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ABETLACT

Iwenty=-nine sections of the Cypsum Spring formation

(Middle Jurassic) were meaaured and described Iin Fremont,

Hot Springe, fublette aund Teton counties, Wyoming. &Study

of the sections indicatles that the Uypsum Spring formation

is divisible into three stratigraphic units. These are:

1) basal 25~foot red bed sequence, 2) 75 feet of thick-bedded
gypsum, and 3) cyclically deposited evaporites alternating -
with red beds with an average thickness of 95 feet.

Ifhe basal red beds of unit 1 grade downward into the _
Nugget sandstone (Lower Jurassic) in western Wyoming, and
into the Chugwater red beds (Iriassic) in central Lyoming.

ihe prominent gypsum in unit 2 contains interbedded red
siltstone and brown dolomite. The long span of gypsum depo-
sition wag interrupted only by short changes Lo & humid cli-
mate, which caused the lowering of the galinity below the
concentration necessary for the precipltation of gypsum.
Subsequent concentration after the return to nermal dry cli-
mate resulted in the deposition of a thin bted of dolomite
followed by thick beds of gypsum.

The third stratigraphic unit contalins three successive
cycles of sedimentation. Fach cycle has red beds at the base
and top and marine evaporite deposits in the center. The
marine nonclastic deposits commonly contain gypsum at the top
and base, dolomite in the basal and top third, and laminated

limestone in the center. Iihe red bed sequences which separate




the three groups of marine strata, c¢ontaln gypsum lenses at
the top and base.

The term "arid cyclothem" i1s introduced to describe the
idealized depositional seguence interpreted from these cycles
of sedimentation. The idealized requence 1st A)/f}anagresaion:
1) red beds, 2) red beds with gypsum lenses, 3) gypeum,

4) &olomlte, and 5) laminated limestone; B) Regression:

€) dolomite, 7) gypsum, 8) red beds with gypsum lenses, and
9) red beds. The conditions of deposition of the arid cyelo-
them are the followings 1) dry elimate, 2) systematically
fluctuating sea level, and 3) a landmass of low slope and

low rellef, 4) a source for red-stained clastics. Changes in
climate, morphology of the baesin, minor fluctuations '

of depth are largely responsible for the departures from the

ldenl arid cyclothem found in the Uypsum Spring formation.










Conclusions concerning sedimentary environments have
been made on the basls of petrographie investigations, field
wor K

studies, lavoratory, and the previous work of other wen c¢on-

cerning western “yoming tectonics and stratigraphy. No sub-

surface daka were uned.

Seography

Western Vyoming is a region of high relief, The eleva-
tion of the intermontane valley floors ranges from 4,500 to
7,000 feet. Hountaln peaks higher than 12,000 feet are comuon
in the Wind Hlver i{ountalns. 7The mountaln ranges are broad
anticlines flanked with inelined sedlmentary rocks ranging
in age irom Cambrian to Cretaceous. £&Hteep gradient astreame
Lave carved bold relief in the f{lanks of the ranges producing
excellent exposures of moet Paleozole and Mesozolic formations.
ilie elevation of outerops of the Gypeum Spring formation
ranges irom 5,000 to 7,800 feet. Section 28 was the only
outerop avove 10,000 feet which was studied.

The aresa ia drained by tributaries of the Missouri,
Columbia, and Coloradec rivers. 1Ihe eontirental divides
separating these three river systems meet at & polut 20
miles east of Dubols, Wyoming (Fige. 1), Fremont County 1is
drained by Wind iiver, Sublette County is drained by Green

Hiver, and Tetom County is drsined by Snake Kiver.




Several glacial advances are recorded at the higher
elevations in most of the ¥ind Eiver Range. The accompanying
glaclal outwash has locally covered exposures.

The area is mcostly ranching eountry and population 1is
concentrated along the larger rivers. 1The only population
centers 1n the area are Lender (pop. 3,319), Kiverton
(pepe 4,126), and Lubols (pop. 376) in Fremont Countyg
inermopolis (pop. 2,834) in Hot Springs County; Jackson
(pop. 1,259) in Teton County; and Pinedale (pop. 647) in

sublette County.

Accegsibllity

LEapy automobile travel 1n central and western Wyoming
iz limited to the few major paved highways in the inter-
montane arsas. With moderate caution, access to outerops on
the mountain f{lanke can be made in a passenger auntomotile on
county gravel roads, ranch roads, and bulldozed selsmograph-
trails. The travelable roads in the vieinity of each meas-
ured section are shown on Fipgures 71 to 80 in the Appendix.

Bescauss of the late gpring thaw, the best months for

travel and field study in thie area are July, August, and

September.




dethods of Investization

between June & nnd July 16, 19864, twenty-nine sections
of thne illddle Jursssic were described and sampled. Lighteen
stratigraphlic sections were measured on the eastern fimnic of
the Vind tiver Mountaina, two on ithe weStern aide of the
Find #lver Nountaine, eight in cthe Owl (reek Nountalns, and
one in the Uras Ventre lange. leasurements were xade with
Brunton clinometer and €-fost tape. DBecauss of dilfersnces
in thickness with those of previously published secticns,
the aeccuracy of the method uped was terted mmthemmtically
and by repetition. Compensuting human and operaticnal errors
moest likely keep the insccuracies of the larger measurements
lesa than 10 perosnt.

Laboratary work was begun in July, 1964 and was continued
through February, 19806. §lat-ground, unpoliashed alabs of
nearly all of the 845 field samples were etehed mad then
studied under a binoeunlar microscope, waing & maximum magnli-
fication of x100. In adéition, analyses cf thin sections
md insoluble resicdues were uade of selected specimens.
Distinction of dolomite from csleite by means of Lemberg's
solution was abttempted in the laboratory. Pure dolomite
oould be determined by this dye method, but mixtures of
dolomibe and culoite registered ar caleite., Apparently, the
small erystal size cannot be distinguished by this dye tech~
nique. Ullute hydroechloric acid was used in the distinction

of carbonate wminerals.

B e




Previous Vork

Before 1839, little mention was made of the gypsiferous
Jurassic sediments of western Wyoming. Love (1l93¢) defined
the Cypsum Epring formstion eas a member of the (hugwater
formation (Triassic), and presented a generalized description
of the type sectlon.

Imlay (1945) investigated lesmozoic stratigraphy and
gathered fogsil evidence to establlsh the correct age of the
UGypsum Spring formation. -

Love, et al. (1945) published 37 stratigraphic sections
of Hesozolc rocke, 20 of which contained the Gypsum Epring
rormétion. ihe information was presented in graphic form at
a scale of 100 feet to the inch, but had no‘accompnnying
written description. Two years later, Love (1947) published
seven written déacriptiona of rebreaentative sectionas taken
from hie 1945 publication. HNone of this work was done in

the detall of the work included herelin.

Imlay's paper (1952a) on the paleocecology of Jurmssic
seas in the western interior rezion discussed the regional
distribution and facles changee of the Gypsum Spring forma-
tlon and interreglonal correlation with other Jurassie
formatlions.

Schmitt (1953) conducted a lithofmcies analysies of the
marine iiddle and Upper Jurassic in the Northern Roecky
Mountainse. An isopach-lithofacies map of the Uypsum Epring




formation and equivalent strata is ineluded in the publica-

tion, but Sehmitt studied only € secticns in the area covered

in this present investigation,

none of the workers mentioned has published a detailed

petrologic investigation of the Uypesum Spring formatione.
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GEOLOGIC HISTORY

Pre-Jurassic

ihe Gypsum Opring formation was deposited at a time
when the tectonic framework of the Western Interlior was
undergoing strong change. In order to understand the eilect
of this change on Middle Jurassic gedimentatlon, the ageologic
history from the late Paleczolc through the Jurassic is sum-
marized.

The growth of the Manhattan geanticline to the west. in
post-Uevoniun tlme caused the migration of Lhe eastern pa:t
of the Cordilleran geosyncllice to form the Utah trough ascross
central Utah and Nevada in Permian time (Fig. 2). Pre-Jurassic
sedimentetion in western Vyoming was largely controlled by the

position of the Utah trough. 7he Pacifiec Ocean was econnected

to this intracratonic trough.

Shallow, epicontinental sess covered most of the Vestern
interior reglon in rermian time (Fig. 2). The Phoephoria
formation, which includes all but the uﬁmnt Permian
deposits, is only 300 roet,'r.huk in Fremont County, Wyoming,
but the formation thickens tb more than 5,000 feet in the
center of ‘the vutah troughe.

iriessic deposlts were more restricted than those of
the Permian (Fig. 3). although the Utah trough was enlarged

and received more sediments than previously, few marine










sedimente of Triassaic age are found on the flanking eplicont-
inental shelves. Jutlets to open acean were limited to a
few small sags in Che continuous Hanhattan arch (Eardley,
1949 ).

Iriassic rediments of the Vesztern Interior outeside the
Utah troué;h, are composed of & thick series of red slltstones
and shales. The Chugwater formation, which includes all bdbut
the basgal Irisssic, has a thicknsss of 1500 feet 1in _Fremont
County and thickens to several thousand feet on the syoming-
idaho border. Leposition of the red beds began in Late

fermian time and continued into the Jurassic.

Jurassic

Lower Jurassic. At the beginning of the Jurassic, the

Jtah trough econtinued to be the dominant area of sedimentatinsn

in the weatern interior. The shelf ureas accompanying this

trough (ilge. 4) were even more areally restricted than those

of the Iriassiec. The only connection to the open =208 was

approximately at the position of the present Gulf of California.
Tre basal Jurassie formation in iremont County, Syoming,

Ls the Nugget sandstone, which is crossbedded and cowposed

of frosted, rounded, quartz sand grains (Fig. 5). The for-

mation is found from lMontana to northern Ariszona and has

various names (Table 1). In southeastern ldaho, it reaches

a maximum thicknesas of over 2,000 feet.













The rise of the Mesocordillersn geanticline at the end
of the iriassic produced an aricd climate in the .estern
Interior (Imlay, 1962a), and & source of cediment for the
Utah trough. In this dry climute, the Fugget sandstomne was
deposited., I!oet auvthors refer to the formetion as an eolian
deposit, but fluvial deposition has nol been disproven.

In the #ind Hiver kounteins, the Gypsum Spring formation
eonformably overlies the Bugget sandstene. Eecause of ercsion
and nendeposition, the Nugget sandstone iz not found in out-
crops in the Uwl Creeck lountains. ZEFast of the type locality
Gection 28, the uypsum £pring formetion was unconformably
deposited on the Chugwater formation. However, west of tre
“ind hiver Dasin, no erosional csurface exlists at the basze of
the Middle Jurassic. Imlay (1950) surmises from the difier-
ence in induration of the two formations, that a hiatus sepa-
rates the Hugget sandstone and the Middle Jurassic beds of
western Vyoming.

Middle Jurassic. at the end of the Lower Jurassic, a

large positive area extended from the western coast of Mexico
to the Artic Ocean, thus blocking the former oceanic entrances
to the Utah trough. It was in this enclosed sea that the
basal evaporltes of the Gypsum Spring formation were deposited.
Colncident with the uplift, a seaway was formed in west-
central Canada, connecting the nearly landlocked Utak trough

with the Aé%lo Ocean (Fige. 6). 1The presemce of islands and
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probably shallow wader resiricied movement Ol new sea water

into the Utah sea. Ihls pagsage was over 2,000 miles long,

but at no time during the Jurascic was it connected with: the
Hexican and Feciflc Jceans. The separating strip of land,
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however, may have been as navyrow as 200 miles,  Imlay (1952a)

finds evidence for this separation by ccamparison of the
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iriasslc eand Lover Juresenlic faunas with the faunas of th
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are gimilar to thonse found on the Pac c
wihile iddle and Upper Jurascic faunae have affinities

s 8.

foesil groups from Oreenland and northern Lurope.
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Komenelature

fHisbory of name. The Gypsum Spring formation was defined
ty Love (1839) as the uppermost membar of the Chugwater for-
wation (Iriassic). Yhe type section (Fig. 7) is located on
hed Creek 1n the Uwl Creecl iMountains (Fig. 1), and 1s Section
26 (Appendix) of the present work,

ihe Cypsum Spring formetion was given offlicial formational
status and assigned its correct iiddle Jurassic age by Imlay
(1045)., After a reglonal psleontological study of Hiddle
Jurassic deposite in the Vestern Interior region, Imlay
(1050, 1952a, 19252b) restricted tie Uypsum Spring formation
to rocks of bajocran sge. 1hls definition includes only strata
of members A and B shown in Flgure &. He places the remaining,
younger atrata under the provisional formational name of
"Lower Luncance”. (#ee Table 1.)

Lefinition of the Gypsum Epring formation. 1he average
lithology of the Hiddle Jurassic 1n iremont County, %yoming,

as determined from stratigraphic descriptions and measurements
connected with the present study is shown in Figure 8. As
used in this paper, the formation includes beds placed by
imlay (1952a) in the Bajoctian and Bathonlan stages, and is

the time eyuivalent of the Piper formatlion of dontana.

For the purpose of discussion, I have divided the for-

metion into elght members, lettered & to H. MNembers A and B




Fige 53
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Fig,

Lower Sund:snce formation (Upper Jurassic)

Gypsum Spring formation (Middle Jurnscic)
liember il, Light—gray linestone. Gypsum and
dolomite stringers at base., Thicknes:. ranges
from O to 20 feet.
ilerlver o Red=brown siltstone, contains a few
oypsum lenses. Tiickness ranges from 6 to
L8 feet. '
lilember F, Gypsw: -nd dolomite stringers at base.,
— Lamin: ted linestone in center grades up to
red calcarenite -t top. Dolomite an<d g;psum
stringers at tov. Tiiclmess ranges Irom 6 to
L2 feet, average of 16 feet,
siember E, Red-brown siltstone vinich contains
gypswa lenses, Thiclmess ranges from O to
19 fect.
I'ember D, hite dolomite and mmpsun stringers at
base. Laminated llmestone in lower n-1lf grades

liot found in tne Gl Creek Iits.

upward to red silty shale whicii has
and delomite lenses in tihe center,

limestone at tcp.

Th:ckness rangpes

T osum
Alzal
fronm ©

[¥9]

29 fe=t.
senber C,

RNed-brovm shaly siltstone widici: contains
vasc, iY..kckmess ranges
from 1y to 45 feeto
llerber B. \thite, compact gpsum which contains
10 percent interbed cd red-brovm s lictone
and brovmn-gray dolo-itz, Thiclmess ranges

from 5% to 120 feat, zver e of 70 fect.

22 SVCY

Iember A. [lled=brown shaly siltstone wiilch is
mottl:d green in some sectiuns., Litiiology is
gradztional with underl ing formations.
Thickness ranges from 1 to 05 feet, ave,.,

Je

lugget sandstone (Lower Jurassic)
Chugwater formatien (Triassic)

.verage composition and thickness of the Gypsum

FiG.,
Correlation

B.
opring formation in Fremont County, .yoming.
planes (C-1, Cc-2, etc.) are plunes used as datums @ for

correlation in «igures 16, 17, 44, 53, 56, and 69. Bsrackets

at left indicate inte¢rval includea in each of the four
correlation figurecs=.

Vertical scale: 1 inch = approx. 30 feet.




are manppable lithologic uunlts and comprise over 40 percent
of the formatlion in many gections and correspond to the strata
placed in che Bajolcan by Imlay (1952a). Members C, E, and
G are terrestrial, gypsiferous red beds and are elternately
bedded with marine, predominantely nonclastic members I, F,
and H, (See Fig. 8). Znecse six members have gradational
contactes and, tnereiore, are“ﬁgsily mappavle lithologiec units.

ine basge oi the formation le marked by a red-brown silt-
stone (member A), which lacks frosted quartz sand grains
Cypical of the Lugpet ssndstone.

Ine top of the formation 1s locally defined by an
unconformity, but in wmost sections measured, it is narked
by & conformable change in lithology. The lithology of the
upper part of the Jypsum Spring formation 1= a mixture of
gypsum, dolomite, unfossiliferous limestone, and red-Lrown
giltetone. 1lhe lithology of the overlying basal beda of the
"Lower Sundance™ formation is typically yellow=-gray shale,
foseiliferous and oolitic limestone, and coarse-grained
sandstone which are locally conglomeratic. Ihe two group.
of lithologies do not have etrict stratigraphlc aseparation,
and examples of typical "Lower Sundance" lithology lnter-
bedded with typical Uypsum Spring lithology will be glven

later.

Confusion in stratigrapby. Many of the arguments con-
cerning Middle Jurassie stratigraphy result from Love's

choice of a type scetion. fils section at lled Creek (measured
by me as Section 28) is unique rather than typical of Middle







)
Gt

three of these s :guences are separate, distlinet, mappable
lithologic units, and were deposited in roughly similar
environmenta. liowever, the environmuent of the youngest
depositional seguence discussed above iz radically different
from the environment of the overlying "Lower Sundance” forma-
tion. 7Therefore the inclusion of the beds of members C to H
~ in the "Lower ESundance" formation is viewed as unreasonable
in the %ind Kiver basin.
In order to avoid furthur stratigraphle confusion, I
shall not propose a formal reclassliication of MHiddle Jurassic
stratigraphy, but revision is necessary. Intelligent zub-

division cannot be made until detalled stratigraphic woric in

the northern Blg Born Mountains and in the outcrons near Cody,
diyoming, 1s done and 2 connection made between the Middle
Jurasclc exposures in the %“ind River basin and sesqgquivalent

beds in Yontana.

cedimentary racies of the diddle Jurassic

Lvaporite facies. The Gypasum Spring ané “liper forma-

tlons are the superseline marine and continental facles orf
the Middle Jurassic. Jihe deposlte are generally less than
300 feot thick und are iound In northern sud central Wyoming,
eastern Utah, and northeastern South bakota (Imlay, 1052a).
Ihe lower portion, which consists of the Lasal red beds and

thick massive gypsum,is found as far weet ms the ldsho-iyoming







border, end as far north as gouthern Sasl

eastern and southern boundaries are shown in F3g
thin sypsum beds and 1s limited to exznosurea in central

“yoming and southern Montana.

Normal marine facles. The atrata of the evaporite

o+

facies grade laterally ‘nbo .fos.ailiferous limestone and

cray, merine shalc's of the Twin Creek limestone ané Sawtooth
formation (iable 1)« This normal mar}lng »fa'cic: is as auch
ea 300 feet thick In seutheaétefﬁ Utah and 500 feet In Jas-
ntchewan (Fig. 10). ‘In no eprz.urfz has this gradaticn in
facles been elearly démonstrate_d with detalled stratigraphile
work, Im the ares studied in this repor:, the change in
facies oceurs in the inaccosaibie mountains of-morthern
Sublette and eastern Teton counties. The ﬁpgnltuﬁo of thiis
facies change may be seen by comparing Sectiones 27, 28, and
22 of the appendix with the composite section shown in

Filgure 8.
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SEDIMEHTATLION
deneral

The Gvpsum Spring formation was deporcited in a ghallow
marine salinid to the eanst of the 'iddle Jurassic Utah treugh.
Free interchancse with the nearly normal merine waters of.the
Utah sea was restricted by trhe shallowness of tlhe galinid and
poeeibly by a partial elogure on the weet side of it. The
formation wae depceited under 2 dry climate affected by minor
chenges te a mere humid climete. The salinity of the sea in
the Utah trough was not excesesive, although ionic proportions
were probably weighted heavily in faver of the more soluble
salts,

The formation contains npnroximdtely 50 percent red beds,
40 percent gypsum, and 10 percent limestone anﬁ dolox!tc. '
The messive beds of member B include 75 porcent of the gypsum,
and 25 percent of the gypeum le 1ntcrboddcd with the dolomite,
limestone, and siltstone in £h§ ﬁpp?r nalf of the térmatlon;

Deposition in repetitive sequences was com=on injti'-‘“
¥estern Interior during tho Middle Jhrnaslc; AChomicni pro¥“‘
cipitation ty evaporation was the »redominant dopoaltionnl
process during the time of deposition of mcnbor B. Eowcvor.
the sodimentary hiatory of this member is nnnotuntod '*th :
short porioda ar clastiec dopo-ition which cnuood tbo tbllov-

-

ing lxthologic auocoacxon: 5ypau-, rod-brovn lllt-tono, dolo-

his eequonge wmould

mite, and gyplu-.
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A different and more »ronscunced form of sequential
deposition occurred in leter Jypsum Spring time. Oscillatione
of sea level over a salinid preciplitating evaporites resulted
in cyclic deposition of marine nonelastic sediments and non-
marine clastiec beda. Yhese cyclic deposits are similar to
the repetitlon of bedes 1n late Paleozoie cyelotheome az dea=-
eribed by Woller (19302), Yoore (1931; and 1936), and Ellas
(1037). Decause of this similarity, the type of sedimentation
recorded in the upper part of the Gypsum Jpring formation is

termed the "arid cyeclothen”.

Bagel FEvaporitee

sgquenge. +ihe lithologle seguences found interbedded
with the masasive gypsum Leds,and also at the base of member
B,are shown in rigures 11 and 12, ihe siltstone-dolomite
ssquences found between massive gypsum beds range in thicke-
ness irom O.2 to 2.5 feet. 1he thickness of the dolomite at
the base of member B ranges from 0.1 to 0.8 feet. %ihe char-
acter oi each part of the sequence will be treated more fully
in the section describing lithology.

wedimentation. The sequence found a: the base ol the
gypsum of member B (Fig. 12) represents progressive increase
in salinity of the Mlddle Jurassic sea. The succession 1s

similar to Uslglio's order of precipitation of sallne salts

(p. 49 )., <he celcium carbonate phase of his sequence would
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Gypsune

Lig:t=brown dolomite, usually s .ale parting at top.
Green shaly siltstone.

Red=brovm siltstone, calcareous in some sequences.

Gypsum ,

FIG. 11 Typical siltstone-dolomite-gypsum sequence of
member B, Total thickness ranges from 0.2 to 2.5 feet.,

Gypsum, .

Red=brovm or grecn siltstone.

Light=brown dolomite,

Red-brovm siltstone, usuall;, with green-gray siltstone
at tope

Gypsum,

FIG, 12, Typical basal lithology of member B, DLolomite bed
ranges in thickness from 0.1l to 0.8 foot.




correspond to the calcarscus green shale shown on Figure 12,
It is Inferred that dolomite formed st e higher selinity
either by penecontemporaneoug delomitization of lime muds,
or by primary precipitation, yeoum wag cepoglited gt s
gtlll higher salinity.

