limestone. Here the sandstone lies 
against the Fox Hills sandstone and thickens rapidly toward 
the south, giving rise to a prominent bluff which extends 
toward and then along the east side of the railroad neHrly 
to the Horse-Lodgepole divide. The divide here is capped by 
fuller's earth, and most of the region lying farther south, as 
:fill' as Crow Creek, is covered by Brule clay. The limestone 
at the base of the Brule day appears on the North Fork of 
Lodgepole Creek a few yards cast of the railroad, and obscure 
deposits of coarse basal beds outcrop higher up the creek. 
The bro ... vn sandstone outcrops begin at the foot of .Mesa 
Mountain, a Illile south of South Fork, and extend southward, 
appearing at intervals and attaining much prominence on 
both banks of North .Fork of Cl'OW Creek near the Van Tassel 
ranch a.nd in the Crow Creek basin farther south. 

BRULE CLA.Y; 

Character and distribution.-The Brule clay consists largely 
of a mixture of day and fine, rather hard sand, which on 
slopes, espeeially in the vicinity of ravines, is eroded into 
miniature badlands. Its color ranges from pale buff or yellow­
ish gmy to very pale pink. Some beas are more sandy than 
others and most of them eontain small hard siliceous concre­
tions, of irregular form. It. ineludcs at some localities thin 
local beds of sandstone and of fuller's earth. The formation 
appears most extensively in the long slopes rising to the 
plateaus cast of the Colorado and Southern Railroad, especially 
in the valleys of Horse, Lodgepole, and Crow creeks. \Vide 
outcrops also exlend from Silver Crown southwestward nearly 
to Granite Canyon station. The formation appears to attain 
in places a thiekness of about 300 feet. 

The lower beds of the Brule clay lie beneath the Colorado 
and Southern Railroad west of Silver Crown and in the divide 
between Crow aIld Horse creeks. These beds contain COll­
siderable gravel and fuller's earth and, at a horizon near the 
hase, a tllin bed of siliceous limestone, which apparently is not 
eontinuous. Near the mountains mueh coarse mate1'ialoccurs 
at. some places, while at ot.hers fine fuller's earth extends to 
and over 1.he granite. Such an overlap of fine material was 
exhibited in widening the railroad cut a quarter of a mile west 
of Uranite Canyon station, where the relations were as shown 
.in figure 2. 

FIGUHE 2.-Tertiary deposits 111 railroad eut olle·quarter ruile wost of 
Granite Canyon, "\Vyoming; lookIng north. 

r,ength, 100 feet; lleight, 20 feet.u:;~~~~~~~e~~=t!~l~~:~' Brule clay. Oralli\e porphyry 

The .lower formation is strat.ified pale-buff clay with scat­
tered streaks of gravel. It ineludes irregular noduh.'S of harder 
clay in the western pal't of the section and wayy lenses of 
light-colored caleareous claystone eoutaining granite pebbles in 



the eastern part. Above are 12 feet of gTavel and sand, prob­
ably Arikaree, lying on an exceedingly irregular erosion 
surface. 

Along the Colorado state boundary just west of the east line 
of R. 70 the wedge-shaped ,Yestern edge of the Brule day 
attains a tllickness of ahout no feet. The material is nmssi ve 
clay typical of the Brule, in part. nodular, wit.h a sDwll amount 
of conglomerate at t.he Lase and an irregular streuk of conglom­
eratic sandstone in the middle.. It lies upon red beds and is 
unconforlllahly overlain arkosic and eonglollJerate of 
the Arikaree formation ltiO thick which overlap 
beyond its western edge. In the west.ern part. of sec. 2, T. J 2 N., 
R. G9 'V., Duck Creek has cut through the ,\l'ikaree and 
exposed a small knoll of underlying Brule day. The exposure 
is only a few rods long and the Brule rises ahout 4;) feet ahove 
the creek. The upper 20 feet is to greenish fuller's earth 
a.nd the lower part is a typical yery pale pink hard 
mixture of clay and tine sand, with some harder nodules. 
The knoll is capped by brown grit and conglomerate of the 
Arikaree formation. 

Fossils.-The only fossils eolleeted from rocks of the 'Vhite 
River group were a few hone fragments from the Brule clay 
near the railroad in the southern part of T. 18 N., R. 70 "T. 
They were determined hy Mr. Girlley, of the Uniteu States 
National Mnseum, follows: Jaw fragments and teeth of 

culberisom', lower of Hyracodon 
of Hyracodon and bvo 

sp. They Hre of middle Oligocene 
age. 

D,:s(ribu{ion.-The table-lands east of the eastern foothills 
of' the Larmnie ~Tountains are capped a sheet of Rand and 
gravel that is in places cemented into a sandstone or con-
glomerate, which probably represent.s the Arikal'ee forlllation. 
It has heen cut. away by Horse, Lodgepole, and Crow creeks 
for 8 or 9 miles fi'om the foot of the mount.ains and also 
in an irregular zone neal' the foothills across the (livide 
north of Crow Creek. The resulting westwnrd-fu,cing escarp­
ments are especially conspicuous on the divides betweell 
Horse, Lodgepole, and Crow creeks, where, with Rlopes 
of Brule day, they rise from ~OO to ;300 fpet. the 
valleys on the west.. These yalleYB and low divides are 
followed bv the Colorado and Southern Hailroad fL'om ~ilYf~r 

Crown no;·thward t.o the north boundnry of the Sherman 
quadrangle. 

On the divide south of Crow Creek the formation extends 
high up t.he mountain slope and overlaps the gTnnit.e at Gran­
ite Canyon, affording a long, smooth grade up the mountains 
for t.he Union Pacifie Railroad. Here the formation lies on 
Brule day, whose surfilee is usually very smooth, though in 
places showing slight channeling; but farther south it. over­
laps westwar(lon the limestone and granite. To the east its 
hase dedines more rapi(lly than the floors of the vnlleys, so 
that the Brule du,Y (li6appears a short distance west of the east 
margin of t.he Shennan quadrangle in the vnlleys of Horse, 
Lodgepole, and erO\Y creeks. The Arikaree format.ion attaius 
a tJlickness of 200 to 250 feet on the wide flat-topped ridges 
lying between tllese valleYE. 

Characler. - The A rikaree formation consist.s 
coarse sand and grayel, in part cemented into a loose 
or conglomerate. It includes a local bed of limestone in the 
southeast corner of the Sherman quadrangle and in 
places, some deposit:; of loam. ~luch of the l:omse is 
directly derived from the Sherman granite with iiB character­
istic pinkish feldspar, a.nd a large proportion of it, especially 
near the mountainH, is angular 01' subungnlar. Neal' t.he 
Horse Creek valley it comprises a large amount of anorthosite 
debris, ·whieh gives it a particularly light. color. Beds of 
coarse howlders are numerous, especially near the 1ll0unt.Hins, 
but farther enst the materials are all fine grained. Near the 
eastern margin of the quadrangle t.he finer-grained beds 
to show layers of nodular and cylindrical coneret.ions, 
increase in number eastward until the formation presents t.he 
characteristics of the typical .Arikaree as seen in Pine Ridge 
and other pOl·tions of eastern Wyoming. At the base of the 
formation there is in most places a coarse conglomerate, shown 
in figure ,) of tbe illustration sheet. The limestone in T. 12 ~., 
R. 68 'V., in the southeast. corner of the Sherman quad­
rangle, is a bed having an elongated ova.l form, trending 
northeast-sout.hwest, and lying about 200 feet above t.he base 
of the formation. It is 25 feet thick on Duck Creek, in 
sec. 8, but thins out to the east and 'vest.. Its forIll suggests 
that it was deposit.ed in a long, narrow lake. In some 
places it lies on coarse sand; in othem, as on Duck Creek, 
where it is well exposed, it rests on conglomerate cOllt.aining 
bowlders up t.o 6 inches in (liameter. )..fany of t.hese bowldenl 
arc sheat.hed by thin layers of carbonate of limc 1a ving the 
charadeI' of onyx. Thc limestone is massive and weathers out 
in large gray blocks. It is overlain by brown sandstone, sand, 
and gravel. 

Laramie-Sherman. 
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On the high slopes south and west of Ring and Red moun­
tains t.here 'are deposit.s of sand, gravel, and conglomerate, 
which tloubtleBs are of Tertiary age, although no Tertiary or 
other fossils have been found in them. They lie at altitudes 
of 7800 t.o 8400 feet and t.he underlying formations range from 
Niobrara to granit.e, the latter on t.he \vest slope of Ring 
Mountain. The materials are an incoherent. mixture of sand 
and gravel, derived mainly from the eryst.alline rocks and 
ranging from small pebbles to large bowlders. In plaees, 
especially near the bottom, the material is cemented into a 
rnther firm arkose or conglomerate with a matrix largely com­
posed of carbonate of lime. The topography of these deposits 
is very eharaet.eristie, consisting of lo''!\' rOllnded hills and 
plnins in the midst of rough ridges of granite, schist, and other 
haru rocks. The beds are nearly level but were laid down on 
an uneven surface, and their maximum thickness appears to be 
ahout 250 feet.. No evidence was obtained as to the Ilge of' the 
deposits; on the one hand they may be as old as Wasatch, on 
the other they may be as young as Arikaree. 

QuATERNARY SYSTEM. 

Extensive deposits of Qltaternary age occur in the Laramie 
Basin as alluyiulll and high-terrace gravels representing varions 

of topographic development of the region. In the 
east of the Laramie Mountains sma.ll areas of older 

terrace deposits and narrow arens of alluvium lie along the 
streams. 

Nearly all of' the low divide ridges t.hroughout. the Laramie 
Basin are covered by deposits of .grayel, sand, nnd loam, in 
places from 80 to 50 feet thick. They are mostly from 20 to 
100 feet. higher than the alluvial plains along the preRent 
valleys and represent the diversified surface of the basin at 
variolls earlier stages of its topographic development. The 
(lepoRits are coarscst and thickest near the mountains and are 
most ext.ensiye in the vicinity of Laramie River, having been 
laid down by that stream and its branches during Quaternary 
time. In illany places their lower limits are indefinite, for they 
slope down to the aIlu dUIll. At such plaC'es -the boundaries 
given on the map are somewhat. arbitrary, notably in the areas 
west of Howell, southwest of Alsop Lake, and from Lake 
Hat.tie to and beyond the Union racific Lakes. Older terrace 
deposits reHlnin ~n SOUle of the lower slopes adjoining Horse, 
Lodgepole, and Crow creeks, but they arc thin and of rather 
small extpnt. In places it is difficult t.o distingllish this 
material from the Tertiary deposits and t.he local talus. 

All the lar~er streams in the Laramie Basin Aow through 
wide valleys t.hat Hre filled with alluvinl deposits. These 
deposits differ in thickness in different localities but in greater 
part vnry from 10 to 30 feet.. In general they are widest 
in the out.crop zones of the softer rocks and become narrow, 
thin, and discontinuous in the higher la.nds underlain hy 
the CaRpel' formation and the basal crystalline rocks. The 
,videst Hreas fire along l,uramie and Little Laramie 
west and southwest of the city of La.ramie. r:ehe larger 
east of the Lammie l\Tountains ure bordered by alluvium .. 
espt'cially Horse Creek and it.s North Fork aboye the Davis 
ranch. The small flood plaiu on Duck Creek n'ear the 
McLaughlin raneh contains some alluvium, but the pl'inC'ipal 
m,aterial in it appears to be Tertiary. On the east side of the' 
J ,Mamie Bnbin near Laramie and Rcd Buttes port.ions of the 
alluvium consist of gypsite, It Hne gypsum sand derived fi'om 
neighhoring deposits of gypsum. The material is found in 
difl'erent de~rees of purity, but much of it consists of 75 t.o 80 
per cent of gypsum. The principal known deposits arc Oil 

Spring Creek just. south of Laramie; on 'Villow, Fivcmile, and 
Harnev creeks near Red Buttes; on t;oldier Creek west of 
Forell~; at a place east of Bona; and at a place 3 miles south­
east of Hutton Lake. At the plaster works at Laramie the 
deposit. is H feet thick and in pits south of Red lluttes it is ,5 
to 6 feet t.hiek. 

8'L'RUOTt:I{AL UEOLOGY. 

By N. H. DARTON and O. E. SIEBENTHAL. 

Geneml statement.-The structure of the north-central por­
t.ion of the Rocky 1'V[onnt.ain province presents a succession of 
elongated flexures which mostly trend north and sout.h in 
southern and northern 'Vyoming and east and west in the 
eentral part of the State. There are several long anticlines and 
syncline:::; whieh vary considerably in form and which rise and 
fall at intervals. The undulations are especially irregular in 
eent.ral 'Vyoming, ·where the flexures trend east and Wt'st and 
where there are many shorler flexures of various kinds. '1'he 
antielincs diIIer in of sides, in width und flat.ness of 
top, and in a.ltitudc crest.. Ordinarily one side is steeper 
than the other, hut overturns beyontl a \'ertical plane are 
unusual, anti many of the tops are flat for varying widths. 

Faults ocem but most of them are not of the overthrust type. 
The principal uplifts are those of the Front Range, the 
Medicine Bow Mountains, the Freezeout Hills-'Vind River 
1\lonntains, the Bighorn-Olyl Creek }fonnt.flins, and the Black 
Hills, the last rising on a branch of the uplift of the Front 
Hange thaL pnsses through the Hnrtville re~,.-jon. These uplifts 
bring to the sllrfaee the pre-Cambrian granites, schists, and 
other rocks, which are flanked by a thick series of l'aleozoic 
rocks. The principal intervening synclines are t.hose of the 
Laramie, Wind River, Bighorn, and Powder Hiver basins, 
which hold from 5000 to 7000 feet of deposits ranging in age 
from Paleozoic to Cenozoic. 

JJIaiu local fealurell.-The dominant. structural featllre in the 
Laramie and Sherman quadrangles is the great anticline of the 
Laramie Mountains, a northern ext.ension of the Front Range 
of the Rocky Mountnins. The strata on its Ha.nks are steeply 
uplift.ed and the sedimentary rocks in t.he elevated central area 
have been so deeply eroded that the pre-Cambrian crystalline 
rocks appear at the surface in a zone 10 t.o 15 miles wide. The 
vertieal uplift is about 4000 feet. To the east are the Great 
Plains, underlain by strat.a that are nearly horizontal; to the 
west is the Laramie Basin. 

The Laramie Basin is formed by n. broad syncline trending 
north and south, with gentle dips on the east side and st.eep 
dipi'! or a great fault on the west side. Because of its north­
ward pitch it na.rrows toward the sout.h and t.erminates a short 
distance SOUDl of the Laramie quadrangle, but. it exwnds far to 
the nOl·th and northwest.. This broad trough is traversed by a 
number of anticlines that start in various directions from the 
border of the basin and die out toward its middle. The sec­
tions in t.he structure sect.ion sheets illustrate the principal 
strueturl1i features of the Laramie and Sherman quadrangles; 
figure 8, below, shows the confi~urat.ion of the flexures in the 
Laramie quadrangle. Owing to the wide areas of pre-Cambrian 
and Tertiary rocks east of this area it is not practicable to 
prepa.re a Rimilar diagram of the stl'Ueture of the Sherman 
quadrangle. 

l<'rGIJRE i:l.-i"!trud,ure of the Laramie qltadrangie ~hown by (lontours on the 
top 01' the Casper format.ion representing" elevatiolls above sea. 

