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INTRODUCTION
The Basin and Range province, consisting of roughly parallel,
northerly-trending ranges separated by wide desert basins, has been reported
to comprise over one-tenth the area of the United States (Fenneman, 1931).
The region is one of complex and controverslal geology involving folding,
faulting (including thrusting), igneous activity and metamorphism. This report
4s concerned with the geology of the southern Pequop Mountains, one of the

typical basin ranges in northeastern Nevada,

Location, Description, and Accesgibility of Area

The map area is in southeast Elko County, northeastern Nevada. The
gouthern margin of the area lies 15 miles north of the town of Currie, and
the boundaries 1lie within the limite of latitudes 114° 28% and 114° 35' north
and longitudes 114° 30' and 114° 451 west, The area covers approximately 85
square miles, |

The area of greatest relief is the southern part of the northerly-
trending Pequop Range. At its southernmost extent, this range swings westerly
and joins the northerly-trending Spruce-Chase Spring Mountaing, thus forming
a hook or U-ghaped aerial pattern. The relief of the mountains is contrasted
ageinst the wide, relatively flat expanses of the surrounding valleys.

Independence Valley forms a broad lowland separating the northern
Chase Springs Mountains and the Pequop Mountains. East of the Pequops lies
Steptoe Valley, which merges to the east in name only, into Antelope Valley,
and passes into Coshute Valley to the north, Steptoe Valley also bounds the
area on the south. Clover Valley forms the lowland to the west of the Spruce-
Chase Spring Range.

The area is reasonably accessible by gravel and dirt roads, which are
not accurately or completely showm on avallable meps. A convenlent way to

reach the area is via a graded gravel road which leaves the east side of



Highway 93 approximately seven miles north of the town of Currie. The gravel
road trends easterly for about one-half mile, where it then forks to the
northeast and continues for approximately four miles. The roéd forks again
to the east, trending another four miles, and then heads northerly. A short
distance bayond the turn, an abandoned oil well-site is encountered. The road
continues without gravel cover and reaches a T-intersection in less than a
mile to the north. The east fork of the "I" meets a northeast-trending road
which continues toward Shafter along the east flank of the Pequop Mountains.
Several unimproved dirt road cuteoffs heading westerly into the range itself
are encountered to the north. These are shown on the U.S5.C.5. Pequop Mounte
ains South, Nevada quadrangle (19%3).

The Nevada-Northern Railroad crosses the southeast corner of the area

and passes through the nearby towns of Curris, Shafter, and Cobre,

Geography

Topography and Drainage

Steptoe Valley, which covers much of the eastern part of the area, has
an average elevation of about 5600 feet., Elevation increases westward toward}
the Pequop Mountains, where the relief becomes more varied. Within the
Pequops are three distinctive northeasterly ridge trends, the highest of which
reaches an elevation of 8300 feet. Drainage from these ridges and other parts
of the area is intermittant. There are two active springs, Boone and Lower
Boone Springs. The former is the more productive, although both {low during

most of the sumner season.

Climate

According to Bakin gt al (1951):

The climate of (Steptoe) valley is arid to semiarid and characterized
by low precipitation, low humidity, and high evaporation, and & large
temperature range both daily and seasonally. Precipitation is least on
the valley floor and greatest in the higher parts of the mountainS.....



A (precipitation) record is available at Toana, just west of Cobre
(see index map for location on pe 2). There the period of record was
from 1870 to 1905, The annual precipitation ranged from 1,80 inches in
1881 to 20.38 inches in 1891, The altitude of Toano (5,975 feet above
sea level) is about 300 to 40O feet greater than the floor of Goshute-
Antelope Valley, and the precipitation may be slightly greater also.
The following table summariges the precipltation at Toano:

Jan, Feb, Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. TYear
0,92 0,85 0,87 0,81 0,92 0,66 0.28 0.22 0,25 0.44 0,64 1,30 8,16
No temperature records are available for the valley. However, Clover

Valley station, about 25 miles west of Shafter, is believed to be repre-
gentative., The temperature data are summarized below:

»Pempepature at Cloyer Valley, Flko County (5800°)

Jan. Feb, Mar, Apr, May June

Average.o...............2‘&.6 2903 35.7 MOB 5100 590“’
Average minimiM...coc.001263 17.9 291 29.2 353 2,3
Average maximiMece...o.036.8 50,8 48,3 590l 66.6 7644

July Aug, Sept, Octe. Nov. Dec. Year
AVOREEO0 sis s:v s oo vt ainvinsaOf 62 65,8 575 47.0 36.7 263

Average miniMmiMesoooeos o963 L7,6 39.3 30.1 21.9 13.6
Average maxiMiMecssss.se85.2 8349 75,7  63.8 51.6  39.0

S8 &
AN F

*Temp, in degrees Fahrenheit; 27 yr. period ending 1930,

Vegetation
The vegetation of the Steptoe Valley includes big greasewood (Sarcoba-

tus vermiculatus), shadscale (Atpiplex confertifolla), big sage brush (Arte-

misla tridentata), white sage (Burotia lanata), big rabbitbrush (Chrysothamnng
§ps), and mixed grasses and other members typical of the Northern Desert Shrub

plant association., (Eakin, gt al, 1951).
Within the Pequop range, varieties of juniper, mountain mahogany,
pinon, and white pine are found, together with some of the aforementioned

brush and grass vegetation.



Previous Work
Although no published geologic work appears to exist for the southerm

Pequopn Range specifically, there have been some reports and maps covering the
general area on a small scale. The Geclopgic Map of the United States (1932),
the Fortieth Parallel reports by King (1878) and Hague (1877), and the pre-
liminary Geologie Map of Elko County (1" = 10 miles) compiled by the U.S5.G.8.
(1953) are apparently the only geologic maps available whiech cover the area.
The earlder maps (1878 and 1932) showed the area as Carboniferous. The 1953
map notes Permian and Triassic-Jurassic formations.

Stratigraphic information is available from several sources., A
detailed section of Triassic strata was meesured across the east {flank of the
Southern Pequops by W. Frank Scott (1954), Reference to the occumence of
Permian and Triassic strata near U. S. Highway 93 in the valley area south of
Spruce Mountain and north of Currle was briefly mentioned by Wheeler, gt al
(1949), J. P, Smith (1932) listed the fauna of the lower Triassic Megloceras

sone which he discovered near Phelan Ranch, Elko County, Nevada,

Field Work
The area was mapped during the summer of 1954, The geology was

annotated on U.S5.0.8, aerial photographs (1:47,000) and was later transferred
to the U.5.0.5. preliminary topographic map, Pequop Mountains, South, Nevada
(1:62,500). An additional 1% square miles were mapped on aerial photographs
4n an area south of the published quadrangle. These data were sketched on the

final geologic map, but without accurate survey control,
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STRATIGRAPHY
General Statement
The southern Pequop Range conslsts essentially of Permian and lower
Triassic strata, with a minor amount of Tertiary? volcanics and sediments.
The Permlan sequence is essentially calcareous. The lower 9000 ¢ feet of
limestone and interbedded sandstone and mudstone are of probable Wolfcamp
and Leonard age. The uppermost 1700 2 feet of limestone, chert, mudstone,
and phosphate rock, appears in part simllar to descriptions of the Phosphoria,

Park City, Kaibab, and Qerster formations, is of probable Guadalupian age.
Pro- c

Lithology and Thickness

The pre-Kaibab(?) succession lies to the west of Permian Ridge in the
southern Pequop Mountain area. The section was not measured in detail nor
subdivided into formations or map units. It is estimated to be 9000 ¢ feet
thick. Lithologically the sequence is primarily calcareous. Limestones vary
from light grey to black, and are course to finely erystalline., Many form
prominsnt ridges and scarps. Some limestones are silty and sandy and weather
rusty orange to brown. Others contain black and brown chert layers, stringers,
and nodules., The sandstones and mudstones in the succession are generally h
covered., Low in the sequence, and interbedded between grey limestone, is a

ten-foot bed of chert-pebble conglomerate containing green, brown, grey, and

black, sub-angular to rounded fragments up to % inch,

Age
At various intervals in the pre-Kaibab(?) limestones, fusilines,
brachiopods, gastropods, corals, and crinoid stems were found. Previous

indentification of fusilines in the general area by R. V. Hollingsworth,
Midland, Texas, revealed parafusilina, gehwagerina, ricites, schubertella,