“he loterbedded sequencee (Fig. 11) represent pericds
of lover sallnity accompanieé by a higher reate of clastic
deposition. The scquences probebly ceorrespond to changes to
& more humid climate curing vhickh rainfall end runoff ¢iluted
tle ralinid waters and cevzed zore repid clastlic weposlt;on.
dbese ssguoncea mey have been caused also by resmoval of
restrictions in the basin which allowed & highar rate of influx

of new sea weter, thus dilutling the supersaline waters ia the

61’

evaporating pan.  Bocause change in morphology of the basin
wovld not account for the change in clastle coantent, i velleve
that the meguences correspond to climatlce fluctuutions:» .
iheory of reflyx. In order to account for the scarclity
of salt in the Castile anhydrite (Fermian) of West Texas,
King (1947, p. 476-477), formulated the theory of reflux,
Ho stated, ". . . in a basin cuch as the Uelaware basia,
enclosed on zll sides but connected to the open vea by a
restricted channel, the water becomes differentiated into an
underlying concentrated brine of uniform density, which lies
below wave base and is ponded behind the barrler, and a sur-
face layer of somewhat less SYRrREL. density.” le bringe ocul
tig. the water oi the surface lnyor is normal sea water near

the entrance, but increases in density and salinity toward

i L .
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the shore. ‘1Ihe specific gravity of the surface layer increases
srom 1.02 at the entrance to 1.20 near the shore. Precipita-
tion of calcium sulfate begine when the brine reaches a
specilfic gravity of 1.08, Yransfer of water from the upper
layer bo Lhe lower concentrated layer takes place near shore.
A8 each lncrement of dense waler is added to the concentrated
trine layer, & corresponding increment is forced over the bar
inte the open ocesn. lio precipitation takes place from the
lower brine layer. In the Castlle sea, iing btelieves 90 per-
cent of the water was removed by evaporation in the surface
layer, 10 percent was returned to the sea by way oi the under=-
lying concentrated brine 1uyer2.

ibe theory of reflux may be applliecable to uypsum Loring
sedimentation, but no evidence of basia enclosure was found
in ths area under investigetion, it is possible that part
of the iiddle Jurassic btelt Island in central iontana acted
&8 a submarine constriction of the environ:ent of deposition
of rempoer B. However, tke reflux theory ies unnecessary to
explain the lack of halite in the upper half eof the formation.
ihe thin veds of gypsum indicate that evaporite deposition was

not extensive enough to increase the concentration of halite

2
Geruton's (1953) paper on the deposition of evaporites

should also be consulted for further information on the
theory of reflux,




above the critical value noceaséry for precipitation. 'ﬁho
lack of brecciatlion in stratigraphic sections containing
large percentages of gypsum indicates that any nalite formed

wag subsequently removed by sclution prior to lithification.

Arid Cyclothem Hypothesis

vepositional sequence. 7The arld ey¢lothem ls the sequence
o evaporite and colastiic deposition resuliting from oscllations
of sea level over a salinid in a dfy climate (#ig. 13). 1he
conditlions oi deposition areil)_dry climate, 2) systematlically
fluctuating sea level, and 3) a land surface of low slope and
low reliefs ihe vrelatlonshlp between wvater deptk, salinlty,
and type of deposit are shown in ligure 13. It may be seen
Chat gypsum is precipitated in the shalloweat water at both
ends of tie cyclothem, dolomite 1ls formed at an intermediate
depth and salinity, and limestone is precipitated 1n the
greatest depth of water and at the lowest salinity. An exam-
ple of the transgressive half of the cyele 1s shown 1in Figure
l4. Ideally, additional beds of limestone ceposited in water
of lower salinity than shown in Flgure 13 could be added to
the sequence. ihis extension would show phases of llmestone
which would contain normal organic development. Iowever,
suveh an extension is not chown by rleld studles. ire lack
of fosslls in the Yypsum Spring llnblténc beds indicates
that t. e salinity remained well aﬁovo the average salinity
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1lor 9, 2 or 8. Red 3 or Te| 4 or 6,| 5. Limestone.
Red beds, beds with Gypsum, | Dolomit Normal
gypsum lenses. marine
facies
A
Salinity Phase
i I
: : 9 Red beds,
i ¥h = ,
: E H 8 Red beds with gypsum lenses.
: ) Y
: | il Bedded Gypsum,
: : i DOlOﬁliteo
: ! E. | |
: | 5 Laminated limestone,
: 3 423
' |
. : L Dolomite.
I
: i 3 Cypsum, °
I (R
: 5 2 Red beds with gypsum lenses,
| |
| | ey
: | 1 Red beds.
{ |
1 1
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a. Average salinity of morrmal marine
environment.

be Minimum salinity neccessary for tie
precipitation of calcium
sulfateo

B

FIG. 13. AaArid cyclothem. «) cross section of a salinid
showing distribution of environments. B) Idealized lithologic

Sequence,
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of the Juragslc seas, but still within the range of caleium
carbonate precipiltation.

The regressive half of the arid eyclothem would theoret-
ically Le a mirror image of tre transgression. 7The limestone
of phase 5 would be overlain by dolouite, gypsum and gypsi-
ferous red bede in that order. In members L, F, and H, how=-
ever, the central limestone commonly grades upward into red
silty limestone which in turn is overlain in only & few sec-
tions by dolomite stringers and gypsum lenses. <1he short
stratigraphic interval of the regression indicates a qulck
return to continental conditions after ses level began to de-
¢line. ZTha limestone siltstone gradation at the top of member
¥ and in member D, may indicate the seaward movement of the
atrand line by the normal processes of seaward growth of the
coaat due to stream deposition.

LDepth is the varliable responsible for the sequence of
deposition. Changes 1in climate, morpholagy of the basin,
minor fluctuations in depth of waeter are largely responsible
for tre irregularities of the soquence found in the Uypsum
Spring formation. A more complete discussion of the effect

of these variables on cyclothemic deposition will be given

later.

Environment of deposition. Fach phase of tihe arid eyelo-

them characterizes an environment which has a definite range
of salinity, rate of clastic sedimentation, and possibly

hydrogen-ion concentration, and oxldatlon-reduction potential,







beds, bedded gypsum, dolomite, and laminated limestone is
prevalent in the lower half of all three marine nonclastic

members.

Gontinulty of beds. ‘ihe gypsum and dolomite beds at

the top and base of marine members U, ¥, and i are less
persistent than the limestone in the center of the member.

It is logical that the topography of the sea floor would have
more effect on nearshore, shallow walter sedimentation than
on deeper water deposition., Therefore, the more persistent
bede (phase 5) would be deposited farther from the shore line
than the lenticular strata (phases 2, 3, ., 7, and 8).

Clastic content of nonelastic phases. 1Ihe relationship

between lithology and distance of deposition from shoreline
is supported by insoluble residues. The average dolomite
from members L, ¥, and H contains 16.0 percent lnsoluble
material, whereas the limestones contain an average of only
8.0 percent. 1ihe residue from the dolomite, In general
contains larger quartz grains than is found in the residue
from the limestone. Gypsum crystals were found in a few of
the residues from dolomite, but were lscking in the limestone.
If the rate o»f deposition of the carbonate minerals lg rea-
sonably equivalent, it follows that the dolomite was depos-

ited cloger to the shoreline than was ghe limestone.,

IR R 1 s
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Orlgin of gypsum lenses in red beds. EXach of the thick

contlnental red beds separating marine wmemberes D, F, and H
contains lenses of gypsum at the top and base (Fig. 18).
The lenses could be the product of leaching of overlying
gypsum beds and redeposition in the underlylng soft shaly
siltstones. Although a secondary mode of origln is possilble,
it 1e thought to be less probable when the following relatlion-
ships are considered: 1) the lenses are oriented parallel to
time planes even though bedding i lacking, 2) the lack of
gradational contacts bLetween the pure gypsum and the enclos-
ing silystone, 3) the lack of visual cause for secondary
depositlon, and 4) the occurrence of similar lenses in many
other parte of the formation where no secondary action has
cecurred.

it seems more probable that the gypsum was depoaited
penecontemporanecusly with the red beds. ‘ihe gypsiferous
red bedsg represent an environment corresponding to phase 7
of the arid e¢yclothem, where supersaline, coastal plain, mud
flat conditions exlisted. Itollowing the retreat of each of
the three marine advances represented by wmembers B, D, and V',
intermittent streams transported red silt ercded Irom Chug-
water red beds toward the shoreling in a north and west

direction.
Direct flooding with supersaline szea water probably

supplied the greatest volume of soluble salts to the evapor-
ation flats along a wide belt parallel to the coast. Sfome

of the gypsum may have been precipltated by evaporation of
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supersaline ground water brought to the surface by cupllllry
rise. Either source not only would anpply the conatltuontn
for gypsum, but for hallte and other mcre soluble sulta as
well. Although absence of sodium and magnesiué selts in the
gypsiferous red beds has not been proven, it seems likely
that the runeofi from intermittont rainfall not only dopoaitod
red 8ilt and reshaped the gypsum lenses hy partisl solution,
but also removed any of these more soluble salts that were

originally precipitated.

factors Affecting Environmental Variableg

Relative importance of factors. %he 1lithology of each

phase of t.e arld cyclothem is the result of chemical precipi-

tation and clastic deposition. Both the salinity and rate of
clastic deposition in the environment are affected byt 1)
climate, 2) compositicon of the epicontinental sea as a whole,
3) water depth, and 4) morphology of the basin., If all four
of these factors changed at the same rate, the sediments
deposited would not have systematic order. Changes in depth !
of deposition, however, had the domlnant Influence on the |
sedimentary record during Oypsum Spring time. Changes in
the other three factors were probably unsystematic and less

frequent, but nevertheless resulted in many departures from

the systematic depositional reguence.
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Depth of deposition. Depth of deposition was the most
important factor affecting Gypsum Spring sedimentation.
BEecause of the small, uniform slope of the land surface,
minor fluetuatione in sea level caused Interfingering of
continental, evaporite, and nearly normel marine sediments.
ihe shallowness of the galinid caused poosr e¢irculation,
limited the seaward transvortation of deiritus, and increased
the salinlity of nearshore waters,

ihe high rate of evaporation of nearshore waters main-
tained a shoreward flow of normal marine waters under hydro-
static flow, DBecause oi the decrease 1in water volume by
evaporation, there was no corresponding seaward eurrent.
Conseguently, the rate and amount clestic depositlon was
greatest at the shoreline and decreased rapidly seaward.

Chanzes in water depth in the salinid may have been
caused by one or a combination of the follewing three waya:
1) eustatioc chenge in sea level, 2) small-scale epeirogeniec
movements, or 3) constriction of the trans-Canads seaway.

The predominant, ultimate cause of the cyclothemic deposition

is Aaifficult to determine,

Climate., 7The fundamental prineiple for the deposition
of evaporites is that evaporation must exceed the combined
volume of runoff, precipitation, and inflowing normasl sea
water which reaches the basin. Although a éry climate ie
assumed to be characteristic of the Middle Jurassic, a com-
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plete lack of rainfall is not neceaaarf for the precipitetion
of salts from eea water. Baker (1926) eitees an example of
galt ceposition in legoons on the Gulf of Mexico under a
climate with a mean annual rainfall of 286 4inches per vear.

Large chengers in climate could produce a lithologic
gsecuence which would be difficult to dirtinguish from parts
of the arid cyclothem. An increase in aridlty would increase
the salinity, but vould cause & decrease in the influx of
clestics into the environment of deposition. 1his change
in elimate would result in a sequence resembling a regrea-
eion, but theoretically could be distinguished from the true
arid eyelothem by the laeck of high clastic content in the
more zelins phages.

A chanpge to a more humid climste would cause a decrease
in th2 aslinity, result in greater clastic influx, and cause
precipitation of a litkhologic series similar to that of a
tranagression, but the limestone phase would contain a high
percentage of clastics.

Lecognition of sedimentary environments affected by
fluctuatione of climate is di:ificult, because climatie
changes result in a sedimentary record similar to that pro-
duced by changes in other varilables. Yhe siltstone-dolomite
sejuence interbedded with the gypsum Leds of member B are the
only lithologle features attributed to changes in environment

resulting from fluoctuations to a humid climate.
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Salinity of the Utah gea. ihe open ocean during the
Mlddle Jurassgic may have hed the same composition as sea
water today. However, the Utah sea mecest 1likely had a higher
concentration of dissolved snlide and markedly different
ionic »romortions than did its Arctic Jcean source. Exces-
#ive evaporation in the Western lnterlor developed hydro-
static pressure which maintained a south-{lowing eurrent of
normal ocean water from the Arctic region. The probable
ghallorness of the seaway and the presence »of fislands (Fig. 9)
resulted 11 ¢onstriction of the flow. Consequently, the
water became warnmer and evaporaticn faster,which resulted in
a southward increase in galinity within the trans-Canads
seaway.

Crhangses in climate may have produced marked fluctuutions
in sslinity at the margine of the sea, but affected the sea
as & whole very little. Tre Hiddle Jurassic sedimentary and
bioloric record at the center of the Uteh trough, indicates
moderately deep water with a salinity net prohibltive te
life (Imlay, 1952a). 'Thero 1g no lithologic evidence in the
normel marine facles (Fig. 9) of large fluctuations in
aalinity corresponding to the rapidly changing sedimentary
environments roprbaontod in the uppor'pirt of the Gypcu-
Epring formation. The Utah sea probably notodAao a buffer
body whieh dilﬁtod the highly sallne witor& rotufnod té 181
from the flanking salinlds 'ifhouﬁ groutly Qf!ootlng‘Pyﬁg
..jx?*ty"or the sem itself. A1§§§§§hﬁ;ho anllnit;vor tgg’q
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Utah epicontinental esea as a whole was only elightly eltered,
the lonlec proportions may have been greatly different from
those of normsl Jurassic sea water.

orpnology 2f the basin. Changes in the shape of the

sea bottom as well as in the position of the shoreline must
have caused significant changes in the salinity and rate of
clastic devoasition in the environment. Lelinesation of these
topographiec features is difflcult. Two examples of submarine
topogravhic control of sedimentation are the gypsum lenses

at the base of member ¥ and the lenticular beds of dolomite,
gyosum, and limestone in the clastic unit in the middle of
member D. (See correlation Figures 44 and 53.)

Submarine ridges, and possibly islands, may have marked
the geographic boundary between the salinid and the Utah aea.
Unfortunately, the lnaccessibility of certain exposures pre-
vented the study of the transitlon from the normel marine
gediments on the west and north across geographlic boundaries

to the evaporite sejuence on the east.

Chemistry of the Evaporites

Order of precipitation. When ocean water iz concentrated

by evaporation, precipitation of the dissolved solides takes
place in the reverse order of thelr solubllities, the least
soluble first, the most soluble last. In the 1840's, Usiglio
(Clarke, 1918) experimented with the evaporation of sea water
and determined the order of depositlion and guantity of saline
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precipitetes formed with increased concentration of Maditer-
ranean es8 water, Hessuremsnts of specific gravity and analy=-
ges of bitlerns and preciplitated salts were made at different
stages in the proceas of concentration by evaporation. A
porticn of his results ls summarlized in Teble 2. In water
¥ith a salinity up %o ten times that of normsl sea wuter,
the mlnerels in order of preclpltation are: calcite, gypsum,
sanhydrite, and salt. At higher concentrations slight chunges
in the lonle proportions produces different mineral suites
(Phillips, 1947). ‘These ultrasaline minerals are not present
in Gypaum Spring beds end need not be dlscussed here.

The solubilily of saline minerals depends on 1) tempera-
ture, 2) ionie concentrations, and 3) the presénoa af other
iona. 1te effect of changes in environmental factors oun the
solublility of saline constituente haszs been only superfically
studied, and remeins a fertile field for resesrch. Fosnjak
(1938; snd 1940) 1s one of the few persons who has conducted
exhaustive research on the chenge in the solubility of saline
minerals with changes in salinity and temperature. In his
studies of the systes CafOy-Hg0, he found that from 0%. to
36°C., the solubility of gypsum incresases with temperature,
but sbove 55°C. 1t decresses with tempevature. The solubil-
ity of anhydrite, on the other hand, decreases with increased
temperature in the range from 25067 to 200°C. (Fig. 16a).
Below & concentration of 2,as shown on I'lgure 1léb, the solu-
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TABLE 2. Salts precipitated in coneentration of sea
water., After Usiglio (in Clarke, 1924), and ' incorporating
modifications by Posnjak (1940).,

Specific Salinity |Fep03 CecOs Agisg§p NaCl MgSO, 1igCl, HaBr KC1
gravity 2

1,026 xI. L

1,054 S LSS I

1,079 %3 o :

1,101 < I l
1.121 x5 l

Aedh2 x6 ~

1,163 x7

1,181 x8

1,202 x9

1,210 x10

152271 xl5 [

1,230 x20

1,235 x5

1.249 x30 =

Remaining bittern

Vleight percent of r 5 )
total dissolved " tr 0,31  Le55 77,2k  G.lh  8.63  1.LhL 1.3
solids
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bility of both gypsum and anhydrite incresses with increased
concentration of sea water, and the solubility decrseases with
further concentration of ges sslts. These relationships are
preaented in order to sug.est the coplex chunges that take
place Iin the solubility of sther =aline minerals wlth changes
in environmental variables.

Usiglio's work indicates that there are certein ranges
of salinity in which two or mors minersals precipitate gimul-
tsnecusly. Ihese mixtures are found in the Uypsum Spring
formation es gypsiferous dolomites and dolomitic limestones.,
It also seems reasonable that environmental factors could
interact to produce a range in salinity ;n which no precipi-
tation of saline cbnatituents takes place. Ihe shale partings
eeparating the nonclastie phases of the arid cyelothem in
members D, ¥, and H may be the record of period of marine
deposition without precipitation of nonclastie rocks.

tates of preciplitation. The rate and kind of evaporite
depoeition depends upon the algebraie sum of the followling
factora: 1) rate of soclar evaporation, 2) rate of rainfall,
3) amount of runoff from the adjacent landmass, and 4) rate
of influx of sea water with lower salinity. The absolute
rate of dopouition cannot be determined, because guantitative
figures are not known. OUne way Lo calculate the relative
rate of deposition of ssline salts would be to ussume that
the rates are directly proportional to the amounts of sallne

:
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minerels in sclution in normal see water. 1he rate of
deposition in modern scu water (Table 2) would then be about
15 times greater than Lbe4ratc ol limestone deposition,
because cee water contalns 18 timnes as much calelum sulfate
as colelum carbonate. In other words, during the sume period
of evaporetion, and withln the ran es of precipltation respec-
tively fov each mineral, 15 times as much esleium sulfate
would be precipitated as calcium carbonate. Ccnalderable
regsarch will bhave to be conducted on this subject belore
much will be known of the sbsolute rates of evaporite
prccipitntions.

Contdepositional changes. Solution, hydration, increared

prespure and temperature result in the removel, redeposition,
chenge to polymorphle forme, eand change in chemistry of
evapcrite minerals. 7Thue gypsum may be changed to anhydrite,
and snhydrite may be changed to one ol 1ts polymorphic forms,
or to gypsum (Posnjek, 1938). Limestone may be ¢hanged to
Golomite. ZExclusive of solutiosn, postdepositional chnng&iﬁ‘
have greater eiiect on mindfulc orecipltated at higher con-

centratlons.

{he absolute rate of deposition of snhydrite in the
Permian Castile sea has been cetimated at 1.5 mm per year
(King, 1947).
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Solution is the most obvious postdepositional change
affecting the Gypsum Epring formation. Comparison of suriace
sectlione with pubsurface sectionz given by Love, et al. (1945)
shows thaet changes {rom anhydrite to gypsum have occurred
durirg the process of weathering which has exposed the forma-

tion.

-

rigin of dolomite. As seen in Table 2, Usiglio did not

——

i

Iind dolomite in his ssaline residues. Subsegquent experiments
have falled to indicate the conditions under which dolomite
can be precipitated directly at ordinary temperatures and
pressures (Van Tuyl, 1916).

ine repested occurrence of dolomite in the same position
in the &rid eyclothem sugrests elther primery deposition or
e secondary orisin penecontemporaneous with deposition. The
field relationships of the lithologlc sequences suggest that
dolomite, or the rock which was altered tc dolomite, was
deposited in water with sealinity intermediate between that
necessary ior the precipitation of calcite and that necessary
for the precipitation of gypsum. A poatllithificecstion origin
for the dolomites in tihe Gypsum Spring formation seeme improb-
able because closely associated limestones are not dolomlfixod.

ihe physico~chemical condltlons necessary for the origin
of dolomite ure a subject for extended research with the

csame degree of detail in Fosnjak's study of caleium sulfate.



Gource of dissolved solids. 1The source of the large

volume of saline salts remains the most perplexing problem
in the origln of evaporite deposites. IDaker (1828) calculates
that the wvoluws of the Castile anhydrite alone is 2.5 percent
of the total volume of calcium sulfate in the oceans today.
“hen the additional volume of the other large evaporite
depoesits is considered, it seems more than possible that
the volume oi evaporite material may exceed the total volume
of diesolved solids In the ooeasns today.

shere are many hypotheses concerning the orlgiq and
development of the occan's salinicy, but it is beyond the
scope of this paper to discuss the subject, other than to
mention possible sources of saline salts in the Uypsum Spring
fornation.

Lt is possible that the concentration of cailcium and
magnesium, as well as other elements in ihe oceans during
the Middle Jurassic was considerably greater than they are
today. Hankama and Sakama (1949, p. 294) calculate thet
only 2 percent of the calecium and 10 percent of the magnesium
supplied to the ses water: in the geoclogic past 1s in the ocean
water at the present time., Inclusion in clastic deposits
would account for & good portion otf this difference. Chemi~-
cal precipitation undoubtedly has also removed a large part

from solution.
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I Middle Jurassic peleogeography (Figs. 5 and 6) has
been correctly determined, the waters which deposited the
evaporites of the lypsum Spring formation were essentially
confined from the tiwe hydrostatle pressure initliated their
gsouthward flow from the Arctic Ocean. Any addition to the
saline content of these waters, elther Ly normel terrestrial
erosion procesges or by volcanic emanations, would stay in
the sea untll removed from seclution by inclusion in a clastic
sediment or untll precipitated by evaporation.