T, Table 

lV('~t slope of Laramie J1J1mnlains.-The strata lying along 
the west slope of t.he Larillnie .Mountains and constitut.ing theIr 
summit near Laramie dip in general westwa.rd at. moderate 
angles, the dip averaging 3° ncar Red Buttes, 4 G near Laramie, 
and W easL of \Vyoming station. The strike is uniformly 
north and south for many miles near Laramie except for a 
short dist.ance near Pilot Hill, where a small anticline and 
fault callse a sli~ht. offset in the rid~e. Tn this great westward­
sloping monocline the strat:! (It'scerld ill regular order, and in 
the center of the basin nort.hwest of .James Lake the bottom 
of the sediment3.l·y rocks is several thousand feet belmv the 
surface. 

This mOLloeline is cut by a fl:wlt neal' Tie Siding. This 
fault, so far as it is marked by contact of sedimentary rocks 
with the granite, is about 3 miles long, extending on a north 
of Wl,st course from a point near the middle of the north side 
of sec. 83, T. 18 N., R. 72 'V., nearly to t.he middle of t.he 
north side of sec. 25, T. 18 N., R. 78 ·W. It probably extends 



some distance beyond the end of the contact of the sedimentary 
rocks and the granite. No accurate measurement of irs throw 
is possible, bm as the strata dip toward the fault plane the 
throw cun not be less t.han the difference of elevHtion between 
the beds on the ridge and tJlOse in the hollow to the north, 
which is 250 feet. The throw is t.herefore between 250 and 
500 feet. The dip of the fault plane is, "ery steep, but the 
plane WHS not Hctually seen and it is not known whether 
the fault is normal or reverse. The small fault that traverses 
the Casper formation east and northeast of Pilot Hill is on the 
axis of a small flllticline that crosses the mountain slope east of 
Howcll. On Horse Creek this fault has an upthrow of ubout 
200 feet on the east side. It merges i1lto the anticline and is 
believed to be a slight overthrust, but as the outcrops are 
widely scattered its precise relat.ions could not be ascertained. 

East side of Lara1nie lIounlai:n.s.-The east limb of the 
Laramie Mountain uplift has a steep dip and strikes nearly 
due north and south across the Sherman qnadrangle. Near 
the point ·where the Colorado state boundary line crossE'S Duck 
Creek U18 dips are low, averaging about 10°, but they increflse 
to ;)0° at Granite Canyon and to 45° a mile farther north 
and become nearly vertical from the Middle Fork of Grow 
Creek northward. The strata are in places slight.ly overturned 
and are also locally faulted. The amount of overturning is fjO 

just west of Heda a.nd 100 nea.r South Fork of Horse Creek. 
In Mesa Mountain the monocline is fiexed into a shallow 
syncline which spreads the Casper formation into a broad, 
high mesa for some distance, and in an anticline just east of 
that mountain the pre-Cambrian rock8 extend from ~orth Fork 
of Crow Creek nearly to South Fork of Lodgepole Creek. 
For part of the distance the east side of' this ant.icline is fanlted, 
but most of the structnral features at the fault are obscured by 
Tertiary deposits. For some disul.I1cP along its course the 
granite is in couta.et with the ~iobrarfl, and at one point with 
the Cloyerly format,ion. It appeal'S again south of North 
Fork of Crmv Creek, where Pierre and Chugwater heds ure in 
contact, and farther south the Pierre fiwlted against 
the granite on the east side of sec. 12, T. ~" It 70 'V. A 
short distnnc(' north of Sout.h Fork of Lodgepole Creek there 
are steep dips in t.he Casper formation on the ridge, and the 
syncline of ':\fesa Mountain is continued north ward in red beds, 
while the anticline is in Morrison, Cloyerly, and Renton beds. 
This anticline disappears in the Niobrara a~d Steelc formations 
just southeast of J\lcDonald's ranch. On the branches of 
Home Creek the formHtions from Casper to ~iobrara present 
yery ~teep or nea.rly vertieal dips with somc local overturning 
to the we~t. Dips are also steep in the l\1ontanfl beds near 
Horse Creek station, hut they are much less steep in thc out·· 
erop zone of that group t.o the south fwd emit. At Chimney 
Hock the strata dip 10° SE. 

Boutder Ridge mdiel£ne.~ln the southern part of tlle 
Laramie Basin the main syncline is divided into t.wo troughs 
by a prominent anticline that extends into the basin from the 
south and piieLes do\"n toward the north. One of its most 
marked features is Boulder Hidge, a rugged prominenee of 
granite which extends for some dista.nce northward along the 
axis of the uplift.. The flexure is l'onspicuous in formations 
ranging from Chugwater to Benton south of Creighton Lake 
and in the Kiohrara. limestone at the west end of the Big 
Hollow, and it" ('fleets are Rlso cle~Hly tl1fl.rkeu. by uplift in 
Montana beus for some distance farther north. In gencral this 
antie1ine presents very steep dips on its eHst side and gentle 
dips _on lts wcst side. The Boulder Ridge anticline is well 
exhibited just. south of Hut.ton Lake, ·where the heds on the 
f<out.hwest limb dip 15'0 tmd those on the northeast limb dip .)00 
to 850 • The steeply dipping beds from ~lol'l'ison to Bent.on 
outcrop itt a prominent ridge along the south side of the lake. 
A small (f)-shaped flexure in t11e l\fowry beds on the east 
limb of this anticline is clearly exposed on t.he south shore of 
the eastern part of the lake. On Laramie HiveI' the Niobrara 
dips to the northt'ast at all angle of ,50 on the 110rtherrst side 
of t]w Boulder R.idge ant,icline and at about. the sanle rate to 
the sonth\'i"cst on jts opposite side. Benton slwle outcrops 
along the axis of the Boulder Ridge antieline as far north as 
the west end of the Big Hollow. In t.his hollow the uplift is. 
clearly shown by extensive exposures of beds of the Niobrara, 
which on the east, side of' the flexure have nearly vertical 
dips, as shown in sect.ion B~B. 

From the north end of the Boulder Ridge granite area to the 
south line of T. 1;) N. the east side of the flnt.icline is faulted. 
This falLlting is indicated the fact that outcrops of the 
limestone and sandstone of t.he Casper formation fire 
abruptly cut off by the granite, as they swing to the "'west in 
the adjoininp; nnticline. Hout.h of. the sonth line of T. 13 N. 
the granite slopes on the east side of Bonlder R.idge Hre ;)00 
to ,')00 feet hhrh, but they are more gentle than in the 
region further IlOlth, and the sedimentary rocks, which dip to 
t.he east at steep angles, extend for some distance np the flank 
of the ridp;e. 

The synelinal area of the Casper formation cast of .Boulder 
Ridge terminates in Colorndo a short (lifltance sOHth of the 
state bonndary. On the west side of Boulder R.idge there is a 
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gent.le slope of grallite which dips beneath the Casper forma­
tion nt a low angle into the wide syncline that, extcnds to Red 
Mountain. In t'he northwest eorn'er of T. 13 ~., n,. 73 ",T., a 
small antidine that. runs parallel to the maill Hexure of Boulder 
Ridge is marked curved olltcrops of tlle Forelle limestone. 

Red Jlount({in (JTea.-Jelm and .H.ing moun-
t.a.ins are due to faulted upt.hrusts resultinp; in an irregular ant.i­
cline, which extends along the southwest margin of the syn­
cline that forms the Laramie Bal:lin. This anticline comprises 
several axes vflrying in pitch but nIl l::lhowing a general 
north-south strike. Farther south, in Red Mountain and in 
Colorado, these axes merge into 11 broad area of gentle undula­
tions that are well cxhibited in bc(ls mng-ing from Casper to 
Cloyerly. In t.he depression east of' Red Mountain the st.ratafll'e 
broken by a fault. with downthrow on the eMt side arnountinp; to 
several hundred feet. This fault extends northward from Colo­
rado awl ends a, few miles northeast of Red Mountain in ~ill east­
ward-dipping monocline in upper Chugwater beds and overlying 
formations. North of Red Mountain t.here isa prominent rise in 
the anticlines along three subordinate axes so that t.he granit.e 
and schists are brought up in Uing and J elm mountains nnll 
in a. ridge lying northeast of Ring Mountain. The easternmost 
of these nxes bears to the northeast and with hut slight pitch 
continnes t.o Laramie River, which it. crosses cast of Olson's 
ranch. In t,he river hottom the rocks are covered by alluviulll, 
hut. the flexure flppears again ill the Benton and Kiohrara forma­
tions in the terrace slope near bench mark 7366. The syncline 
west of the flexure gives rise to a sliceesRion of U-shaped ont­
crops of' thc strata in the slopes just. east of Jehn Mountain. 
At the north end of ,Tehu :Mountain the strata pitch st.eeply to 
the nort.h and about H miles north of Laramie HiveI' are cut 
off by a fault that eros~es the sonth end of Hheep Mountain in 
the next quadrangle west.. On the east and west sides of Jelm 
~Tountain there is consiJerable faulting, the relations of which 
nre not exposed, and perhaps also some overlap of the Chug­
water formation beyond the edge of the Casper formation. 
'Vest of Ring lHountain and farther SOUtJl the relations are 
hidden by Tertiary deposits except OIl the west side of the I{ed 
Mountain areH, where strata ranging from .Morrison to ~iobrara 
dip to the west.. 

Sheep Jfonnta'in faults.~For many miles along the west 
side of the Larnmie Rasin therc is a great fault which brings 
the beds of' the Montana group and the pre-Cambrian rocks 
into cont.act. Throughout most of its course this filUlt lies 
west. of t.he Laramie quadrnngle, but in T. 15 N., B.. 77 ""V., 
it bends toward the east and t.he granite which it uplifts gives 
rise to Sheep Mountain. The pri1lcipa.l features of t.his fault 
are shown at the west ends of sections B~B and C~C of the 
Rtructure-section sheet. West of Lake Ha.ttie sandstone of 
the Mesaverde format.ion dipping gcntly west.ward is in con­
tact with granite at the hase of Sheep J\lountH,in, indicating a 
throw of about. 5000 feet, the maximnm amount. The throw 
of' t.he fault diminishes toward the south and tlteele shale and 
Niobrara limestone rise to the sUlface along its east side. The 
relations at the southeast. slope of the mountain arc obscured 
by a heavy t.alus which merges down into high-terrace deposits. 
At one point some red beds, pmmmably Chugwa.ter, appeal' 
near the granite, Hnd a short distance east there are small out­
crops of Niohi'ILTa, both dipping west abouL 70°. Apparently 
these feat.ures are due to a split in the, fault. A mile fart.her 
south. small exposures of Niobl"'ara and Dentol] abut again.st 
beds of the Morrison formation along the fault aboye men­
tioned, which trends no'rthwest and crosses the south end of 
Sheep Mountain. This fault passeR southeastward heneath the 
high-terrace deposits and probably dies out before rea.ching 
Laramie HiYer. 

Grm[ Plains.-The Tertiary formations t.hat. underlie the 
G·reat Plains dip eastward at angles so low that their slope is 
llot perceptible. From Crow Creek Tlorthward the Brule and 
Chadron betls dip at t.he rate of 90 or 100 feet to the ll1ile, and 
the direction of maximum grade is slightly north of east. 

The base of the ...:\.rikaree formation dips eastward at. t.he 
rate of about 80 feet to the mile, t.o judge by t.he exposures near 
Lodgepole and Horse creeks. The fact that this rate of dip is 
great.er thf1l1 the slope of the valleys eauses tIle base of the 
Arikaree to cross the valleys of Crow, Lodgepole, and Horse 
creeks a short dist.ance west of the east margin of t.he Sherman 
quadrangle. 

(lEOI,OQrc HIS'l'ORY. 

GE~ER..!\L SEDIMENTARY HECOltD. 

By N, H. DARTON 

The rocks appearing at the surface in the Laramie and Sher­
man qtmdrangles comprise granites, g-nei~~es, schists, and other 
crystalline rocks of pre-Cflmbriun age and a thick series of 
sedimentlll''y strata., eonsisting of sandstone, slmle, limestone, 
sand, loam, and gravel, all presenting more or less variety in 
composition and appearanee. Tile principal materials of which 
the sedimentary deposits are composed were originally gravel, 
sand, or mud derived from the waste of older rocks, or chem­
ical prceipitates from salty waters. 

These s.edimentary rocks afford a record of physical geogra­
phy that extenus from Carboniferous t.ime to t.he present. 
The composition, appearance, and relations of the strata indi­
ca.t.e in some measnre the conditions under "which they were 
deposited. HancldtDnf'--S ripple-marked by wflters or by wind 
or cross-bedded by current.s and shales cracked by drying on 
mud flats show deposition in shallow water; pure limestones 
generally indieate open seas and scarcit.y of land-derived 
sediment. The fossils that the strata contain may belong to 
species resembling those wllich now inhahit -waters that. arc 
fresh, brackish, or salt, warm or cold, muddy or deal', and 
may therefore afford suggestions as to the eOlHlitiolls prevailing 
at the time flnd pla.ee at. which t.hey were entombed. The 
eharactel"' of the adjacent law} may be shown by the kind of 
sediments derived from its wnste. The quart? sand and the 
pehbles in com"'se San(l3tones and conglomeratf's, such as are 
found in the Casper, Cloverly, Chadron, awl .Arikaree forma­
tions, had their original source in crystalline 1'Oeks and have 
been repeatedly redistrihuted by streams and concentrated by 
currents and by wflve act,ion on heaches. Red shales and 
samll::lt.ones, such flS make up the Chug,vater and part. of the 
Casper formation, are as a rule t.he result. of the revi val of 

.erosion on a land surface long; exposed to rock decay and 
oxidation and henee coyered with a deE:'p residuHl soil. Lime­
stones, on t.he oLher ha.nd, if deposited neHr tlle shore, indieat.e 
that the land was low and that its streams were too sluggish to 
carry off coarse sedimeuts, t.he sea receiving mainly substances 
in solution. 

The strata brought to "iew by the Rocky Mountain uplift 
reeord tHany local yariations in the ancient gcogrHphy and 
topography of the continent. The older formations exposed 
by the uplift ·were laid down in Sf'JIS that cO\'el'ed a large 
portion of t.he central-western United tltates, for many of the 
beds are continuolls oYer a vast. area. The land sllrfaees of 
that time ·were probably large islands of an archipelago t.hat 
was to some degree coextensive with the present. Hoeky ~.fonn­
tain province, but t.he relations of' land and sea varied greatly 
from t.ime to time and the shore lines have not been even 
approximately determined for anyone epoch. 

r HE-CA.:i\fBlUAN TIME. 

By ELIOT BLACKWELDER. 

period.~The oldest rocks of the Laramie region 
and show no succession of scdiments that indi­
geography or climat.e. Even the meager record 

once been largely oblit.erated by metamorphism, but 
there a.rc some indications of certain early events in the region. 

It is evident t.hat \Colcanic a.ctivity was dominant for a time, 
and that both acidic and basie la.vas were alternately pOlll'ed out 
upon, the surfa.ce in the form of flows and hreceifls. Into these 
were intruded from time to time many kinds of tIike~ and 
stocks, part of which may have reached the surfilce as later flows. 
Scantyaecnmulations of sediments also were formed, possibly 
during t.he volcanic period. 