GENERALIZED STRATIGRAPHY OF THE SOUTHERN PEQUOPS

COLUMNAR | THICKNESS|
AGE NAME SECTION | IN FEET CHARACTER AND DESCRIPTION
f: S raw Stream, pediment, and pleya depe.
R : iyfrieh Minor basalt remnants
B bl Ll
e Undifferentiated [=—=—cr—— 850 + Conglomerates, siltstones, s.s.
= o, Py v G 2 ol S8ilver to whitish-grey tuffs
Unconformity ’ '
Thaynes(?) "B" fm. - 450 | Arg. limestones, siltstone, shale
S
e R T -:ﬁ": ‘
___1_*:["—::[: o
3] T
= e
2 — Interbedded olive-drab to
< A % nterbedded olive-=dra
= Thaynes (1) "A" fm.|"="=——"1 o2l4s50%* greenish-grey shales and fine
5 e e e .
: e to medium crystelline, grey
<3| LT limestones
3 e R )
ﬁ Baseal ridge-forming grey hms,
e Olive-dreb to greenish-grey sh.
. — +
Dinwoody(?) fm. i v P hoo = with Meekoceras lms, near base
Unconformity ? — —— ;
é- Upper Productid Cop— Koo+ Grey ch?rt-layer?d lm?& w1t12
i Limestone = productids, spiriferoids, etc,
- s
~ - LS P
= - e Buff to grey limestones,
& Middle Member e = 900 * Chert pebble sharpstone congl.
< = near base
- o
= Lw. Chert-Phos. LT 175 Chert, mud stone, oolitic phosph.
= e
5 Kaibab(?) fm. = 150-200 Grey lms., thin chert layers
E — ? Unconformity ?—|=
Primarily grey limestones, somd
argillaceous and arenaceous,
and weather rusty-orange; some
limestone with black and brown
chert layers, stringers, and
Pre-Kaibab(?) 9000 + nodules. Sandstones, and mud-

stones generally covered. Some
chert pebble conglomerate.

Fusilines present.
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paraschwagerina, Dbsgudoschwagerina, and ¥aeringella. These fossils were

assigned to ages from lower Wolfeamp to uwpper Leonard, The upper Leonard

specles were apparently found at least 2800 feet stratigraphically below
the Kaibab(?) formation.

Fig., 2. — Typical massive limestone ledge of Pre-Kaibab(?)

showing minor faulting,
Unconformity?

In the field, the attitudes of the beds stratigraphically below the
Kaibab(?) formation invariably were discordant with the Kaibab(?) as much as
90°, At these localities (see page 40) sharp anticlines, structural terraces,
faulting, and other structural phenomena were postulated for the relationships
observed,

With later integration, it became apparent that a pattern was being
established, for on both flanks of the Thanynes Lowland syncline similar
discordances occured, That these anomalies may in part be due to a strati-

graphic break below but near the base of the Kaibab(?) formation would appear

to warrant further investigation, For additional discussion on this topte,

see p. 39-40,
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Fig. 2. - Pre-Kaileb fusiline llmeslone talus.

Kaibab(?) Formation

Name
The Kaihab limestone was named hy N. H. Darton (1910) for the
top formation of the Aubrey group, overlying the Coconino sandstone and
underlying the "Moencopi” formation, and capping the Kaibab Plateau on the

north side of the Grand Canyon.

Lithology

The Kaibab(?) formation consists almost entirely of a light to medium
grey, moderately to thickly bedded, fine to medium crystalline limestone. In
parts of the formation are thin layers, stringers, and nodules of chert,

Under the hand lens scme of the weathered limestone reveals a dense
assortment of poorly preserved minute fossil fragments such as crinoid stems.
The fresh surface of the same specimen, however, may appear cnystalliﬁe and
unfossiliferous.

The formation is 150-200 feet thick and forms a prominant outcrop band

along the west flank of Phosphate Ridge.




Pig. 4. -- The Kaibab(?) formation on west blank of Phosphate Ridge
as seen looking northeasterly.
Age
No identifiable fossils were found in the Kaibab(?) formation. The
apparent occurance of upper Leonard parafusiline at least 2800 feet below the
unit, would suggest that the Kaibab(1?) may be Guadalupian. This would be in
agreement with Newell (1948) who on paleontologic evidence regards both the

Kaibab and Phosphoria as Guadalupian.
Ph 1) format

Name
The Phosphoria formation was named by Richards and Mansfield (1912),
in southeastern Idaho for about 450 feet of limestone, massive cherts, and
phosphate rock that comprise the upper two members of the Park City formation

- = the 'upper Productus limestone' and the phosphatic shales.

Lithology and Thiclkness
iy chert and pho e . = The basal 175 feet of the
Phosphoria(?) formation consists primarily of black and brown chert, black

mudstone, and some bluish-black oolitic phosphate rock.




o, g o

55

Pig. 5. -»Lo;ef chéfﬁ and phosphaté~ﬁéﬁb§r oﬁtcr§ps as dark band
at far right. View was taken on Indian Ridge looking northeasterly.
Beds are overturned with Keibab(?) forming light schrub-covered exposure
east (right) of the dark chert band,
Middle member. - Overlying the lower chert and phosphate member is
950 feet of lithogically varied and often poorly exposed strata. The basal 50
fect 18 a grey, finely to medium crystalline, grey limeetone. It is overlain
by about 90 feet of a orange-brown to buff chert pebble sharpstone conglom-
erate in a calcareous matrix, Above the chert are grey, buff, and brown,
finely to medium grained limestones, many of which are argillaceous. Some
have chert lagers and nodules., One distinctive limestone is buffish-white,
porous, and containg 15-20 perceunt of poorly sorted, angular to rounded
clastic chert fragments. Under the microscope, the limestone is seen to be

organic,

Fig. 6. -- Poorly exposed middle member of Phosphoria(?) formation
as seen looking northerly on Phosphate Ridge.




Upper Productid limestone member. - The uppermost 40O feet of the
Phosphoria(?) formation is a very fossiliferous, grey to buff-grey, fine to
~ medium crystalline limestone. It contains bands, stringers, and nodules of
both chert and silicieous limestone. Its characterisitc fossil constituents
are productids, spiriferoids, and compositas.

Phe unit forme a distinctive light-colored band along the east flank
of Phosphate Ridge and along the west flank of Caprock Ridge and the southerm

extent of Indian Ridge.

Fig. 7. - Upper Productid limestone with characteristic siliceous
layers and nodules viewed on east flank of Phosphate Ridge.

a3 &) | > '7"‘; N

Fig. 8. - Close-up of upper Productid limestone showing typlical
weathered surface ylelding silicified productids, spiriferoids, and

compositas,

.. &

4 ~ -
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Age
In the lower chert and phosphate member of the Phosphoria(?) fore
mation Opbiculoidea? and numerous unidentified fossils were found a® locality

$#1 on the west flank on Phosphate Ridge. Dictyoclostus multisgtriatugs?,
Spiriferina pulchra, Spiriferina pseudocameratus?, Composita subtilita, and

other species of these genera were found along with unidentified bryozoa and
crinoid stems,

Most of the above forms were cited by Branson (1930) in his report

on the Phosphoria formation., Regarding the age of the fauna, Branson (p.22)
states:

The Ouadalupian rocks of Texas and New Mexico have a fauna which is
typical to that of the Phosphoria in its general aspect. Only two specles
are common to both faunas, however, and it is probable that the two for-
maotions are of about the same age, but that the Guadalupian had a southern
connection with the sea and the Phosphoria a northern one.

Newell (1948) also favors the Guadaluplan age for the Phosphoria

fauna,
Correlation of % b(?) and Phosphorial(?) formati

General. Background

The upper Permian deposits krown in Idaho, northern Utah, and west-
central Wyoming generally have been placed in the FPhosphoria formation. In
northwestern Wyoming they are included in t he Bubar, and in the Wasatch Range
4n central Utah they are often placed in the Park City formation, In western
most Utah at Gold Hill the highest exposed Permian is the Gerter formation,
and in the southern Utah and northern Arizona area the uppermost Permian ls
the Kaibab limestone,

In eastern and northeastern Nevada various oil companies have recog-
nized thick Permian successions, however, as yet little information has been

published about them. The Arcturus formation, assigned originally to the
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Pennsylvannian in the Ely district, eactern Nevada ( spencer, 1917), is now
commonly regarded as Permian. In the area north of Currie, Nevada, Wheeler
et al (1949) have called attention to a Permian succession.