¥inor amounts of bentonitic clays snd tuffsceous eilt-
satones have been found in the Jypsum Spring formation,
indlcating a posegible volcanic source of aaline material,
further investigatlons of the clastic portions of the forma-

tlon may reveal a higher percentage of volecanic material,






graphle unlts which are based on local datum planes and are
represented in ¥Figures 44, 53, 56, and 69, The stratigraphic
pogition of each datum is shown in Figure 8. 1ke correlation
of these datum planes, the spacing of the aecﬁlona, and pro=-
Jection of the sections on the lines of cross section are

shown in Figures 17 and 18.

Homber A

Descrintion. ‘The basal red beds of the Uypsum Spring

Isormation comprise member A, The red beds are red-trown
sliltstones ranging in thickness from 1 to about 50 feet.

ihe slltstones contain lron-stained, subangular quartz silt
ranging in gzize from lese than 0,01 up to 0.05 mm. Approxi-
mately 10 percent of the red beds consist of clay size mater-
ial.

A green, calcareous shaly slltstone ranging in thickness
from 0:1 to-l.O foot iz found at the top of the member.

The red-brown color of member A has been altered locally
to light green resultlng in mottled areas (Fig. 19). Each
mottled area is measurable in feet with the horizontal dimen-
sion 3 to 5 times larger than the vertical measurement. ihe
sreen-colored areas are elongated parallel to the bedding,
and thelr contacts with red-brown areas are clear-cut and
transect the bedding planes. The shape and general discord-
ance with bedding of the green areas surrounded by red-brown
siltstone, indicale ground water alteration during the
Weathering process. ‘Their general horizontal elongation

:
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reflects the greater ease of ground water movement parallel
to bedding.

Basal Cypeum <oring formation contsect. In the area
investigated, the lower contact of member A 1is gradational
to the underlylngz Chugwater or Nugget formatlions as the case
may be. Along the west side of the Wind River basin, member
A liles on the Nugget formation which is steeply cross-bedded
and composed of rounded, fine-grained quartz sand. The
uppermost part of the formation contains increasing amounts
of very {ine grained, angular ssnd and red silt., These
transitional beds range in thicknese from O to 30 feet.
ihey are not laterally coutinuous, and intertongue as well
as blend into iLhe red beds of member A and the gandstones
of the Nugget and Chugwater formations.

West of the Wind River Mountains, the basal member of
the Cypsum Spring formation lies on Hugget sandstone. Imlay
(1950) suggests that the contact between the Nugget candstone
and the Gwin Creek limestone (eguivalent to the Gypsum fpring)
is not gradational but represents a period of nondeposition.

North of the wedge-ocut of the lugget formation in the
Owl Creek Mountaine, member A was deposited unconformably on
the gently tilted beds of the Chugwater formatlon. Fleld
measurements on the change in thickness between the top of a
distinetive olive-yellow sendstone in the Chugwater and the
bage of the vedded gypsum ct‘-o-bor B indicate that the
reglonal dip of the Chugwater st the time of gypsum deposi-




tion was at least 2 feet per mile to the southwest.

In most areas, the poorly consolidated, red-brown silt-
stones of member A lle on the durk-red ripple-marked sand-
stones of the Chugwater f{ormatlion. However, at Sectiom 20,
the bedded gypsum of member B lies directly on Chugwater beds.

Environment of deposition. If the Bugget sandstone is

predominantly & wind-laid arid deposit; member A represents

a change from desert eollan conditlons to a a@milrld, fluvial
environmuent of deposition. Ked silt and sand eroded from the
exposed edges of the Chugwater formation in eastern Vyoming
were transported to tue Utah trough and deposited on the
huggeta Incréuse& rajviell nmaey have caused the incressed
erosion of Chugwater red beds end consequent encroachment

of the streams on the former jugget desert. Consejuently,
the upper layers of eolisn sand were reworkeéd ant mixed with
detrital reéd Chugwater silt anéd deposited in the depressions
of the post-Nugget topography. Continued alluviatlon coversd
exporsures of Hugget gandetone and depoaited the [ine red li}t

of member A,

-
nauriane (iove, 1945/




s

Yember B

General. HMember I is composed of 55 to 120 feet of
gypsum4 in 3~ to 12-foot beds (Iig. 20)., Near vhe former
termini of glacilers and in the larger valleys, the gypsum
has been removed from outerops by sgolution. In interstream
aress, the gypsum forms a steep cliff and weathers into large
Jolnt blocks. The surficlel 0.1 to 0.5 foot of these blocks
is composed of a solt, coarse-crystalline aggregate of gypsum
crystals mixed with slope wash of red silt.

The thick gypsum beds are separsted by shale partings
and by sequences of siltstone, shale, and dolomite, which
range f{rom 0.3 to 2,5 feet in thickness. ITypical spacing of
the rock types within the seguence is shown in Figure 1l. No
more than'flvo aoqtencoa were found 1ntorbdd¢.d with the
gypsum of member B in any one section measured, The aggre-
gate thickness of shale partings and siltstone-dolomite
sequences does not exceed 10 percent of the total thickness
of the member. 1he thickness of the individual units of the
sequence ie not uniform. ihe followiny fealtures are common
to most of the seguences studied: 1) the beds are predomi-
nantly red-brown siltstone, 2) green coloration is accompanied
by less silt and more clay than the red siltstone, and 3)
dolomite beds occur in tle upper third of the layers,

A sequence of dolo-1t§ and green shaly slltstone 1ls

found at the base of member B in mort sections (Fig. 12).

~

‘ .
leported to be anhydrite la the subsurface (Love, 1945).
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there absent, the basal one f{ool of gypsum commonly contains
20 to 40 percent of reddishe-gray, shaly, contorted dolomite
(Fig. 21})s

Gypsum. Un a fresh surface, the gypsum 1s white, has &
dense texture, and an average oryatal size of 0.02 mm. <+hin
edges of the gypsum are translucent. On weathered suriaces,
the gypaﬁm ia porous, ccarsely crystalline with crystal sizes
ranging from 0.05 to 0.30 mm (Fig. 22). The gypsum contains
about 10 percent dolomite, qu@rtl, and elay in gilt and clay
sizes. The majfority of the 1mpuritiol are 6bn§onirttod in
O= to 15-millimeter bands made up of light-brown, wrinkled,
paper-thin laminations geparated by l-millimeter laminations
of white, translucent gypsum (Fig. 23). The bandes are sepa=-
rated by 1 to 3 millimeters of translucent, white gypsum
relatively free from impuritles. Although each thread-llke
dolomitic 1nm1nation'edn So'trnced fér'only'a few inches,
the bands of impure laminstions can be traced for many feet
along the outerop (Fig. 24).

Uolomite. 7The dolomites of member B are outstanding
for the variety of impurities and internal structures. In
general, the dolomites are laminated, gypuir.roul,_pllty,
dense, [ine-crystalline, snd gray brown. Ire gﬁ!ﬁiﬁi texture

A%
and structure of the dolomites of member B is

L

oy het
25. lhe erystal sirve ranges from 0»00"1g7§-

s
aripdh & o *é

25 mm with an
average of 0.0l mm. The dolomite laminae are 2 mm wide and
are separated by a thin film of clay size clastie »aterial,
which promotes splitting along laminations. There is no

change ol crystal size across boundaries bdtvion laminae.,

L
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The dolomites of member £ contain 10 to S50 percent guartz
8ilt and iIntorgrown gypsum crystals. Although & large part
of the gypsum iz present ss mecondary fracture fillings,
gypsum Lle alsgo intermixed wiih dolomite erystals (Fig. 26).

dilie thin nonclastic bed at the base of member B contains
alternating, erust-like laminations of red sllty dolomite,
and white gypsume. The thickness ranges from 0.5 to 1.5 mm.
ihe deoiomite laminae are fine-cryetalline, gray to red, and
contain a few gypsum crystals 0.6 mm in size. 1ibe size of
the c¢rystals within the gypsum lamina range from 0.l to 0.5
mre In a few sections, the basal dolomite is incorporated
in tre bottom part of the lowest gypsum bed (rig. 21). 'The
lowest 5 c¢m contain about 30 percent red silty colomite in
broken and contorted leminations averaging 1.8 mm thieci.
Above the bLasal 0.5 foot of gypsum, the member i1s Landed
similarly to the specimen shown in Figure 24.

The chemical precipitate at the base of member E in
fection 1 (Figs. 27 and 28) 1s an example of precipitation
in waters of highly chanzing salinity. Zhe bed 1s divided
into two diastinet parts by a deeply pociked-marked surface.
IThe lower, lighter, finely erystalline part contains 0.01 mm
dolomite crystale and subangular quartz silt. The upper,
darker halfi contains approximately 40 percent crystalline,
iron-stained dolomite; 20 percent detrital, euhedral, 0.5 to
1.0 mm quartz erystals, generally bipyramidal; 10 percent
subangular quartz silt; and 30 percent gypsum (in part
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erystulline precipitate, in port eclastic gypsum ocrystals).
ihe quantity of quartz erystals, quartz eilt, and loose
gypsum crystals decreases upwards, ihe laminations of white
gypesum and iron-siained dolomilte, do not modify the profile
of tiie underliying depositional surface, but concentrically
reilect its irregularities for a cousiderable vertical dis-
tance.

The lower half of the gpecimen in rFigures 27 and 28 is
believed to have veen depositvted as evaporation inecreaced the
galinity of the sea from normal up to the point whare gypsum
would be precipitated. The normal sequence of a few tenths
of a foot of dolomite overlain by A large thickneas of
gypsum wag interrupted by exposure to low-gallinity waters.
ine same low=-salinlty waters transported detrital quartz to

ti,e environment of depositlon.

ihe lamineted upper half of the bed indicates deposition

in waters with an average salinity which'ovtrlappoa the
ranges of precipitation of both dolomite iﬂ‘ .,"‘..A Because
the irregular shape of the solution Inrquo-ln reflected in
the upper laminations, growth apparently was by crystal
aceretion upward from the salinid floor. |

Solution breccias. In western Wyoming, unaltered |
exposures of the Cypsum Spring formation are not common.
Normally, all or pert of the gypsum of member B h;; g;ot.
dislolvad.lloavlng a breccia of the interbedded dolomites
and siltetones (iig. 29). Erecclation may be effective,

18 108 B L6

|
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even to microscopic dimensions (Fige 30). In general, the
brecclilas equivalent to member B are compozed of angular 0,5-
ragments of altered dolomite in a matrix of red-brown silt-
stone loosely cemented by calelte. LStratiflication oi the
breccia 1ls caused by alternqtins layers .f siltstone and
limestone which settle as units as the intervening gypsum
was rewoved. The initial etagc of solution can be seen in
the basal heds of gypsum ahoynfln Fiiuro 20,

Solution of gypsum in membeyr B mey occur so rapidly
thet almost all of the overlyiixfppitq.or the formation may
be brecciated. lHowever, the breccia;.df memters C to H
commonly remaln as irregularly shaped beds, but internally
are completely fragmented (bigs. 81 to 34).

Leptl: at which solution takps place could not be
accurately determined. ancltien OuGNMGM is
brecciated Lut has no gypsum cxpond. Ihe ‘“‘W" of the
overlying "Lover Sundance” beds is nearly mdmul at the
outerop face, but is 12 dosnu to the mthcut. 200 reet
back. The absence of the gypsum indicates mt l.lution
takeu'.pm. at a shellow depth. Proof of aa}utm could be
obtained if a hole was. drulll m M “ %tho exposure.

Breceiation m mu.um, mvﬁp} Qﬁrfhu-
Plelstocene, erouon nnd gleclal nonlan. m- features
are well-developed north of BuJ.l Lake, lmd m nm is

N LR ‘h-‘- 42

exposed north of Jection 18.
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invironment of deposition. ihe environment of deposition

of member B is difficult to determine without knowledge of
ite relutionship with adjacent sedimentary environments.
The sedimentary recard of the member in Eremont and Hot
Springs counties, only indicates that the supersaline marine
conditions were uniform throughout the area. The laminstion
and banding of the beds ivrdicates that sedimentation was
interrunted only by relatively minor fluctuations in evapor-
ite precipitation and clastiec deposition. In the case of
member B, these fluctuations asre believed to have resulted.
from climatic cscilations. Changes in climate, apparently,
caused corresponding ckanges in salinity and rate of erosion
of the adjacent landmase.

ihe relation of width of laminations to time is conjec-
tural., ibke paper=-thin impure laminae (Fig. 23) may corres-
pond 4o annual wet seasons in which little preecipitation
took place, whereas the laminae relativeliy free from impuri-
ties would correspond to <dry seasons in which the rate of
chemical precipitation was at & maximum. The larger 0.5- to
1. s-centimeter bands may corrolatc with altornntlng porlodl,'
a few docadoa in duration, of ‘wotter and drier climates.
ihe impurity-rich vende would be related to wet perloda with
low rates of evaporafion; the iwpurity scarce bands would
be the record of dry §§riodl with high evaporation. Ihe
cause of the broader climatic fluctuations is a problem for

the meterologist.
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In contrast to the alternating fluctuations in climate
that caused lamination of the gypsum and dolomite, the silt-
stone beds of member E are the result of sporadic sharp decresses
in salinity produced by chunge to a wetter climate. Inereased
rainfall resulting in more runoff from coastal areas aupplied‘
abnormal quantitles oi red silt to the area of deposition.
Some of these occasional climatic changzes are recorded as
siltztone partings a few tenths cf a foot thick between
gypsum beda, Lore pronounced changes toward more humid
climute reduced the salinity below the concentration necessary
for tre precipitation of dolomite or gypsum. Subsequent con-
centration by evaporation after the return to the normal dry
climate, caused preciplitation of dolomite on thered siltstone.

rurther concentration raised the salinity to the normal level

at which gypsum wag continuously deposited.

Lithologic iypes of Members C through E

The lithology of the uppof six members ig the recoord of
rapid, but eycllc changes in sedimentary ;nvironmont. Approxi-
mately two-thirds of the sediments are red-brown siltstone
and green shaly siltetone; the other third are oyclically
deﬁoaitod dolomite, limestone, and gypsum. ihe petrology
of each lithologic type is similar. General descriptions

are given below,.
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Uypsum is found at the base and, in a few cases at the
top of nonclastic members L, ¥, and H, In addition, many
lenses of gypsum occur in the rad beds between merine
soquencos. Lf a fresh specimen could be obtained, the tex~
ture of The gypsum would probably resemble the texture of
the specimen shown in Figure 23. Eecause of the thinness of
the vedes and lenses, alteration and golution are effective
for a considerable distance into the outerop. Conseguently,
the texture of the gypeum at the outerop is coarse erystalline
and porous. 4Yhe thread~like laminations of ifmpurities are
more c¢rinkly und darker brown than on {resh epecimens. (Com-
pare Figures 22 and 23,.)

In contrast to member L, the dolomites in the upper
part of the Gypsum Spring formation contain little silt and
no gypsum, &re light gray, generally unlaminated, amd have a
dense sublithographic texture. Dolomite beds generally
weather into small irregulerly shaped blocks, but in gome
sections weather into distinctive chalk-white, vertical
eplinters. The dolomites contain 9.5 te 25.0 percent sub-
angular guartz silt ranging in slze from less than 0.005 up
to Q.07 mm. The e¢lay mineral fraction is estimated to range
from 10 to 50 percent of the insoluble residue. The average
crystal size of the dolomite specimens ranges widely, but

ie generally less than 0,01 mm.



Lrowan-gray, laminated, {ine-crystalline limestone (Fig.

35) is found at most outerops in the middle beds of mombers

L and ¥. The erystal size ranges from 100: than 0.00¢ to

0.02 mm with an average of 0.0l mm. <he liﬁnuton‘s contain

an average of 5.0 percent subangular silt with an average

sraln slze of 0.02 mme Unegqual distribution of niit defines

the laminations in the limestone. The silty, laminations

ruve a lighter color then the silit~Ifres laminse and arve

mere resistent to weathering. ihe width of the laminations

ranges from O.1 to 1.0 mm, AIh'aomo specimens, the lamina-

tione of silty limestone occur in bands more than a centi-

meber in width (Fig. 36). About 25 percent of the limestones |

have & nearly even distribution of impurities and therefore d

are unlaminated. l
The limestones also contain algsl nodules, oolites,

clastic caleite gralne, and contorted laminatioms, bLut

these {ypes have limited stratligrapghie dlstribution and

will De discussed later under appropriate headings.
Hed~brown, shaly, nonresistant siltstone constitutes 60

percent of members C to H. Ihe color ranges from light red

brown color can be atiributed to ‘Jiih!ﬁlﬂ‘t ‘The siltotone

4
|
to dark brown, but most dirrbrcneou-tren the average red- |
locally forms resistent beds 'hidh are Otilgr sundy, cal- 1

careous, or dolomitle. Qypau- ltnuol and lhlil are more
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common at the top and base of the clastic units than in the
center of the members. Mottling is common in breccliated
sections.

Vericolored, ellty shales are found Interbedded with
the nonclastic beds of members U and F. The colors include
combinations of green, red, purple, anéd brown, but shades of
green are predominant. <he shales are commnonly calcareous

and in a few cases contain gypsum.

Member C

Lescription, Member C is composed of nonresistant, red-
brown shaly siltstone which contains gypsum stringers and
lenses (Fig. 37). 1he siltstone is commonly mottled green
or gray, but in,acotlon‘ﬂi,'fhc upper half of the member is
green. ihe thickness of thi -oubor,rangqq from 10 to 85 feet,
but most sections are about 25 feet thick.

Except for a few very fine-gralned sandstone layers in
the upper helf, the member 1s generally unbedded. Ln'dlneof
all sections the uppermost 1 to 3 feet contalns more ghale
than the average composition of the member.

The gypsum of member C ogecurs in chapes and sizes that
range from roughly ellipsoidal masses a half foot across, to
stringers & foot and a half thick and several tens of feet
long. in & third of the sections, the gypsum lenses of
member C get larger toward the contacts of the member and
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merge into the gypsum beds of members ¥ and L., 4his feature
may have been common to the other of the secticne oi' member
C, but solution has removed the evidence Qrom the sedimentary
recoyrd.

In the vicinity of Section 11, deposlition of bedded
gyvsum continued up to the time of deposition of member L.
Consequently, the siltstone of member C le hot praescuboe.

(See Appendix.)

cnvironment of deposition. 41he red-brown siltstone of
member C apparently was depocsited on a saline mud flat.
veposltion of gypsum in the thick, pure béds typical of
member o wag halted by regression br the sea and a general
return to continental conditions. UYypaum continued to de
deposited, however, in ephemeral saline ponds which were
replenished with salt water by occasional large'fluctuntlon-
in sea level as weli as by tidal action. A few of the gypsum
lenses were probably formed by precipitation of saline salts
from ground water broﬁght to the surface by capillary rise.
Alluviation by streamg f(illed tho deprosaionl which formed
the saline ponds., further regroluion of tho sea removed the
major aource of saline water to the area. Conloqu-ntly, Leow
Zypsum lensq- are round in the contral part of member C.
ithe incrcnlod nu-bor of gypsum lonlon in tho upper part or
the member, 1ndiouto| that u supersaline mud flat onviren-
ment roturnod to a port!.on or tho area lhorny bororc tho
deposition of the marine Aa’s.rarga of member ‘DA.‘_
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nember 14\

General., The first group of nonclastic marine beds
avove the thick-bedded gypsum constitute member L. ike
lithology of the member can be divided into three ﬁarta:

1) the basal evaporite sequence corroeponding to the trans-
gressive part of the arid cyclothem (Fig. 13)3 2)‘the central
part which contains red and green shale with gstringers of
evaporites, representing lagoonzl conditions; and 3) the
alzal limestone, and other beds posesibly correlative with

ihe regressive part of the arid cyclothem. :

“he thickness of the member ranges from 12 to 21 feet.,
ihe strata have remurkaﬁle areal contlnuityf some beds 3

! feet thick or less can be traced for over 50 miles,

k Bagnl evaporites. bseds of dolomlte,-ghale, and gypsum
1 to 10 feet thick conatitute.tha iowermqsc marine strata.
iThe wmost persistent nonclastic bed of qubar“ﬁ'is a 2-':0
4-fbot bed of brown-gray, unfossilifercus, f{ine-crystalline
limestone which overlies the basal beds (Fig. 38). it is
used to deiine the reference plane in correlation iigure 44.
In general, the dolomite and gypsum beds of member D below
the relerence plane thin to the south, and sre not found

gouth of Jeetlion 12, near Bull Lake. Uypsum, or its

brecciated equivalent, marks the earliest marine nonclastie
deposition of member D in only tectione 7, 8, 18, 24, 25,
énd 26. In almost all other sections the base of member D
is marked by a white, blocky weathering dolomite 1 to S feet

I- thick. W@here present in the Wind iiver Mountains (Sections
1
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1, 12, 13, and 17), thils dolomite dlrectly underlies the
laminated limestone used for correlatisn. Iin the Vwl (reek
dountalins the dolomite is geparated from the marker limestone
by an Interval 1 to 5 feet of green shale which contains a

few thin stringers of dolomite and limestone. Uypsum crystals
are found in thils shale and was most likely formed by pre-
cipitation of gypsum dissolved from higher levels.

tentral clastic veds. <he prominent laminated limestone

of member L grades upﬁurd into a red anrd gfeen ailty shale
O to 12 feet thick, which locally containe over 50 percent
nonclastic material. The gradation is mariked By 0.5 to 5.5
feot of thin beds of red or gray, silty limestone separated
by red and green, celecareous shale partings. Quantitatively,
green and red silty shale comprise the greater part of the
strata between the top of thse llmestono-ailtatdno gradation
and the base of the algal limestone. However, this interval
locally contalns 1 to 5 feet of limestone (Sections 12, 22,
23, 26, and 27), or white dolomite (Sectiona 4, &, =nd 8),
gypsum or its brecciated eguivalent (Section} 7,'17, 20, 24,
25, and 28)., ‘lhese interbedded nonclastic rocks can be
traced between ndjubont weasured sections in only a few
localities,

algal limestone. A brown-gray algal limestone is found
at or near the top of the merine strata of member D. Beceause
of ite 1nt§ral continulty, the bed ie used ror correlation
in Figure 44. One of the b-ttor?qii;bioa of thin bed 1
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shown in Figures 39 and 40, ihe algal nodules exhibit a
variety of shapes and sizes, but in generzl are 5 to 40 mm
in meximum dlameter, ellipsoidal, flauattened parallel to
bedding, wnd concentrically banded with alternate layers of
dark-brown pure calecite and light-brown silty clestic lime-
stone. 4he silty matrix of the bed, and the silty bands in
the nodules, have & grain and erystal =ize ranging from 0.015
to 0.1 mm, and commonly contalns angular f{ine-grained sand
size fragments of brown caleite. The crystal size of calcite
in the brown bands ls approximately 0.015 mm. <Some of the
8ilty stringers that are transverse to the banding were
implaced during burial and compaction. In other algal
specimens, the silt was epparently 1nclﬁdod during the
growth of the algae.

ine algae range in form from the conecentrically bcndod,
megascople fosmeils shown in Figure 41 to the small, fragmen-
tal, questionably organic remains ghown in rigure 42, Les-
pite the variety in shape, the f{ossil algae can be uaed'fsr
correlation because they are confined to the single bed near
the top oi member U ag shown in rFigure 44, snd are not found
in younger or older strata. p

The uppermost marine beds of member L do not have uni-
form lithology throughout the area. 1he algal limecstone is
found in the majority of sections, but marks the end of
marine deposition only in suterops along the Wind River
Mountains. Iin sections on cross section A-A' and in a few
sections on B=B', the algal limestone is overlain by dolo-

mite and Zypsum stringers. Inhese noncontinuous beds belong
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to the regressive cequence of member D. In the eastern part
of Owl Creek Mountains, member E i absent., Consequently,
in this aree, separation of the regressive phases of member
D from the trunsgressive phases of member ¥ 1s d1fficult.

sedimentery environment. The littoral and coastal

plain eonditions of member ¢ were replaced by the shallow,
supersaline sea environment of member D. Member D can be
subdivided into four unite of different enviromments. In
ascending order, they aret 1) initial shallow tramsgressing
sea, 2) pertlally interconnected lagcons which had a wide
range in ealinity and rate of clastic deposition, 3) wide-
soread moderately deep water of normal salinity capable of
supporting lime secreting slgae, and 4) regressive sea having
limited distribution.

inhe nonclastic sedlmentation of member D began as the
séa trunsgressed from the north. As water depth increased,
ciroulation became more efliclent, and the salinity decreased.
Consequently, gypsum, dolomite, and limestone were successively
precipitated in the northern part of the area as the shore-
line moved to the south.