The next episode of which there i,s legible record was the 
metamorphism of' these ancient rocks into schists and gneisses. 
That they were highly folded, crnlllpled, and broken is ohvious, 
but it is dobbtful whether t.he recrystallization of the rocks is 
due primarily to the def01'lIlation or to deep burial. The· force 
that eaused this folding was exerted in a line extenuing nearly 
from north to sontJl, and was thus quite different in direetion 
from tlle nearly east to west compression which, at the close of 
the Cretaccous period, produced most of t.he Uocky Mountain 
folds. 

Apparently after the metamorphism ·of the Sdlist.s, large 
bodies of granite, of at least two different kinds and were 
intruded into them. At that time the schistose must 
have been fur moreext.ensive.than it is to-day. These granites 
dislocated and penetrat-cd the schi'lts and, at least. near the con­
tact whh them, int,ensiIied t.heir metamorphic features. A 
second episode of detormation is reqnired to explain the gneissic 
structure of all these a.neient granites. The possibility that the 
gneissie banding is an original flow structure seems to be pre­
cluded by the fact that the banding is not parallf'l to the edges 
of the gneiss but is in p;enera.l nearly parallcl to t.he older 
structures. 

Intermed'iate ·inIrusions.-After the early granitic intrlt.'3ions 
and, in part at least, after t.hose granites had been deformed, a 
variety of other igneous roeks were intruded into both granites 
and schists. These igneous l"'(icks comprised diorit.es, gabbroids, 
syenites, anortllOsites, and granite porphyries. The intrusions 
were not contemporaneous, for some of the rocks are intruded 
into the others ns well as into the oldest rocks. These intru­
sions were comparat.ively Ilnimporwnt in t.heir effects, alt.hongh 
around the edges of the intruded mHsses they increased some­
what the alteration of the schists and gneisRes. 

Sherman batholith.~Aft.cr the last of these intrusions the 
most. important event of pre-Cambrian time in this district 
WHS the intrusion of a vast mass of coarse-grained granite. 
The upper sUlface of this granite roughly resembles a very low 
dome, upon which rests a roof composed of tIle oldel' rocks of 
t.he district. Around the border of this batllOlith the conn try 



rocks were locally brecciated on a grand scale and penetrated by 
thousan(ls of granitic dikes. The metamorphism effected by 
tile granite, however, ·was extraordinarily slight considet'ing tIle 
heai of the intrusive mass and the utllount of active solutions 
to which it must have given origin. After the upper part of 
t.he batholith had solidified cracks in the solid part were filled 
wit.h additional granitic material from beneuth. Thus a. f!,Teat 
number and variety of dikc<l and veins of granite, porphyry, 
pegmatite, and quartz cut through . the granite and paRS into 
the adjacent rocks. 

At a disti.nctly later time flll'ther volcanic act.ivit.y rCeulted 
in the intrusion of basic lava ttlat forllletl small diabasic 
dikes. 

Algonhan interval of aosion. - .\fter this long-continued 
series of eruptions Hnd intruRions vo[ennic adivity in these 
two quadrangles ceased and wns never resumed. For a long 
period the region was subjected to weathering and erosion as a 
land surface. The depth to which denudation penetrated is 
roughly indicated hy the fhet. that the roof of t.he great Sher­
man batholith was largcly stripped off, leaviIlg only scattered 
pakhes of the older rocks here and there, and the granite 
dome itself ·was (leeply eroded. TlHlt. t.he topographic result 
was thc development of a nearly base-leveled surface or pem'­
pluin may he inferred from t.he fact. that the surface on ·whieh 
the Paleozoic rocks lie is remarkably smooth. Furthermore, the 
basal Cal'boniferous strata generally contain much shale and 
limestone rather tban thc coarser debris that is furnished by 
the erosion of a rugged surface; and eyen the little conglomer­
a.te found here and there ar. tJlC base of the Paleozoic section is 
merely the reworke(l coarse residual soil that ,yas derived from 
the granite. The surIi:\ce on which the sediment.s were laid 
dow; therefore pl'obflbly possessed no marked relief. 

PALEOZOIC AXD LATEl-t 'l'lMK 

By N. H. DARTON. 

Rarly Paleozoic cond'it-ions.-In t.he Laramie and Kherman 
quadrangles the pre-Cflmbrian rocks are directly oyerlaiu by 
upper Carboniferous (Pennsylvanian) deposits, so that t.he long 
history of the Camhrian, Onlovician, Silurian, Devonian, and 
early CarboniferollR periods is not traceable in the rocks of the 
region. The overlap re1atiollR of the formatiolls of these 
periods in ot.her parts of the Rocky ':\lountain prodnce indicate 
that this area was a land surface for much of Paleozoic timl'. 
Prohably there were intervals of suhmm'genee wit.h depobition, 
but if so the depositR ·were completely removed by erosion after 
uplifts preceding the Carboniferous period. The presence of 
.:\Iiddle Cambrian rocks in the Black Hins and Bi~lorn 

}founttlins, in central'Vyoming, and at. intcrvals along the 
east side of' the Rocky Mountains indicat.es tha.t there were 
,vater bodies in thoRe regions in Middle Cambria.n tillH:'. The 
Ordoyician sediments of the northern Bighorn Mounttlins, the 
Wind lU ver Range, t.he Black Hills, and the eastern Front 
llange in Colorado ·were the result of submergence in those 
areas, hut the original extent of the deposits ie not known. 

The general absellce of 8ilnrian and Deyonian rocks ill t.he 
cent.ral Rocky l\fouutilin region is believed to indicate an 
extensive land area during t.hose periods. Early CarboniferouR 
rocks (:\Iississippian) approach the Laramie-Sherma.n area Oll all 
sides and show that in Carboniferous time the sea was rapidly 

on the land. 
Bea.-The ·waters of later Carboniferous 

time were marine, and the greater part of their earlier 
sediments were coarse deposits such as are forrne(l along an 
advnneing shore line. At that. t.ime and lat.er the old crystal­
line rock of the land, having been deeply decomposed and 
oxi(lized, furnished to the wat€rs a large amount of coarse 
material and much red clay. "\Vhen the waters had deepened 
somewhat limestones ,vere formed, but. there were intervals 
in whieh sauds and red muds were the principal deposits, 
especially in the south and southwest parts of the region, 
where these materials greatly pre(lominate prohably because of 
shallower wat€r aild stronger currents in that. area. 

Rr:d gypsiferouB sed£ment3.-In lat.er Carboniferous t.ime 
(Pennsylvanian and probably also Permian) there waR wide­
spread emergence of this land, resulting in shallow baRins and 
low plains with ,,,ide mud flats, whieh occupied a large of 
the Rocky Mountain provinee. In this region t.he last. 
of the Casper formation and the great ,mass of red clay and 
sand that constitutes the Chugwater fOJ·mation were laid dmvn. 
These heds, which probably were largely deposited during a 
period when the climate ·was prevailingly arid, accumulated to 
a t.hickness of 1000 feet or more. The materillls of the coarRer 
beds ,ve1·e carrie(l by streams, but the finer beds were laid 
down in shallmv local basins and on wide mud Hais, as is 
inrlicated by the numerous mud cracks, ripple marks, and 
impressions of \'arions kinds on lllHlly of t.he layeri:l of the 
formation. The nearly general red tint of the deposits doubt~' 
less was the original color, for it is preRent. not only throughout 
the lateral extent· of the formation hut also, in most beds, 
through its entire thickness, as is shown by deep boringR. It 
is therefore not dne to later or surface oxida.tion. 
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At. various times, which were not synchronous throughout 
the region, the accumulation of sand and day was interrupted 
by ttJC cnemieal precipitation of comparatively pure gypsum in 
heclR that range in thickness from a few inches to nearly 70 feet 
and t.hat, as a rule, are free from sand and clay, Tt is apparent 
that this gypsum is the produet of evaporation in lakes, and its 
nearly general purity indicates that .the waters in which the 
beds were formed were quiet. 

It has been supposed t113t ihe red beds of the Chugwater 
formation represent the Triassic period, but. t.here is 110 dired 
evidence to sustain this supposition, and, in part. at le-Jlst, they 
are probably Permian. Their deposition appears to have been 
followed by r.lxtensive uplift without local structural deforma­
tion but with general planation and oc.casional channeling which 
represents a portion of Triassic time of unknown duration. 
This uplift was succeeded by submergence and the deposition 
of later ,J urassic sediments. 

JU1'a1J8'ic to Cretaceous lJea8.-The absence of marine JuraBsic 
sediments in ihe central and southern Rocky [",fountain 
proyince indicates either that t.his region was a land area 
throughout .Jurassic time 01' that any Jurassic deposits that 
were laid down were removed by lat.e J massic or early Creta­
ceOUR uplift and erosion. The sout.hern margin of the arca of 
known .Jurassic deposition passed across the middle of t.he 
Laranlie Basin Rome distance north of the Laramie quadrangle, 
but extended southward along the Front Range of the Rocky 
.Mountains to a point in Colorado a few miles south of the 
'Vyoming boundary. That this was a marine submergence is 
indica.ted by the fossils. The area of .J l1rassic deposition 
extended far to the north through \Vyollling and Monta.na, t.o 
the northeast beyond the Black Hills, and probably a hundred 
miles or more east of the Laramie Mountains. The materials 
of t.he Jurassie deposit.s are nearly all fine grained, especially 
those in the upper beds, which are mostly shale, and they 
therefore indicate the absence of strong currcnts. 

During the loug portion of l\Iesozoic time that followed t.he 
epoch of mnrine Jurassic conditions a great scries of sands 
and clays were deposited in format.ions that are generally 
uniform over wide aread. The earlier deposits ,""ere such as 
are cha.racteristic of RLreamR or shallow estuaries along a eoastal 
plain; the sediments next deposited ""ere laid down in marine 
wat~l's; later, toward the end of Jurassie t.ime, the <leposit.s 
were fref'!h-water sands aml clays with marshy vegetation. The 
first deposit.s now constitut.e the .MorrisoH formation, a wide­
spread mantle of maRsive .mndy Rhale whieh extends fi·om 
Montana to Kew .Mexico. The Morrison beds in t.his province 
were laid down in a series of basins or troughs occupied by 
sluggish streams and shallow bodies of fresh water with wide 
Illud flats, and the deposits were mixtures of clay and fine sand 
with thin, irregular bodies of coarsC'T sana, depoRited st~·en.m8 

or eurreuts. Oce:asionally thin beds of impure of 
lime were also laid down. Huge dinosaurs were numerous, for 
their remains are now found in abundance in the formation. 

1Iorrison time was succeeded, later in t.he early Cl'etaeeou8, 
by a challge t.o widespread coastal-plain eonditionR, under which 
the massi ve-bedded eonglomcrates and Rand-
stones of Cloverly formation were deposite(l. Although 
t.he character of the deposits changes abruptly from place to 
plaee and there lli local channeling of the surfaee of the soft 
Morrison deposits, tile erosion of these deposits appears to ha \·e 
been remarkably small-no more than would be expected from 
currents so strong as those which cnrl'ied the coarse Cloverly 
depositB. It. is therefore believed that no gTeat interval of uplift 
and erosion followed Morrison deposition, for if such interval 

\ had occurred the soft deposits would have heen widely ·removed. 
The coarse deposiis of the Cloverly forlllation were derived 
from sourees not dearly loeated and were spread hy t"lIlTents 
over a wide area. The coarse-grained lower member, generally 
50 to 60 f(~et thick, gives place to a medial member of chiy, 
most.ly of pm'plish color, not unlike the Morrison beds. This 
is believed to represent the Fuson shale of the Blaek Hills and 
to be equi\'alent. to pnrt of the Comanehe ~erieB. The top 
Randstone, resemhling the Dakota sandstone of other ,·egiolls, 
indil'Htes a rene\val of the strong currents which deposited the 
sands of the basal lIlember of the formation. 

After the deposition of t.he great sheets of' Randy sediment 
that constituoo the Cloverly formation there ,vas a rapid chrin'ge 
io clay deposition, of which the first representative is the wide­
spread Bent.on shale. The deposition of this shale marks the 
be?,inning of the period of wide later Cretaceous snbmergence 
iu which marine conditions prevailed in t.his region-a sub­
mergence that continued unt.il sen~ral thousand feet of day were 
depo.::ited, during the Benton, Niobrara, and Pierre epochR. Tn 
Benton time some thin sheet.s of sand were lai(l down, one of 
which, in the later part of the epoch, extended oYer the greater 
portion of the northern Rocky Mountain region. Another 
marked episode was that whieh resultf'd in t.he depoRiiion of' 
the thin Greenhorn lime'lione in the middle of the Bellton 
sediment.s along the eaRt front or t.he Rocky Mountains froUl 
the Blnek Hi1l8 to Kew .:\Iexico and far eastward. The forma­
tion of t.he Benton shale was followed by the deposition of 
several hundred feet of impure ehalk, now const.it.uting the 

Niobrara, and this in turn by the formation of the thick mass 
of the Pierre shale, whieh was deposited under very uniform 
Gonditions. The retreat of the late Cretaceons sea began in the 
later :Montana 01' Fox Hills epoch, when a widespread mantle 
of sand was lai<1 on the great. series of days. With further 
ret.reat of die sea extensive land surhl.ees were exposed, diversi­
fied bv streams, lakes, and estuaries of bmekish or fresh water, 
whieh~ received the Rands, clays, and marsh deposits at the end 
of the Cretaceous period. Marine conditions recurred locally in 
later Montana timc, as is shown by the appearance of ehamcter­
istie marine fauna in shales overlying the earliest coal measures. 
'Vhether or not the late Cretaceous sediments were deposited 
over the area that is now oceupied hy the Laramie :Mountains 
is not definitely known, but. they probably ,vere, for they are 
upturned alon!!: both sides of the uplift and do not become 
coarser t.oward the mountains. 

Burly Tati(J.TY mounta£n growlh.-That there was extensi ve 
nplift in the Rocky Mountain province in 01' just before early 
Tertiary time is clr-Ady indieateJ in most. of tho mountain 
regions by the presence of Eocene and Oligoeene deposits on 
eroded sllrfll('es ha·ving the general outlines of the present 
topography. A very great amount of material was eroded 
from t.he higher part of the uplift, and although a portion of it 
is represent.ed by various early Tertiary formations much has 
disappeared. Broad areas were worn lower at this time, and it 
is helieved that the old plain on top of t.he Laramie ':\,fountains 
was formed early in the Tertiary age and has since been COll­

sidera bly uplifted. It is probable that there was some deposi­
tion in the Laramie Basin und t.he plains to the east in early 
Eocene time, hut if so the deposits were removed prior to 
Oligoeene time, so that the local conditions dming earliest 
Tertiarv t.ime are not known. 

~ to Pliocene depos';lt:on.-In late Tertiary time, 
after outlines of t.he grellt mounta.in ranges had been 
developed, there was a long period in which rivers of moder­
ate declivit.y flowed across the Gre<lt. Plains region and through 
many of the wider valleys between the mountains. These 
stremns, ,vhich flowed in varying channels and were inter­
rupted by extensive local lakes due to damming and the 
sluggish fiow of the water, laid down the widespread mantle of 
\Vhite RiYer deposits, of Oligocene age. The first of these 
were the sands of the Chadron formation, which now occur 
partly as coarse sandstone, filling channels that. show dearly 
t.he courses of old currents. Later, in slock waters and areas of 
oyerilow, tine sands, clays, and fuller's eart.h were deposited. 
Some thin but. very widespread sheets of limest.one at 01' near 
the top of this formation indicate the presence of extensive 
fresh-water ponds. 