That the Phosphoika formation, specifically, has a correlative in
eastern Nevada was mentioned by Branson (1930). He listed the following
fossils that had been collected by geologists of the United States Geological
Exploration of the Fortieth Parallel in White Pine County, Nevada; and all of

which occur 4n the Phosphoria formation:

Pustula nevadensis Pustula subhorrida
Productus multistriatus Composita mira
Spiriferina pulchra Spiriferina kentuckiensis

Descriptions and Locations of the Phosphoria
Kaibab and Park City Formations

Phogphoria of southeast Idahc. - The Phesphoria fermation at its type
1océlity in Phosphoria Gulch, southeastern Idaho (Richards and Mansfield,
1912), consists of a lower Phosphatic shale member atcut 180 feet thick, and
a poorly developed upper member known as the Rex Chert, which 4 240 feet thick.
The latter consists of limestone, shale, and only 60 feet of chert. In most
of southeastern Idaho and western Wyoming, however, a third member of the
Phosphoria formation consisting of 15 to 75 feet of thin-bedded cherty mud-
stone overlies the Rex Chert. This unit is not well defined at the type

locality of the Phosphoria., (Smart, 1954),

Kaibab of northwest Ardzona and gsouthern Utah., - In the Zion Park re-

gion, the Kaibab is 580 £ feot thick. It is a white to yellowish, massive,
more or less dolomitic limestone, in part cherty, fossiliferﬁus. and gypsi-
ferous. It 1s reported to be unconformably overlain by the Triassic Moenkopd
red beds (Gregory, 1950).

bab ogphoria of west-central Utah. - In the Confusion Range,
Newell (1948) found a Permian suceession in which he recognized 2000 ¢ feet of

Kaibab limestone overlain by a U555-foot Phosphoria formation of abundantly
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fossiliferous limestones and limy shalee, The strata have been truncated by
a vre-Triassic erosion surface, over which have been deposited Trilassic Wood-
side red beds, Newell stated that the uppar fossiliferous limestone succession
contains several species of productids, spiriferoids, a variety of bryozoans,
and Commosita mipa, a1l typical of the Phosphoria fauna., At the base of the
formation, Newell found a thin sequence of black shale, chert, and limestone.
Park City of north-central Utah. - According to Baker and Williams
(19&0), the Kaibab and Phogphoria formations of the aforementioned Confusion
Range section appear to be closely related to the upper part of the 400~ foot
Permisn sequence described at Hobble Creek near Provo, Utah. Brker and
Willdams designate the upper two limestone units and the intervening shale in
this Permian locality as the Park City formetion. The upper limestone con-
gists of a cherty, thin-bedded to massive, grey to pink limestone, with some
interbedded grey sandstone, red shele and siltstone, The middle shale unit
of the Park City is mostly black shale, but contains thin beds of black cherty
1limestone and some thin beds of oolitic phosphate.

The upper limest-ne and the middle shale unit of the Park City con-
tain the Phosphoria fauna, including Spiriferina mulehra (Meek), Spirifer

pseudocaperatus Girty, and other characteristic species (Baker and Williams,
1940).

Baker and Williams found the lower limestone of their Park CGity for-
" mation to consist of a thin bedded to massivé, grey to pinkish grey limeetone
containing some grey to white chert and some interbedded grey sandy limestone
and 1limy sandstone. It contained Kaibab and some elements of Phosphoria fauna.
At its type locality to the north (Boutwell, 1907), the Park City for-
mation is only 590 fest thick and overlies the Weber quartzite. The three
Park City units of the Hobble Creek section are less distinet here. However,
according to Baoker and Williams, the locally variable upper limestone member

with cherts and sandstones, is equivalent to the upper or Rex Chert member of
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the Phosphoria formation, and the middle shale member is probably correla-

table with the Phosphatic shale member of the Phosphoria form tion.

Conclusions

On the basis of the foregoing information, 4t would appear that the
Park'City formation of the southern Wasatech region actually consists of three
lithologic elements, a lower limestone, a middle black chert and shale unit
with some oolitic phosphate, and an upper limestone with some interbedded
clastic sediments and chert. The lower limestone appears correlatable
1ithologlically and faunally with the Kaibab formation. The upper two units
similarly appear to be equivalent to the Phosphatic shale and the Rex Chert

members of the Phosphoria formation. It would seem that the Park City for-

mation includes several 1ithologic units which are elsewhere distinct and mep-

pable, and which also can be traced regionally,
The correlation is borne out faunally by Branson (1930, p. 21) who
lists the following fossils which the Phosphoria and uppsr two members of

the Park City have in common:

Orbiculoidea utahensis A Productus phosphaticus
Pustula montpelierensis Rhynchopora taylori
Spiriferina pulchra Composita subtilita
Nucula montpelierensis Leda obesa
Plagioglypta camma Buphemus carbonarius
Buphemus subpapillosus Conularia crustula?

Branson (1930, p. 21) has stated:

The base of the Phosphoria formation is a more logical division
line than that which was defined as the base of the Park City, and the
recent tendency is to substitute the name "Phosphoria® for the upper
two members of the Park City 4in all localities.

Because the Gerster formation (Nolan, 1935) outerops only in a
narrow area in the structurally complex Gold Hill quadrangle, and contains
the Spiriferina pulchra fauna characteristic of the previously named Phos-
phoria formation (1912), 4t would not seem practical to expand this term.

For the sake of regional integration it would seem advantageous to



18

either, (1) discard the name Park City and subdivide that succession into
two formations, the Kaibab and Phosphoria, (2) retain the Park City forma-
tion and term the lower limestone unit the Kaibab member, and regard the
middle shale and upper limestone and chert elements as subunits of the Phos-
phoria member.,

Newell (1948) has followed the first alternative in the Confusion
Range, Utah, where he recognized the Kaibab and Phosphoria formations in the
upper part of his Permian section.

This author prefers to delineate the uppermost Permian sequence in
the southern Pequop Range into two formations, the Kaibab(?) and the Phos-
phorta(?).

In the southern Pequops, the Kaibab(?) limestone is much thinner than
the Kaibab of the Colorado Plateau area and is possibly a tongue of the latter.
The Phosphoria(?) of the Pequops can be sub-divided into three members: a
lower black chert and mudstone unit with some oolitic phosphate; a middle
succession consisting in part of grey, buff, and brown limestone, and black
and brown chert; and an upper grey limestone unit characterized by an abundant

content of productids, spiriferoids, and compositas,

Permo-Triaseic Boundary

Outcrops in the Southern Pequop Mountains

Within the southern Pequops the contact between the Perrmian and the
Triassic lithologies is invariably covered inasmuch as the basal Triassic
strata i an easily concealed greenish grey shale and rediish to shocolate
brown limestone. Only in one area, at fossil locality #3 in section 20,
T, 31 N., R 65 E, were fairly good exposures found., A minor stream valley
follows the approximate lithologic boundary. The strata strikes northeasterldy
and dips moderately to the northwest, On the east slde of the canyon i3z the

erey fossiliferous Upper Productid limestone Member of the Phosphoria(?)
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formation. The composite section as measured from the Permian is as follows:

Specimen Desecription Thickness
Uppor Productid limestone
Covered 3 feet
1 Grey, pink, and buff weathered, unevenly 17

badded light olive«brown limestone.
Contains poorly preserved fossils.

Covered 2

2 Buffish-grey weathered, finely grained, 1
unevenly bedded grey limestone. Contains
poorly preserved fossils,

) Buff to buffish-grey weathered, finely 2
grained, unevenly bedded yecllowish-brown
limestone., Contalns poorly presecrved
fossils., Has very irregular uppermost
boundary which is in intimate contact
with a dark reddish-grey, finely crystalline
limestone. Thin section across contact
shows both to be almost entirely organic.
(sece figs. 9 and 10)

b Reddish-grey, finely crystalline, moderately 2
bedded limestone.
Covered (shale) 2
5 Reddish to chocolate=brown, iron-impregnated,

finaly to madium crystalline fossiliferous
limestone. Contains ammonites and microfossils,
Is lithologlecally similar to the Meekocerag
zone as described by J. P, Smith (1232) near
Phelan Ranch, Elko County, Nevada, and also

the Magkoceras zone found by Scott (1954) in

the valley area north of Currie, Nevada.
(see fig. 11)



Fig. 9. = Irregular contact between yellowish-brown and reddish-
erey limestone of specimens 3 and 4,

Fig. 10. - Unevenly-bedded, buffish-grey weathered, yellowish-
brovm limestone. Specimen 3.

Tt will be noted that within approximately 16 feet, the succession
passes from Permian to Triassic. Although no channeling, basal conglomerate,
or truncation was observed in this interval, it 4s a possibility that such

may occur in the covered arcas.