In the northern nart of the area, depoaltion of red
beds with gypsum lenses (member C) was followed by the

i

deposition of bedded gypsum (member D). At the same tiwe,
nongypsiferous red beds were beiny deposited in a continental
environwent in the south, Purther southward spreading of the
sea resulted in dolowmite deposition over most of the area.
ihe trensgressive phase ended during the time when the salin-




ity was within the range of calecite precipitation. The
lower salinity limit at which dolomite no longer formed was
first reached in the northern part of the area, Thorefore,
the limestone bed 1s probadly the time egquivalent to part of
the dolomite deposited at the base of menber in the Wind
River Mdountains (Sections 1, 12,13, and 17). The shale
partings and nonclastic stringers in the initiasl transgres-
slve beds of member D indicates that sedimentation was not
a regular, simple function of water depth. Fluctuations in
climate, changez in the shape of the basin, and irregular
Increase of water depth are causes of these departures from
the ldeal transgressive sequence.

The central clastic unit redresents sedimentation in
amall, partially closed basins with wide rmg.O of marine
environments. This iz in contraszt to the widespread, uniform
marine conditions prevaliling during the deposition of the
limestone phase of the transgressive sequence. Depression
of the sea floor (or rise of general sca level), ceased after
the deposition of the subjacent, persistent limestone, Local
restriction of cireulation in basins caused by submarine bars,
and possibly by winor tectonie adJu-tnht-l, may have resulted
in localized oprecipitation ét these linentono, dolonit,, and
gypsum stringera. The general lack Aor -i_.llt size lut‘rori_nl 1‘3
this unit indlicates continulng nqrino_ conditions. Small :
portions of the sea floor way have been elevated for short
periods of time and rutricto.d flow -‘of i‘rnﬁ sea water into
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the salinid. %Yhe shoreline of the landmass was far removed
from the sites of deposition represented in the seections
measured.,

After the deposition of the middle eclastic interval,
the sea deepened and the environment was conductive to algal
life. 1Ihe algal limestone grades laterally into shaly lime-
stone and dolomite (fection 8) which apparently are nearshore
sediments (Sections 1 to 3, 12, and 18 to 20) of an enviren-
ment unfavorable for algal life.

DVeposition of the algal limestone was halted by an
increase in sallnity due to decrease in water depth. With a
decrecased supply of fresh sea water, the saline salts were
preclpitated quickly as thin, stringers 1n each of many
topographic depreseions in the sea floor and conseguently,
are not continuous. The complete regressive ssquence is found
only in Secticn 22, but in many localities, dolomite or gypsum

lies between the algal limestone and the red beds oi member U.

Description. Member E is the littoral and continental

deposits which separate the marine deposita of member U from
the marine nonclastics of wember Y. Hed-brown siltstone is
the predominant lithology, but marls, green siltstone, lentic-
ular gypsum, and a tuff (Seetion 5) are also found. ;n the
centrul part of the area (Seetions 7, 10, 24, and 25) member

s ot st
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E is gypsiferous anéd in meny cages it is impossible to sepa-~
rate the gypsum lensges from the gypsum beds of members LU and
F. DBecaure of thig gradetion in lithology, the contacts of
member E are lmpogeible to eetablish in many sections.

From 2 marimum thickness of 31 feet in the central part
of the Owl Creel Mountalne (Section 2%) member E thins both
east and west to a feather edge. In the eastern part of the
Owl Creek Mountains (Sectione 18 to 22), and st Section 26
in the western part, member E is absent, which indicates that
me:ine deposition wes continuous in the northern part of the
area beginning with member U and ending with member F,.

Environment of deposition. iollowing the deposition of

member D in the south, the see regressed to the northern part
of the Fremont County. Lphemeral, low gradient strcams depos-
ited #ilt and clay size materisl on the coastal plain south
of the shoreline, but marine conditions were continucus in
the northern part of the srea. 3Ihe selinity of the zea in
the nortn, however, was increased owing to the decressed
water depth and poorer interchange with normal marine water
ferther to the north and west.

ihe poeition of the shoreline divided the area into
three sites of sedimentary deposition: 1) the coastal plain
in the south, 2) the 1littoral zone sand mud flats in the cen-
tral part of the ares, snd 3) the shallow supersaline sea
in the north. 1The sediments deposited at the firat two
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pites of deposition comprisze member E. The sediments deposi-
ted at site 3 are equivalent marine beds included in members
D end V. ‘e environments of the three sites grade laterally
and are contemporaneous. dhile red-brown silistone was Lelng
deposited in iLbe gouth on the coastal plain, gypsiferous
slltstone wae Leling deposited closer to the shoreline and,

&t the sarme time, svaporites and varicolored shales were
being deposited in & shallow supersaline sea in the northern

part of Lhe areca.

lember F

Genoral., dember ¥ 1s the record of the third marine
advance in Cypsum Epring time. Lt is underlain snd overlain
by seguences of continental red beds which are up to three
times thicker than the marine strata. VWith one exception,
Section 26, the thickness of the member ranges from & to 27
feet. ‘Uhe member is predominantly & laminated limestone
which grades upward to a red silty limestone. The base of
this bed is used as the datum plans in correlation Figure qs.
ihe lithology of member F may be divided inte three parta:

1) basal nonclastica, 2) gradation of laminated limestone to

red siltstone in the center of the member, and 3) supersaline
deposits. 4An oolitlc, fossiliferous and gypsiferous facies

found in the northno.torn_pgrt.ot the %ind Rkiver basin is

the egquivalent oi all three.

Basal nonelastics. Gypsum, or a solutlon brecels,
generally marks the base of member ¥ in the Wind hiver ioun=
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tains. Inls gypsum ie a lenticular mass up to 12 feet thick
and crops out between Zection 2 to Section 11, It is separ-
ated from the overlylng middle limestone by less than 2 feet of
red «nd green shale (¥Fig. 45). Dolomite was not found between
the two beds. although dolomite 1§?§n11 nonclastic bed 1in
the lower puart of the member in Sections 12 and 13, the
breccia bede in the upper pert of the Gypsum Spring formation
in sections north of Bull Lake (Fig. 1) indlcate the former
presence 2i° the gypsum bed in the northern part of the Wind
Hiver hange.

In the ecastern pert of the Owl Creek Mountains (Sections
18 to 22), gypsum was not found below the limertone used as
a datum plane zhown in correlation rigure 83. lnstead, the
vesal Deds of member ¥ contain stringers of white, sublitho-

graphic dolomlite, and red-brown siltstone which contalins

'.)
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gypsum stringers and lenses.

In Section 26, the type locality for the formation,

DTS =S,

member I contuins & total of 2 feet of white delomite, 5§ feet
of dolomitic shale, and 36 feet of gypsum. Such & large 'r‘
quantity of gypsum in member ¥, is unususl in the area stud- ;
led. Ihe dolomite in the middle of the gypsum ls guestion-
ably correlated with the prominent laminated llmestone of

member " used as a datum in the correlatlon chart. =

oradetion from limestone to red silty calcarenite. ine F
8’"' mt.‘ i

Py -

middle part of member i contalns e prominent,

lmestone, 3 to 5 feet thick (correlation chart, Fig. 53).
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The bed is lamineted and splits along the more sgilty layers.
It 1s gradational into the overlying red, mottled, silty,
clastic limestone (Fig. 46). 1he red calcarenite in turn
grades Into the red-brown shaly siltstone of member G.

«ray laminated limestone 1z also found in the overlying
red, irregularly bedded part of the seque ce as thin platy
beds interbedded with red silty limestone. In the exposure
shown in igure 46, this break in color and lithology 1s
fairly well-defined, but in most other sections the contact
is not charpe.

The red calcarenite is a hard, green mottled, silty
limestone, which is poorly laminated, and has a hackly fresc-
ture. (Fige. 47.) Moat guartz grains and calcite crystals
in samples from the silty bed range in aize from 0,01 to
0.02 mm. However, the gray, elongate, angular masses in
the center of the green mottling contain subangular caleite
grains which are six tilmes as large (0.075 mm) as the average
grain size of the rock (Fig. 47b). When eteched these grains
are outlined by ridges of quartsz silt which 1s smaller than
0,01 mm in diameter (¥ig. 47c). Many of these coarser-grained
areas shown stretification which mey be eross-lamination
(Flg. 47b). Hort of the dark-green areas apparently are not

« Altho
gradational with the surrounding finer matrix ugh

longate aress
large calcite gralns sre most commoRn in the elonga »

' ut other pore
similar graine are sparsely scattered througho

{fied areas are
tlons of the rock. The small clastic strat
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gray-green, and in all cases are surrounded by light-green
halo of finer crystalline limestone.

ihe lightegreen coloring ls not sharply separuted from

he red=-coloration. %he red coloring matter is concentrated
in small irregulariy spaced specka of dark-red iron oxlde,
less than 1 mm in diameter, and are spaced at l- to S-milli~
metor intervals throughout the red part of the reock (Fig. 48).

Srigin of the calcarenite., Ine ineoluble residue of a
sample taken from the uppér part of the gradation shown i
Figure 46 was 25 percent. However, the detrital calecite
grains indicate at least half of the rock had a clastic
origin. Recrystallizatlan.aftor 1ithification maces it
difficult te diétlnguilh.oho:toully precipitated 1i§0-tono
from clastic calelte grains,

#ithout more detalled Iield observatlons of member ¥,
it is i.possible to determine accurately the environment of
deposition of the calcarenite. Iiowever, the environwent can
be limited by comparison with sedimentary features of the
less puzsling marine members of the Gypsum bpﬁing formstion.
First of all, the red color indicates depositiom in an oxi-
dizing environment. Second, the lack of gypsum, or scolution
breceia, und the apparent though unproven paucity ol dolomite
laminae, indicates a low salinity at the site ol deposition.
Third, the three-fold inereasze in insoluble residue in &
stratigraphic interval of 3.5 feet (Fig. 46) indicates a
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FiG. 48.

Speckled and mottled, silty limestone from member ¥.
Section 21, center of unit 15. x
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slow but gteudy deorease in the distance between the asourece
of supply (the shoreline) and the site of deposition. IThese
three inferences point to a transition {rom merine conditlons
to s continental anvirbnment. ihe origin of the microstrati-
fication, the source of the eclastie calcite grains, and the
reason lor the green mottling centered around the coarser-
grained areas, are not clear to me., It is poasible that the
siratification represents cross-bedding in the littoral
environuent and that the caleclte grains represent calcite
crystals cdeveloped on mud flates and washed to the site of
deposition by tldal currents.. ihe green mottled areas may
represent postlithification reduction of the irom oxide by
organic matter deposited with the cross~bedded caleite grains.
Jpprmoet saline deposits. Fed dolomitic siltstones .
were cifficult to identify during the fleld work, .h«nllll_nl
caleureous siltetone and a dolomite have the same reaction
with.d1lute hydrochloric acid. Iiowever, dolowite was lound
to overlie the red silty calearenite in Sectlons 8, 10, 19, |
end 22,) in three of these sections the dolomite is white I
or light gray, but in Sectlon 22 the bed 1s silty and red |
brown. 4 B-foot bed of gypsum was found also in this posi- ‘
tion in Sesotion 10, e 1D 1 centée-of $ol woeloay
lixed litholosies. Gypsum, oolltic fossiliferous lime-
‘stone, and red shale are not ordinarily ; of as oceur-
ring together but these lithologlea are m
24, and 25. However, in the Gypsum Spri
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incongrulties are the rule rather than the exception, this
acgemblage seems most appropriate.

Oollitic limestones were found in three localities: in
the bagal bedes of Sectlons 23 and 24, and at three levels in
Cectlon 25. (See correlation I'ig. 53.) In all three sectlons
the oolitie limestones are closely associated with gypsum
beds. The three oolitlc limestones of fection 25 are inter-
suaced vith 2- to O-foot beds of gypsume. The 0.5-foot oolite
at the Lase of mewber F is overlain by a 3.5-foot bed of
gypoum und is underlain by 29 feet of gypsiferous red beds.

Except in one bed (Section 25, unit 13), the ooliths
contein se many as {ive concentric shells of sllt, range in
glze from Q.1 to Q0.5 mm, and have 0.02 to O.1 mm nuclei of
subangular caleite or quartz gralns (Vig. 40). At tue base
of member I in Sectlon 25, the ooliths are only 0.05 mm in
dlameter end have less than three concentric rings. <hls
oed of micro=-nolite also containe pelecypod iragments up to
4 mm long (Fig. 50).

Bryozoan fragments associated with oollths were found at
the top of wember ¥ in Section 25 (Fig. 651). 1he fragments
are less than 5 long and hsve & maximum width of 1.3 mm.
In all cases the cell structure in the center of the colony
has been completely sbliterated, giving the sppearance that
all zoecia open into a central cavity. The surface arrange-
ment of zoiclal openings cem be seen in Figure 52. Where
preserved, the aperture is follated, producing longitudnal









partitions which extend a short distance inte the zoecial
tube. Lo other detailed features have been preserved in the

bryozoans. Similar fossils (I'ig. 52) were found in a corree- =

;
|
|

ponding stratigraphic position in Secticn 17, 20 miles to the
west., Lo othey fossils were apccciasted with either occurrence

of bryozoans.

Sedimentary environment. Exeluding the incongruities
discussed previously, member I is the record of a simple
marine trunsgreasion-regfeaéion gequence., In the early part
of the transgression, water depth incressed and the littoral
gone shifted to the south from its positicn at the end orf
deposltidn of member E., W¥here menmber E is absent along the
line of oroes s-ction B-B', nonclastic marine deposition was
essentially continuous from the beginning of member L, but
marine deposition in the southern and western parts of the
ares was Iinterrupted by continental sedlimentation during
this period.

the marine transgression ro:ulﬁcd in the shift of position
of supersaline environments. Limestone replaced dolomite
ﬂOpoiltion in the northern part of the area, and gypsum re-
placed red bed deposition in the south. ihe dolomite bDelow
correlation plaino 6 in Sectlions 12 and 15 was probably
dobolitod contemporaneously with the gypsum st the base of
member ¥ in Lections 8 and 10, and was deposited cecause of
lower salinity resulting from deeper water or boiiiiiu of tho

ymlnif.y' to the mouth of the ltrou.
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fiapld increase in water depth resulted in the transi-
tion from gyosum to limestone deposition without transition
through the Iintermediete dolomite phase. 1ihe prominent,
gray, leminated limestone 1s found in all unbreccilated sec~-
tions, except in tections 12 and in the ineongruous lithol-
ogles of Cections 23 to 26.

The area outlined by Sections 23 to 26 (Flg. 1) was the
gite of an environment which was markedly different from that
of the surrounding localities. Neither a lateral gradation
of lithology, nor the boundery conditions of this aberrant
environment counld be determinsd from field observations. It
is possible that Sections 23 to 26 represent an interfinger-
ing of.normal marine environment of the Utah trough to the
west and the typical superaaline environment of central
Wyoming. If this is true, the boundary between these two
facles mnd, therefore, the cause of restriction of the super=
saline environment of the “Yypsum Spring formation may be found
vith detailed field work in the western Owl Creek iMountains,

Marine deposition of member F was ended by encroachment
of continental conditions and 1s overlain by a thick sequence
of red beds. 1he gradual upward increasge in clastlc content
in the laminated limestone probably indicates the slow approach
toward shore conditions. Apparently, the supply of normale

. saline sea woter was not inhibited during the letter part of

'u‘or F time and themfore dolomite and gypsum were deposited
W uwnder 1solated circumstances.







115

Member H

General. Member H waes deposited during the fourth
marine inundation and contains the youngest nonclastiec
deposits of the Yypsum Epring formet lon. The member crops
out on the west side of the Wind Lilver basin and in Sections
19 and 20 on the north side of the Owl Creek Mountains. ‘he
thlckness of the member ranges from O to 27 feet with most
sectione about 13 feet thick. 4Algthough limestone beds com=-
Prise the greater part of the member, beds of gypsum and
Golomite as mueh ns.QIfeot thick are also found.

ihe moember can be divided roughly into three depositional
units: 1) the lower, lenticular saline deposits, 8) tho
homogenous and leminated limestones which form tho‘bulk of
the marine strdta, and 3) the uppermost marine beds of the
formation.

Bassal ssline lanaba. Dolomite or gypsum commonly forms
the basal bed of member H. The complete transgressive se-
quence of the srid oyclothem is found in some sections (Fig.
14). 1ihe basal supersaline deposite sre as much as © feet
thick in some sections, but cannot be correlated with adja-
¢ent sections., (n other sections, dolomite or dolomitie
limestone 1s found at the base of the marine transgression.
Ihese dolomites are commonly laminated (Fig. 54) and grada-
tional with ¢he overlylng laminated limestone.

Contral 1imestone bed. Iihe limestone beds which form
the larger papt oy nember H are light gray to brown gray,
fine Crystalline, nonsilty, ané even-bedded. Cecause this
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bed is laterally continuous, the base of it is used as a
correlation datum in Figure 66, ‘ihe basal few feet of the
bed are commonly laminated, silty, and dolomitic. 7The upper=-
most three-fourths of the bed, however, contain even-vedded
resistant, gray, poorly laminated limestones in O.5- to 1.5«
foot beds 1nterbedded with thin gray and yellow shale part=-
ings (Fig. 55). Laminafion in apec;menl'collectod from most
beds near the top of the unit could be detected only after
careful etching and study under the binocular microscope.

As e whole, the limestone portion of member H 1s remark-
ably pure, iine insoluble residue of this bed had &n average
of 4,0 percent quartz and clay in sizes less than 0.05 mm.
in contrast, four dolomites ¢ollected from the base of the
member contained 7.5, 12,0, 16,0, and 20,0 percent insoluble
residve. This upward decrease in insoluble residue is
believed to irdlcate inoreasing distance between shoreline
and site of deposition.

Uppermost merine stpata. In a few sections, the central
limestone bed of member H grades into ealcareous and dolomltic
shales end siltstones (Sections 9, 10, and 14), or is directly
overlain by supersaline nonclastic beds (Sections & and 6).
The dolomite and breccia at the top of the Uypsum Spring
formation in Sections 19 and 20 msy be correlative with the
youngest surersaline deposits in sections of memwder H in

erops sectlon BeB', lare likely, howovor..tho youngest
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Gypoum Snring - "Lower fundance®™ Contact

Lithologic Comparison

In the area of Lnvestigstion, the "Lower Sfundance"
formation wags deposited acroses members ¥, @, and H of the

Gypsum Spring formation at different places. Conseguently,

T

at various places the lithology directly below the formational {

] L

contact includes the red beds of member ¢, the gray, lamin-
ated, unfosgiliferous limestone of member H, and the gypsum

of member ¥ (Section 26). Where conformable relationships

‘4.
ey

exist In the Owl (Creek ¥ountains, the upper contset of the

Uypaum Spring formation 1e placed on the top of the red beds fud
of member (, Where the typlcal yellow shales of the "Lower [

Sundance"™ are interbedded with typleal red beds of member G,

*..-.! ..<«-

the contact is arbitrerily placed at the top of the youngest

red ved. kgg

in the Wind Hiver Mountains, the upper contact of the 5:

Gypsuum Spring formation is drawn at the base of the lowest : E

yellow sandy shale of the "Lower Sundance” formation. ¥hie 5 E

position colncides witk the top of the limestone of member g -
5

H in wost sections. In a few localities, r-ifbtuul shaly
siltztones separate the yellow sandy shales from the none-
elastic rocks of member kK,

ihe basal beds of the "Lower fundance” formation are
typieally thin, oolitic, fosalliferous limestones interbedded
with yellow-gray, sandy uhain and & few fine- to wedium-

o T




't

grained calcareous sandatones. +his 1s 1n contrast to the
red beds, unfossiliferous laeminated limestone, light-gray
dolomite, and white gypsum of the upper part of the Yypsum
vpring formation. Hepresentative "Lower Suncance" fossil-
iferous oolites are shown in Figures 57 and 58. Complete
fossils are uncommon in the oolitie limestonss, and the
fragments commonly have secondary overgrowths of calcite.
vomeé of the oolliths have two, three or four nuclei. Host
of the ooliths in the specimen shown 1in Flgures 57 and 59 are
inslde the coils of gastropod shells.