The Brule clay, which follows the Chadron, indicates a 
eont.inuation of stream deposition, but wit.h eurrents less strong 
and with extensi\'e local lakes and slack-water overflows. The 
allllost genernl tine-grained eharaeter of the sediments indicat.es 
that stream gra.dients either were low or rapidly became Imv 
in the area now occupied by t.he Brule day. 

At. tlH:' beginning of Mio('ene time the general conditions 
had not mat€riaUy changed, but the power of the great silt­
depositing streams was incrcased, cither by no climatic change 
or by a general uplift. Thcy first eroded the slIrfhce of the 
Brule clay and other earlier format.ions and then deposited 
upon them n. shed of' sands, beginning with mlmy loeal deposits 
of coarse gravel and bowlders, especially near the mountainI:'. 
ThiR i8 the Arikaree f0rmatioll. It was spread widcly over the 
central plains region a.nd in some areas attained a thickness of 
nearly a. thousand feet, forming a. flat a.lluvial fhn of great 
extent.. It extended far up the east slopes of the Laramie 
MountainR awl bmied some of the lower ridges. 

This time was followed by a long epoch of erosion, whi~h in 
the Laramie-Sherman region continued through the remainder 
of the Tertiary and during which some of the erosion produets 
\vere cftrried away by streams and spread over portione of the 
country lying farther east and south. 

conditions.-At. the beginning of Quaternary 
time a]! the topographic features of to-day had been 
outlined and largely developed, t.hough the streams had not eut 
t.heir yalleys' so deep and the wide plains of Tert.iary deposits 
were much m.ore extensi ve. During the glacial epoch there 
were glaciers of moderate size on part:8 of the l\fedicine Bow 
nang(~, but no trace of their presence has been found on the 
Laramie ~Iountains. As Quat.ernary time progressed the 
streams gradually deepened their valleys and left wide but 
thin bodies of alluvial depositH at different clevations. 'Vhere 
the streams have cut to lower levels the earlier deposits remain 
as terraces of va.rious heights. The1:le depoAit.s form a minor 
feature on the east side of the Laramie Mountains, where the 
streams were small, but two erosion stages are eleHrly marked 
by elevated terrace remnants and the present alluvial flood 
plain. 

The remarkuble hollows in the Laramie Basin, such as Big 
Basin and the Big Hollow, have been deYeloping for a long 
time. Apparently they began as slight hollows in the terrace 
and alluvial deposits and have been deepened by wind erosion. 
The precise conditions of their development are difficult to 



understand, as a vast volume of clay and sand has been 
removed from them; the amount rem~ved from Rig Hollow 
'was more than 10,000,000,000 tons. 

ECONOMIC GEOLOGY. 

By )L II. DARTON and C. R. SlEllEX'l'IIAL. 

IlUNF,RAL RESOURCES. 

Thcre are numerous valuable mineral deposits in the quad­
rangles. Among the metalliferous minerals are ores of copper 
and gold; among the nonmetalliferous products are gypsum, 
bentonite, sulphate of soda, volcanic ash. cement, sand, day, 
and limest.onc. 

GYPSUM. 

'1\ ... 0 varieties of gypsum occur in the Laramie Basin-earthy 
gypsum, or gypsite, and rock gypsum. Rock gypsum com­
bincd with a very small amount of gypsitc is used in the mill 
of the Consolidatcd Plastcr Company at Ued Buttes, and gyp­
site is used in the mill of the Acme Cement Plaster Company 
near Laramie. 

Rock gypsum.-The thickest deposits of gypsum rock in the 
Laramie Basin are along the foot of thc north .slope of Red 
Mountain in T. 12 N., R. "iG 'V., a short distfmce north of the 
'Vyoming-Colorado .state boundary. The gypsum outcrop 
appears from beneath the Tertiary deposits neal' the middle of 
the west side of sec. 7 and, winding in and out around the foot­
hills of Red Mountain through Sl,es. 8, 9, and 10, passes out of 
the northwebt corner of sec. 10. It then bend.s to the north, 
swings sharply west through the middle of sec. 3, and turns 
northward again near the middle of' sec. 4, where the gypsum 
becomes too thin to be of importtHlce. The base of the gypsum 
throughout this region lies on a bed of Forelle limestone a foot 
or more thick that is full of' fossils of upper Carboniferous age. 
A section of the gypsum-bpnring beds measured Ht their maxi­
mum development in this vicinity, taken from the top of t.he 
beds on the north foot of' ned }lount.ain, in sec. 9, down to the 
fossil bed, is as follows: 

Section of gYPsllm·lJeuri1tg beds on '/lorth side of ilea ~J1ount(1in. 

nearly pure __ 

Gypsum_ 
Reddish shale _ 

Gypsum, massive __ 
Fossiliferous limestone __ 

35 
3 

10 
4 

5,) 

88 
67 

271 

The main gypsum bed, ranging in thieknells from 30 to 60 
feet, extends nearly the whole length of the outcrop outlined 
nbove. The distance to Red Buttes, the nearest point on the 
rail way, is about 25 miles. 

A small pit a mile cast of Sportsman Lake, ,wa.r the middle 
.of the north si(ie of sec. 7, T. 1:3 N., R 7:3 W., sbows 4 or 5 
feet of purc rock gypsum, but whether this is the full thickness 
of the bed is not known. A curly, laminated gypsiferous limc­
stone outcrops a quarter of a mile farther east and dips beneath 
the gypsum. This limestone rises as u. long ridge extending 
east of north t.o Forelle a.nd beyond. It passes a quarter of a 
mile east of R.ed Buttes st.ation. A mile south of Red Buttes 
st.at.ion amI a quarter of a mile east of the ]imestonc ridge just 
described is a deposit of gypsum which has been worked since 
1890 by the Consolidated Plaster Company. The beds h<:'re 
dip beneath the limestone and lire thcref()l"(:' lower than the 
gypl:iUtll at Sportsman Lake. The ql~arl'y at present worked 
is just east of the mill and shows 11 face of 15 feet of solid 
gypsum rock, which will probably be increased to 20 feet with 
further progress into the hilL A quarry forillerly 'worked, 
northwest of the mill, i::lhows a face of 8 or 10 feet. The dip 
of this bed would carry it 25 01' 30 feet above the quarry now 
worked, shOlving the existence of two beds at this point. The 
upper bed "was struck again neal' the Rwitch where the siding 
to the mill leaves the main line of the Dnion Pacine Railroad, 
but north and south of these points the gYPSUlll appears to thin 
out and disappear. An analysis by D. O'Brien, Colorado Agri­
cultural College, of the gypsum from this bell is as follows: 

CaD __ 

Si0 2 __ 

Analysi.~ of uyfJl1um frutH iled Butles, lryoming. 

__ l'r~,(je. 
.2 

JG.3 
20.8 

100.1 

In the S"V, t sec. 2, T. 16 N., R. 73 "V., 5 miles northeast 
of Laramie, gypsum crops out at the porth ern foot of a small 
hill which enters that section neal' the middle of its south 
side. Test show a thickness of 9 or 10 feet of gypsum of 

valuable deposits of gypsum earth, 01' 

resulting from the disintcgration and redeposition of 
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rock gypsum, are found in 'the Laramie Rasin. The material 
usually contai"ns about 80 per cent of gypsum, but the per­
centa.gc varies. An extensiye body of gypsite is worked by the 
Acme Cement Plaster Company just south of Laramie. The 
deposit eovers t.he grea.ter part of sec. 4, T. 16 K., R. 73 W., 
and has a depth of 9 feet where worked. The first 7 feet is 
pure gypsite, which lies on a 5-inch red layer that is underlain 
by a foot or more of white gypsite resting on gTavel and red 
clay. Thc gypsite is in a finely divided state and goes diredly 
to the calcining kettles without grinding or screening. It con­
tains about. 20 pel' cent of impurit.ies, such as sand, clay, a.nd 
limestone, but these do not interfere with its use for cement 
plaster. K 0 plaster of Paris is made at this mill. The 
product, which amounts to 2500 tons a year, hns the following 
composition: 

Analysis of plaster of AemB Coment Plaster Company, LlI1amie, Wyo. 

Lime (CaO) __ 
Magnesia (MgO) _ 
Sulphurie acid (60,,) __ 
Water (H,OJ._ 
Alumilla (AJ.O.l __ 
Rilica and insoluble m~ltter (SiO.) _ 
Carbonic acid (CO.) (by dill'erellee)~_ 

3"i.1l 
1.4,3 

43.J:l7 
O.9:l 
.59 

;).50 
5.05 

100. ()O 

Ot.her smaller deposits neal' Laramie comprise one south 
of Spring Creek, sOlltheast of the fail' grounds; another 
in the BE. -1- sec. 28, T. 16 N" R. 73 'V., a mile north­
east of' Laramie; and 11 third extending along Soldier Creek 
for 1 mile below and 2 miles above the site of old Fort Saun­
ders. A small deposit. occurs in the valley of Harney Creek, 
in the NE. t sec. 21, T. 14 N., R. 73 "V., 1 mile southeast of 
Ued But.tes, and another one is worked by the Consolidated 
Plaster Company at Red But.tes. This deposit lies just west of 
t.he 111jll and has a depth of 5 or () feet. In the numufaeture 
of plaster of Paris the rock gypsum is sorted, the rejected rock 
heing mixed with the gyp.site for t.he manufacture of cement 
pJast.cr. An extensive bed of gypsit.e occllpies the lower 2 
miles of the valley of "Villow Creek to its junction with Lone 
Tree Creek and thence extends 2 miles down Fivemile 
Creek. Another gypsite deposit underlies portions of secs. 33 
and 34, T. 14 N., K 74 W. 

Many of the gypsite beds above mentioned have been care­
fully bored and te.sted by persons interested in their location, 
and others hayc been discovered by their effect on the vegeta­
tion growing over them. They are all shown on the areal 
geology sheet. 

BENTO)[ITE. 

Occu1'I'ence.-The va.riety of clay known as bent.onite occurs 
at many localities in Wyoming, usually as a bed in the lower 
pOl·tiOl] of the Denton shale. In the Laramie Basin it occurs 
neHr t.he beds known as the Mowry shale mcm bel', usually above 
t.heIn, and is overlaill by 20 feet of very dark shale containing 
concretions. A t some localities it attains a thickness of 4 feet, 
bllt it it; genera.lly thinner and in places is only a few inches 
thick. 

CharaclN.-Freshly exposed bentonite ranges in color from 
light yellow to light olive-,hrreen, with waxy luster, but most of 
it becomes of a dull cream color on exposure. 'Vhen freshly 
uncovered it appears as a bedded joint cln.y and breaks with 
C'onehoidal fracture in blocks varying from those of roughly 
rectangular shape to long, slender prisms. The joints are more 
or less open and in. places contain crystals and plates of gyp­
sum and sulphat.e of soda, In texture bentonite is very fine 
grained, containing no grit that is perceptible to the touch and 
very little that can be felt when the clay is ground between 
the" teeth. Under the microscope it is Been to consist of 

minute, more or less rounded particles of fa.irly 
uniform and npparently of the same mineral nature, with 
which are interspersed some part.icles of undeeomposed labra­
dorite, The clay has a soft, unctuous or soapy feel, but .is 
brittle and easily qua.rried. Owing to its highly absorbent 
charadeI' it clings strongly t.o the tongue. In weathering it 
absorbs it large amount of water and increases greatly in 
volume, forming a frothy mantle on the surface of the ground, 
which ill many places rcsembles hoar frost. When this fi'oth 
dries it hecomes 11 soft. white powder. Mixed with the proper 
amount of water bent-onite becomes exceedingly plastic and 
with the addition of more water it forms a paste resembling 
glue. Tests show that it completely absorbs oyer three times 
its weight or seven timcs its volume of water and twice as 
mueh glycerine as can be absorbed by diatomaceous earth. 

Cornposition.-Ecntonite is Olle of the kaolin group of 
hydrous silieates of alumina, Its resemblance to ehrenbergite 
has been pointed out by Knight, but R.ead considers it a 
variety of montmorillonite. 

Use8,-The shipment of bentonite fl'om the vicinity of Rock 
Creek began in 1888, when several ca.rloads were used by 
eastern firms in the manufactm'e of packing or dressing for 
the inllamed hoofs of horses, Its chief usc, however, is to 
give body ana weight to paper, and practically thc whole out­
put of the clay for the last few years has been taken by a paper 
mill in Den vel', Colo. It has been used also in antiphlogistine, 

a proprietary remedial dressing, and as an adulterant of candies 
and drugs. Though highly plastic it is unsuitable for the 
manufacture of burnt-clay produets on account. of its ready 
fusibilit.y. It is a good retarder for use with the hard ccment 
plast.ers. Its high ahsorption of glycerine as compared to 
that of diatomaceous e.a.rth suggests its substitution for that 
material in the manufacture of dynamite. 

Lake.-Alonx the bluff on t.118 northwest. shore of 
Lake, 6 miles west of Red Buttcs, a. bed of bentonite 

appears HS a "white band in the black shale of the Renton for­
mation, extending for a distance of 200 yards. This bed is 
3 to 4 feet. thiek, dips about 5° west-southwest., and lies a short 
distance above the 1\1owry shale member, which outcrops to the 
east, Apparently the quality of the clay is good. 

Sand Oreek.-Near the middle of the north side of sec. 2, T. 
1.3 N., R, 75 'V., in the east bank of Sand Creek, a 4-foot bed 
of characteristic bentonite is ex.posed, lying OIl 20 feet of soft 
black shale and overlain by fossiliferous sandstone and light. 
and dark .shales. The relation of the bentonite to the ~lowry 
shale member is not clear but probably it lies beneath the shale. 

RiverS'ide.-On the Hi verside ranch, in the J\'E. "l- see. 14, 
'1'. 13 N., R, 76 W., a bed of much-weathered bentonitc less 
than 2 feet thick lies a few feet aboye the Mowry beds. The 
bed is reported to thicken to 4 feet in t.he f-5B. { sec. 6, T. 14 

R. 76 ,V. 
and pJ'ice8.-1"rom 1888 to 1895, inclusive, the 

production of bentonite averaged about. GO tons annually. 
F"om that time it gradually increased until in 1902 it was 
reported to have been 1200 tons. 'Vit.h the closing down of 
the westel'll paper mills t.he production almost stopped and in 
1905 only a very small amount "was shipped. 

In the early period, from 18,s,s to 1,s95, the averaged 
$25 a tOIl f. o. b. The price then dropped to a ton hut 
later rose to $() and $7 H ton. The total production io 1905 
was about 6000 tons, haying an aggrcgate value of $,1,),000. 

SULPHATE OF SODA. 

The Laramie Basin cont.ains three deposits of sulphate of soda 
in the bottoms of small lake basins. The.se are the Downey 
Lakes, 20 miles southwest of Laramie; the Union Pacific Soda 
Lakes, 13 miles southwest of Laramie; and the !lock Creek 
Lakes, 12 miles north of old R.ock Creek station. T}wse lakes 
are all in depressions in the Cretaceous shales or the overlying 
alluvial deposits and arc the result of the e\Taporation either of 
surface drainage or of local springs, or perhaps of both. 