In another locality scuth of the Jackrabbitt fault in Section 11,




“:‘ﬁhigh'alaa'was observed on the east flank of Phélén,Butte, Qest~af:tha~areagf

. The Phasphoria(?) and the ovérlying‘ﬁinﬁpody(?) and Thaynes(?) far-k
 7ﬁ§$1§néuin general correspond cuite closely in‘attitﬁds throﬁghdut the aréa,
- éhawever;ign section 16, T, 31 H., R. 65 E,, digtinctive discordances were
noted between strikes and dips of the Thaynes(1) and those of the Phosphoria(?).

These‘may‘cr may not be post-Triassic features,

; Summary of Regional Helationships

According to Baker and Williams (1940), in the southern Wasatch
Mountains of Utah the Woodside formation bevels approximately 2000 feet of
Permain strata in 2 hdrizontal distance of about 10 miles, In sbuthwestern‘
and central Wyoming, Newell énd Kummel (1942) found aﬁ unconformity between
the Phosphoria and the Dinwoody. In western Utah, Newell (1948) reports thé
Woodside with a marked angular wmconformity truncating the Permian. In south-
western Utah, northeastérn‘Arizona. and sauiheastern Nevada, Gregory (1950)
and others héve found the Moenkopi unconformably overlying the Kaibab,

In dealing with the Phosphoria-Woodside (Dinwoody equivalent) in
southeastern Idaho, Hansfield (1927) found the two formations "marked by
great regularity wherever ... shown,” and that "fieid relations suggest con-
formity between the two syatems‘" He adds, however, that the fstriking faunal
and lithogie differences .., point to very different conditions of deposition
for the two formations and indicate a stratigraphic break of some magnitude.”

In the vieinity of the thesis area, neér Highway 93 between Currie
and Spruce Mountain, Wheeler et al (1949) reported the Triassic to discon-
formably overlie the Permian. At nearby Phelan Butte, a slight angular uncon-
formity exists between the Permian and the Triassic (Wheeler, personal com-

munication).




‘ﬁssumiﬁg that the lawermﬁst Trxas ic faunalyunzt‘in th

P@qu@p Mountains is tbs M  zane, and that the Permian iauna'is

k‘;jﬂvadalupian, a time 1nterval muﬂt be aﬂaounted fer« Whether thia hiatus was
“caused by 2 pericd af aub»aerial erosion, submarine reworking, or non-depo-
itian, caqnot be firmly established. General confbrmaty of attitudes, local
presene@ of aklimesﬁane containing chert'énd fossil fragments, and possible
local truneaticn ~- these sugpest that %%e Permo-Triassic boundary in the
k SOHEhern Poquop Range may be an unconformity possibly caused by any one or

cll of the above agencies,

Hare

The Dimwoody formation was named and defined by Blackwelder (1918,
p. 425) from outerops in Dinwoody Canyon on the northeastern slope of thé
Wind River Mountains near Dubois, Wyoming. The limits of this essentially
greenict-prey shale sé@n&ﬁzekwa@ defined by the Park City formetion below,

evd the bricht red shieles and siltstones of the Chucwater formntion above,

Lithology
A weak valley-forming succession which-occurs in the southern Pequops
and adjacent areas, comsists primarily of an olive-drab to greenish-grey shale

with interbedded Megko s-bearing reﬁdish and cﬁocolateabrown, iron-impreg-

nated limestones near the bacze. The strata, which is about 400-feet thick,
overlies the very fossiliferous upper Phosphoria(?) limestone and underlies

a ridge-nmeldng secuence of gray besal limestones of the Thaymes(?!) formation.

The stccession is typically covered by a thin elayey soil mantle with
interspersed reddish-brown limestone debris, The shales outcrop best in the
SEi of S#: of Section 1, T. 30 N., R 64 E, The limestone is fairly well




’

exposed at fossil localities 1, 2, 3, and U,

Pig. 1lo == ?ggkggg:gg zone of Divwoody(?) formation viewed at
foesil locality #3.

Age

The section in the southern Pequops was previously msasured and

identified as essentially lower Triassic by Scott (1954), who discoversd the
Maekocarag zone 81 feet above the Permian, This author discovered ammonoids
in Triassic sediments beginning 16 feet above distinctly Phosphoria fauna.
The Meekocerag fauna and other ammonoids and microfossils were recovered in
limestone interbeds.

The lowermost l6-foot interval, which may be Permian, Triassic, or
both, contains pelecypods and other obscure fossils. It is possible that a
critical analysis of thie usnally-covered sequence may reveal a pre-Meekoceras

Triassic age.
orrelation of the woodyl?) Format

General Background
The shele end interbedded limestone valley-forming cequence consti-
tutes a distinctive mappable lithologic unit, and the question of aprlying a

formetional name therefore arises. Units having the some stratigraphice
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position have baen given formational names in adjacent regions. An essentially
red shale and siltstone sequence overlying the Phosphoria formation in northern
Utah, the Kaibhab in west-central Utah, and the Gerster in northwest Utah, has
been named the Woodside formetion (Boutwell, 1907; Newell, 1948; Nolan, 1935).
Green to olive-drab shales ocecupying the same stratigraphic position in south-
eastern Idaho and southern Wyoming have generally been called the Dinwoody
formation, In the Hawthorne-Tonopah region of west-central Nevada, 1itholo-
gles somewhat similar to the Dinwoody have been designated as the Candalaria
formation (Ferguson and Muller, 1936). Thie formation overlies Permien vol-
canics,
Statigraphic Position and Age of the Dinwoody,
Thaynes and Woodside
Formations

Generally, the Dinwoody and the Woodside underlie the Thaynes forma-
tion whose base has in practice been determined by the position of the
Meekoserag zone. It has been demonstrated that these two underlying formations
are lateral and time equivalents of one another (Kummel, 1954), with the green
Dinwoody lithologies regarded as the marine equivalent of the essentially
continental Woodside red beds (Scott, 1954),

Although the Dinwoody wes once regarded as of possible Permian age
(Blackwelder, 1918), it has since clearly been demonstrated to be lower
Triassic (Kurmel, 1954), and to contain the same lowermost Triasslc Oloceras
and Genodiscug zones as also occur at Cendalaria, Nevada,

As mentionad, the presence of Smith's third lower Triassic faunal
unit, the Megkoceras 7zone, has generally been used to denote the base of the
Theynec formation., The lower Thaynes lithologies, however, have been reported
as quite sinilar to the underlying units. For example, Mansfield (1927)
states in his discuesion of the Woodslde:

The upper limit ie not so easily distingulshed for the lithology
* of the Woodside and the overlying Thaynes 1s in many respects similar and
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the boundary has been somewhat arbitrarily placed at the layer smmediately
below the Meekoceras zone.

Elsewhere, beds above and below the JMeekoceras zone are descrived as shmilar
in lithology, and thus faunal, rather than lithologic boundaries, often have
been used to distinguish the formations, If such a faunal basis were every-
where used to denote the base of the Thaynes formation, any lithologice
biostratigraphic transgressive relationships, if such occurred, would be
obscurred., Further, the Stratigraphic Commission in 1948 decided that for-
mations should be distinguished as much as possible on lithologlc unitye

On the basis of a thick, newly-discovered green shale succession con-
taining the Meekocerag zone and located in northern Elko County, northeastern
Nevada (Wheeler, personal communication), it appears that the Thaynes lime-
stones tongue out to the west as well as the east. Without simificant 1litho-
logie change between the strata above and the strata below the lLigekocerag zone
in this Nevada area, the separstion of the section into two formations would
not be regarded as valid., Inasmuch as the name Dinwoody has been applied in
southeastern Idaho to a sequence overlying the Permian, it is logical thab it
shonid be carried into northeastern Nevada to apply to the entire shale suc-
cession above and below the Megkoceras zone. The age of the Dinwoody(?)
designated here, would be older, as well as partlally equivalent in aga to
the Thaynes limestones as deseribad in southeastern Idaho,

Scott (1954) measured several sections of the lower Triassic sequence
in the general southern Pequop Mountains area. He tentatively referred to
al). the beds above the highest Permian strata and below the Shinarump(?) con-
elomerate as the Thaynes(?) formation. (His Currie-Dolly-Varden succession
is ineidently more complete tnan that in the Pequop Range to the north, where
the Shinarump(7) has heen faulted out.) Despite Scott's reference to the
entire svccession as Thavnes(?), he doas acknowledge that (pe 85), "some of

the greenish-grey shales at the base suggest Dinwoody." It appears %o this
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author that Scott correlated his sections with the Thaynes formation as
faunally defined (the base of the Meekocerag zone)., In doing so, he was
forced to overlook a distinctive 400-foot thick green shale and intercalated
reddish-browvn limestone succession which lles stratigraphically below grey

ridge-forming limestones,

Conclusions

Because the Thaymes formation of southeastern Idaho apparently has
been distinguished on a faunal basis which can no longer be regarded as valid,
and because of the regional stratigraphic implications of the recently-dis-
covered thick Dinwoody(?) succession in northeastern Nevade, a 1lithologic
definition for the Dinwoody and Thaynes formations now appears necessarye.
Such a definition would logically regard the essentially shale sequence be-
tween the Permian limestones below and the Thaynes limestones above as the
Dinwoody and/or Woodside formation: the latter alternatives depending upon
whether the shales were green or red, respectively.