An abundance of fossils ls the most distinguishing
characteristic of the "Lower Sundance" formation. In speeci-
mena such es the one shown in rigure 59, the llimestone con-

taing almost 50 percent fossil fragments.

Uhoonfornity

Distributlon of basal conglomerate in the Owl Creek
Mountalns., The lowsst bed of the "Lower Sundance” forwation

is & calcareous, coanglomeratle, coarse-gralned sandstone
(Flg. 60) in Sections 18 to 22, and 26. The fragments range
from sané sives to cobbles 8 centlmeters ln dlameter, Ihe
pebbles are composed of aasgular quartzite fragments and
subrounded, unfossiliferous, fine-grystalline llmestone

fragments. ihe limestone fragments (Flg. 61) are probabdly
pelleta and mud rolls derived from the Uypsum Spring forma=

S ol s
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atlion, however, Some of the pellets may have been precipi-
tated at hhu environment of depositlon.
ﬂw u’por part of the basal Sundence clastic bed of
Egetion, 26 contelns a unigue clastic rock composed of detri-
tal b?yoiom fragments (Figs. 62 and 63). 4dhe 1l.5-Toot lens
ie composed of bryozoen fragments up to £ mm in diemeter,
embedded in a matrix of white gypsum. l.oryatn;’}ipation has
Gestroyed the detalls of the foseils, but in g&ﬂil, the
fragments from this lens have the rume ohcrntc_f.g as those
described 1n member £, \ S s o o
the lenticular basal "Lower Zundance" conglomerate
developed at Section 26 is overlainm b;SO!.‘”t otM;q’.dn» Je b
etones which conteln gypsum lenses in the lower 10 feet. DBy
| reason of their position sbove the unconformity, these beds
~ are included in the "Lower Sundance" formetlon, Ihe environ-
n ’ lowsly, ! » r to the
1 ferous
may de,

¢ at
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marine deposition from the beginning of member L time indl-
cates that Section 286 was in a topographically low area dur-
ing much of late Uypsum “pring time. Apparently, the thick
Zypsum bleds of member I made this region more susceptible

to eubsequent subareal and possibly submarine erosion, and
part of' The record may have been lost. :

intraformational conglomerates in the wind flver loun-

tains. Yn cross section E-B', either oolitic limestone or
yellow, sandy shale is the lowest bed oi the “"Lower Sundance"
formation. ihe llmesiones of member I are directly overlain
by sandstones or conglomerates in only Sootlona 2 and 5. iIn
Section 5, the bassl "Lower tundance"” sandctone is separated
from the limestones of member H by only a shale parting. ihe
sandstone contains no fragments larger than coarse sand.
Hember H of fection 2 1= nnoonrornblj overlain by a
limestone~-cobble conglomerate (Figs. €4 and 65). ‘in some

specimens (iig. 668) nearly all of the fragments are angular
and t-e rock can be clazsed &8s a breceia. Ihis elastie bed
grades up into an oolitie sandstone found at the top of the
overlying 4-foot bed. 2

WW:{M& ihe vasal
YLower cundance" conglomerate and local unconformable rela-

tionships suggest uplift and erosion at t}ue end of Sypsum
Spring time. iicrofolding snd small scale brecciation of
member i limestones also are evidence of small seale defor-
matlon at the end of Uypsum Liring time. Ln the soubhern
part of the Wind Kiver Mountalns, the upper 5 feet of member

-
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a few cases

nierothmtt nuluag us obnrvod {l!.u é)o’ IQ section 2,

j...n',

tre O, Swﬁeot M velow m montmw .ouu!ag a laminated
Limestons. mm was -ubgni-a “to mmm. urng. 11tnisication,
The uppexr tvo-thtﬁn 0!‘ ma m 4mm “} mhu brecelated

T“ -~

fragnenta or humnna 1mndm hmmm ‘and contortion
of laninu ot nmbor n in lmm to qup- mth of mu#l.

I-

h 4 believe t;hat uompnction, and pouibly local wtrph‘. W
produced tre microstructures in the limestones of memver H
and ¢roated conditions whieh caused the A‘:ubnnul removal of FE

s

a significant m t.t m ypsum Spring - ormation.










SUMMAKRY

Tie Gypsum Lpring formarion is the evaporite facies of
the Hiddle Jurassic In the Vestern Interior region. 1The
facles im found in western and northern Wyoming, northsastern
Utah and in the eastern half of Nontana. In Fremont County,
Lyoming, the average thickness of the formation 1s about 200
feet, It 1s divisible into three stratigraphic units on the
basis of lithology and environment of depositicn: 1) basal
red bedes , 2) thick-bedded gypsum, and 3) slternating sequen-
ces of red beds and evaporites. Jor the purpose of clscussion
In this paper, the formation was divided into elght members,
lettered 4 to H., lombers A and D correspond ruboctl'ﬁlih
unlts 1 end 2, and comprise 40 percent of the formatlon.
Unit 3 is subdivided into members C to H. The members in |
unit & are defined on the basis of environment of deposition
and have gradational contacts. They are not oncliy:upphbln
units, & L

Member A 1s Lhe red-brown siltstone at the base of the
formation which has an average thickness of 25 hot.‘ ‘Il
overlies the Chugwater formation (Irisselc) h,’ central Wyo-
ming and the Hugget sandstone (no'ir Jurassic) in western
wyoming. 1he siltstone of member A 18 lr“‘“"“u with the

1'N 4 L 4»‘-1"

beds of the underlylng formations.

Member B 13 composed of 65 to 120 feet of gypsum in 353
: . TET L H - . z o g >,
to 12-foot beds which are intoi'biddod"ﬂh shale partings

r ‘
and uquoncos of siltastone and cloiollto. " Both the ﬁ&r
» . sogt one, YPINT N




B &

dolomite Deds have laminations and bands which range in thick-
neas from lees than 0.5 to 30 mm and are defined by variations
in dolomite, gynsum and clastic content. 1he member contains
less than 10 percent interbedded siltstone and dolomite.

llember G has an average thickness of 30 feet and is com=-
posed of nonresistant, red-brown, shaly, gypsiferous silte-
stone. Lensres and stringers of gypsum ars pommonly found at
the base and top of the member, and in some cases are grada-
tonal in size with the beds of gypsum included in the top
of member B and the base of member D.

lirmber L contains coarse-crystalline gypsum stringers
end light-gray, chality-weathering, sublithographic dolomite
beds at the base; a persistent, laminated, brown-gray lime-
stone bed in the middle part; varilcolored silty shales with
gyosum and Aolomite lenses in the upper half; and an algal
limestone at the top. ine thickness of the member ranges
from 12 to 21 feet with en average of 16 feet. Uypsum or
dolomite stringers overlie the algal limestone in a few
sections.

lember & is the ll-foot red bed sequence which 1lee

between the marine strata of members L and F in the kind

River Mountains snd 1n the centrsl part oi the Owl Creek

Mountains. In the eastern part of the Owl creek Uountains,

member ¥ ie absent, and member ¥ lies directly on wember D,

dypsum lenped found in memver E in Seetiens 7, 10, 24, ond 25.
Member I is composed of nonclastle rocks which have an

average thickness of 15 feet. in most sections, gypsum and
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dolomite beds are found at the base of member and less con-
monly at the top. A lamlnaced limestone which grades upward
into a red sllty canlcarenite generally forms the central
part of the member, Wember I in Sections 285, 24, and 26
centaing interbedded gypsum oolitlc and fossiliferous lime-
stones. In fection 26, member F consists of 42 feet of
gypeum which contalns & minor amount of dolomite.

Member G 41s the youngeat and thickest (average of 26
feet) red bed sequence of the Uypsum Spring formation. in
the Owl Creek lountains, the member generally is the upper-
most unit of the UGypsum Spring formation. In the ¥ind Hiver
¥ountains, the member is overlsin by the nonclastlc rocks of
member H,

Momber E contains the youngest rocks of th: Uypsum
“pring formation. Froorly laminated limestone constltutes
the greater part of the unit, and gypsum and dolomite Leds
are ganora'lly found at the base of the member. ihe member
i» found 1n Sections 1 to 13 in the Wind Aliver Nountains,
but only as a dolomite bed in Sections 19 and 20 in the Jul
Crook' lountaine.

In contrast to the red beds, unfossiliferous laminated
1m:£one, light-gray dolomite, und white gypsum of the upper
members of the Uypeum Spring tonutgen, the 1llthology of the
"Lower Sundance" formation is typloally oolitie, fossilifer-
ous limestones; yellow-gray, sandy shales; and fine- &0

medlum-grained caloareous sandstones. In most sectlonn, the
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Gypsum Spring formatlon 1a separated from the overlying
"Lower Sundance” by a break in lithology, but in Sections 2
end 26, the upnsrmost beds of the Yypaum Spring formation
are miasing and the bLase of the "Lower Sundance” is marked

by & limectone-pehble conglomerate.

GONCLUSIONS

l. The baaal beds of the Gypsum Spring formation are
gradational with the underlying Bugget sandstone in western
Eyoming. In central Wyoming, erosion haes removed the Nugget
and part of the Chugwater formation. Consequently, the
Gypeum L{pring lies unconformably on the Chugwater red beds.

2. ‘“he siltstone-dolomite interbeds in the thlck-bedded
g¥psum represent deposition during short perlods of less dry
climate. Inereased rainfall and lessening ol the effective
evaporation rate, caused dilutlon of the waters and lneressed
the rate of clmﬁtic deposition. The dolomite bed at the top
of the interbed was deposited after the return of the normal
dry climate during ths process of reconcentration of the sea
water.,

3. The uopermost part of the Jypsum Spring formation
waa deposited in a supersallne environment and, therefore,
should not be included with the overlying normal marine beds

of the "Lower Sundance" formation.



.

4, ik bedz of the upper helf of the formation were

depoalted in a palinid under the influsnce of rhythmically
changing seca level. I1f depth of deposition were the only
variable, the sequence of beds produced in one cycle would
be: A) Iranegressiony 1) reod beds, 2) red beds with gypsum
lenses, &) bedded gypsum, 4) dolomite, §) limestone; B)
legresaion: &) dolomite, 7) gypsum, 8) red beds with gypsum
lenses, and ©) red beds. ‘the conditions of depoaltion are
the following: 1) a climate conduveive to evaporite deposition,
2) systematically fluctuating ecea level, 3) a landmass of low
slope and low relief, and 4) a source of red-stained clastles,

S, Lhe red szlltetones found at intervals throughout
the formation are believed to be reworked Chugwater red beds
eroded from exposures in eastern Uyoming. Iihe environment
of deposition of red beds in the Gypsum Spring formation
extends from nearshore waters in which oxidlzing conditlons
are prevalent, throuzh the coastal plain belt, and into the
colluvinl ceposits in the source area of exposed Chugwater
red beds, Uypsum lenses were deposited with the red beds in
the littoral and mud flat environments of the coastal plain
and signify the beginning of the transgression.

6. Lolomite was precipitated, or was formed by alter-
atlon of lime muds w‘n@n sea water had & salinity intermedliate
between ti.at necessary for the precipltation of gypsum and

caleite.
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7« <“he coolitic and sparsely fossiliferous limestones
interbedded with evoporites in the northwestern part of Fre-
mont County represent an interfingering normsl marine facles
on ths northwest and the svaporite facles represented by the
uypsus Spring formetion in central Wyoming. The 42-foot bed
of gypsum of tection 26 represents an 1polated bacln at the
geographic boundary between the two facles.

8. ihe breccliation of beds was produced by solution of

gypsum when the formation wes subjlected to weathering.
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APPELDIX

Lescription of Sections

iwenty-nine scections of the Gypsum Cpring formation are
desoribed end illustrated below. Lithology and color symbols
are expiuinec in Figure 70. Land lines, drainage, and roads
in the vicinity of the sections are shown in Figures 71 %o 79,
The location of the sections and the area covered by each of
the location maps is shown in Figure 1. Comparison of the

Seetions with rigure 8 will indicate the strata included In

each memoer.



Color S:mbols Lithology Symbols

white, light gray

dark gray

blve gray : /

yellow, yellow gray I

green

red, browvm
varicgated

motiled

Special Features

co oolitic
it fossiliferous
e algal

bry bryozoan

ypSum

dolonite

linestone, laminated

breacia

shale

siltstone

sandstone, cross-bedded

F16. 70. osymbols used in stratigraphic seotions. Game

as Figure 49,
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Section 1, Noble ranch, 17 miles southeast of Lander, Wyoming,

146 |——~ 13
e =T <
S Z {11
S e ~

110 A {

i

Wikl Wy

in center of Sec. 13, T. 31 N., R. 98 E., B. H. M,
Feet

————3 14 Sundance formation.

14. Sandstone: subangular quartz grain, resistant,
brm-gray o o o @ ® 9 § @ & % eNmiyNah i 100

13. Shale: sandy, green and yellow, contains
considerable 018y PRI T e e 2

[——_T )1, Gypsum Spring formation. Total thickness, 149 fest.

12. Limestone; laminated, light-gray, in part a
breccia, calcite plates in uppermost 0.5 foot . 2.3

11, Dolomite: poorly bedded, yellow=gray s s « « « « 1.8
10, Shale: calcareous, red and green « « « » « » s+ s 10

9. Limestone breccia: light-gray fragments up to
0.1 foot o o o v & o & o ¥ 2 9 sTeeiie W ENNEIEE. 0.6

8. Siltstone: well-indurated, red-brown; variegated
in upper 5 feet; calcareous, mottled yellow-
brown and green in lowest 11 feet . « « « ¢ « » 2040

7. Limestone, shaly, light-gray « « « o o o o o o ¢« 20

6. Siltstone: red-brown to dark brown red,
nonresistant, locally green, calcareous and
well-indurated e 8 8 6 N §° @ @ inEian R atieEEIN 23.9

5. Limestone: laminated, medium-gray, gradational
toredahaleintopfoot PO o R S.7

4. Dolomite: silty, white, contains secondary
calcite and specks of brown manganese oxide . « 2.0

3. Siltstone: red-brown, green in top 2 feet, dark=-
brown resistant siltstone 2 to 4 feet from top 16.0
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Feet

2. Gypsum: coarse-orystalline, porous, white,
interbedded with red siltstone, a 0.5-foot
bed of coarse=-crystalline dolomitic limestone
at base (Figs. 27 and 28) « « « ¢ s o v s » » » 544b

1., Siltstone: red-brown, mottled green in basal

1-5f06t ol...'c..i.'t.t.l"lﬁ.s
Nugget formation.
Sands+tone: resistant, frosted quartz grain,
yellow=brown, in sharp contact with overlying Lot
L]

ailtatone......o..........‘..
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Section 2, Derby anticline, 13 miles southeast of Lander,
Wyomlng, in SWQ, Sec. 33 T. 32 N.' R. 98 W., B. H. M.

Feet

Sundance formation.
13. Conglomerate: limestone-pebblo, brown, quartz
and calcite matrix (Figs. 656 and 66) . « + » « 4.0

Gypsum Spring formation. Total thickness, 127 feet.

12. Limestone: laminated, gray, silty; contains
O.1 mm calcite plates; laminae are contorted
(Figs.s‘landﬁs).o..........-. 1.0

1l. Dolomite: silty, gray weathers white blocky,
contains a small amount of gypsum .« « « « « « 1.3

10. Siltstone: red-brown; variegated with yellow,
green and brown-red in bottom and top 5-foot
intervals; gypsum lenses in central portion . 20.2

260] P2

T 9. Limestone: thinly laminated, medium-gray,
e argillaceous in lower foot « « + + o« o« o+ o o+ 5e

g

Gypsum: white, coarse-crystalline, contains
red and yellow-brown shale near center and
attop.................... 7.8

-3/
-~
°

Shale: variegated maroon, red-brown and green;
gypsiferous, 8ilty « o o« o o ¢ o ¢ o o o o 4. 9.6

6. Limestone: laminated, brown-gray, poorly
bedded . . . o e o . . . . . L] - . o . < . . . 0.5

3
5. Shale: red-brown and silty, green shale in top
foot, hard siltstone near center . . « « + + 8.0
L 4. Limestone: laminated, white; poor, wavy bedding

and shaly at base; massive at top « « « « « + 3.8

3 3. Siltstone: red-brown, nongypsiferous . . . . . 110




1556
Feet

2. Gypsum: white, coarse-crystalline, porous,
interbedded with siltstone, contains a coarse-
grained reorystallized limeatone, 0.3 foot
thiock at the base of the unit « « ¢« ¢« ¢« ¢ ¢« « o« 5640

1. Siltstone: red-brown, shaly, loosely cemented, a
small amount of interbedded green siltstone . . 4.0

Nugget formation.
Sandstone: yellow-brown, frosted quartz grain,

resistant, cross-bedded. Upper 24 feet is
nonresistant and interbedded with green-gray
!andyliltatono ooocouooonooo.nn‘ZO
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Section 3, East Flank of Dallas anticline, 7 miles southeast of
Lander, Wyoming, in NWg, Sec. 11, T. 32 N., R. 99 We, B. H. Mo
Feet

Sundance formation.
16. Limestone: coarse-clastio, fossiliferous,
light-gray, silty; interbedded with yellow
brmsandyShalea e o 8 ¢ 9 & § Wi @ 9 sk NIEISENE

800f |F===

== 1—3 15. Shale: yellow~brown, sandy, argillaceous  + « « 1340

=oCLs — Gypsum Spring formation. Total thiokness, 166 feet.
I 12 " 14. Limestone: light-gray, poorly laminated,
L = calcite plates in upper part, 0.5 percent

7777 n iHSOIUble ros8idug o+ ¢ ¢« s 8 ¥ & ¥ o8 0 8 aNs 2.6
13. Gypsum: coarse-orystalline, white, porous . . . 5.0
12. Limestone: laminated, brown-gray, in part
= d01°miticooocooooulouooooooi 3eb
10
11, Gypasum: white, coarse-crystalline, porous,
mottled shale breccia in central portion . . » 10.0
10. Shale: red-brown, mottled green, silty,
contains numerous gypsum lenses .« « « « » s + o« 13.0
9 9. Siltstone: red-brown, mottled green,

gypsiferous, shaly, resistant in upper
5feet(Fig.34)...............11.8

g 8. Limestone: laminated, medium-gray, 0.2-foot

; bed of green claystone at top (Fig. 46) . . 1.8

7. Shale: gypsiferous, red-brown at base, red

siltstone in middle, green shale at top . . 0.8

6. Gypsum: white, coarse-crystalline; 1.6-foot
bed of red-brown siltstone in lower half .+ . . 6.0

5. Shale: red-brown, varicolored green and
brownish-yellow; ocontains thin-bedded,
brown-gray, poorly bedded limestones and
marls in lowermost 8.6 foat ¢« ¢ ¢ ¢ o ¢ o 0 0 o

Iy 4. Limestone: laminated, medium-gray, thinly

S bedded e o W & B ETe W 2T LN RIS N SRS 2.0
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Feet

== 3. Siltstone: locally resistant, brownish-red in
B — lower half, red-brown in upper half, apparently

i nogypsumpresent-........--.... 15.5

2. Gypsum: white, coarse-orystalline, massive,
interbedded with red-brown siltstones, no
dOlOlnitBSGXpOﬂedocooooacc-no.oo 39.0

1. Siltstone: red-brown, locally resistant, sparse
green siltstone beds, contains a few gypsum .2

Bh‘ing@rﬂ.oo..o.oooot-n.oon.

Nugget formation.
Sandstone: light yellow browm, frosted quartz

grain, very fine- to fine-grained, contains
considerable red-brown and yellow-brown

shale and siltstone in uppermost 40 feet
(Fig-ﬁ)...................S'M.
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Section 4, Sqtlmw Creek, 3 miles southwest of Lander Wiyoming,
in SW‘;. Sec. 27, T. 33 H., R. 100 W., B. H. K.

Feet
T — , Sundance formation.
LS _1276 13, Limestone: fossiliferous, brown-gray;
12 containing pellets or oolites . .« . « « ¢« « « 1.0
ARyS= St

oy _0 Gypsum Spring formation. Total thickness, 21 feet.
12. Limestone brecocia: g-inoch fragments, light-
orange, 2.0 percent insoluble residue . . . « 3.5

ll.Dolomite: calcareous, very silty, wavy
laminated gray, 2.5 percent insoluble residue 2.6

10. Mostly covered, but predominantly red shaly
siltstone, locally mottled green « + « « « « » 35240

9. Limestone: laminated, brown-gray, slightly
silty, 15.6 percent insoluble residue . « « » 4.l

8. Siltstone: red-brown, contains 1 foot of
siltstone breccia .« ¢ ¢ s« o ¢ ¢ o o ¢ o o o @ 13.3

7. Siltstone: red-brown; grading upward to green-
gray, fossiliferous shaly limestone.
Fragments in part algal, in part worn, broken

shells with secondary caloite growth . « « + + 4.6
6. Dolomite: chalk-white, argillaceous « » « s« « « 15
5. Siltstone: red-brown, slightly green and
yellow-brown in uppermost 2 feet « « « « o « « 5.4
4. Limestone: laminated, brown=gray .+ « « ¢ + ¢ » 340
3. Siltstone: red-brown, contains 0.5~ to 1l.5=
foot blocks and stringers of white porous
« 1840

gypsum in basal 11 feet « o ¢ o ¢ ¢ o o oo
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Feet

2. Gypsum: white, coarse-crystalline, massive,
a few interbedded red-brown siltstones . . . « 63.0

1. Siltstone (poorly exposed): light red-brown,
gypsiferous, both contacts slightly obscured . 65.0

Nugget formation.
Sandstone: oross-bedded, yellow-brown,

frosted qulrtz gruin PORRPWERE "l O Tl e S ke D L 361,
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Section 5, East flank of Lander, Anticline, 5 miles northeast
of Lander, Wyoming, in E3, Sec. 13, T. 2 S., R. 1 E., W. R, X,

I

20004

{

Feet

Sundance formation.