The Union Pacific Soda Lukes cover an area of 60 acres in 
the N. t sec. 4, T. 14 N., R 75 W. The deposit in tIlese 
ponds is said to be more than 12 feet thick and an 8-foot cube 
of the soda was once t.aken out. Twent.y years ago the 
deposits were worked to some extent and tIw product was 
carried by a bmnch railroad to Laramie. For a time it was 
convert.ed into caustic soda and sodium carbonate, but the 
indu.stry was not profitahle, owing, it is stat.ed, to inefficient 
methods. Later the soda was utilized in a glass furnace at 
Laramie, but there has been no production from these ponds 
since 1895. After the Pioneer ditch" was dug the ponds "were 
tilled and enlarged by seepage, bui doubtless the soda still 
remains on the bottom. Originally the waters had specific 
gravities ranging from 1.048 to 1.088 and contained the 
following constituents: 

Sodium sulpha.te 

CaleiUlIl sulphate 
Magnesium ~ulphate_ 

MagnesiulIl chloride.. 

Sodiulll earbonate 

Big Lake 

44. \)0 75.63 93.07 

1.751 1.461 2.01 
__________ " .60 .70 1.43 

··········I~~I~:: I-~ ____ ~~.14 __ 82. ~~ _101.42 

by Pemberton and '.rw·ker. Chemical News. voL 68, p. 19. 
The item, whieh was given as Sodium borate, is probably sodium 
carbonate. 

Analyses of an average sample of the deposit gave the 
following results: 

Analysts of deposits in Union Pacific Soda Lnkes. 

\Vater __ _ 
Sodium sulphate _ 
Sodiuill chloride _ 
Calcium sulphate_ 
Magnesium sulphato __ _ 
Insoluble "" _ 

1.16 
1.45 
.97 

13.86 

99.16 

The selected crystals and the cleanest material contained 44 
pel' cent of sodium sulphate, 55 pel' cent of water, a very small 
amount of other salts, and less than one-half of 1 per cent of 
insoluble materiaL No iron is report.ed. 

The Downey Lakes are three in number and occupy shallow 
depressions extending in a northeast-southwest direction a. short 
distance west of Alkali Creek. They average a. quarter of a 
mile long antI 150 yards wide nnd haye a total area of about 
100 acres. The middle lake is somewhat larger than the others 



and is covered with a crust of nearly solid soda upon which a 
light eordlLroy bridge is laid. The deposit consists of alterna­
tions of' (·lean sulphate of'soda, mud, and mixtul't:'s of ,mda and 
mud, extfmrling to a depth of 6 to 11 "feet. The upper crust is 
nearly pure \vhite and is several inches thick. The nortJl(-'rn 
lake is the lowest and .':lmalle",t, but its salts are purer, eontHin-
iog less mud. An unalysis of clean fmm its surface 
made by E. E. Slosson gave over per cent of hydrous 
sodium sulphate. The sOllthern lakc i1:i slightly higher thun 
the middle one but it contains water and is yery miry. Appar­
ently it does not contain as much soda as the ot.hers. Accord­
ing to Slosson's analysis, made in October, IHOl, its water is a 
very sh'ong solution of sodium and magn€8iutll sulphates with 
small umounts of sodium chloride and sodium carbonate. The 
specific gravity is 1.:l61. 

The following Hre Slossoll's anulyses of t.he waters and sa1ts 
collect.ed hy him or by \V. C. Knight, in 1899 and HlOl. 

Analyses of soda rlepoldtIJf1om the Dowmy Lake.~, Albany County, Wyo." 
------_ .. 

;;"'Olh,tl'''\ CUffihili".I---·: '"". ,_m .117~1 __ 1.~~ 
tiun, I I 

Wat,or 44.41 1,4.60 7ii'il\l.! 49 2\l li2.7\) 'I' ;i5.43 53.94 
Tnsoluble .11 .02 .51 .13 2.24 .10 

Rulphate (~a" 
21:l.24 6.93 11 .. 'iO 19. ti7 , 12.7'7 39.17, 

8odiuIllchloride(NaCl) .W 1.16 .45\ .50' .86 .12 .12 

aBul1. Univ. -Wyoming ~o. 49. JunE', 
SaIllples llllIllbered 162 and 

wen; collected in 1901. 
162 
163. 
173. 

12.08 ! BO.03 13.40 

• Oil 

• ~O I __ 

I 
\)2. ,,4 !;Iii.4t; 

.2·8 .l!il 

182. Samplo of pure~t. (·rYHtals obtainable from the extreme llOl'th end of 
northern lake. 

Professor Knight reporte(l tests at the Downey Lakes, where 
several boles -were sunk through the deposit. In the eourse of' 
a few hours these holes were filled with a saturated solution of 
sulphate of soda, indicating a rate of 110w of 450 gnllom; an 
honl'. The solution was supersnturated. and -had It gravity of 
31 0 Baume, containing slightly more than 75 per cent of 
hydrous sodium sulphate. At this rate 2t tons of tJle anhy­
drous salt would he obtained every twenty-four hours if the 
influx of water into the pits were constant. If t.he supply is 
derived fi'OIll springs a large amount of soda coulll be obtained, 
but if it is due to surface wash replenishment would be slow. 

YOLeAN IC ASH. 

A deposit of volcanie ash is exposed on t.he southern end of 
a low mesa in t.he :i'HV. }- sec. 6, T. 13 N., R. 73 \V., a. mile 
northeast of Sportsman Lake. The section here is as follows: 

8ecl'ion of'iJOlcanic·ush deposit near ,s,'poriS1n(l'n Luke. 

TIuff sand~t.()lw and couglOill8rate __ 
Yolcanic aHh __ 

Red Hhale to bottom of slope. 

}'eel 

1 
4---,) 

5 

The material is a pure -whjte, massive, soft, fine-grained roek, 
which has been prospected under the supposition that it was 
kaolin and "aluminum ore." ender the microscope it. is seen 
to be volcanic dust. The following analysis shows its eOlH­

position. 

Analysis of1)ol(Janic ash nea'/' 8po1·tsmun Lake. 

I:liliea (SiO,) __ 
Alumina and iron oxide (AI.U.+i'e.U.)_ 

67 
16 

1 
2.8 
5.0 
8.2 

100 

The upper bell has been opened in two or three places within 
a distance of a quarter of a mile. It uppears to he approxi­
mately level and is covered by 1 to:2 feet of sandstone over­
lain by 3 to 4 feet of gravel. Probably the deposit is not 
extensive, for it does not. outcrop in other portions of the area. 
Its age is either Quaternary or Tertiary, but no evidence is 
presented to indicate in whieh system it belongs. 

I,aramie-Sherman. 
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COAL. 

The sandstones of the upper division of the Montana group 
carry coal in the northern portion of t.he Laramie Basin, but 
no workahle bed has yet bL'Cn discovered in the Laramie 
guadrangle. Some coal of good quality has been mined at a 
point about 2 miles due west. of Webhs Lake, from a bed 
ahout 4 feet t.hick. It is possible that. this hed extends into 
t.he western part of the Laramie quadrangle, in l\Hll Creek 
valley or the slopes farther north, but o-wing to the covering 
of Quaternary deposits this was not determined. 

Exeavations for coal have been made in the Benton and 
other shales at various localities, with negative results. The 
most extonsiye openings are in shales in the Cloverly formation 
a mile west of Bona. There are no prospeets of finding coal in 
this region in any of the formations below the sandstones of the 
.Montana group. 

CE):t:RNT ROCK. 

Materials for the manufacture of cement exist in large 
amount in the Laramie Basin, but they haye not yet been 
utilized. One of the most promising rocks is the impure 
limestone of the Kiohrarn format.ion, which is widely distrib­
uted. In places it consists of a mixture of 7,i) per ('ent of 
carhonute of lime and 25 pel' cent of clays, which is about 
the usual proportion for cement. The limeBtones of the 
Casper, Forelle, Chugwater,Alorrison, and ArikHI'cc formations 
could also be mixed with the Benton or otLer shales or alluvial 
clays to afford the necessary constituents. 

SAND. 

Large amounts of sand for building and other uses are 
obtainahle from dIe terraces and alluyial deposits throughout 
the Laramie Basin region. 8and for the glass works formerly 
in operation at Laramie was obtained from very soft sandstone 
of the Casper formation at a point;) miles east. of t.he eity. The 
material was nearly pure -silica, containing only a slight trace 
of iron and a small amount of ca.rbonaceous matter. 

CLAY. 

The alluvial deposits consist partly of day, especially in the 
wide portions of the valleys of Laramie und Little LHramie 
rivE'Ts, and thc .J.forrlHon and Denton formations and the lower 
part of the Montana group consist mainly of clay. TIle Chug­
water forma.tion contains mueh red sandy clay. Rricks have 
been made from the alhwial days at some places and for the 
last. few years a brick plant noL fur west of LHramie has 
been manufheturing brick from lower shales of the Benton 
excavated in sec. :if:i, T. 16 N., R. 74 W. The product is a 
light reddish-yellow briek of very pleasing a.ppearance, which 
has heen used in several huildings in Laramie, including the 
Carnep;ie Library. It stands a pressure of 5400 pounds to the 
square inch. 

LLUESTONE. 

A very large amount. of' limestone in die Casper formation 
along the west slope of the Laramie l\fountains and in the lower 
portion of the Chugwnter formation could be utilized for flux 
and lime. Much of the limestone in the Casper formation 
contains carbonate of magnesia and yarious impurities, hut 
some of t.he upper beds are of superior quality. The Forelle 
limestone appenrs to he good. Limestone occurs also in the 
Morrison fOl'mation ill beds ranging in thickness fi'om 6 inches 
to 2 feet"hut. its quality has not been tested. The top lime­
stone of tL'e Casper formation hus been worked to some ext.ent 
:2 miles east of Laramie, in a quarry which is readIed by a 
spur from tile Union Pacifie Railroad. At. first it 'Nas used 
for glass making at.L(~ramie, hut it is now shipped for making 
lime for heet-sugar refining. The following unalysis (analys,t 
unknown) has been published: 

Ana!Yl>is of limestone quarrIed 2 miteiS eU.'it of Laramie, Wyo. 

Calciulll carbonate _ 
Magnesium ('a.rhonate __ 
hon carhonate _ 
Iron bislllphide_ 
Alnmina __ 
Silic,l 

.(12 

.10 

.43 

.0;-; 

The limestone included in the Arikaree formation ill tile 
southeast corner of the Sherman qmldrangle is in greater 
part of not.able purit.y. An analysis by Chase Palmer in the 
la.boratory of the United States Geologieal Survey gave 9i.G5 
per cent of carbonate of lime, 0.17 per cent of magnesia and 
0.61 pel' cent of insoluble matter. 

The calcareous sediments of the Niobrara limestone contain 
conRiderable e1:1Y ndmixtul'e. One t.ypical sample· from a place 
west of Laramie contained only 71 per cellt of em'bonate of 
lime. / 

GRAVEr.. 

The long-continued decay of t.he eoarse-grained Sherman 
gl'flllite has produced vast. quantities of residual gravl-'l, which 
mantle the surface in the more open and level parts of the pre-

Cam brian area. Lar§!;e amounts of this ha\'e been quarried and 
used aR railroad ballast and rO[H1 metal and in gravel walks. At 
Ruforll stntion tIle Union Pacific Railroad lws been excavating 
this grayel fOI' u;,,;e ns ballast, nnd lms graded its track with it for 
hUlldreds of miles both enst flnd west of this station. In the 
deeay of the granite the micas and hornhlendes are decomposed, 
lea ving the large eryswls of feldspar, more or less cemented 
togethcr by quartz, in thc form of coarse angular gravel. \Vith 
t.he help of a little blaRting to loosen the material, it can he 
readily excavated by steam shovels t.o a depth of 40 feet. At 
many other localities on the open plateau surface similar gravel 
heds may be ut.ilized, 

In most parts of the dist.rict the pro-Ounbriun rocks are too 
deeply weathered at the surface to afford sound stone, and the 
expense of excavating down t.o the more solid portion wonld be 
consillerable. This statement. applies particularly to the Sher­
Illan granite. There are, however, some places in the northwest 
part of the Sherman quadran§!;le where the gray anorthosite 
is sufficiently firm and undecayed to be uscd as building 
material. The rock is clear gray in color, with more or lesiil 
speckling of black, and when polished would doubtless p1'ove 
to be a. handsome ornamental stone, hilt it lies so far fi'om the 
railroad t.hat it is not yet available for use except in the imme­
diate neighborhood in -which it is exposed. 

Some of tlle limestones and sandstones of the various forma­
t.iolls arc suitable for building st.one, hut on account of the slight 
local demand )md the expense of shipment to distant markets 
they have 110t yet. been utilized. The most valuable are prob­
ably t.he red salldstoneR of the Casper formation, which are of 
good color and sat.isfadory t.exture a.nd occur in large bodies 
that may he easily qunlTied. 

COPPER.. 

Copper minerals OCCUI" at many places in the granites and 
associated rocks of the Laramie ~-Iount.ains ana the spurs of the 
Medicine Bow R.ange. The only notable dewlopments, how­
ever, have been at the Strong mines near LeI:llie and in the 
Hilvel' Crown mining district west of Hecla. At Hecla a smelter 
wns erected and considerable ore was prodlLced, but the results 
were apparently ullSHtisfactory, as the works are now abandoned. 
The Strong mine consists of)l shaft gGO fect dcep. The princi­
pnl deposits appear to be in the int.rusive diorite. 

Rn{~\IU'[H. 

A small vein of bismuth carhonate has been discovered 
near the schist-granite contaet on the south end of Je1m :Moun­
tnin. The claim is in see. 24, T. 18 N., R. 77 \V. 1\ 200-foot 
shaft lws heen sunk ana small samples of rieh mineral haye been 
ohta.ined, but the exploration has not disclosed any satisfhdory 
hody of ore. 

TJKDERGlW1:ND \VA'l'EllH. 

GEJ'lERA.T. COJ'llllTTON. 

'The succession and the structurc of the rocks in the Laramie 
Basin are filvorab1c to the ol'('urrcnce of large supplies of under­
ground waters, which are obt.ainable by wells sunk to diff-erent 
Ilepths. There are water-bearing sandstones in t.he Casper, 
Cloverly, Benton, all{i )'fesan,rde formations, and water occurs 
also in ~ t.he Chngwater red beds, the 'tcrtiary deposits, the 
alluvium, and the lligher terrac'e depoRits. As shown in the 
structure Heetions )lIld columnar sedioll, most. of t.he sand­
stones are widely extended sheets of considerahle thicknesH 
interbedded nmo;lg relatively impervious slwlPs, the structure 
thus producing condit.ions especially £'H'orilblc for underground 
water storage. Most of the sandstoncs outcrop nt high levels 
and their dip toward the center of the hat'in carries them to 
considerable depth under areas of lower altitude. As they are 
overlain by relatively impervious shall:'s, their contained water 
is under considerable head or pressure. Some of t.ho sand~ 
stones, llotnhly those of the Casper formation, lie very decp 
lIear the center of the basin, but in t.his portion of the area 
,vater-bearing Hflndstones of higllcr horizons are within reach 
of bm'ings of onlinary depth. The underground waters have 
been extenslye1y developed only in the yieinity of Laramie, 
where numerous flowing wells obtain supplies, most of them 
from tlle sandstones in the upper portions of the Casper 
formation. In most other portions of the region surf~lce 

waters arc used or -water is obtained by sballow ,veUR that. 
del,ive supplies from the alluvium. The sandstone of the 
Cloverly fOl'lllation, which is a useful SOUl'ce of Hupply in 
other regions, hus not been gTeatly drflwn upon in the Laramie 
Basin, but a boring fol' oil near Hutton Lake has shown that 
t.he formation contains water, although it. was not under suffi­
cient pressure at that place to afford a tlO\y. The salirlstone 
near the top of the Benton shale is not very thick, but it is 
porous and persistent, so that it may confidently be expected 
to furnish water. The sandstones constituting a large pa.rt of 
the upper division of the Montana h'TOUP contain large amounts 
of wat.er, ,yhich, no doubt, is under sufficient pressure to afford 
flows 111 some parts of the 10';"e1' lands. 