Thus, the 400-foot thick, weak valley-forming sequence of greenish-
grey shales and interbedded reddish to chocolate-brown limestone in the
southern Pequop Mountains, tentatively is designated as the Dinwoody(?) for-
mation, The overlying succession, whose base 18 represented by the ridge-
forming grey limestones, accordingly is tentatively regarded as the Thaynes(?)

formation.

Thaynes(?) Formation

Name
The Thaynes formation was originally defined by Boutwell (1907)
from outcrops in Thaynes Canyon, Park City Mining District, Utah., An
essentlally calcareous formation, its 1290 feet were divided into two lime-

stone, sandstone, shale, and siltstone units separated by a red shale member,
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The Thaynes has subsequently been carried into sovtheastern Idaho and western
Wyoming, and has generally included that strata from the base of the
Voekoceras zone up to the Ankarah, Timothy, or other equivalent red shale

formation,

Lithology
In the southern Pequops, the Thaynes(?) has been separated into two

membars, "A" and "B¥, The bage of each of these is marked by prominant

ridge-forming limestones.

Fig. 13, - Baszl Thaynes(?) BA" ridge-forming limestones as viewed
acroes intervening valley in foreground that is formed in weak Dimwoody(?)
shales, !

Member "A". - The resistant grey limestone beds at the base of the
Thaynes(?) "A" member are represented by prominant ridges throughout the area.
Some of these limestones are fossiliferous, but with the exception of
Terebratula thaynesiana?, the fossils rarely weather out,

In contrast to the basal ridge-forming limestones, the immediately
overlying succession of shale, siltstone, and limestone isgenerally covered,
Some of the shales in the sequence appear very similar to those within the
Dinwoody(?) formation. They are fissile and olive-drab to green. In addition
to these shales, are calcareous shales with nodules of finely crystalline grey

limestone; and orange-brown weathered, finely to medium crystalline, platy,

grey limestone. The thickness of ths Thaynes "A" member is estimated to be



2450 & feet.

Fig. 14. — Figsile shales of the Thaynes "A" member as exposed on
the north side of Srring Creek at the NWk of NEf, and the NEf of Wi,
of Section 6, T. 30 N., R. 65 E., where the units are nearly vertically
inclined.

Fig. 15. == Typical limestone within the Thaynes "A" formation.




Fic, 16, -- Fissile shales of the Thaynes "A" member with {inely
erystalline, grey limestone nodules.

Member "B", - The Thaynes "B" member is topographically represented
by Sheep Ridge. The unit has been delineated because of its ridge-forming
character and for its usefulness in illustrating structwral relationships.
The base of the member is an alternately orange and grey weathered, finely
crystalline, argillaceous, and locally current-bedded, buffish-grey limestone,
containing vnidentified pelecypods. The overlying unite comslst of inter-
bedded shzles, siltstones, argillaceous limestones, and minor chert. The
limestones weather buff, brown, grey, and red; are finely to medium crystal-
line; thin to thickly-bedded; and buff to dark grey. The siltstones and shales
are essentially covered, forming minor sags between more resistant limestone
units across the crest of Sheep Ridge.

The succession is approximetely 450 ¥ feet thick from its base to a

fault zone where Thaynes(?) MA" units have been thrust against it,

Age
The brachiopod Tepebratula thaynesiana’Girty, and other poorly pre-

served fossils were found within the Thaynes(?) formation. The I, Thavpesiaps’

was originally discovered in the lower Triasslc Thaymes group of southeastern
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P A R S
Figo 17. -- The basal argillaceous limestone of the "B" member of
the Thaymes(?) formation located on the west flank of Sheep Ridge,

Thickness Triss C

The total thickness of the Triassic wthin the southern Pequop
Range is estimated to be a minimum of 3300 % feet from tha uppar member of
the Permian Phosphoria(?) formation tothe fault contact., This figure repre-
sents an additional 1100 L feet than was previously reported in the area by
Scott (1954) who reported 2275 Scet of strata,

In ths Currie-Dolly Varden area to the immediate south, Scott reported
a total Triassic thickmess of 2823 faet for the Thaynes, Shinarump, and
Chinlee formations. If the combired 623-foot thickness of the Shinarum» and
Crinlee formations, as found in this southern arca, were added to the 3300 2

feet of Dinwoody(?) and Thaynes(?) in the Pequops, the total thickness of the

Triassic in thls northeastern Nevada area would e close to 1000 feet.

and Trias to
Because of the limited area covered by this report, any treatment of
the geologic history must be'limited to those systems where the stratigraphie
records ere well-preserved, those being the Permian and Trizssic. On the
basis of data from the map area alone, diastrophism which followed and deformed

these records, and which is doubtless responsible for the Pequop Range itself,
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cannot be more acéuratély‘dated than post—Triassic,

_During Wblfcamp and Leonard time. aver 9000 feot of prednminantly

calcareous material was being deposité general miageosynclinal area.

Preceding the depaaitlan of tha Gnadalupian(?) Kalbab(?) limestone, there was
poseibly a deformational episode. It shouid bekmentioned that this event is
only a pogsibilityfand 1g in need of adﬂitionalfstudy. For further discussion
see pages 9, 39 and 4& k

In Guadalupian? time, the Phaspharia Sea which covered areas in Idaho,

Utah Montana, Hyoming, Coloradc, andkﬂevada, depasitad a varied sequence of
phesphates,~cherts, mudstanes, and 11mestonas, (see fig. 18).
‘ Following Guadaluﬁian? time was essentially a period of non-depo-
sition, possibly accompanied by sub—aérial erosion and/or submarine rewarkinge
When subsideaca and deposition was resumﬁd in lower Triassic time, a dishinct‘“
change in lithology and faunal assemblange had oceurred. The productids,
spififaraids, and compositas of the grey Permisn limestones were replaced by
the ammonoids of the Trlassic green shales and reddish-brown limestones,

k The green shzles of the Dimmody(?) and Thaynes(?) formations indicate
that lower Triassic derosition was probably marine, Current-bedding found in
the Thaynes "B" argillaceous limestones suggests periods of shallow water con-

ditions, and a clastic origin for soms of the 1imastoneé;
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ternary Strata

Introduction

The depoeitis of Tertiary to Quaternaﬁy ags, gith the exception of
recent alluvium and playva lake clays and gravels, outcrop in a very small
portion of the thesis area. Absence of fossils in the expéswd strata pre-
vented any exact age determination. ‘

Exposures were found in two araas; one in sections 10, 15, and 16,
T, 31 N., R, 64 E., at the southernmost boundary of Independence Valley, and
the other in sections 3, b, ahd 10, T. 30 M., R, 64 E.,'in the southwest por-

tion of the thesis area,




a3 |
Litholegy
:iles in\the northern area are quite sparee.
- Rock types inelude: indurated whitish.grey vitric tuff e@nsistina of an
intimate associaticn of curvad*and spicule-like glass shards; a poorly in-

durated light tan tuffaceous? siltstone remnants of an orance to dark grey

weathered, augite and lamprobolite-bearinz hypersthene basalt,

The relationship betieen theme deposits and the Paleozoic limestones

ig obscure in this area, Attifudes‘of‘the‘Cennzoic beds range from apparently
horizontal to 20° ndrtheaetgrly; and the older limestones of the range dip
an'avarage of 25° santhéasterly. These attitudes and the topographic nosition
of the respeative units supzest a noqsibla fault relationship, the type or
magnituda of which is unknown.
§guthagg Area. - Tertiary ané Quaternary sediments are exposed along

the Coyote Pass road, which heads nartEWﬂrd alnnr s dissected stream channel
into the range, The outeropnes were exposad for 1.8 mlles gsouth of the 40° 30!
lstitude and thgir dips;appécximated 5 t0 8 degrees southerly, The thickness
of these depesitsVis conservatively estimated to be at least 825 feet,

| The baesal unit in the southern area is about 15 feet of 1ight silver-
grey, fine grained, thinly-bedded, friable vitrie tuff. It has a distinctly
different texturs from the whitish-grey vitric tuff of the northern area,
lacking the cohesiveness and the curved and splevle-llke shard developrent,
But for its purity , the thin-bedding, the lack of induration and shard
development suggests it represents a reworking of an earlier vitric tuff,
possibly eimilar to the whitish-grey tuff deposit of the northern area. On

the other hand, it may represent a bedded ash fall,




Fige 19, == View of the silver-grey vitric tuff and buff-weathered
Paleozolc limestone in background, Seen looking northerly on east side
of Coyote Pass in Section 3, T. 31 N., R. 64 E, :

A though reletionships of the silver-grey tuff to the Paleozic lime-

stone was generally obscure, at one locality (tlue base of a narrow east-west

trending gulley following the common boundary betwsen sactions 3 and 10,

?. 31 N., R, 64 E, at the 6680-foot contour), the tuff clearly lies unconform-

ably upon the limestone and with a 10° to 12° southerly dip.