14, Limestone: sandy, oolitioc, brown-gray; contains
40 peroent very fine grained, angular quarts
sand; contains rounded, brown caloite grains
with faint internal struoture which may be

reorystallized oolites 3.0

Gypsum Spring formation. Total thiockness, 205 feet.
13. Limestone: light brown-gray, wavy-bedded, vugular 4.8

Limestone: laminated, light-gray, slightly
8ilty; oontains a gypsiferous breocia in top
foot; a few indistinot fossil fragments;
laminations are contorted (Fige 67) « « o « »

12.

4.2

11. Siltstone: red-brown, some green, shaly,
nonbedded variegated and ocalcareous in top

6 feet 23.5

Gray limestone interbedded with red silty

15mestonsd ¢« « o & ¢ & & ¢ % ARSI S 3.2

Limestone: thinly laminated, light-gray,

contains a few green shale partings . . « « . 3.0
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Feet
:_:‘_. 8 8. Siltstone: red-brown, no bedding except as shown;
” -—— green calcareous tuff near center, 75.0 percent
‘6m -':—_-__—_. insoluble residue . « .« « e« o sls o w % e & e JOEE
— 7 %7. Dolomite: contains algal nodules (Fig. 42b),
———7 & poorly bedded, caloareous, light-gray, silty . . 2.3
— = 6. Siltstone: red-brown and gray, sandy, contains
ekl a calcarenite in lower half (Figs. 46 and 47),
;;Li_::_;_ gradationﬁl with unit 6 . e 0 o 8 & 9 8 8 8 s ® 9.6
! F———-=5 6. Limestone: very fine crystalline, thinly laminated,
B=——F K brown, 9.0 percent insoluble residue « « « + « +» 2.8
e 4. Shale: variegated red-brown and green, silty,
% ‘ calcareous or dolomitio; contains three 0.6-foot
_'_,_‘::; 3_ limestone beds * o o o 0 @ 3 6 .0 & ¥ e iveeite 6.0
- __ 3. Siltstone: red-brown, in part green, gypsiferous;
e gypsum occurs as stringers up to 6 feet long and
= 0.5 foot thick ..............-..24.5
P
>\ _

71 2 2. Gypsum: white, coarse-crystalline, porous,

y massive; interbedded with gray, laminated

dolomites up to 0.5 foot thick and red-brown
siltstones up to 2 feet thick; gypsum contains

a minor amount of light-gray silt in thin

contorted bands (Fis. 22) T " e e N A S § O W 76.0
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Vv |

1 Nugget formation.

Sandstone: light yellow-brown, frosted quarts
grain, very fine~ to fine-grained; red-brown,
mottled gray, silty, sandy in the uppermost
15 feet ¢ o 8 B & . et wiie e SR I I
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Section 6, Mill Creek, 11 miles northwest of Lander, Wyoming,
in NE&, Sec. 6, Lo 2 S., Re 1 W., W. R- M.

Sundance formation.
.-i}‘:6-27 27. Limestone: gray, f£ossiliferous « « « « « « « « 1.0
2

== 25

26. Shale: EGray=greon « o o o o s s o s o o« o o s @ 4.0

2220 :_—_ Gypsum Spring formation. Total thickness, 226 feet.
— . 25. Siltstone: shaly, red=brown « + « « s « s« » » « 10.0

Eex 24. Dolomite: thin-bedded, light-gray, shaly . .. 5.4

23. Marl: light gray, fossiliferous, poorly
bedded, red-brown shale parting at top .

1.6

22. Limestone: brown-gray, nonlaminated . « « . « « 0.8

2l. Marl: green=gray « o o o » o « s o« s o ¢ o s s Lb

20. Limestone: laminated, brown-gray to greenish-
gray (Fig. 35), 3.0 percent insoluble residue 5.8

19. Shale: yellow, green, gray, calcareous . « . « 3.0

18.Gyp8um:white......--....-.... 9.0

17. Siltstone: brown-red, maroon, some green,
contains a few gypsum lenses « « « « o « « « « 19.0
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Feet

Gypsum: white ocontains some dolomite partings . . 3.0

Shale: clayey, red; dolomitic near middle and
attopuooooonooooo.oooo-o.c 4,0

Dolomite: gray, shaly at top « « « o ¢ o ¢ o o o+ 3.0

Gypsum: white; interbedded with red shaly
siltstone at base « ¢« s o ¢ ¢ o ¢ o ¢« s o ¢ o 0 12,0

Claystone: red=brown, 8ilty + « « o o ¢ o s « ¢ o 1.0
Dolomite: greeniah-gx"ay o v v v & wm ¥R R
Shale: red-brown, caloAreous « s s « s s+ s s s o 90
Dolomite: white, brittle . « ¢ ¢ o o ¢ o ¢ o ¢ & 1.0

Siltstone: red-brown, shaly at base; mottled
and dolomitic in conNtar « o s o o 6 o 0 * 0 e e 6.0

Limestone: brown, shaly at top, contains dark
brown-gray, conocentrically banded algal nodules
(Fig-420)ocov.ooooo.-oooooo' 2.0

Siltstone: red-brown, shaly, calcareous at base . 4.0

Shale variegated with maroon, green and purple;
dolomite at top and in middle « « ¢ o ¢ v & o 6.0

Limestone: gray, thin-bedded & A R SR 3.0

Siltstone: red-brown, green in top 4 feet, sparse
gypsum partings and stringers at base « « + o« « 210

Gypsum: white, soft, 2- to 12-foot beds;

contains interbeds of red-brown siltstone

overlain by brown-gray laminated dolomite

(Fig. 25), 0.2 foot of gray laminated

dolomite at bage « « s & @ ¥ @ SEETE USRS 77.0
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//I'/"é/’%/'J.
1;/(/114’ / Feet
880-M-———
Ay
./‘//
7
]
1. Siltstone: red-brown, locally green; sandy
in basal 6 feat (Fis- 19) s B3 e Lt e W SehEe 22.5
Nugget formation.
Sandstone: yellow-brown, oross-bedded, fine-
grained, oliff-forming, contains frosted
« 317,

quartsgruinl...o.-.........-
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Section 7, South end of Sage Creek Anticline, 13 miles north
of Lander, Wyoming in S3, Sec. 6, T. 1 S., Rs 1 E., We Re M.

Feet
—  Sundance formation.
20, 20. Limestone: oolitic, fossiliferous, brown-gray,
a7 contains fossil fragments with caloite over-
19 growths (Fig. 57) o @ 0 @ W e v 6% W N sy 30°+

19. Shale: yellow=-brown, some green, contains a
iy few quartzite subangular cobbles at top . . « 645

Gypsum Spring formation. Total thickness, 210 feet.

17 18. Limestone: laminated, medium=-gray, vuggy;

dolomitic at base; shaly at top; upper

contact is gradational « « « + « s+ & ¢ s ¢ ¢ &« 5.8

e 17. Gypsum: white, coarse-orystalline, minor
16 interbedded red siltstons [eieis Al R

16. Siltstone: alternating red and green . . « « « 5.7

15, Siltstone: red=brown . ¢ s o ¢ o o o ¢ s o o &« 6.2
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14.

13,

12.

11.

10.

9.

6.

5.

4.

Gypsum: white, irregular thiokness

Siltstone: red-brown, green in top 0.6 foot . . .

Siltstone: red-brown, shaly; contains gypsum

lenses; 1.5 foot stringer at top ¢« « & « & &

Shale: green=-gray, 0.3-foot limestone at top

Limestone: laminated, light-gray, shaly . . .

Gypsum: white, massive; interbedded with red-
brown and green siltstone which contains
lenses ofwhitegypsum..-.......-..

Limestone: contains poorly developed algal
remains, silty, brownish-gray (Fig. 410) « + « «

Siltstone: red-brown, green in top and basal

OeD £OOt ¢ ¢ o » o o o a & S ESEReAE VI E AN SIS

Gypslm, White, '1n51° bed « &2 & » 5w » & o & @'»

Shale: red, paper thin in basal 2.5 feet;

alternating red- and yellow-brown in top 3.6
feet; green-gray marl in center; green shale

at

contacts 1s calocareous s ¢ s o ¢ o ¢ o o o ¢ » @

Limestone: laminated, medium=gray « « « « ¢ « o &

Siltstone (not well exposed): red-brown,. .
dark-brown, maroon, some green, oontains lenses
and discontinuous beds of white gypsum up to 2

feat thick o s o v 's 7 sk @'% A SRR

187

Feat

2.8

6.0

9.0

2.0

3.8

22.0

0.5

3.2

2.0

6.2
2.9

44.0
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Feet

2. Gypsum: white, ooar'ae-orys‘ballino; contains
interbedded red shale and brown-gray
laminated dolomites ¢« & ¢ v s ¥ v b e

1. Siltstone: shaly, red-brown, mottled green . « « 9.0

Nugget formation.
3 Sandstone: yellow-brown, cross-bedded, oliff-
forming, calcareous; inoreasing quantities of
red-brown shale and siltstone in uppermost 29

feet « 8 & & b9 e a epiEmEteE S A S “en
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Gypsum Spring formation.

15.

14,

13,

12.

11.

10.

9.

Section B8, Mill Creek, 12 miles northwest of Lander,

in NWi, Sec. 31, T. 1 S., R. 1 W., W. R. ¥,

Total thiokness, 64 feet.
Limestone: wavy laminated, brown-gray . « « « »

Covered.....-.--....-..o.-.

Dolomite: white, mottled red and green, silty .

Shale: alternating red and green; ocalcareous in
basal?feet...............-.

Limestone: laminated, very silty; grades upward
into red laminated limestone « o o ¢« o o o o »

Gypsum: white, massive, coarse-orystalline,
porous, red calcareous shale at top + « ¢ « o«

e & & & @ B W 0% 9N NPT

Covered, red slope

Limestone: algal (Fig. 4la), silty, white,
poorly bedded, earthy

Shale: red, maroon at base

Dolomite: white, weathered surfaces altered to
calcite, red shale parting s 9 5 2 8 s+ 8 0 0 ®

Siltstone: red=-brown and minor green

Limestone: brown-gray, laminated
Shale: green, silty, caloareous . « « s « + o+

Limes tone: white, silty, slightly laminated . .
Siltstone: red-brown; contains minor siltstone
breccia (Fig. 83); top foot contains purple,

green and red shaly siltstone . . « « + « + .
(Basal units not listed; same as Seotion 7.)

Wyoming,

Feet

3.0

26.5

1.0

4.2

1.0

13.0

12.0

1.6

3.0

1.4

8.2
3.0
1.3
0.5
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Section 9, Crooked Creek, 15 miles northwest of Lander,
Wyoming, in W‘g, Seo. 14 T 1 S., R. 2 "o' We RO M.

Feet

_____ 2 Sundance formation.

il

18. Limestone: oolitic, brown, even bedding « . « + 1.6

17. Sandstone: shaly, yellow-brown, contains
0.2 foot dark-brown limestone in center . . . 4.0

18. Shale: Green * 8 e 8 % 8 8 % B e % s o s s 200
15. Limestone: oolitic, unlaminated, brown . « « « 0.5
14. Shale: green, argillaceous . « + + s + s » « » 4.0

13. Limestone: fossiliferous, oolitic, brown-gray,
one bead o o 8 8 ¢ @ & % & m ey S NR NSNS 1.0

12. Shale: Silty, olive=drab .+ o« ¢« ¢ s ¢ o ¢ ¢ o ¢ 2.5

Gypsum Spring formation. Total thiockness, 120 feet.

11.Sh5163gr86n ¢ & B 8 8 ¥ BuE s E e a iRt 4.5
10. Shal°3 red, !ilty, nonbﬂddCd .6 0 S 85N 0. 5.5

9. Limestone: dolomitio, shaly, green-gray, poor
bedding e 6 o 8 ¢ ®  ® & % RS S R 4,5

8. Dolomite, (limestone interbedded and
intermixed): faintly laminated, light-gray to
brown-gray, undulatory bedding in lowest foot 7.6

7. Siltatone: red-brown, partly covered, contains
collapse breccias in lower 20 feet . « « « « « 37.8
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Feet

6. Limestone brecoia: mottled red and green,

gypsiferous, contains 0.2-foot fragments . 2.0

5. Covered: slope rock composed of red-brown
siltstone breccia e« o ¢ o ¢ « ¢ s s 2 ¢ 0 o . 17.0

1.0

4, Limestone: laminated, brown-gray (Fig. 36)

e Covered « o ¢ o 5 o o 5 5 s oG ETERTERCENE AN 2.0

2. Limestone breccia: mottled red and green,
oonsists of blocks up to 3 feet aoross . « « « 3eb

1. Siltstone: mottled green, partly covered . .« . 34.5

Nugget formation.
Sandstone: yellow-brown, frosted quartz grain,

oross-bedded; mottled and silty in upper
20 feet o...-ooooocooocoooo
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Section 10, North end of Sage Creek antioline,
17 miles north of lander, Wyoming, in Sl{‘.
Sec. 15. T. 1 N-. R. 1"-. W. Ra Ko

—— Feet

— Sundance formation.
- —— >F—26 26. Limestone: sandy, fossiliferous, brown . « « « 1.2

=/ Y
M= 25. Shale: yellow=brown, 88NdY + ¢ o o ¢ s o o o o 110
—-— | __  Gypsum Spring formation. Total thickness, 233 feet.
"_-T"’ ;E-. 2h 24, Siltetone: !‘ed-brm, ﬂhaly RN TR TR O T T 5.0
:E‘:'—: 23. Limestone: laminated, brown-gray and banded at
— — base, light-gray and laminated at top (Fig.
2 14), 4.6 percent insoluble residue « « « « » o 4.4
00 i
:.‘Tz_;{_yaz'— 22. Shale: yello‘, gp'if’rou‘ e s B a o« By 1.7
2 21. Dolomite: silty, 2-inch oross-bedding; contains
= %,9 contorted lamination « ¢« ¢ o ¢ o ¢ ¢ ¢ ¢ s » o 2.1
== 8
e 20. Dolcomite: poorly bedded, mottled in shades of
— = green, light-green areas are laminated, dark-
722 | green areas are homogenous, 20.0 insoluble
.:i residue e o 2 v o o & ¥ a6 8B e N A 1.1
s 19. Gypsum: white; shale parting absent at top » « 0.5
7~—-; . 18. Siltstone: brown-red in lower half, red and
S—-— green in upper half, yellow~brown layer 3 feet
| i from top, contains gypsum lenses throughout . 24.0
o L
- 17. Dolomite: white, unlaminated, very fine
T e —a7 orystalline (less than 0.007 mm) « « « o ¢ o o+ 046
16 16.Gypam:vhita...........-..... 3.0
N 16. Dolomite: same as unit 17, 10.0 percent insolu-
ble residue e 0 8 0 6 8 N WSS U S 0.7
4. Gypsum: white lenses; contains a subordinate sk
L]

amountofgroonalnh....-........
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13.

12.

11.

10.

9.

Shale: red, mottled green and silty at top . . .

Limestone: thinly laminated, with shale partings

Gypsum: white, interbedded with red silty shale .

Siltstone: red-brown, contains gypsum lgnses up
to 5 feet long and 1.5 feet thick (Fig. 15) . .

Limes tone: greenish-gray, earthy, uneven bedding,
nonlamimt@doatooooconoo.no--t

Shale: paper-thin, variegated, red, green and
gray at base; red-brown and light-green
siltstoneattop-.............-.

Limestone: light-gray, laminated, interbedded
withgraenahalo................

Limestone: laminated, brownish-green,
gypsiferous, vuggy, ocontains secondary gypsum
along laminations, 1.5 percent insoluble
residue o o ® ® ¢ & # ® @ @& giis s SRR TS

Shale: red e o o ¢ @ @& B e & B QTS ENE RIS EREEE

Limestone: brown-gray, green shale parting,
3.4 percent insoluble residue . « + + + s ¢ o &

Siltstone: brown-red, noncaloarsous, contains
gypam lensea L] o L . . L] . . L] LI . . L . L]

Gypsum: white, coarse-crystalline; interbedded
with thinly laminated dolomites, brown-red
siltstone, and brown-red shale; 0.4 foot coarse-
orystalline, calcareous dolomite at base . « « «

173

Feet
3.0

6.1

8.8

10.5

1.0

7.5

3.3

4.0

4.2

1.6

25.2

78.5
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ul

1. Shale: sandy at base, grades to silty shale at

top, brown-red, green in top 0.2 foot « « « « « » 24.0

- —Nugget formation.

- Sandstone: yellow-brown, oross-bedded, resistant,
frosted quartz grains, uppermost 12.5 feet oon-
tains green shale and is nonr..i.hnt e e 8 8 e v e




17%

Sectlon 11, Perah Creek, 25 miles northwest of Lander,
Wyoming, in SWj, Sec. 12, T. 1 N., R. 3 W., W, R. M.

Feet
Jt Sundance formation.
14. Limestone: oolitic, brown-gray, fossiliferous;
fossils have secondary calcite growth ... . 2.3

13. Shale: sandy, yellow brown and dark-gray . . « 11.6

Gypsum Spring formation. Total thiokness, 198 feet.
12. Limestone: laminated, brown-gray, silt-free,
finely orystalline shale partings in upper
half o o o o o o o o s n o E S U N 5.5

1l. Siltstone: red-brown, maroon at base, yellow-
brown in top 5 feet; contains green marl
6 foot from base; not well exposed « « « « « « 2840

10. Claystone: green-gray, calcareous, thin bed of
linwstoneattop...-...........

1.5



Shala:red,Bilty.ooooooo-o-o0-no

Dolomite: pink, mottled, sublithographic, average
crystal size less than .00256 mm, 20.0 percent
inBOIUble residue ® o 5 o @ @ & ¢ & & 4 WYy

Siltstone: red-brown, in part brecciated and
mottledg!‘een * o 8 o o & & & o 86 WioNNIN AN

Limestone: contains algal fragments up to 1 em
long (Fig. 42a); brownish-gray, laminated,
11,0 percent insoluble residue « « ¢ s« s ¢ ¢« ¢ &

Shale: red-brm, ﬂilty s o v e w0 ® 8.8 BisiEus
Limestone: green-gray, laminated « « + ¢« « o + »
Shale: green, 0.5 marl at base ¢ ¢ ¢« ¢ o o 2 o »

Gypsum: white, porous, coarse-orystalline, poorly
exposed and locally removed by solution; inter-
bedded with red-brown siltstone and brown-gray
laminated dolomites; contains alternating 2- to
5-foot beds of gypsum and siltstone in top 40
feet, ocalcite breccia and laminated dolomite at

DABE ¢ ¢« o o o s o & & o 5 o et i VNI EEEE.
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Fest

4.5

0.8

11.7

0.5

3.8

2.1

2.5

128.0






178

Section 12, North fork Sage Cresk, 29 miles northwest of
Lander, Wyoming, in SE}, Sec. 17,
Te 2 Ney, Re 3 Wo, W. R. M.

Feat

Gypsum Spring formation. Partial thickness, 61 feet.
13. Limestone: light brownish-gray; mottled red and
green; wavy bedded in top 2.5 feet ¢« ¢« « « « «+ 4.4

12. Limestone: red, laminated, silty at top, red-
gray at base; contains thin shale partings . . 1.3

&l

ll. Limestone: laminated, greenish brown gray,
well bedded; no shale partinge; contorted
laminae and sand at base; quartz sand has
secondary overgrowths .« « « ¢« o ¢ o ¢ o s » o« Jud

o IFISI

10, Siltstone: red-brown; brown in basal 10 feet;
variegated with red, green, brown and yellow
in uppemoatefeet s 9 0 o 9 & o ¥ ety 18.7

RN
o
Iil)!

H

i

l

_ I
vyl

9. Shale: red-brown, mottled green, silty,

0!
(!

& = caloareous, poorly bedded . ¢ o « s ¢ » s s ¢ 245
8. Siltstone: variegated with red, brown, purple,

greenish=-gray; poorly bedded; in part y

Te

CAlOBTOOUS » ¢ o o o o o & o & & & & & =N

7. Dolomite: white, shaly, thin-bedded and
laminatedintopbed............o 2.0

6. Shale: silty, brownish-red, a few green beds . 8.0

6. Limestone: gray, even bedded; contains
ellipsoidal, banded, dark-brown algal nodules

up to 3 om across (Figs. 39 and 40) « « ¢ « o+ 20
4. Shale: red-brown; silty at base; green

limestone in center =« o o ¢ o o o o ¢ o s o @ 5.6
8. Limestone: laminated, green-gray, thiok-bedded;

contains red shale partings, 3.5 percent

insoluble residue . ¢ ¢ ¢ o s o o & s o ¢ 00 4.9
2. Limestone: dolomitic, light-gray, ooarser B

°

— S ——
- —

B T jl orystalline than usual 1/45 mm « o + ¢ o « o »
l. Shale: Bilty, maroon and reddish=brown . « « o see

(Underlying units not exposed)
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Section 13, Bull Lake, 31 miles northwest of Lander, Wyoming,
in SW;, Sec. 32, T. 3 N-, Re 3 We, We Re Mo

Feat

Sundance formation.
2l. Limestone: sandy, porous, brown « « « s+ « + + « 046

20. Shale: sandy, yellow-brown . « + s o « s+ s s & 540

Gypsum Spring formation., Total thiokness, 198 feet.
19. Limestone: slightly laminated, light-gray;
contains rounded fragmental calcite grains . . 5.4

18. Limestone: dolomitic, light-brown, nonlaminated;
contains subrounded dolomite grains 1 mm in
diameter and 1/60 mm caloite orystals « « « + 3.7

17. Limestone: thin-bedded, laminated, interbedded
Withgreenmal‘l e ¢ & &4 o B 9 & ¢ apa NN VEEEIEY 0.8

16. Limestone: poorly leminated, thiok-bedded . . . 1.2

16. Dolomite: caloareous, laminated, alternating
light-red and brown, silty in brown lamina,
coloring is secondary (Fig. 54), 7.5 percent
insoluble residue « o« ¢ ¢ ¢« o s o+ o 0 0 0.