Deep borings and wells in Albany Oounty, Wyo. 

DopU. 
(feet). 

S. W. Downey ____ . _________ SW.cor. seo. 4,halfa mile 2011 
!IOuth of Laramie. 

Do ___________________ Sec. 1 or 12, T. 18, R. 78__ 880 

O. D. Downey __ Bec. 4, T. 15, R. 78 __ 170 

Yield 
(gal~0lIlI 

minute). 

Many." 

5" 
Do ____ _ 581 10 

Pluster Company 
Oxford rancb __ 

______ Laramie __ 

. _____ RedButte.s 
952 25" 

540 Small 
fiow." 

Thomas MoHugh ______ NE. i 1IeC. 5, T. 15, R. 78 __ 112 I" 
Do ______ . ________ . ___ NE.isec. 8, T. 15,R. 7B __ 117 1" 

U. P. R. R. sheep pasture __ Bec. 27, T. 16, R. 73,2milea 1001 20/1 
northeast of Laramie. 

J. Simpson _________________ NE. i sec. 5, T. 15, R. 73 __ 112 t" 
Downieranch _____________ 8mileswestofLaramie__ 400 __ 
G. H. Hunt _______ Sec. 10, T.15, R. 78 220 Many. 

SmaIl 
fiows./I 

G. Montague __ 150 

Paul Pascoe ranch _________ Mud Springs ____________________ _ Flows_ 
Ryan Brothers __ _ 
University _________________ Laranlie __ _ 

Penitentiary ____ West of Laramie_ 
County ___ . ___ _ _______ Laramie __ _ 

Cemete.ry __________________ Laramie __ 

Judson ranch _ Sec. 28, T. 19, R. 77 __ 
Experimentalfarm _________ Laramle __ _ 

Mantell ranch __ 

" 1015 

1500 Many." 

1003 

540 '" 5' 

Temp. 
flow. 

Georgerancb (6 wells)_ Wellt of Laramie _________ 120-812 Few." 
Pelton ranch _____ _ ________ SW. oor. IICC. 10, 1'. 15, B88 Few." 

R. 73. 
Bacon ranch (8 wellB) __ Few. 
Bell ranch (Millbrook) ______ Sec. 8, '1'. 16, R. 76 

.r. S. Braskett __ Downeyaddltion,Laramie 100-125 Pew_" 
Harpers____ ________________ _ 450 Pumps 

Homer ranch _______________ Bec. 12, T. 14, R. 74 ___ _ 

from 
-22i'ifeet.a 

1118 Pumps 
from 

-4 feet_ 
Hoepital ___________________ Laramie _________________ 200 or (<I) 

I,~ 

Alsop ranch ________________ Sec. 34, T. 17, R. 75 800 Pumps. 
Corthell & Bevan~ __________ One-eighth mile north of 818 Small 

cemetery_ fiow. 
HaJey ranch ___ _ Near Wyoming station __ 89 -18inches. 
Sherrod addition ___________ Larawie ___ _ 189 Failnre. 
Trabing ranch _____________ SE. -! sec. 25, T. 25, R 74 __ Flowed 

origlnally. 
Sartoris Willan home ranch_ Branch of Little Laramie 

River. 
500 -4 feet. 

Man.sfi.eld ra.nch ____________ NE. i see. 20, T. 14, R. 75__ 502 (") 

"Oil we!l"_____ _ ______ NW. ieoo. 13, T. 14, R. 75_ 1700 Plow. 

aG<lod water. bSulplmr water, poor. cCQrl"OSlVe BDd fOOlms. 
dFlowed at first but now 40 feet below surf"""". -Salt water. 

In the Sherman quadrangle the dip of the older sedimentary 
rocks is so steep that the prospect of obtaining underground 
water from them is generally unfavorable. The water supplies 
of the quadrangle are derived chiefly from shallow wells in the 
alluvium or in the Tertiary qeposits. Doubtless deeper wells 
in the valleys would reach the sandstones of the Montana 
group, which may yield flows. as they have in wells about 
Islay and northwest of Cheyenne. 

FLOWING WELLS NEAR LARAMIE. 

Numerous artesian wells in and near Laramie yield abundant 
supplies of water of excellent quality. They range in depth 
from 120 to 1500 feet. The deeper well, draw their ,upply 
from the upper part of the Casper formation. from sandstones 
which outcrop on the mountain slopes a short distance east of 
the city. Others obtain water from sandy portions of the 
overlying red beds. 

The most notable well in Laramie is at the State University. 
This was sunk about ten years ago, to a depth of 1015 feet, and 
obtained a flow of soft water of 34 gallons a urinute, reported to 
come mainly from a depth of 987 to 990 feet. The following 
description of the borings from this well has been compiled 
from various sources: 

Notes on bOrings from, University' we.ll at Laramie, Wyo. 

Gravel, sand, a.nd red loam __ 
Red sandy olay with lICattered sandBtoqe f.mg-

ments __ . ________________________________ _ 

Red. sand with sowe clay and large fragwenUi of 
gypsum ____________ _ 

Limestone (ForeIM) __________ _ 

Limestone and ea.ndlltone tftrst water) 
Pink ea.ndstone _______________________________ _ 

Light-pink. sandstone, some lhne __________ _ 
CoaJ."8E\1', darker-colored. sandstone and li.w.e ____ _ 
Pink. llmestone __ 
Dark-red sandstone __ _ 
Red sandstone and limestone 
Red sandstone, some lime _________ _ 
Pinkish sandstone, considerable lime 
White sandy limestone ______ _ 
White ea.ndBtone, Bome lime _____ _ 
Light-oream sandstone, fIOme lirne __ . 

Depth. (feet). 

'" 
80,120,160,240 

280 
810 
468 
465 

"'" "" 548 
570 
59' 

630,657,698,788 
826,870 
900,940 
970,990 

1015 

From depths of 80 to 150 feet the materials are coarse; from 
150 to 300 feet they are finer grained and brownish red; 
from 300 to 560 feet the material is much lighter colored and 
finer and contains some carbonate. of Hme; from 560 to 590 
feet it is mottled, coarser, darker, with a little carbonate of 
lime; from 590 to 615 feet it contains coarse fragments of red 
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sandstone and gypsum; from 615 to 650 feet it is coarslT 
grained brown sandstone, wj.th no gypsum; from 650 to 680 
feet it is coarse sand with some gypsum; from 690 to 780 feet 
it is medium coarse grained brown sandstone; from 780 to 880 
feet it is sandst".9ne, very much lighter colored and very fine; 
from 880 to 960 feet it is almost white, very fine sand and 
carbonate of lime; from 960 to 1015 feet it is a little coarser 
than the last and has about the same amount of carbonate of 
lime, but is cream colored. 

There are 40 feet of 7 i-inch casing in the well to shut oft' 
gravel at the top, and 600 feet of ;'it-inch casing. The first 
flow, obtained from a depth of 458 feet, comes up between the 
two casings; the second flow, from 820 feet. is apparently from 
the highest sandstone in the Casper formation j and the main 
flow began at 987 feet. Drilling was continued to a depth of 
1015 feet, but no additional water was obtained below 990 feet. 
The amount of water flowing at the beginning was measured 
by B. C. Buffum and found to be 50,000 gallons a day 
of twenty-four hours. An analysis of the water is given on 
page 17. The well coat $2,552, including $552 for casing. 

A well sunk 1500 feet by the county is in the SW. t sec. 28. 
T. 16 N .• R. 73 W., just across the road from the western one 
of the two small lakes in the northern part of Laramie. It 
encountered several flows but its main flow was obtained from 
a depth of 987 feet, in the top sandstone of Casper formation, 
and no water was found below this. The well flowed a solid 
4~inch stream under sufficient pressure to jet 20 feet high 
through a i-inch nozzle or. it is claimed, to rise over 60 feet 
above the surface. The well is cased with 835 feet of 6t~inch 
casing and 400 feet of 9-inch casing. Apparently no record 
of' this boring is available but the following samples from 750 
feet to thE': bottom (1500 feet) are preserved in the court­
house in Laramie: 

B01'ings from flOunty well, Laramie, Wyo. 

Red fine-grained. sandstone with some grairu of white 
quartz, fIOmewhat flaky___________________ 177 750- 927 

PUl'Cwhitesand_ Main fiow at 987 feet.____ 78 927-1000 

White sand with enough red grajns to give it a slight pink tint_ _ ____________________________ .______ 15 1000-10111 

Pure bu:tf ea.nd, with a few flakes of limestone 0)_ 15 1015-108() 

Pure white limestone with a few grains of sand; nearly all 
dissolves in acid______________________ ___________________ 60 1080-1090 

Pinkish, granular; mostly sand, sOme limestone flakes. 
Contains much carbonate or lime in upper part_ 105 1000-1195 

White flakes and chunks of limeatone one-sixteenth to one-
eighth inch in diameter. Dissolves in acid_______________ 5 1195-1200 

"Marked highly magnetic lime rock below oil rock and 
above red ea.nd rock." Chunks one-ha.lf inch long, of 
slightly purplish, very fine-grained limestone; effervesces 
strongly in cold acid. Does not aJlect the oompaaa needle_ 15 1200--1215 

"Marked soft red sandstone." Soft, fine-grained salmon-
red powder; corudd.erable fine grit. ShaJe, probably_____ 10 1215-1225 

Red eandBtone, medium grains; ooaraer than the last___ 10 122~1285 

In part granular, reddish, more than half fiat flakes of 
crystalline limestone. Dissolves completely in acid_______ 10 1285-1245 

Almost all pinkish fine-grained sand; /lome few flakes of 70 1245-1815 lime.stone. _____ _ ________________ _ 

Almost pure pinkish fine-grained sand___ 10 IBI5-1825 

Very fine reddish material, probably sha.le_____ 80 IB25-1BM 

Coarse fragments of quartz and feldspar up to one-six-
teeth inch in diameter (arkollC)__ _________________ 15 IB55-1870 

Coarse pinkish or reddish quartz sand _____________________ 80 1870-1400 

Perfectly rounded quartz grainB, medium tine, one-half 
white, one-half deep red___________________ _______________ Hi 1400-1415 

Sand and chunks of ~ck consiatiug of Band grains in a 
limestone matrix. DiB.solves partly in acid, leaving loose 
saud ___________ 25 1415-1440 

Fine-grained reddish material, probably shale. DiRsolYel! 
slowly and partly in acid _______________________ 10 1440-1450 

Pure white flne-grained, sa.n.d; dissolves slightly in acid_ _ 6 1450-1456 

Coarse quartz grains miXed with a fine powder, which i.e 
nearly altogether limestone________________________ 14 1466-1470 

Fine-grained reddilili·white and black flakes. 'I'he white 
is limestone and dissolves in acid The black particles 
lllAy have been abraded. from the drill_ _____ ____________ 80 1470-1500 

At the works of the Acme Plaster Company, in the southeast 
part of Laramie. there is a 4~-inch artesian well with a 25-
gallon flow of' soft water per minute, derived from a depth of 
945 feet, from the upper sandstone of the Casper formation. 
The well is 952 feet deep and is cased to 627 feet. Some water 
was found at 600 feet. The head is sufficient to raise the water 
74 feet above the surface. The following record was supplied 
by J. J. McCutchen, the driller: 

Reflora of .d.flf1U Plaster Oompam.y's well, Laramie, Wyo. 

Red shale _______ _ 

Red sandstone 
Limestone (Fol'elle) and shale ____ _ 

Soft, red sandstone, with gypSnIll 

(Y)----

Firat flow in red. '~'~oo~-----------------------------
(I) _________________ , ___________________________________ 1 

Gray sandstone with water __ 

.Feet. Feet. 
40 0- 40 

260 4<>-850 
100 800-400 

227 400-627 

68 627-600 

890 
210 690-900 

52 000-952 

On the ranch of Charles George, in sec. 3, T. 15, R. 83, and 
the next section north, in the eastern part of Laramie, there 
are six deep wells within a radius of one~fourth of a mile. One, 

which passed through 90 feet of limestone, found water in 
sand rock. The water now stands 18 inches below the top of 
the casing. Mr. George sank two wells on the north side of his 
ranch in 1888. One of them, in the fair grounds, is 120 feet 
deep. It pa"ed through red beds and although it yielded a 
feeble flow at first the water level is now 6 inches below the 
top. The water is strongly sulphurous. In the other well. 
which is just outside the fair grounds, the water rises 8t inches 
above the pipe. Two other wells are about 175 yards from 
Mr. George's house. In one, which is less than 200 feet deep 
and entirely in red beds, the water level is about 2 feet below 
the top, except in the spring, when it flows. In the other well, 
which is 30 yards distant, 8 feet higher, and 312 feet deep to 
limestone, the, water level is 6 feet below the top. The sixth 
well is in the northeast corner of the stock barn, near the 
house. In this well the water stands 3 feet below the surface 
but originally it flowed. When the large flowing well just 
outside the fair grounds is closed the others usually flow. 

There is a group of flowing wells in the southern part of 
Laramie. One is east of the road in the SW. t NW. l- sec. 4, 
T. 15 N., R. 73 W. It is 5 inches in diameter and flows about 
2 gallons a minute of good water having a temperature of 
44t o. Another, just west of this one, on the Simpson place, 
in the BE. t NE. t sec. 5, flows less than half a gallon a 
minute, from a depth of 112 feet. The water has a temper­
ature of 45°. is somewhat saline, but is satisfactory for stock. 
The third well of this group is on the Downey place, near the 
middle of the south side of the SW. i sec. 4, east of the road, 
one-half mile southeast of the others. It is 5 inches in diam­
eter and flows about 8 gallons of water that tastes good and 
has a temperature of 45°. Its depth is stated to be "about 201 
feet." The two wells of O. D. Downey, in the same section, 
170 and 53 feet deep, yield 5-gallon and 10-gallon Hows. 

In the cemetery at Laramie a well 1003 feet deep flows 
about 4 gallons a minute of good water with a temperature of 
49°. At the eorthell place, 200 yards north of the cemetery, 
a well 313 feet deep flows about 1t gallons a minute. The 
water is somewhat mineralized but serves for stock. No data 
could be obtained regarding a well at the old penitentiary half 
a mile west of Laramie, two wells at the experimental farm. 
and another at a dairy east of this farm. 

OTHER WELIS. 

Wells of tke Union Pacific Railroad.-The Union Pacific 
Railroad has a deep well in the sheep pasture 2t miles north~ 
east of Laramie, in the NE. i sec. 27. T. 16 N., R. 73 W. 
The following record and data were furnished in 1904 to 
W. C. Knight by W. L. Paake, superintendent. 

Refl01'a of Union Paflijifl Railroad well northeast of Laramie, Wyo. 

ChBracter of beds.. 