Fig., 20. — Silver-grey, bedded vitric tuff (note pick) unconformably
overlying grey Paleozole limestone.
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Overlying the basal tuff is a light tan conglomerais consisting of
angular to sub-angular rock fragments of limestone and some chert. Above
‘these units are altermating beds of tuffacecus? and calcareous siltistones,

sandstones, and conglomerates.

Recent Deposits
Material in the present stream channels and on the pediment surfaces
flanking the southern Pequops consists of poorly sorted and unconsolidated
clay, silt, aand; pebbles, and cobbles. The cobble-size material is lime-
stone and generally limited to stream channels. The finer debris of lime-
stone and chert particles is found in the stream channels as well as on the

interstream surfaces of the flanking pediment, where they form a thin veneer,

Fig. 22, == Unconsolidated Recent alluvium.




“ﬂnartﬁerly-trandiﬁg raﬁgeslseparateé by wide dasert'basins. has been reparted: -

o comprise over one-tenth the area of the United States (Fenmeman, 1931).

‘ The‘rggioﬁiis one of complex and oentrovqrsialkgaology involving folding,
faulting (1nc1u&ingfthrus£ing). igneous activity and metamorphism. HNolan
(1943) and Bardley (1951)1hava discussed the broad regional structure and
related problems. This ?ritér's work has been local and detailed; and his
experience outside the area of immediate study is 1imited. He therefore doas
not feel justified to draw conclusions as to the validity of the regional
intarpretations of these authors.

The Pequop Réﬁggragd'spruce Mountain were first described geologieally

by King (1878), and thqeﬁ(lﬁ??). In discussing Spruce Mountain, Hague
(p. 509) stated: ‘ | |

But for its iﬁtimaﬁé topographical and geological connection with
_the extreme end of the Pequop uplift, Spruce Mountain, with its long
ridge stretching to the northward, might be regarded as a separate range
s « » o Inits geological features, Spruce Mountain shows a very comp-
licated structurs, but in gemeral would appear to be an snticlinal fold,
the eastern side forming a syncline with the main ridge.

King (1878, p. 737) stated: ‘ -

The adjoining Pequop Range shows throughout its long north and south
member a monoclinal (homoclinal) structure being composed of beds dipping
entirely to the west, but in the southern portion these beds are seen to
pass under a distinct synelinal and then west of the depression to rise
and pass over a distinct anticlinal,

These were reconnaissance reports and, for this area at least, are consider-

ably inaccurate.

ocal | "ct'

The deformation in the southern Pequops consisted initially of large-

scale folding with a north-northeasterly trend, and related faulting. The
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folding produced a southwesterly-plunging syncline over eight miles in

length and an adjacent anticline of similar proportions to the east, The

‘ anticline became overturned in part, and was thrusted westward over a portion

of the syncline., ‘A homocline lies west of the syncline.

In addition to the above thrust, a series of transverse faults devel-
oped during the period of folding, some diagonal and some perpendicular to the
fold and thrust trend. A group of northwesterly-trending transverse strike-
slip faults occur along the southernmmost boundary of the range and appear to

be 4n part responsible for the southern termination of the Pequop Mountains,

Ihavynes Lowland Symcling
This syncline forms the Thaynes Lowland which lies between two north-
easterly-trending ridges, Phosphate Ridge on the east and Indian Ridge on the

west. The lowland is about 1% miles wide and approximately

:

Pig. 23, — View of outcrop patterns along west flank of Thaynes
Lowland as seen looking southwest towards Phosphate Ridge. The tree-
covered outcrops near the base of the ridge are the basal grey lime-
stones of the "A" member of the Thaynes(?§ formation. The lighter band
near the ridge crest is the upper Productid limestone.

8 miles long. It has been formed in the weaker units of the "A" member of
the Thaynes(?) formation. The more resistant units of the "B member of the

Thaynes(?) formation has formed Sheep Ridge which occuples the central part

of the lowland along an approximate 3% mile trend.




Fig. 24. -- Thaynes Lowland as viewed from the north. Sheep Ridge
43 located in center of panorama, with Indian Ridge on the east and
Phogphate Ridge to the west,

o

Near the northermmost limits of the area in Section 9, T. 31 N.,
R. 65 B., the 20° southwesterly-plunging Triassic units are eliminated as
they rise ahove the present topographic surface. Further south the plunge

progressively decreases.

Unconformity or Structural Terrace?

A thick easterly to southeasterly-dipping sequence lies to the west
of the Thaynes Lowland, Phosphate Ridge consists in part of the Phosphoria(?)
and Kaibab(?) formations. The strata near the ridge crest are mostly steeply
dipping with attitudes varying from 70° southeasterly to vertical, and locally
overturned at the ridge's southern extent. Where exposed, pre-~Kaibab(?) out=
crops immediately west of the steep units of Phosphate Rldge generally reveal
a gentle 4° to 16° southeasterly dip. Farther westward pre-Kaibab(?) atti-
tudes approach 30° southeasterly. Hence, the locally overturned and thrusted
Thaynes Lowland syncline would appear at first glance to pass westward into
a structural terrace. The most notable discordance between the Kaibab(?) and
pre-Kaibab(1) strata occurs in Section 2, T. 30 N., R. 64 E, Here, withim a

few hundred feet is pre-Kaibab(?) strata dipping 16° easterly toward overturned




‘kK&ibab(?) diﬁﬁing ?égjﬁafthweétéfly - an‘almﬁgi‘ﬁerpéndiéﬁﬂfa‘
The pre-Kaibab(?) strikes almest dua north, while the xaibah(?)f ,

- 20° E, Tt is passible that shearing and faulting may havﬁ‘here aceomp—
aﬁied the overturning of the eastern axis of a struetural bterrace, (sea fig.
Zﬁa} huowever, no direct evidence for such a fault was‘obéarvéd.

In ﬁlacakof this faulted terrace ihﬁerpretation, these relationships

might bé exﬁlained by the postulation of an angular unconformity at or im-
mediately below the base of the Kaibab(?) farmation, (fig, 25b). Beaause of

'similar diseerdaneas between the Kaibab(1) and pre-Kaibab(?) sxist in other
 ’1oegticn8 on both flanks of the Thaynes Lowland Syncline (section 7 and 8,
T. 31 ., R. 65 E.1 Section 13, T. 31 N., R. 64 E.; and sections 5, 21, and
29; T. 30 N., R. 65 E.); the possibility of a stratigraphic break would car—k
tainly warrant further investizstion. {Bee pages S and 33 for additional

‘;;aiseﬂssidﬁ.

?ﬁg, 255.

Cottontail Fault

The limbs of the Thaynes Lowland syncline have been offset noticeably

wat several localities by transverse faulting, The most prcnounoéd displace~
ments occur at the south end of the range where several strike-slip faults
progressively offset the Kaibab(?)-Thaynes(?) sequence right-laterally, This
group of faults will be discussed later,

The eaﬁt-scutheasterly~trsnding troneverse Gottontail fault oceurs

north of the above-mentioned area and immediately south of the southern ter-




minus of Shaep R: ‘; Its di&plaaameﬁt inaraa@es sast
Zera~imﬁea1ately ,U  N ag:hate Ridge to approxdmataly

aywea Lowland, theﬂceidea "“qes to ero at its easﬁern limit on the west
slope of Caprock Ridgen~k‘ |

The feult apparéntly developed when the southern and northern blocks

fespend@ﬁ diﬁfer@atly to the compressive agencies which formed Thaynes Low-

land évneziné, Tuie dis ferential‘jialding Was menifas&@d ty the relative
shifting of the syncliﬂal axiﬁ 1e£t~l&tarally. with disnlaaament alnng the
kfault graduslly dyinv out on the eastarn and western limus.
The movement along the fault, although eszentially a lateral shifting

of the trough segment of the syncline durine folding, has caused the beds %o
appear to he cffeet verticaliv as welli as laterally; end 2 dilagramatic sgeo-
tion 11lustratinz hoth elements, cives the impression thal en eastern segment
of the northern block wazs upthrown relative to the southern block an that a
wasﬁsrn aegmant was dawntﬁrcwn relative to the southern block in the manneyr

shown (Fig. 26).