14. Shale: red-brown, in part siltstone; uppermost
10 feet contains lenses of limestone ( in part
brecciated) (20%), green shale (25%), brown-
yellow shale (10%), red-brown shale (46%) . . 22.9

13. Marl: poorly bedded; mottled red, green and gray 2.2

12. Shale: silty, purplishered . . + « o o « s ¢ o 2.8
11l. Limestone: gray, irregularly bedded; contains

1.5-foot lens of purple marl in center « « + « 248
10. Siltstone: brown-red, shaly; oontains light-
green, silty dolomite lenses « o « « « s o o ¢ 2.6
9. Dolomite: Ohﬂlk"hite, lingle bed ¢ ¢ ¢ ¢ o o ¢ 1.1
8. Siltstone: variegated with purple, brown-red, red
and green; in part ocalcareous .« s« « « s ¢ ¢ o 13.8
o 7. Limestone: thin-bedded, laminated; interbedded
—7 with red 8hale o« ¢ ¢« s ¢ ¢ ¢ o ¢ 5 » ¢ ¢ 0 ¢ o 2.6
6 6. Limestone: laminated, gray, 0.2 foot green
; shale parting at DASe ¢ o 0 wowile A E R ERETR 3.3
i 5. Dolomite: poorly bedded, white, splintery
h fracture « » s s &« @ v » » &SNS EERE IR 2.1
4. Siltstone: red-brown; contains red-brown
fine-crystalline limestone in center; green, e
.

sandy and oaloareous 8t top o s o o ¢ 0 0 0o

b F ¢
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Feet

3+ Gypsum: white, dense, cliff-forming, massive-
bedded; weathers to large joint blocks (Fig.
20); contains thin irregular laminae of gray
dolomitic shale (Figs. 23 and 24); contains
2.5-foot bed of red shale and thin-bedded

dolomite 9 fest from top ¢ ¢ p o o O\ EaEY 65.6

2. Gypsum: white, non-uniformly bedded; inter-
bedded with gypsiferous red shals; contains

brown-gray, silty laminated dolomite at base . 8.6

l. Siltstone: brown-red, some green at top, some

sand present except in top 8 feet 29.5

Nugget formation.
Sands tone: yellow-brown, oross=bedded,
oliff-forming; contains frosted quarts grains. ...




18l

Section 14, Willow Creek, 5 miles southwest of Crowheart,
Wyoming, in NWg, Sec. 16, T. 3 N., R. 4 W., We R. M.

Feet
Sundance formation.
19. Limestone: oolitic, fossiliferous, brown-gray;
fossils have caloite overgrowth + « ¢« « « » «» 2.6

18- Shalez green-gray ® ¢ 0 o 8. ¢ o s & » VT EEEE 2!0

Gypsum Spring formation. Total thiokness, 161 feat.
17. Siltstone: red=brown . o o ¢ ¢ o s 0 0 8 0 0 v 740

16. Limestone: gray, nonlaminated, unfossiliferous;
contains a few detrital rounded carbonate
grains < ° o . . ° L] . . L] . . . . 0 L % . .0 1.8

0.3

15. Shale: green, contains secondary quartz . « «

14. Limestone: light brown-gray, nonlaminated,
clastic; contains bryozoan fragments, shell
fragments up to 2.5 mm long with secondary
overg!‘owth.................. 3.9

13. Limestone: breocia: light-gray, secondary

calcite and quartz « ¢+ o ¢ ¢ ¢« ¢ ¢« o ¢ 0 000 0.6

12, Limestone: light-red, laminated, silty,
12.0 percent insoluble residus « « « o o o o+ o

4.1

11, Siltstone: shaly, red-brown to dark-brown,
mottled green, shale increases toward top . . 29.0

10. Breocia: shale at base, limestone bloocks in
center, thin limestones and siltstones at top 7.6

9. Dolomite: light-gray, nonbedded, sublithographio 1.5

=R 8. Siltstone: breccia: red and green; contains

0 %% blocks up to 0.5 foot ACross + o« « & ¢ ¢ ¢ » ¢ 14.0
16)- :

:_‘;-?-_'_—.": 7 7. Shale: red, green-gray, yellow-brown . « « o o« 4.5
====3 __ 6. Limestone: gray, thin-bedded, laminated; inter-
=3 6 bedded with red and yellow-brown shale « « « « 146
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Feat

5. Limestone: brown-gray, homogenous; ocontains
styolites, 0.7 percent insoluble residue . . «+ 2.0

4. Siltstone: red-brown, in part brecciated . . . 30.0

3. Breccia: fragments of limestone and siltstone,

nonbedded 9.0

2. Siltstone: red-brown, poorly exposed, may be
brecciated; contains light-gray, lamina ted

d°10m1teatbl800ccooooo-oonoco1100

1. Siltstone: red-brown, poorly exposed .« s » « ¢ 33.0

Nugget formation.
Sandstone: light yellow-brown, oross-bedded,

oliff-forming; contains frosted quarts grains.



Section 15, Bob Creek, 5 miles west of Croy h
in NEg, Sec. 31, T. 4 N., R. 3 W, W

Sundance formation. ,
10. Shale: yellow brown sandy « « « «

9. Limestone: oolitic, gray, fossil
(Fig.BB)..--.-o.ai

Gypsum Spring formation. Total thi
8. Siltstone: red-brown, sha
top foot, green shale 8




7. Limestone breccia . « ¢ s ¢ ¢ 5 s TR

6. Siltstone: red-brown, not well exposed + « « «

5. Limestone: brown-gray, laminated + « s « o ¢ &«

4, Siltstone: not well exposed, red-brown, dark-
brown,purple © © 0 o © 6 % o 0 0 8 8 v b & P

3. Limestone breccia: mottled red and gray,
blocks of siltstone and gray marl at base . .

2. Limestone: light-gray, laminated, dolomitio . .

1. Siltstone: red-brown, sandy, poorly exposed;
green 'ilWlhllOlttOpo PRI T e

Nugget formation.
Sandstone: light yellow-brown, cross-bedded,
cliff forming; oontains frosted quarts gnix'm
top 20 feet nonresistant and poorly exposed’ .

184

Feet

1.3

8.0

3.2

26.6

19.0

0.4

19,6
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Section 16, Cottonwood Draw, 3 miles south of Burris, Wyoming,
in SWi, Sec. 14, T. 4 N., R. 5 W., W R. Mo

Feot
Sundance formation.
15. Shale: sandy, clayey, yellow=brown .« « « o« « s sss
14, Limestone: oolitioc, mottled red and green . + « 1.5
Gypsum Spring formation. Total thiokness, 192 feet.
13% Siltatone: red=brown « ¢ s ¢ o e .0 8 8 9 8 8 68.0

12. Siltstone breccia: mottled red and green-gray . 4.0

11l. Siltstone: lavender ¢ o « » o o o s & o 5 5 89 2.0

10. Limestone breccia: mottled green and red

(FigB-SIBndSZ)............-. 2.0
9. Siltstone: red-brown and lavender « « « « ¢« s+ ¢ 6.0
8. Limestone and siltstone breccia: mottled red
and green, recemented with caleite, bedded in
partooooc-oooooooounooolo 6.0
7. Siltstone: red-brown and EERY o » w o n s ® e 11.0
6. Limestone brecoia: fragments unlaminated and
brown-gray, up to 2 em in diameter, distinotly
bedded » s ¢« ¢ o & ¢ A 9 F oA 1.8
5. Siltstone: reddish-purple and red=brown . « « « 2.7
4. Marl: light-gray, dolomitio, Ohllw PR 0.3
27.0

3o Siltstone: red=brown « s ¢ ¢ o ¢ ¢ ¢ ¢ & o o o
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Fest

2. Limestone breccia: mottled red and gray,
contains red siltstone in mattrix and as
interbeds ...........-......24.0

le Siltstone: red=brown s« ¢« » ¢ s ¢ o o 0o ¢ & ¢ & 37.0

Nugget formation.
: Sandstone: light yellow-brown, oross-bedded}

contains frosted quarts grains; upper contaot
gradational -ooo-oooooooooooc
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Section 17, Red Grade, 14 miles southeast of Dubois, Viyoming,
in SE‘Z, Sec. 13. Te 5 No' R. 6 W., W. R. ¥,

Feet

_______:L Sundance formation.
;0 I . !IS 16. Limestone: oolitic, dark-gray, clastic,
> ! I ] 400 unl&nlinated, even=bedded ¢ ¢ ¢« ¢ ¢ s o s o o @ 4,7

'.?_4 Gypsum Spring formation. Total thickness, 164 feet.
e 14, Siltstone: red-brown, shaly; contains 1.1 feet
'_.. of g!‘een shale at top s e 0 ¢ & ¢ B NHd VI 5040

. —

13. Limestone: contains bryozoan fragments, l_ui- ;
nated in upper half, reddish gray (Pig. 52) +» 3

S~ vl

12. Siltstone: shaly, red=brown . « « o » ¢ & & o ¢ 17.0
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6

10.

9.

7

6.

1.

Nugget formation.

Limestone breocia: caleite and gray shale
matrix, mottled red and gray, maximum
fragment size 0.5 foot . . . ¢ 9 e 9 9 Ty e

Siltstone: red-brown, shaly, limestone and
siltstone breccia fragments in uppermost
Gfeetc--ooooaoooo-ooooooo

Limestone: light-red, silty; gray, maroon,
paper-thin shale at base, caloareous at top «

Limestone: unleminated, gray with a few brown
streaks, thick-bedded; contains angular to
subangular calcite fragments, 1.0 percent
insoluble residus ¢« « o v v s ¢ 0 o 0 00 s

Limestone: red, silty, thin-bedded, inter=
bedded with red-brown shale and a limestone
brecc:‘.a e 0 9 8 0 & 6 % @ § 6 ¥ NS

Limestone: white, porous, even bedded;
probably an altered dolomite « s+ + s ¢ ¢ o ¢

Shale: silty, red-brown, contains 0.4 foot bed
of quartz and limestone breocia at base . . .

Dolomite: chalk-white, faintly laminated,
eplinteryﬁ'aoture. PO T T O

Siltstone: brownish-red, shaly + ¢ « « « « o ¢

Limestone breccia: fragments up to 1.6 feet in
diameter, gray, mottled red and green. Matrix
consists of siltstone, limestone and altered
dolomite fragments stained red-brown and
yellow-brown. Nonbedded except in uppermost
D foot o« ¢« ¢ o ¢ = o & ¥ 2 TGRS

Siltstone: shaly, red-brown, grades into
limestone brecoia at top o 0 ¥ e N W R

Sandstone: yellow-brown, frosted quartz grain,

cross-bedded, oliff-forming

188
Feet

6.9

21.0

2.7

1.8

1.6

1.3

1.3

1.2

2645

13.7

12.0

...0..!0.185.
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Section 18, Thexl'mopolia, Wyoming, adjacent to hot springs
resort, in SWg, Sec. 31, T. 43 N., R. 94 W., B, H. M,

Feet

Sundance formation.
19. Limestone: oolitioc, brownish-gray; ooliths
have angular quartz and caloite grain nuclei . 20 +

18. Sandstone: fine-grained, conglomeratio,
contains subangular quartzite pebbles .+ « « &« 24

17. Tuff: green, fine-orystalline; contains g mm
flakes of biotite, and euhedral and angular
grainsofqmrtz...-....--...'o. 2+3

Gypsum Spring formation. Total thickness, 202 feet.
16, Siltstone: red-brown, shaly; contains stringers
and lenses Of YPSWN « o o » o s o ¢ s s ¢ ¢ o 2L

SR —  15. Dolomite: chalk-white, splintery fracture,:
; :"’, 4 15 poorly beddod ° o 0 ° ° o o F N B BSOS . 5.6
| N
g. 14. Dolomite: shaly, white; interbedded with o
calcareous green shale « « « s o o o s v o o ¢ .
13. Siltstone: red-brown .+ o s s o » o & & & & 0 ¢ 7.6
12. Limestone: thin-bedded, gray; interbedded with o5
yellow-brown, red-brown and gray shale + « ¢+ ¢ .
11. Limestone: brown-gray, laminated e e « o « o ¢ L7
10. Shale: silty, dark blue=-gray, and red-brown « o 246
2.4

9. Dolomite: dull-white, poorly bedded « « + & ¢ ¢

8. Shale: red-brown; oontains 0.5-foot bed of green

to yellow-brown bentonitio quartz siltstone at Al
baae........o............ .
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e~ Feet
— 17 7. Limestone: brownish-gray, laminated; contains
i e -__ shale partings in upper half « o ¢ ¢ o 0 o o o 48
12 1
| == 6 6. Shale: green, ocalcareous; contains two 0.3=foot
=== beds of brown-gray limestone and one bed of
: —_—j)' b@ntOﬂitiOOl&y ¢ 8 o ° o 0 e % 8 8 8 0 o b 0 5.6
L -
3

5. Dolomite: chalk-white, 11.6 percent insoluble
residue e e ¢ 0 6 0 0 9 o % 8 8 ¥ NENEETEING 0.6

4. Gypsum: white, 0.2 green shale and white
dolomite at bage « ¢ ¢« o ¢ ¢ s o o 5 o 0 s 0 1.2

3. Siltstone: red-brown; contains stringers and
lenses Ofmitewpﬂmooooo-oooool 3640

|
|
l

: :

! )

i) | |
' 5 : I
p , . ) s
! \ 3 M .
| : ’ ' k o . '
L KIS Y :
A 4.4 2 . .

.‘,.i h!
'],-{!j,[

L
W
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l

:I

i

2. Gypsum: white, coarse-crystalline; contains
2 interbedded red siltstone and gray dolomite;
basal 0.5 feet of gypsum contains inter-

laminated dolomite (Pig- 21) & & vy e insle s 71.0




‘

1 1. Siltstone: red-brown, monresistant
of green siltstone at top . .

Chugwa ter formation.
Alternating 10=fo

siltstones and

insoluble resic

1
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Section 19 Hart ranch, 6 miles west of Thermopolis, Wyoming,
in NW;, Sec. 7 T. 42 No. R. 95 Eep, We Ro M.

Feat

Sundance formation.
7. Shale: yellow-gray, sandy, clayey .« « « « s o o« sse

6. Sandstone: yellow-brown, erosion surface at base 0.8

Gypsum Spring formation. Partial thickness, 34 feet.
60 Dolomita: ')lito ° L . L] L . L L] . L e o L] L L ° 1.7

4. Shale: red-brown, lenses of gypsum throughout,
0.5 green shale at top o % w ks e e et wters 20D

3. Dolomite: light-gray, poorly bedded « « ¢« «+ « « 1lob

2. Limestone: silty, light-gray, laminated, grades
umrdtorﬂdailt'tonﬂoo'ooooooooo 10.5

l. Siltstone: red=brown « ¢« « « ¢ o« » ¢« a2 a » @ s wson

(Basal units not exposed)
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Seotion 20, Mug Creek, 14 miles west of Thermopolis, Wyoming,
in NW;, Sec., 27, T. 8 N., R. 3 Eo, W. Re M,
Feet

Sundance formation.
22 22, Shale: yellOW'brown, sandy s & @ & ¢V & de e

510
il 21. Sandstone: oonglomeratic, oolitic, contains

:19 pOIOOYPOd fragmenta ¢ o B w 4 e g Ele 0 3.0

Gypsum Spring formation. Total thickness, 178 feet.

ZO.Shalexgreen © 0 o o © ® 9 ® o 0 ° e 0 o ° » @ 2.0

19. Dolomite breccia: light-gray, silty vuggy « » « 05

16 18. Shale: gray, gypsiferous .« « » s« o« o« s o « « s 0eb
17. Dolomite: light-gray and reddish-gray, poorly
bedded, contains much secondary gypsum,

9.2

16.0 pe!‘oont insoluble residue + ¢« « ¢ ¢ « o o

16. Siltstone: red-brown, maroon, mottled green,
contains stringers and lenses of white gypsum 30.4

15, Limestone: thin-bedded, gray to red; inter-
bedded with red silty limestone « « « ¢« ¢+ s« &+ 9.9

= 14, Shale: red=-brown, silty; interbedded with

: 15- stringers and lenses of white gypsum « « « ¢« o« 647
i 13, Dolomite: light green-gray, mottled red « « + « 0.6
k. . s 12, Shale: red=brown, 811ty « « o o o o s o s s o o 247
ZZZ o« 0.8

— l‘h ll.Gyplum:whito-..o.-..........

=) 10. Dolomite: white, sublithographic; contains a
12 _;_—_— few 0.1 mm subhedral quartz graing « « « « s o 1o7
s .::11223 9. Siltstone: red-brown, dark-brown; green shale
10 at base and at top, contains lenses and
= e L 9 stringers of white gypsum .« « ¢« « o« o ¢« s « o 1046

8. Limestone: brown-gray, laminated, gypsum and

et red shale partings; ocontains rounded, + mm

=== caloite grains with indistinot boundaries;
— >— 0e6 foot white dolomite at base o ¢« ¢ ¢« « o & 4.8
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Peet

6. Limestone: brown-gray, wavy laminated + « « ¢ o 0.7

5. Shale: maroon and greenish-gray, 0.6 gypsum
Btringerincenter........-.....

1.8

4, Dolomite: light-gray; weathers to vertical

Bplinters s 6 o § 8 & 9 99 v 8 & 7N TP ERE 2:2

3, Siltstone: red-brown; contains white gypsum

stringers and lenses in basal 20 feet . o« 28.5

2. Gypsum: white, coarse-orystalline, 2- to 8-foot
beds; interbedded with red-brown siltstone,
green silty shale and gray laminated dolomites;
reddish-gray, gypsiferous dolomite at base

(Fig.ZG)...-.......-......59.5

1. Siltstone: red=brown, gypsiferous, mottled

green-.......-.........-c

1.3

Chugwa ter formation.
Siltstone: red-brown, nonresistant;

5.7 feet of mustard-yellow oolitic
8and8toNe ¢ ¢ ¢ ¢ ¢ o ¢ ¢ ¢ ¢ ¢ 0 2 " 0 0 e s e




Section 21, East fork of Sheep Creek, 22 miles west of

Thermopolis, Wyoming, in Sec. 10
T 6 Ne, Re 2 Bs, We R. M.

Feet
U=\ Sundance formation.
I=—==( 20 20. Sandstone: yellow-brown, overlain by yellow
190]........j 1
l—...__ﬂ'—'19 Bhae 8 8 0 @ & ® 9 9 @ ¥ ¢ 9 F YNGR NS
19.Shalezg!‘een s 9 0 9 @ ° v & .» ¢ wMEENT ST 1.0
18. Limestone: fossiliferous, lighte-red, sandy,
unevenbedding.............--o 9.0
Gypsum Spring formation. Total thickness, 181 feet.
17. Siltstone: red-brown, calcareous in lowest
baaal?feet.................37.0
16. Siltstone: red, calocareous, thin-bedded; inter-
bedded with light-gray laminated limestone,
11.0

mottled and BPQOklod (Figo 48) ®» e o o o 5 & o

v e w8 505

15. Limestone: light-gray, poorly bedded

14. Siltstone: red-brown; breccia in part . « « « ¢« 2.0

13. Dolomite: ohalkewhites ¢« « « » o 2 5 5 ¢ o » » » 1.0

12, Siltstone: red-brown; breocia of siltstone and
limestone fragments in center . . . « ¢« ¢« ¢ « 5.0

11. Dolomite: light-gray N W e R R T T T TR 1.1

10. Siltstone: red-brown; dolomitic and mottled gray
.ndgrconinp.rt CRCTET T TR T Y T G R SR P . (N 1
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Feat

9. Limestone: brown-gray, thin-bedded,
aublithographio e 6 o o o o 8 W 8§ o Wiy 3.2

8. Dolomite: ochalk=white ¢« ¢« ¢ ¢ ¢« ¢ ¢ o ¢ o ¢ o o 0.5

7. Siltstone: red-brown, mottled green, calcareous 0.7

6. Limestone: ~ligh<l:-gra3,' to greenish-gray, thin~
bedded ¢ o ¢ o ¢ o v ¢ & o % ¥ & ¥ BV ENGRGESE 1.3

5. Siltstone: red-brown, green at top o« « « « ¢ o 246

4, Dolomite: white, chalky, weathers in vertical

Bplintera » o 88 ¢ wle «w W9 sy SRS EREIEEY 242

3, Siltstone: red-brown, no gypsum exposed, 0.3
foot green siltstone at top « + o v v ¢ & o 32.0

2. Gypsum: white, 3- to 7-foot beds; interbedded
with red siltstone but interbeds not well

exposed o o o ¢ @ 8 e e 8 & o R IEFEEWERE 47,0

1. Siltstone: dark-red, sandy in lower part . « «» 18.0

Chugwa ter formation.
Sandstone: dark-red, in part siltstone « « + ¢ eee

y
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Section 22, South Fork Owl Creek, 25 miles west of Thermopolis,
Wyoming, in N%', Seoc, 1, T. 8 No, Re § E., We Re U,

Feet
Sundance formation.