Redcla.y _____________________________ _ 

Red sandstone __ 

Red shale rock 

Red sandstone 
Red shale __ 

Red sandBtone ________________________ _ 

Red. shale rock __ 
Red sand rock ____ _ 

Hard. red SlWd rock 
Red shale __ _ 
Red sand rock ______ ,- ____ _ 

Red shaJe __ _ 

Red sand rock ____ _ 

Hard red eandstone __________________________________ _ 

Soft red sand rock 
Hard red sand rock _________________________________ _ 

Boftred sand rook _________________ _ 

Hard red sand rock __ 

Soft white sand rook (top sandBtone of Ca.sperY) 
Hard red sand rock ________________________________ _ 

Hard red shelly sand roek_'- _________ . __ 
Soft sand rock _________ _ 

Hard red sand rock ___ _ 

Hard white 8a.lldstone __ 

Boft white sa.ndstone __ _ 
Redshalero*". __ 

Hard red sandstone_ 
White lim.estone ___ _ 

Hard white ea.ndstone __ 

Hard white limestone 

Hard white sandstone 
White limestone ___ _ 

Red sandstone ___ _ 

Red llhaJ.e rock __ 

Hard red sandlltone 
Red llhaJ.e __ _ 

Red sandstone __ 

Hard white rock 
Red sandstone __ 

F~' Fi!et. 
138 0- 136 

186- 144 

144- 174 
174- 192 
192--260 
_285 

8 

BO 
18 

68 

65 266--830 

50 380- 880 

25 380- 405 

80 405- 435 

65 485- 500 

40 500- MO 

18 540-558 

12 

00 

25 

558- 570 

570-680 

il30--658 
32 653- 685 

25 685-710 

15 710- 725 

18 725-788 

738-741 

741- 744 

744- 749 
10 749- 759 

11 759--770 

10 770- 780 

780- 782 

18 782- 800 
Hi 800-815 

20 815- 835 

12 885- 847 

24, 847- 871 
14 871- 885 

885- 891 
51 891_ 942 
, 042- ... 

81 946--977 

IB 977- 990 

11 000-1001 

The boring is cased with 163 feet of 8-inch pipe. A small 
flow of water was obtained at a depth of 75 feet, an additional 
amount was found between 670 and 680 feet, and the main 
supply was procured at a depth of 744 feet, where the flow 



increased to 20 gallons a minute. These water-bearing beds 
are in the upper part of the Casper formation. 

Peltun 1'anch.~On the ranch of Charles \V. Pelton, in the 
S\V. ·1 see. 10, '1'. 15 N. R. 78 'V., 2 miles southeast of 
Laramie, are two deep wells, onc sunk in 1889 and the other in 
1894. The first is aas feet deep and is entirely in red beds. 
,\t a depth of 120 feet water was fonnd which rose within 60 
feet of the surfhce and when the well was sunk deeper the 
water level rose within 7 feet of the top. The horing ended in 
quicksand. The \,ater is of good quality, as is shown by 
the analysis given in the table on this page, and is used for 
irrigating an a~re of garden. The second well is 200 yards 
north of the first and is also entirely in red beds. Its depth 
is not given. The well is on a knoll and the water rises so 
high that, by means of a ditch a feet deep, a small -Amy is 
obtained, ,,,,hich supplies a pond. 

Tmbing rruwh.-At the Trabing place, in the SE. i sec. 25, 
T. 16 N., H. 74 W., 2 miles northwest of Laramie, there is a 
well ·which formerly afforded a good flow but is now pumped. 
Its depth is not repor1:€d. Probably its source of supply is in 
the red beds. 

Dowm'e ranch.~At the Downie ranch, which is a Hliles west 
of Laramie, a 5%-inch well 400 feet deep pumps 200 gallons a 
minute. The main supply is obtained from a depill of 395 
feet. 'Yater was found also fit depths of no to 6~) feet, 1HO to 
200 feet, find from 380 feet down. The water level is 20 feet 
below the surface. The following record is reported: 

Reeord ofwdl on Downie ranah, Wtst oJ Lal'nmie, Wyo, 

Surfaee depoAits __ 

Blue shale (Graneros) __ 

Sand rock, gray, hard and Hoft ICloverly, 

~_I "'k"'''''~ ~ 
20 

1(1) 

220 

Deplh 

F(',/ 

0-2H 

211-J1)0 

11)0-JOO 

Alsop ranch.-A good pumping ·well is reported at the Alsop 
ranch, in sec. 34, T. 17 N., R 75 'V. Its depth is 300 feet 
and its source of supply is prohahly the s:mdstone of the upper 
division of the Montana group. 

"0£1 wdl."~An unsuccessful 1700-foot boring for oil was 
made seyeral years ago near Laramie RiYer, at a point 3 mj]es 
west of Hutton Lake. It is in the N'V. t sec. 13, T. 14 N., 
R. It) Vl., and penetrated about 800 feet into the Chugwater 
formation. The following record was reported from lllemory 
by Grant Lee, the driller: 

Rec()rd of "oil well" 10 mile.~ west of Rtd Buttes, Wyo. 

Rlack Rhale (Bellton) __ 

Sand and ~haJe (Cloverly) 
Sandy slate __ 

Red, caving Halld~t,one __ 

Red sandRtone, hardec_ 

Red sandst{me, much harder 

Brown and rCll sandstone, hard. 

Hard sandstone, with pebbks_ 

Ti'('ei. 

(i01l 

:WIl 

400 

100 

!OO 

JOO 

lUG 

10 

Depth 

600 

GOO-NOO 

800-10300 

1200--1300 

1300-1400 

l±OO-1500 

1300-1G90 

H190-1700 

A small amount of water was noted at a depth of 90 feet. 
Water that oecurred at a depth of 600 feet in ·white sandstone 
20 feet thiek rose ·within 10 feet of t.he surfuce find could not 
be lowered by bailing. 'Vater was fOllnd in many beds 
between 600 and 800 feet. The lowest water, ·which was in 20 
feet of brovm sandstone at a depth of 1fiOO feet, flowed over 
the easin~. 

LaralIlie-::lherman. 
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Mansfidd T'fl;nclt.~On the Mansfield ranch, whieh is in the 
NE. t NE. t sec. 20, T. 14 N., R. 75 'V., 16 miles southwest of 
Laramie, an unsllccessful boring was made ill 18~)0 to a depth 
of fi02 feet. After passing throngh D feet of gra vel the drill 
entered the dark shale of the Benton formation, which con­
tinued to the bottom. At G5 feet there was a small flow of 
salt water und at 245 feet a small flow of ,e:as. At 440 feet 
salt water rose within 4 feet of the top of the rasing. It is 
unfortunate that this horing was not continued to a depth of 
about 900 feet so as to enter the sandRtone of the Cloverly, 
whieh douhtless would have yielded good water. Howev~r, 
to judge by the experience of the oil boring in sec. 13 of the 
same to\vnship, the pressure is not sllfficif'nt to afford a flow. 

HorneT' 1'anch.-At t}\C Homer ranch, Oll Fivemile Creek, in 
sec. 12, T. 14 N., H. 74 'V., a ·we111118 feet deep yields a f~l,ir 
supply of' water, whieh rises within 4 feet of the sul'iiwe. No 
record was furnished, but from the thiekness of the strata in 
the slopes east of the ·well it is belie\Ted that if this boring 
had been eontinued to a depth of 1250 feet, or possibly 1300 
feet, it would have penetrated the top sandstones of the Casper 
formation and obtained a flow. 

L~lay.~There are scventl flowing wells about Isla), station, 
·which yield a fairly large volume of good water. Their depths 
range from 150 to 300 feet and apparently their water is 
del~yed from the Fox Hills sandstone, ·whieh underlies the 
'White HiveI' group at a moderate depth in Lodgepole Valley. 

Springs occur at widely separated localities throughout the 
Laramif' Hasin, espeeially along the slopes at the foot of the 
Laramie Mountains. These sprin6rs are tllf' sources of water 
for numerous nmchcs, many of wllich "yere located 80 as to 
include the springs. 

A series of yery large springs issue from the limestone at 
the foot of the Laramie l\fountaills east and south of Laramie. 
From one of' these, situated ill the SE. i sec. 35, T. 16 N., 
R. 7a ':Y., the city is sllpplied with fine water for drinking a.nd 
for the il'l'igation of its la'wns and gardens and its numerous 
trees. The water, whil'h issues at a point that is 114 feet 
higher than the leyel of Laramie, is eonducted into covered 
reservoIrs and thence piped to the city. An of this 
water, gi\Tcn in the table (No.3), shows that it somewhat 
hard, but this fault can be rf'rnedied by boiling or by the use of' 
lime. Its volume is estimated a.t 3,000,000 gallons a day. 

Four miles due south of tllis spring is another similar Lut 
smaller one which fio,vs into Soldier Creek. It supplies the 
fish hatchery widl an abundance of cool water that is favorable 
to the pl'opagation of trout and other fish. There are springs 
at the .r. Himpson ranch, ~-& miles farther sonth, which also 
supply good ,vater in large yolume. 

A sprin~ situated in Spring Canyon 1 to 2 miles east of 
Colores station, on the Union Pa('ific Hailroad, supplies water 
of fine quality, which is piped to the tank at the station. Its 
flow fills a large 4-im·h pipe nearly full. l\fcOibhons spring, 
in the SE. 1 KE. 1 sec. 29, T. 14 N., R. 78 "\V., supplies a 
large fish pond, the overflow from ,,,,bieh forIlls a considerable 
addition to Willow Creek. 'Villo\\, Spring, in see. 15, T. 13 
N., R. 7:1 W., rises in a ~rasRy, 'willowy quagmire several acres 
in ,extent. Its totHl discharge is between one-half and one 
second-fuot and the quality of its water is good. nice Spring 
iF! situated in the S. t see. 26, T. 1;) N., R. 75 'Y., flowing 
from the Chugwatcr formation, not :fill' above the gypsum 
horlllon. The water Ht the spring is good and .is used for 
domeRiic and sto('k purposes. About. half a mile below the 
i::iprillg the stream hecome:;; so badly ('oniaminatG'u with gypsum 

that fish ean Ilot live in it, though they thrive neal' the spring. 
Water of notuble purity is found in a spring on Ernest Davis's 
raneh, Ileal' Sheep Mountain. An analysis is given in the 
table below. 

In the southeasterIl part of sec. 14, about a mile north of 
Soldier Hprings, a spring of soft water issues from a dark-red 
limy sandstone., Formerly this spring supplied a small pond 
and running stream, but the wiltcr level is now several feet 
below the surface. A sillall lake that formerly existed in the 
NE. t sec. 14, a mile southeast of the fall' grounds, dried up at 
t he same time that the water level fell in the spring, indieating 
a change in underflow conditions. 

There are many springs in the Laramie :Mountains. They 
issue from crevices or from decomposed portions of the 
rock and unite to form streams whose waters are of excellent 
quality, far better than that of the streams of the lowlands at 
the sides' of the mountains. The supply for Cheyenne is 
obtained from a reservoir on Crow Creek. 

WA.'l'.ER AKALYSES. 

The following are the available analyses of the waters of the 
Laramie Basin: 

Silil'a __ 

Sulphuric acid __ 

CaJ."bonic acid_ 

Lithia _ 

Hydrochloric 

Total 

AnalYlws oJ waters in Laramie Basin." 

rPartspel' thousand 1 

0.:),02 1 

,0ilJ[' 

,0014 

.nOH;) 

.0432 I 
,009,1 

,010G 

, 

O~ 02571 
,0014 

,0102 

.0196 

.2G601 

.1060 

,4.380 

0,0087 

.0040 

,0012 

,0047 

. 0668
1 ,0260 

,0053 1 

. liN 

0,0163 

.0008 

.002<1 

aI'Uo"son, E. E, Hull "(:,,1\., W~"Jll!ng, Nos, N, 4~, 
oIncluding 0 1;50 msoluble 

[Grains per gallon 1 

_~ ___ ' __ '_. _1_, ___ .1 

_________________ 1 0.·120 1.41191 0,507 

Fe.O. and AleO.__ .01)7 .01)2 .2H3 

KCl_ ,111 

SiO. 

Na.SO. __ 

Mg.S04 _ 

CaH04 __ 

CaCO. __ 

K.S04 __ 

;'ia,CO. _ 

MgCO. _ 

CO. _ 

June, 1909. 

.974 

4,496 

.1.32 

,110' 

1,U9 

,921 

2.612 ,23:; 

18.544- ,2'j4 

19.063' 

13.07G 

1.093 

2.91)6 

3.977 

. ,Wi 

0,0388 

.01O'G 

,6471 

.:1:0380 

0,()674 

,0048 

,0022 

.0210 

,04tt 

.0083 

,0197 

.0428 

0,950 2,21\3 
.047 ___ _ 

,210 1.1127 

,:1711 7\1.:J:IB 

.810 ,,0.1111.) 

3H.7i:l!l 

[i. 674 

3.1)5,3 

2.770 1,120 

1.153 
I 

5,79G 



U.S. GEOLOGICAL SUR"VEY 
GEORGE OTIS SMITH 

DIRECTOR 

, 0 

WYOMING 
(.ALEANY COUNTY) 

L.AR.AMIE QUADRANGLE LEGEND 

RELIEF 
p'.,,(cd ilt brown 

~ 
~ 
DOpl'ession 
contours 

DRAINAGE 
printed u< blue 

~ 
Sireru:ns 

LJ 
InteJ.,uittent 

su--emns 

~ 
Ditches 

kelt I 
I.alms !uHl 

ponds 

~ 
llllennitt.en:t. 

lakes 

CULTURE 
p!~"dcd,." bl"ol.-

~ 
Roads and 
buildings 

~I 
Cbw'C:hes,s(iliooL 

hoU5f1S.Wu] 
"C"(L,e1:e:";es 

tS2J 
I'livme and 

secondF.u.Y''O<Ifls 

EP 
L.S ,t.ownshtp and 

sectionlm.es 

~j 
State hues and 

CJ 
Tl"ia.n~lati.CIn 

staUons 



U .S ,GEOLOGICAL SURVEY 
GEORGE OTIS SMITH 

, 

LEGEND 

1) ,~ 
GypsiY' 

d e l"'>:;J1.S 
( ;" " U",.i.",,) 

!.{ . ~ 

~ 

lTng,ed ) ~ 
Tpl<tiaT'Y ~ 

(k'D~I. ,,"""'I."n<1. 
<"'iQ~"'''') 

D!J 
1"01"10'11 ... 

li=e>:;t6ne 
()',:!j: :;;:=,,~) 

IGNEOUS ROCKS 

~ 
Shermm.l 
granite 

r;;:,:-;;;f:t:£::r'; 

[:!J 
OWer basic 

i ntrusives 

(~;=~~f'~ 

;:~lc8t,~e~e~t~a7on ~.<. ,l. J o"S frike and d.p oI"~",,,,'&d tv<ik~ 
S" ""'yed,n l905 ...... 