B‘ig. 2’7. -~ Eastern temﬁ.naticn of Cottontail fault on weat flank
of Caprock Ridge.

Southern ﬁrea

The Dolly Varden anticline was diseovered by Wheeler and Thompson in
1949 in an area immediately south of this revort (Section 36, T. 30 N., R.
64 E.). The part of thé Stx;uature with which they were primarily concerned,
however, is énly the southern manifestation of a long anticline whose axis
continues northward into the southern Pequop Range.

Within the southern part of the Liasis area, the Dolly Varden anti-
cline is a fold developed on the overriding eaéterly 1imb of another anticline
which ie overturned to the west (fig. 28). This multd-axial structure can
be traced northward from t‘!rae southern boundary of the area for approximately
3 miles, where it terminates against the Cottontail féult". ~

The east limb of the overturned fold, lying to the west of the Dolly

Varden anticline, forms a prominant mesa eapped by westerly-dipping basal
Thaynes(1) "A® limestone. The mesa trends northward for approximately 13
miles, in sections 24 and 25, T. 30 N., R. 64 B,




43

7Thaymnes(?) ‘A
Pinwoedy (224

Fig. 28, —- Diagramatic east-west cross-section showing the Dolly
Varden anticline as a fold developed on the overriding easterly limb
of another anticline which is overturned to the west,

The steeply-dipping and overturned basal Tﬁmea(?) ®A® limestones of the
western limb of the overturned structure form a narrow ridge of lower relief
to the west and north of the mesa. The ridge follows the strike of the
Thaynes(?) ®A" limestone northward, and bends progressively from northerly
to easterly as the Jackrabbit fault zone is approached.

Mg, 29, -- View locking northward into the southern Pequops from
the crest of the northerly-plunging Dolly Varden anticline. The upper
Productid member of the Phosphoria(?) formation is in the foreground.
Thaynes "A" basal limestones cap the mesa on the far left. Near Jack-
rabbit fault to the north, the strike of these limestones becomes eas-
terly, thence resumes a northerly trend along the west flank of Caprock
Ridee seen on the far right,

The aods of the overturned fold approximates the ridge trend. The normal
westerly-dipping limestones and the overturned limestones are exposéd within
8 few yerds of each other at approximately the MW} of NE} of Section 24,

T. 30 N., R. 64 E. (See figures 30 and 31).




Fige 30, — Diagramatic cross-section of locality (see text) where
overturned basal Thaynes(?) "A" limestones are exposed within a few yards
of normal westerly-dipping strata,

LB Y o e P i B .

Flg. 3l. —- Foreground shows the basal Thaynes(?) "A" limestones
dipping normally westward and comprising the eastern 1limb of the over-
turned anticline diagramatically illustrated in figure 30, Note over-
turned Thaynes "A™ beds in the background with more easterly strike.

The Dolly Varden anticline is largely covered in the southernmost
part of the thesis area, and in Sectlon 19, T. 30 N., R. 65 E., it doubly
Plunges to form a saddle under the alluvial veneer of the intervening

pediment (fig. 29),

Northern Area
The Dolly Varden anticline is represented topographically to the
north by Caprock Ridge, whose orest elsvations correspond closely to its
southerly plunge. In terms of relief, the anticline here becomes inereasingly
prominant, almos% overshadowing the very minor and shallow syncline and over-

turnad anticline lying immediately to its west (fig. 32)., These subordinate
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south of the Oottontail fault showing minor folds on west flank,

North of Spring Creek the anticline ‘15 in part topééraphically repro-
sented by Indisn Ridre. The west flank of the structure is verticel to over-
turned to the east, reaching southeasterly dips as low as 35° about 1f miles
northward. | ' -

Accompanying the cvertuming was the deVeldpr&ent of a kthkmét’k fault
along the east flank of "Sheep Ridge. East of this Sheep Ridge thrust, the
Tndian Ridge and Spring Creek tear faults developed tramsversely to the over-
turned structure. These two faults will be discussed later. About 2000 feet
gouth of Indian Creek, ‘the west 1imb of the Dolly Varden anticline reverts
from overturned to ncﬁna.i. North of this area, in Section 20, T. 31 N., R,
5 E., the upper Productid limestone and the Dinwoody(?) formation have been
partially repeated by high angle (normel?) faulting.

From Indian Ridgek fault ndrthﬁarci, the stratigraphic and structural
relationships along this eastern ridge trend are‘ considerably obscurred by

slope wash.

The Sheep Ridge thrust is a high 'angle thrust movement which is

believed to have accompanied the overturning of the Dolly Varden anticline.




This thrust deﬁé pe ‘ ﬁ & of the,Thﬁ a&s Lawland aynclins
and 1s exposed alzmg Shee Ridge. Vertical to overturned 'mas A" beds

" are thrusted over eastérly-éimpiﬂg Thqynas(?) “B“ strata. A part of the fault
zone is clearly axpesed on the north Eids af 8pring Greek‘in the southwest
corner of Section 36. T, 31K, R. 65 E. Here, same of the Thaynes "B" units
are ccnéiderably brecciated and caleita-veined. as seen in figure 33.

Mg, 33, -- Brecciated and caleite-veined Thaynes "B“ limestone as
exposed near thrust gone on north side of Spring Creek. Verticelly in-
clined Thaynes "A" units lie to the east beyond a narrow covered area.

Northward, along the crest of Sheep Eidge;in‘aeetion 30, 1. 11 N, R. 65 E,,
savers] northerly trends of erratically di@ging,kangular limestone blocks
are regarded as the mortherly continuation of this fault zone.

The thrust appears to have an approximate dip in the uppermost reaches
of 60° southeasterly, and apparently has a minimum displacement of about 800
feet. The fault is believed Lo die out near the northern terminus of Sheep
Ridge, as the Dolly Varden anticline to the east reverts from overturned to

normal,

The Indian Ridge and Spring Creck faults transect portions of the
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southern end of Indian Ridge and lie within 1% miles of each other., Both
faults are transverse-rotational and increase in displacement eastward.
They appear to die out to the west within or near the Dimwoody(?) formation.
The Spring Creek fault has caused the pronounced linear east-west
trend of Spring Creek in sections 4, 5, and 6, T. 30 N., R. 65 E., and has

effected the sudden termination of Isolation Ridge on the morth. (See

figure 34,)

Fig. 3l. —= View of Isolation Ridge (left) and Caprock Ridge (right)
as seen looking southwesterly across brush and gravel covered pediment.
Note abrupt termination of Isoletion Rldge.

On the east limb of the Dolly Varden anticline north of the Spring Creek

fault, the strata are buckled (fig. 35); whereas, south of this fault the beds

dip uniformly.

o

Sy

Fig. 35. — Buckled middle limestone member of the Phosphoria(?)
formation as exposed north of the Spring Creek faulte
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The Indian Ridge fault trends essentially east-west and lies north
of the Sheep Creek fault in sections 31 and 32, T. 31 N., R, 65 E. The
northeasterly-striking Permian rocks which form prominant ridges and elongate
knobs north of the fault are absent to the south, where only flexured FPhos-
phoria(?) strata comprise the sast limb of the agymetric Dolly Varden anti-
eline. Truncation by the fault of the overturned Kaibab(?) and the lower
chert and phosphate member of the Phosphoria(?) formation is particularly
conspicuous (fig. 36). The trace of the fault zone follows in part an east-
trending stream channel, the south flank of which shows well-exposed brec-
ciated chert whose fractures have been filled with calcite.