24. Sandstone: yellow-brown, fine-grained,
overlain by y0110' Bhnle s ¢ o s siisiy n snnile 2.0

23, Shale: yello"brm, 'ﬂndy O R A A R T K1)

Gypsum Spring formation. Total thickness, 214 feet.
22. Siltstone: red=brown & ¢ i ¢ s & a0 e o o 43.0

21. Dolomite: sandy, reddish-brown, mottled gray;
contains .l mm quartz sand graing « « « « « o o 2.6

20. Siltstone: red, ocalcareous; interbedded with
gray silty limestone, locally mottled . . . . 14.0

19, Limestone: gray, laminated, undiagnostio
fossil ﬁ'agnenta in top Db foOE « s 0 o o » s 3.2

18, Siltstone: red=brown o« « ¢ « o o« o o o o o s o 248
17. Dolomite: light-gray, single bed .« « + » « « « 0.6
16. Shale: red=brown, silty « o « o« s ¢ ¢« o ¢ » o« o« 1lo2
15. Dolomite: poorly bedded, light-gray, oonchoidal e

LTracotura o« o s s & & 0 8 5. e ekl e s at s INCIIE

14. Limestone: even bedded, brown-gray, oclastio;
contains brown, concentrically banded algal
nodules and fragments, maximum size is 1 om . 1.2

« 5.3

13, Siltstone: red=brown « « ¢ s« ¢ o ¢ ¢ o o o s

12. Limestone: red, mottled green-gray, silty
(Fig. 41), 25.0 percent insoluble residue . . 1.6

1l. Siltstone: red-brown e« ¢ « « o ¢ o o ® * e o o 1.8

10. Siltstone: thin-bedded, calcareous, red-brown;
interbedded with thin-bedded silty red
limostoneu....-.--.......... 1.6

9. Limestone: green-gray, laminated . « « ¢« « o « 2.5
8. Dolomite: reddish-gray, silty « « « v v v « « « 0.6

7. Shale: er'bfom, oo 'sxlt . U I TR R e 3.7
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— Feet
) 6. Dolomite: white, weathers in vertical

e — splinters; contains caloareous green shale

T g S parting o 6 & ¥ @ 8 8 % o @ @ %W v OV HEEEES 209

_.—_'_~_—— 5. Siltstone: red-brown oy & % ¢ ¢ & 8.8 9 ennvEe 2060

12040 ———
== 4. Breccia: contains dolomite and siltstone
J 4 : L fragments; siltstone concentrated at various
l;f — levels gives a resemblance of bedding « « s+ « 3.5
‘ 7 A 3 3. Gypsum: white, poorly bedded, 0.1 foot light-
‘/ graydolomiteatbaae ¢ o .9 @ & s ® ¥ & EAEE 36.8
7,
1 G

2. Siltstone: red-brown, poorly exposed o+ ¢ o ¢ o 6345

1. Shale: red-brown, silty; oontains 0.3-foot green
and light-gray nodules of silty limestone

breccia, most numerous &t top « + ¢ o 0 s e e 9.6

Chugwater formation.
Sandstone: fine-grained, dark-brown to red-brown;

shaly in top 7 feet, purple at very top « o o e

4
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Section 23, Bargee ranch, 32 miles west of Thermopolis,
Wyoming, in SW%, Sec. 24, T. 7 N., R. 1 W., W. R. M.

Feat

Sundance formation.
_-—»—t2_]___ 21. Shale: yellow-gray e o o o & ¥ 5 e o v v el olED SN

Py -“3%%0
AR 20. Limestone: oolitic, yellow gray « s s o s « o » Léb

—= = 18 b

19.Shale:green ¢ @ o 5 @ 9 9 % e s o GEVENKEE NS

Gypsum Spring formation. Total thickness, 251 feet.
18. Siltstone: red=brown o« ¢ o o ¢ ¢ s » s s s o @ 47.7
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E Faot
7777, .—: ) L7 17. Gypsum: white, coarse-crystalline « « « « « » o le2
= T e
15
3 J—T 5 16. Limestone: thin-bedded, gray; interbedded with
zow ~_‘_ﬂ- red shale ¢ 9 o @ @8 §oN -89 W N T A VEEE 0.8
L 3
E———
i . 15. Limestone: brown-gray, unlaminated, uneven
— = bedding......--..........- 3.4
- 4.4
PSS 2 14. Gypsum: bedded at top and at base; lenticular
e e K and interbedded with red-brown shale in center;
! 15 0.3 foot green shale parting at top + « « « « 11.8
i“_:_ 13. Limestone: oolitio, sandy, fossiliferous, brown-
== gray; oontains 0,13 mm, euhedral quartz grains 0.5
180 Lo 12. Siltstone: red-brown; contains stringers and
e — IOHSQUOfWhitGgypsmo-o.ooco.ooo 28.7

= 11, Limestone: thin-bedded, reddish-gray, silty;

EREST W interbedded with red NEALe Pisie ¢ aiut e EE RN,

e 11

r’—‘—‘:{ — 10. Limestone: laminated, gray, partially

: L.r__% recrystallized; contains secondary gypsum

1 e invugs; ﬂhalyatbﬂseoocooo-n.ooo 5.6

9.Shalezgreen...-.........-... 1.0
8. Limestone: gray; oontains algal nodules . . + « 1.9
7. Limestone: shaly, thin-bedded, light-gray . « « 0.6

6. Dolomite: light-gray s« ¢ « ¢ s ¢ ¢ s ¢ o o o o 0.7

6. Shale: greenish-gray, gypsiferous « « « « « « « 3.2

4. Dolomite: white, weathers in vertical splinters 1.3

3. Siltstone: red-brown, shaly; oontains lenses
and stringers of white gypsum « « ¢« ¢« + ¢ o« o« 455

2. Gypsum: white, ocoarse-crystalline, 3~ to 15-
foot beds; interbeds contain red-brown silt-
stone overlain by laminated dolomite . « ¢« « « 68.1
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Feet

HHbE
K

i
)
i

I
e s

NREHR
||||-ll

ey Je——
HE T
“!|!ll‘j )

||l|'

i!!l
i

il
|

— Chugwater formation.
Siltstone: greenish-yellow, sandy « « o « « o o ove
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Seotion 24, Maverick Spring anticline, 34 miles east of
Dubois, Wyoming, in W3, Sec. 23,
Te 6 Ne, Re 2 We, W. Re M,

Feet

Sundance formation.
20. Shale: yellow-gray, landy ® @ e ¢ 0 5 9 8w E A e

19, Limestone: oolitic, fossiliferous (Figs 59) « « 16

18, Shale: yellow and gray, silty and sandy, 2 feet
of red silty shale near top « « « s ¢« o « » o 2745

Gypsum Spring formation. Total thickness, 166 feet.
17. Limestone: brown-gray, secondary gypsum along
bedding planes; gypsum bed at base and near

top o B e W eN S & & B & e eEE eI T.8

16. Limestone: brown-gray, weathers white,
nonlaminated, oontains fine-grained
subangular quartz 8and « « + « o o s s s o o o Beb

16. Shale: green to yellow-green, silty,
ocalcareous at top ¢ & v e w 0 8 &ouie g aite 3.1

14. Limestone: oolitic, poorly laminated,
brown-gray P ¢ e 8 99 e e e g Y e e e

6.3

13, Shale: yellow-brown, gray, yellowish-green,
s8ilty; sandy at top, contains gypsum stringers
and lenses 0.3 foot or less thiock « « « ¢ o o 17.9




12.

11,

10.

9.

8.
Te
6.

5.

4.

3e

Limestone: silty, gray; contains many brown-
gray, concentrically banded algal nodules
up t0 2 Om ACYOES v s v v s # ¢ ¢ wiw w et

Shale: yellow-brown at bass, yellow-brown and
green siltstone at top; calcareous at base;
contains stringers and lenses of white gypsum

Marl: gray, thin-bedded; interbedded with
yellow and gray shale « « ¢ ¢« ¢ ¢ ¢ ¢ o o o &

Limestone: grayish-brown, poorly laminated,
altered, 3.0 percent insoluble residue . .

Siltstone: green, noncaloareous « « s« « « « = o
Limestone: brm-gray, ﬂhﬂly .6 d R et
Shale: silty, green, calcareous, soft « « « o «

Dolomite: white, splintery fracture, nonlami-
nated; contains secondary stringers of ocaloite;
groenahllepart‘lng ® ¢ ® o 8 » 0 " e @« ® o @

Shale: silty, green-gray; oontains lenses of
white Zypsum « o« o ¢« ¢ o o ¢« ¢ ¢ o ¢ s s ¢ s @

Siltstone: shaly, red-brown; 40 percent gypsum
stringers and lenses (Fige S7) « o ¢ o ¢ s o »

203

Feet

1.0

6.0

3.5

30

1.1

0.7

1.7

3.5

17.5

17.0
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8 =
=== o
i 2 2. Gypsum: white, coarse-crystalline, in beds 2
to 8 feet thick; contains interbedded red
siltstone and gray dolomite; light-gray
d T lamimted dOIWite at bﬂle ¢ o 9 @ @ W & miNN 57.0
60

L >
7

1. Shale: green, sandy at base, yellow-brown at

top.-oocoocc.ooooooooooo

13.8

Nugget formation.
e Sandstone: light-brown, shaly; grades into
e 5roonlhl10lttop.......-....-- ese
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Section 25, Cirole Ridge anticline, 29 miles east of Dubois,
Wyoming, in NW“.;, Sec. 6, T. 6 No, R, 2 WO‘ W. R. K. !

Feat )\:

: e Sundance formation.
——— 220;-; 22. Limestone: fossiliferous, oolitic, gray;
=0y contains yellow-gray shale parting « « « « «+ « 1§
== 21
?_ 21. Shale: Silty, gray-gl‘een ¢« & o % s #90 nATE 5Q0
=] 20
R Gypsum Spring formation. Total thickness, 268 feet.
-] 20. Siltstone: red-brown, gypsiferous, mottled green,
260< _?‘ poox‘ly expoued o N 9 8 & 8 wip e & il 5300
&= 19. Gypsum: white, partly removed by solution . « «» 2.0
e
- 18. Limestone: laminated, brown-gray, petroliferous,
Ptk shale parting At bass v 2 o 8w e aiwm w s A 1.1
7 :~_ 17. Limestone: oolitio, fossiliferous, brown-gray;
N | contains bryozoan and pelecypod fragments in
s - top foot (Fige 61); ooliths and fossils
Fow1 inorease toward top of it v s 6 A e b e 5.0
T__-] 16. Gypsum: white, ocoarse-orystalline; contains
2,01 - - 4 0.8 foot green argillaceous, tufaceous shale
__-:.:—___ at top L L L . . . L] L] . . e o Ll e e o L L L ] . 2.5
§ _'_\ 15. Limestone: oolitic, brown, sandy; ooliths up to
V F 533 ’ »
2 //A/_‘ _?E O¢l mm in diameter (Fig. 49) o 8 8 W o8 B3 Bw R 1.5
= - o
i L7 14, Gypsum: white, single bed, green shale parting
_L_'—J—’__o attopo.ooooooioooo.ouovco 6.0
: %a 13. Limestone: dark brown-gray; petroliferous;
‘11& : laminated; ocomposed almoat entirely of mioro-
. oolites (Fig. 50); contains peleoypod frag-
22 / mentlztoémmlong..-.......... 3e2
~ T /1 i
—=13°
——— o
o] 2.2

1_2_: 12. Shale: silty, yellow=-gray, green=gray . s « s s




Feet

11, Siltstone: red-brown; contains lenses and
stringers of white BYPSUM ¢ ¢ o ¢ ¢ ¢ o o o @ 17.0

£-10 10. Limestone: greenish-gray, shaly; contains

brO‘WH'gx‘ﬂy ﬂlgﬂl nodules . « o« 2 e RLE R e & 0.9
9. Siltstone: red-brown; contains lenses of white
EYPAWN s o o 5 s 5 6 5 s 0 » % @ v NaTe S 4,3
8. Shale: silty, red-brown, yellow-brown, some
4,0

BreB8N o o o o s « o o o 0 = o ¢ @ o 8 o 0 8 »

7. Shale: alternating red-brown, yellow-brown, and
gray; interbedded with thin-bedded limestone 2.0

6. Limestone: brown-gray, laminated, dolomitio at

base, gypsiferous and shaly in center . . « « 3.9
5. Claystone: green, vitreous, bentonitio (7) . . 1.0
4. Dolomite: white, splintery fraoture; thin-

bedded, red shale and gypsum partings in top

half; nonlaminated at base « ¢« ¢ ¢« ¢+ ¢« ¢ ¢ ¢ «» 4.4
3. Siltstone: red-brown; contains lenses and

atringers of white BYPSUN o o o o ¢ o o o o @ 41.8




2. Gypsum: white, coarse-orystalline, 2- to 13-
foot beds; interbedded with red-brown and
green siltstone and brown-gray dolomite . . .

1.CWOTOd.erllop. w8 e ma e R

Chugwa ter formation.
Sandstone: medium-grained, dark yellow=brown .

207

Feet

8l.4

50.4

0 e o ek U ¥ S P ]

ey v——"
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Section 26 (locality of type section), Red Creek,
24 miles east of Dubois, Wyoming, NE%, Sec. 7,
Toe 6 Ne, Re 3 We, Wie Re Me

Feet
Sundance formation.
_ ..\ 2hoff 24. Shale: yellow, green-gray, calcareous . « « « ¢ 26« +
5 S Sxjwex) 41{23
285 e %%— 23. Limestone: oolitic, brown-gray; contains
RS caloite plates up to 5 mm long « « « ¢« ¢« ¢« s ¢ 0.8

22.Shale:green " e v 8 9 & 8'e ‘e fee fel s sl inieite 1.6

21. Siltstone: red-brown, contains gypsum lenses
and is mottled green in basal 10 feet . « « « 33.6

20. Limestone: sandy, oolitio (Fig. 60); limestone~-
pebble conglomerate (Fig. 61) at base;

=19 bryozoan fragments in gypsum matrix at top
(Figs. 62 and 63) o o w0 & ‘im0 e Eeow 2.5 to 7.0
i.
Gypsum Spring formation. Total thickness, 254 feet.
19. Shale: gr‘ben-gray o 9 e e 9 ® et e et 1.0 to 7eb
18.Gypsum:white....-........-..- 4.0
17. Marl: dolomitic, light-gray; grades up to
alternating beds of green-gray shale and red
5.5

Silt‘tone-.oo-voa-.oooooooo

16. Gypsum: white, in 2- to B8-foot beds;
interbedded with red-brown siltstone; contains
two light-gray unlaminated, sublithographio
. dolomite beds; 0.8 and 1.2 feet thick . . . . 33.8

15. Shale: green and purple; grades to red-brown

siltatone wh BaR 5 = xSRI AR TSR R




%3%4#
e
11
10
0
‘‘‘‘ 8
==
R 6
1 .40
] ; =l 5
A L
//’

14,

13.
12.
11.
10.

9.

8.

Te

6.

5.

4.

Se

2.

Limestone: green-gray, silty; contains dark-
brown banded algal nodules (1 to 5 cm) in
diameter (Figo 41b) ® 6 o o 4 ¢ 8 " e & s s »

Siltstone: red-brown . . Hs & E e e RIS

Shale: rYed « s o ¢ ¢ v « 3's & ¢ s N n SRS
Marl: green-gray, nonbedded « « s ¢ ¢ s o o o o
Siltatone: red-brownni « v ¢« s v s o5 o5 w o 8
Gypsum: white, partly removed by solution . . .

Shale: paper-thin, red at base, yellow-brown at

top.-...................

Limestone: laminated, light-gray, red shaly
partings; contains indistinot fossil fragments

(Fige 88) o ¢ o s o 9 n vre » = LU EEE.

Limestone: laminated, brown-gray; contains
secondary gypsum partings « ¢ « ¢ o« o o ¢ o o

Siltstone: green, clayey, gypsiferous,
noncalcareous @ ® % & ® s 8 ® e s e 8 U e s .

Dolomite: white, gypsiferous, thinly laminated,
unevenbedding................

Gypsum: white, lenses at base, stringers and
beds at top; interbedded with red-brown and

ngQHSiltstonQ e o ® o o o % ° 8 o 0 ® % o @

Gypsum: white, cliff-forming, weathers to
large joint blooks; contains minor interbedded

red-brown siltstone and light-gray laminated

209
Feat

1.1
1.4
1.3
1.8
1.7

1.0

2.8

2.7

2.4

1.0

2.5

42.5

dolomi‘be...................lQS.O
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1. Siltstone: red-brown, 8andy « o o o ¢ o o o o o

| o

|!
il

.]I

20

|

|
g
i A | i

s Nugget formation (7).
Sandstone: red-brown, ripple-marked, contains
7-foot bed of yellow-brown oross-bedded

.‘nd'ton“ttcpoo.c'o-lncoovo.

210

Feat

30.0

31.0
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Seotion 27, Sheep Mountain, 30 miles north of Pinedale,
Viyoming, in SW%, Sec. 25, T. 39 N., R. 109 W., B. H. M.

19.

18,

17.

16.

15.

14,

13.

Gypsum Spring formation.

Sundance formation.

Covered red slope

Limestone: brown-gray, oolitic, foaa'iliferoua,
fine-grained aandy o 0 $ .0 9 @'e v 8¢ vy

Shale: yellow-gray, poorly exposed

Sandstone: brown-gray, oolitio, calcareous,
glauoconitioc, ripple-marked « « o ¢ « s o o o o

Shale: yellow=-gray, poorly exposed, locally
fossiliferous, may contain limestone and
sandstone beds . « . .

Limestone: oolitioc, glauconitic, fossiliferous;

Feet

1.6

6.0

2.0

17.0

contains fragments of gastropods and pelecypods;

5 Percant glﬂuoonitﬂ ® o ® & 9 5§ ¢ 8 & W 58

. " o L L] L L L L

Coveread o« s ¢ o s 3 & '« @is iy

Total thickness, 107 feet.

12. Limestone breccia: yellow and gray, laminated

1l.

10.

9.

8.

Te

4.

3o

limestone fragments, poorly exposed

Shale: red, poorly exposed

Dolomite: reddish-gray, weathers white, indis-
tinct poor bedding O o S N B & Wew B ety

Shale: red

Dolomite: gray, thin-bedded, silty; interbedded
with red shale; brecciated and mottled red and

green at top 0 o 0 ¥ @ e N e el R

Shale: red

Limestone: brown, clastic, laminated; contains
4 mm rounded calcite rhombs with faint thin
secondary overgrowths

Shale: red and green, poorly exposed

8 M & & N A WATVR W R e

Dolomite: red, silty

Covered: weathers to red slope

3.8

3.0

3.5

10.6

7.0

5.8

1.8

2.0

1.7
2.5
1.0

34.5

B

1 I8 s

R Y (i
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Feet

2 2. Limestone breccia: gray with considerable red
shale in matrix; contains a few continuous
highly fractured limestone beds =« « « ¢ ¢ o o 28.5

A 1. Siltstone: variegated with red, yellow and
.Ereen..o,ouo-toocoo-o.noo- 800

— Nugget formation.
sandstone: light-brown, cliff-forming, contains

frosted quartz grains, considerable inter-
bedded shale in top 20 Foul ‘& e g e B ins
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Section 28, Gypsum Creek, 27 miles north of
Pinedale, Wyoming, in SWi, Sec. 30,
Te 58 No, R¢ 109 We, Be He Mo

Feest

Gypsum Spring formation. Partial thickness, 170 feet.
7+« Limestone: dark brown-gray, laminated, clastic;
calocite grains show faint rounding . « « ¢ « ¢ 1o +

6. Siltstone: red, silty; maroon and light-green
siltstone with gypsum lenses in upper part; no

gypsuminlowerpart o o o @w a elehis syl IINO O

6. Gypsum: white, weathers to rough nodular surface;
contains 6 mm lamanae gray-green dolomite;
contains interbedded light-gray, red weathering,
sandy dolomite 0.5 to 3.0 feet thiok . . .. . 62.0




|

4, Covered o & o & ® W ¢ s e 8 » e 8 @ STeNSETENE

3. Gypsum: white; contains dolomite breccia in
center, 1 mm fragments (Fige 30) + « o o o« o @

2. Covered: light-gray slope material, may be
gypsum bed CEEEC BT I R A A IR e e e e

1. Covered: red slope material, both contacts
ObSOuer o 0w R L e el aimeeiie fe itk i

et formation (7).
e Shale: greenish-gray, silty, nonocalcareous;

interbedded with white, gypsiferous, pyritioc,
only 3.6 feet exposed above stream bed. . . .

214

Feet

11.0

5.0

13.0

22.0

-
L
-
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Section 29, Grow Ventre slide, 19 miles northeast
of Jackson, Wyoming, in NEZ, Sec. 4
T. 42 N.’ R. 114 w., B. H. L‘l.
Feet

Twin Creek formation. Partial thickness, 201 feet.
22. Limestone: oolitic, blue-gray, 2~ to 4=foot
beds L] L L] L] ° L o L L] . L] L] L] L] o L J L] L L . L] 20. +

21. Shale: gray, calocareous; marl at top « « « ¢« ¢« 5.5
20. Shale: red, maroon, slightly silty . « « « « « 32.0
19. Shale: blue-gray to green-gray, loocally

7.0

CAlCATOOUS 2 o s o 5 » » o & 5 = @ o= s SaEeie

18. Limestone: dark-gray o o & @ e e 9 eis e e 0.5

l?.Shalexgx‘ay.................. 4.5

16. Limestone: dark-gray, fossiliferous, inter-
bedded with calcareous blue gray shale « « « « 9.0

16, Shale: blue-gray to green-gray .« « « « « « « « 46.0 :

14, Limestone: blue-gray, fossiliferous; oontains
fossilized worm borings and pelecypod fragments;
interbedded with blue-gray caloareous shale . 8.4

L

i
4
=
-

13. Shale: blue-gray, slightly oaloareous « « « « o 11.0
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Feet
12. Limestone: dark-gray, thin-bedded, wavy
bedded; contains chert and limestone pebbles
and granules in top foot, some calcite grains
show oolitic structure « « ¢« ¢ ¢ o ¢« o o o« o o 2.3
1l. Limestone: brown-gray, l-foot beds at top and
base ° L . ° L L] L d . . . . L L] . . . L L L L ° 10.8
10. Shale: red, gray and caloareous at top; contains .
considerable Olay s & o @ @ 8 ¢ 8 e 9w w B e 35.0
9. Limestone: gray, weathers yellow=-brown, red
and yellow shale parting « « o » s« « ¢« ¢ « o« o« 8.0
L === 8. Shale: mottled red and yellow; contains pebble
- — size fragments of limestone mottled red and
= yellow; may be in part a breccia « « « ¢« o o o 3.2
| 7. Limestone: yellow-brown, weathering red and
et green, nonsilty, BUZAT'Y o o o o o o o o o o » 1.6

6. .Shale: red and y§11°' ¢ 5. 0o u o G o B30 80 @ 1.0

i R 5. Limestone: leminated, brown, sandy . . . « « « 1.6
J B 4, Shale: nonsilty, grayish-yellow to light-red . 1.4
204 ::E:-:—::-—f( 8 3., Limestone: laminated, gray-brown, limonitic, -
3 singlebedonco-oocc.to-....o 403 ﬁ
e 36 2. Limestone: yellow, shaly wavy bedding; -
—— L mottling at top may represent brecciation . . 3.0 .
| a
: u i 1. Shale: red and yellow « o o ¢ ¢ ¢ ¢ =« o « « o o« 4.5 '
2
== 9 rmation.
T N“““sﬁ:d,tono: fine-grained, oross-bedded, cliff=-

forming; contains % mm frosted quartz grains . ...
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