-:;,~ ~ J!i"lU!R a/If] quar,.ies 
~ I'l'os-pects 



u.s . GEOLOGICAL SUR"VE'"Y"" 
GEORGE OTIS SMITH 

DIRECTOR 

• 0 

W"YOMING 
(ALB ANY COUN TY) 

LARAMIE QUADRANGLE 
R1Zw.IOSo30 

~~;rN LEG EN D 

SEDIMENTARYRDCKS 

S~ut SlCT'O~ 
S"'''.Ol,.,.'' BOL 

o 
u 

~ 

"< ~}: 
Chugwa:ter ~ 
to["u~nl]on ii 

f:::J, ::;;J::::::::::tr:::::1 ~ 

I~~ 

I ,;'~~,;l~) 

G~ 
S:~fiifr~J 

IGNEOUS ROCKS 

G 
Olderbm,-i<­
iutrlunves 

("'U"I<_"'~ 
~~nrm. 

t:'~=~.!j 

B E 
Granite sneiss 
(~~ 
pi>J<,''''-''_~8) 



WYOMING 
CALBANY COUNTY) 

LARAMTE QUADRANGLE 

LEGEND 

r.:J 
()"«'lVI' "f"Clover{v 

!tn·",auo" 

(~::Fij,;EE;" 

I ::~ ~oo-\ 

IJqHiLto wpot 
(',,~p<v. rorm.aJWro. 



LS.GEOLOGlCAL SURVEY 
GEORGE OTIS SMITH. DIREC'l"OR.. 

/;~~J..5rr·,,,,O~~~""~7--~~~~=~~= 

T.I7 No.1 

LEGEN D 

RELIEF 
p"i,Md in W'OWII 

~ 

~ 
COlnj)l"'" 

~:':a'·J:;'';;:,f~fvL;;,.'" 
""d :;"X,':.s:t:!01M 

DRAINAGE 
prinled," Mil" 

~ 
RflSe:J .... ,oll'S 
an,lpollil"l 

CULTURE 
1>I~·n.""l in blade 

~ 
R<)l"lds anti 

1,,,,ldiJl:S!; 

CJ 
C1 lurC'..heH and 
;';l: .. bool b("Jrtsc!; 

I::::::-:::l 
~ 

Tl'..'lJls 

[Ej 
c-.S.(D\~'llS~P alld 

!;i,,,honlines 

EJ 
Sta:teJilles 

C3 
County Jines 

r=:J 
BanChlllroXs 



'" LM,[Jougles. Geographer in ch,,.-ge 
Topograph'y by T.M,Bannon 
Tr l angu l a~ l on by R.H.Chap""" 

Surv .. y .. d ',n 1903 

AlREAL GEOLOGY 

EditionofS. pl. 1909. 

WYOMThfG 

Geolo8Y of post-C .. mhri .. n rocks by N.H .Oarton. 
assiSTe d by C,E.Siahenth .. 1 
Geology of pre-C"r:nbria n rocks by Eli01 Blackwalder. 

SU'"""Y.d;n I90S -1908 

SEDIMENTARY ROCKS 
U"""ar"ubaq'''''''''' 
d~""'S;U"' .. 6/w><?'W 

;:=;~,{f;~' 

~ 
AUuviu= 

Ionlo-_'-u"''''''''. 
~1w"""1 

~ 
ArumreH 
fOl:'lllHtion 

I:-I::~~ 

( 'uuoealeil iiuuts 

;'-8trikA«I><ldipoF~dr<>ek. 
I StriJ.",oI",,,,,·,"r.,l .. ,,,,,,, 

~ lI-fi"Hes and q uarries 



,T.S.GEOJ ... OGlCAL m;RVEY \N""'"fOMING 

l 0 

[d' t :on o f S .pl. 1909. 

LEG EN D 

SEDIMENTARY ROCKS 

B 
Allu,>jun1-

(o"ly tJ_ ldTg_ ""'''A 
~h."",,) 

UNCONFORMITY 

~~t Chugwater 
£:Il'fTla L; ()T1 

'i'E;#!§j,f/:.¥ft J 

E?J. 
Ol der basic 

iuU'-liilV(-',; 

(~~::::t;:,=~_ 
f,:;;:':::::/:,=:~~~) 

;"""'SIrike =d. dip ,-,F'~"I'i .. J ,,-,,k., i Sl,",~",,,(",,,,·,u,dst,,,,,, 



I 

! 

L 

I Granite. gneiss, and schist. 

GENERALIZED SECTION FOR THE LARAMIE QUADRANGLE. 

T-
Rolling plain> Good 80,1 'md p,,~tul'e hll'] 

----------------- --- _. ---

Arikaret> formation 
__ UNCONf"O"MITY 

TII'ule day. 

Cha(lrOll Handstollf' 

I Fox HiJl8 8and~tonE' 

GENERALlZE[I seCTION FOR THE SHERMAN QUADRANGLE. 

------~--

'c/ood"oillludp",turc 

I Vlllley~ an(l >lope". Hlo"tl~ cow'red. by Quat('rnllry 
and Tel'ti",·y d"po8it.;. Uiaysoll 

V"lIey~ and ",loll"'s, mo",]" cO"~l'~,1 
deposlt" I.]illy"tnl. 

loy Qua[~J 

)!onutain"iope"an"rocky]e.lg~" "",I mo"tiyrhm 
and ",,,,d.l' 

I M!t.~~~t~:'~d!'~idf~~~~'~;II':l;7n~;:,';'~i';~I~~/ueiSs, Ragg"'] mouul.~m8 'nth llllrne"Oll" rO"k ""l,,)"'r~,. 

I --"-------'---'---------------'----- --- -- --



U. S. GEOLOGICAL SURVEY 
GEORGE OTIS SMITH, DJRECTOR 

F,GURE 4. LARAMIE PLAINS, LOOKING SOUTHWEST FROM RIDGE 2 MILES NORTH OF MANDEL, WYO. 

little Laram ie Ri.er in foreE:found Sheep Mountain to left 01 center. 

fiGURE 5.-STEAMBOAT ROCK, COMPOSED OF MASSIVE SANDSTONE IN THE CHUGWATER FORMATION. 

Twenty-si. m iles southwest of laram,e, Wyo. Looking north 

WYOMING 
LA RAMIE AND SHERMAN QUADRANGLES 

FIGURE 5.-CONGLOMERATE OF THE ARIKAREE FORMATION LYING ON BRULE CLAY. 

Near Horse Creek, ill T. 17 N .• R. 70 W. Looking south. 

FIGURE 7.-SHERMAN GRANITE ON SUMMIT OF LARAMIE MOUNTAINS, WEST.OF.lSHERMAN, WYO. 

Showing horiwntal sheet ing and rounded forms resu ltine; from W ide ro lli ng p lain of the mountain p lateau in the background. 

FIGURE 9. CROSS- BEDDED SANDSTONE IN THE CASPER FORMATION, 
SAND CREEK, WYO. 

FIGURE 10. CHIMNEY ROCKS ON SOUTH BANK OF HORSE CREEK, EAST OF 
DAVIS RANCH, COMPOSED OF FOX HILLS SANDSTONE. 

FIGURE B.-MONUMENT OFl4CROSS-BEDDED~RED SANDSTONE OF THE CASPER 
FORMATION AT RED BUTTE, WYO. 

The monument is about 20 feet high. 

FIGURE 11.-LIMESTONE FRONT RIDGE:ON EAST SIDE OF LARAMIE MOUNTAINS, WEST OF HORSE CREEK STATION, WYO. 

Looking north. Hie-h ridges. Casper formation ; Red Va ll ey and low ride-e of Clo.erly sandstone to right. 



PUBLISHED GEOLOGIC FOLIOS 

No.* N arne of folio. State. Price.t No.* Name of folio. State. Price.t 

Gents. Cents. 
!l Livingston . Montana. 25 88 Scotts Bluff . . Nebraska 25 
.t2 Ringgold. Georgia-Tennessee. 25 89 Port Orford Oregon. 25 
t5 Placerville. California 25 90 Cranberry North Carolina-Tennessee. 25 
14 Kingston. Tennessee .. 25 91 Hartville. Wyoming. 25 

5 Sacramento California 25 92 Gaines Pennsylvania-New York. 25 
16 Chattanooga. Tennessee. 25 95 Elkland-Tioga . Penn'syivania 25 
l? Pikes Peak Colorado. 25 94 Brownsville-Connellsville Pennsylvania 25 

Sewanee. Tennessee. 25 95 Columbia. Tennessee. 25 
,9 Anthracite-Crested Butte . Colorado. 50 96 Olivet. South Dakota . 25 

!l'o Harpers Ferry Va.-Md.-W.Va. 25 97 Parker. South Dakota . 25 
111 Jackson California 25 98 Tishomingo Indian Territory. 25 
112 EstillvilJe Ky.-Va.-Tenn. 25 99 Mitchell South Dakota . 25 

15 Fredericksburg Virginia-Maryland 25 100 Alexandria. South Dakota . 25 
14 Staunton. Virginia-West Virginia. 25 101 San Luis. California 25 

115 Lassen Peak California 25 102 Indiana. Pennsylvania 25 
16 Knoxville Tennessee-North Carolina. 25 105 Nampa. Idaho-Oregon 25 
17 Marysville. California 25 104 Silver City. Idaho. 25 
18 Smartsville California 25 105 Patoka . Indiana-Illinois 25 
19 Stevenson. Ala.-Ga.-Tenn. 25 106 Mount Stuart Washington 25 
20 Cleveland Tennessee. 25 107 Newcastle. Wyoming-South-Dakota . 25 
21 Pikeville. Tennessee. 25 108 Edg~mont South Dakota-Nebraska. 25 
22 McMinnville. Tennessee. 25 109 Cottonwood Falls . Kansas. 25 
25 Nomini. Maryland-Virginia 25 110 Latrobe Pennsylvania 25 
24 Three Forks. Montana. 25 111 Globe. Arizona. 25 
25 Loudon. Tennessee. 25 112 Bisbee Arizona. 25 
26 Pocahontas Virginia-West Virginia. 25 115 Huron South Dakota . . 25 
27 Morristown Tennessee. 25 114 De Smet . South Dakota . 25 
-28 Piedmont West Virginia-Maryland. 25 115 Kittanning. . . . . . . . . . . Pennsylvania 25 
29 Nevada City Special California 50 116 Asheville. North Carolina-Tennessee. 25 
50 Yellowstone National Park Wyoming 50 117 Casselton-Fargo North Dakota-Minnesota 25 
51 Pyramid Peak. California 25 118 Greeneville Tennessee-North Carolina. 25 
52 Franklin. West Virginia-Virginia. 25 119 Fayetteville Arkansas-Missouri 25 
55 Briceville T,ennessee . 25 120 Silverton. Colorado. 25 
54 Buckhannon . West Virginia . 25 121 Waynesburg . Pennsylvania 25 
55 Gadsden Alabama. 25 122 Tahlequah. Indian Territory-Arkansas . 25 
56 Pueblo Colorado. 25 125 Elders Ridge Pennsylvania 25 
57 Downieville California 25 124 Mount Mitchell . North Carolina-Tennessee. 25 
58 Butte Special Montana. 25 125 Rural Valley Pennsylvania 25 
59 Truckee California 25 126 Bradshaw Mountains. Arizona. 25 
40 Wartburg. Tennessee. 25 127 Sundance Wyoming-South Dakota. 25 
41 Sonora. California 25 128 Aladdin. Wyo.-S; Dak.-Mont. 25 
42 Nueces . Texas 25 129 Clifton Arizona. 25 
45 Bidwell Bar. California 25 150 Rico Colorado. 25 
44 Tazewell . Virginia- West Virginia. . 25 151 Needle Mountains Colorado 25 
45 Boise. Idaho. 25 152 Muscogee Indian Territory 25 
46 Richmond Kentucky 25 155 Ebensburg. Pennsylvania 25 
47 London. Kentucky 25 154 Beaver. Pennsylvania 25 
48 Tenmile District Special. Colorado. 25 155 Nepesta Colorado. 25 
49 Roseburg Oregon. 25 156 St. Marys Maryland-Virginia 25 

_ 50 Holyoke Massachusetts-Connecticut . 25 157 Dover Del.-Md.-N. J .. 25 
51 Big Trees California 25 158 Redding California 25 
52 Absaroka. Wyoming. 25 159 Snoqualmie Washington 25 
55 Standingstone . Tennessee. 25 140 Milwaukee Special .. Wisconsin 25 
54 Tacoma Washington 25 141 Bald Mountain-Dayton Wyoming. 25 
55 Fort Benton. Montana. 25 142 Cloud Peak-Fort McKinney. Wyoming. 25 
56 Little Belt Mountains Montana. 25 145 Nantahala . North Carolina-Tennessee. 25 
57 Telluride. Colorado. 25 144 Arr1ity .......... Pennsylvania 25 
58 Elmoro. Colorado. 25 145 Lancaster-Mineral Point Wisconsin-Iowa-Illinois 25 
59 Bristol. Virginia-Tennessee. 25 146 Rogersville Pennsylvania 25 
60 La Plata-. Colorado. 25 147 Pisgah. N. Carolina-So Carolina 25 
61 Monterey Virginia-West Virginia. 25 148 Joplin District Missouri-Kansas 50 
62 Menominee Special .. Michigan. 25 149 Penobscot Bay . Maine 25 
65 Mother Lode District California 50 150 Devils Tower . Wyoming 25 
64 Uvalde .. Texas 25 151 Roan Mountain . . Tennessee-North Carolina .25 
65 Tintic Special .. Utah 25 152 Patuxent Md.-D. C. 25 
66 Colfax California 25 155 Ouray Colorado. 25 
67 Danville Illinois-Indiana 25 154 Winslow. Arkansas-Indian Territory 25 
68 Walsenburg Colorado. 25 155 Ann Arbor. Michigan. 25 
69 Huntington West Virginia-Ohio. 25 156 Elk Point s. -Dak.-Nebr.-Iowa 25 
70 Washington D. C.-Va.-Md .. 50 157 Passaic New Jersey-New York 25 
71 Spanish Peaks Colorado. 25 158 Rockland Maine 25 
72 Oharleston . West Virginia . 25 159 Independence. Kansas 25 
75 Coos Bay Oregon. 25 160 Accident-Grantsville. Md.-Pa.-W. Va .. 25 
74 Coalgate .. Indian Territory. 25 161 Franklin Furnace . New Jersey. 25 
75 Maynardville Tennessee. 25 162 Philadelphia. Pa.-N. J.-Del .. 50 
76 Austin Texas 25 165 Santa Cruz California 25 
n Raleigh. West Virginia. 25 §164 Belle Fourche. South Dakota. 25 
78 Rome. Georgia-Alabama. 25 ,165 Aberdeen-Redfidd . South Dakota. 25 
79 Atoka. . . . . . . . . . . Indian Territory. 25 §166 EI Paso Texas .............. 26 
80 Noliolk. Virginia-North Carolina 25 §167 Trenton. New Jersey-Pennsylvania. 25 
81 Chicago Illinois-Indiana 50 3168 Jamestown-Tower . North Dakota . 25 
82 Masontown-Uniontown Pennsylvania 25 S169 Watkins Glen-Catatonk New York. 25 
85 New York City New York-New Jersey 50 !i170 Mercersburg-Chambersburg. Pennsylvania 25 
84 Ditney Indiana. 25 §171 Engineer Mountain. Colorado. 25 
85 Oelrichs South Dakota-Nebraska. 25 §172 Warren. Pennsylvania-New York 25 
86 Ellensburg. Washington 25 §175 Laramie-Sherman Wyoming 25 
87 Camp Clarke. . Nebraska . . . . . . . . . . } 25 

* Order by number. ~ These folios are also published in octavo form. 

t Payment must be ma.de by money order or in cash. 
t These folios are out of stock 

--Circul-;:rs showing the location of the area covered by a.ny of the above foiios, as well as information concerning topographic maps and other publicati,ons of the Geological Survey, may be had 
on application to the Director, United States Geological Survey. Washington. D. C. 