As previously mentioned, the upper Productid limestone of the west
1imb of the asymmetric anticline south of the Indian Ridge fault dips steeply
westerly to vertical, in contrast to the beds on the gentler and undulatory

east 1limb, As the Indian Ridge fault is approached from the south, this west

Pig. 36, — East flank of the southern Pequops looking northeasterly
toward Steptoe Valley and the Toana Range in the distance. The Indian
Ridge fault 4s indicated in green. Note truncation of Kaibab(?) and
lower Phosphoria(?) formetion (dark brown band at far left),

1imb productid limestone twists and overturns with an easterly dip. Evidence
of rupturing without appreciable offset ocecurs at the fault itself, and the
overturning immediately north of the fault is more pronounced,

During the period of compression and folding, the above-deseribed

tear faults evidently were developed as a rgsult of horizontal shearing

stresses which developed when the mass between the Spring Creek and Indian
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Ridge faults responded at a different rate than the neighboring blocks to
the north and south; thus resulting in three distinoct segmenis of the dif-

_ferentially ‘esymetric Dolly Varden antieline.

K

J",,\ RI'J e
frece FQJ/"'J ==

Pig. 37. — Hypothetical diagram illustrated the differential ad-
vance and overturning of the Dolly Varden anticline morth of the Indism
Ridge fault, contrasted against the flexuring of the structure in the
gouthern block.

In the block south of the Spring Creek fault, the anticline 1s

asymmetric and is topographically represented by Caprock Ridge. A dlagra-
matic eross-section through this segment of the Dolly Varden siructure appears

in figure 32 on page 45. To fhe east of Caprock Ridge lies Isolation Ridges

olatio d cli
Isolation Ridge is a west-southwesterly-dipping homocline of Phos-
phoria(?) limestone; Caprock Ridge, on the other hand, is the topographie

expression of the Dolly Varden anticline. Thus, a plunging syncline is in-

diceted between these two ridges,

Fig. 38. — Isolation Ridge homocline as viewed looking southeasterly
from Caprock Ridge. Note gentle dip slope ledges of upper Productid

limestone on the ridge flanks.




50

Although most of the intervening valley is covered, some scattered
outerops along the drainage divide connecting the northern ends of the two
" ridges show brecciation and calcite veining, indicating the probable presence
of a fault zone. (figo 39).

If the syncline is unfaulted, it would be structurally asymmetric
with its axial plain inclined westerly as in figure 40. This would be in
marked contrast to the easterly inclination of other axial plains in the
general vicinity. On the other hend, if the syncline is faulted, the axial

plain logicelly may be easterly dipping as shown in figure 41.

St

o i
Lf‘@"
-

Fig. 39. -~ Exposure of brecciated and calcite-veined limestone as
observed on drainage divide between Caprock and Isolation ridges.

CJ,\-foﬁk Ro'.(’c, lselatrom 2;'-/,(—-

Figures 40 (upper) and 41 (lower).




Three parallel right-lateral strike-slip faults, trending N. 140° ¥,

diagonal to the regional strike, end which have offset portions of the

Thaymes Lowland syncline, ocour along the southern termination of the Pequop

Range in sections 11, 12, 13, and 14, T. 30 N., R. 64 E.

C S Y B D B

Fig. 42, -~ Jackrabbit strike-slip fault zone as viewed looking
easterly along the esouthern boundary of the Pequop Range.

The reported presence of a transversely strike-slip faulted section
of Kaibab(?) through Dinwoody(?) formations at the southern end of Spruce
Mountain, due west of Jackrabbit fault zone (Harlow, personal communication),
indicates that both the southern limit of the Spruce and Pequop Ranges are
marked by transverse fault zones that may or may not be continuous with one
another.

In approaching the faulted area from the north, the Jackrabbit fault
is the first encountered. It is four or more miles in length. Its displace-
ment increases westward, in coﬁtrast to the Indian Ridge and Sheep Creek
faults, Its maximum known displacement is sbout cne mile. The fault zone is
closely followed by a southeast-trending stream channel. Along this gzone
are a number of southwesterly-dipping isolated drag blocks of the resistant
basal Thaynes "A" limestone which were torn loose and rotated during the

horizontal ehifting.



On the east 11mb af e ?H@gﬂas Laﬁiiné ayncﬁine, the upper “rb-
ductid imastone sf the Phavgharia(?) formatiﬂn is abrumtly affsat about ;
 1§00 feet., In ccntrast the basal ?haynea upn limestane near tbe fault zone
is bent frcm a ¥, 20° ;Eo:atrike~te almost due east, thenae resuming its
mortheasterly trend. Bt nttactting Wy suall faults oscurs, but it s sub-
ordinate to the bending. Apparently and legically, the basal Thaynesi“A“
limestane with its 1ntercalated shales was eansiderably more plastic during
deformatian than the massive»nppe~ Prcductid limsataneo \

Two othor ﬁransver¢e “anltv 1ie parallel to and sonthwest of the
Jackrabbit fault at~distances of aneehalf and three—fourths miles, Their
displacement appears to involve only the units on the west limb of the
Thaynes LcwlandkSynéline. The northern fault offsets Thaynes "A" limestones
about 1000 feet; and the appraximate displaeement alcng the southern fault

1s 2000 feet, Drag blocks oacur along both fault zones.
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 PHYSTOGRAPHY

Both rock type and structure heve inflnenced the devalopmentkéf

. fhe present topography in thg southern Pequop Mountain area, Tha,Thaynes
Lowland and Is@latioﬁ Valley ars structurally synclines whase'weék;stréta
havekbeeu beveled, forming inter-ridge pediment surfaces. The Dolly Varden
anticline ;s in part represented by Caprock Ridge, which has rather faithe

fully maintained in topographic outline, the original form of the structuré.

 Pig. 44. — Caprock Ridge as viewed from the north, MNote closs
relationship between structure and topegraphic sxpression,

Most of the faults in the southern Pequop area have had a noticeable
effect upon the relief, Jackrabbit fault, by the relative shifting of weak
Triassic strata westerly, causad-the partial termination of Phosphate Ridge
on the south, The Spring Greék fault was responsible for the abruptkending
of‘Isélation Ridge on the north; and the Cottonteil fault probably had éoma
effect on the southern termination of Sheep Ridge in the Thaynes Lowland
suyeline, 7 ‘ '

Present-day drainage channels are essentially arroyos which have in

some cases diséeeted earlier and often wider valley floors,




Fig, 45. — Looking southeasterly along old valley floor presently
being dissected by an arroyo whose channel is concealed from view

by higher brush trend.
The transition from range to valley floor of the east side of the

southern Pequops is essentially gradational., The transition of the west
side is somewhat more abrupt, yet this abruptness appears primarily to be
an erosional feature. North of the thesis area, along the base of the western

range front, is, what appears to be a group of coallesoing alluvial fans.

Fig. 46, — Fans along the western base of the Pequop Range
(Also see fig. 47).

However, these fans are not alluvial. They are pediments, and are capped

by only a thin alluvial veneer,
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Fig. 47, = T}uncateayﬁeste}iy:difping iimégg;ﬁe beds comprising
thinly-veneered pediment fans on west flank of the southern Pequops,
9 mlas north of the thesis area in Section 22, T, 33 Y., R. &5 E.

A scarp of 10-20 feet terminates the pediment apron, generally at a
distance less than one mile from the range front. This searp is sinuous
and can be tracad for about 8 milee sonth of Hogan (see index map for
locetion), The height of the scarp diminishes to the south, where it also
transects contours instead of following them, A narrow grahen is suggested
by aerial photogrephs immediately west of the main scarp in Section 32, T.
33 8s, B 65K,

The extent to which the main scarp was caused by faulting, wave
action from the Independence Valley Quaternary lake, or hoth, is not known.
It is possible that the scarps are due to Quatermary faulting and were modi-
fied in part by shore-line action.

Whether the scarp represents a renewal of activity along a major
boundary fault or whether it is a late small scale feature having little
significant influence on the present range topography is also unknowm.
Assuming the feature to be a modified fault scarp, a maximum displacement of
approximately 20 feet is all that can presently be demonstrated.

Shoreline features of a Quaternary lake which occupied a part of
Steptoe and Independence valleys, west and east of the southern Pequop Range,

were observed both on aerial photographs and in the field. The highest

distinct shoreline observed occupies the 5780-foot contour in both the
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above-mentioned valleys. In Steptoe Valley, it is marked by sweeping arc-
shaped gravel bars and cusgpate spits. Successive bars and cusps oceur at
narrow elevation intervals down to the present playa floor approximately at

the 5600-foot contour,

Pig. 47. -- Cusppate spit terraces formed at successively lower
levels of the now-evaporated Quaternary lake, which ocgupled the
valley areas adjacent to the southern Pequops. View ie from Steptoe
Valley looking northwesterly,.
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