Structure and Stratigraphy of the Nephi NW 7%2-Minute Quadrangle, Juab County, Utah*

LynnN C. ME1BOS
El Paso Exploration Company, Farmmgton, New Mexico 87401

ABSTRACT.—The structure and stratigraphy of the Nephi NW 74 -minure
.Quadmnglc record four major phases or geologic events rypical of the "hing-
cline” of central Utah.

The first was a depositional phase which ok place from Precambrian
through Lare Jurassic ume and resulted in the accumulation of about 12,735 m
of limestone, sandstone, and shale. However, only abouc 3,200 m of rocks, in-
cluding the Oquirrh Group, Diamond Creck Sandstone, Park City Formanon,
Ankarch Shale, and Nugget Sandstone, are exposed 1n this quadrangle

The second phase was the Sevier orogeny, during which pre-Jurassic rocks
were folded and thrust faulted Desmoinesian-Missourian rocks of the Oquirrh
Group have been thrust over Wolfcampian rocks of the same group in the west
central part of this quadrangle. Parts of the Triassic Ankarch Shale also have
been thrust over the Jurassic Nugget Sandstone in the southwest quarter of the
quadrngle. The croded debris from these folded and fauleed strata accumulated
as thick syntectonic conglomerates represented by the Conglomerate of Spring
Canyon, the Orme Springs Conglomerare, and the Red Narrows Conglomerate.

The third phase was a penied ot volcanism during Oligocene ime which
emanated from a volcanic center in the East Tintic Mountain area. Depositional
products of this volcanic episede uncomformably overlie pre-Oligocenc racks in
the quadrangle and include volcanic flows and tuffs in the Goldens Ranch For-
mation, the Fernow Quartz Latite, the Copperopolis Latite, and the Cazier Can-
yon Agglomerare.

The final phase, beginning in Miocene, resulted from tensional stresses
which produced normal faults and associated uplifts within the Basin-and-
Range Province.

INTRODUCTION

The Nephi NW 7! -minute Quadrangle lies along the
“hingeline” area of central Utah. Palcozoic sedimentary rocks
thicken west and thin east of the hingeline, while Mesozoic
and Cenozoic sedimentary strata thin westward and thicken
castward. Folds, thrust faules, and tear faults associated with
the Sevier orogeny, later Oligocene volcanism and uplift, and
still later north-trending normal faules associated with basin-
and-range style extension are all a part of the structural scene
along this part of the hingeline. Paleozoic and lower Mesozoic
rocks deformed by the Sevier orogeny are overlain by upper
Mesozoic and Cenozoic strata within the quadrangle.

The purpose of this study is to clarify strucrural and stra-
tigraphic relationships by detailed mapping. Surface dara,
coupled with limited subsurface data obtained from the Placid
Oil Company #1 Howard well, form the basis for a structural
cross section which illustrates subsurface structural and sera-
tigraphic relationships.

The Nephi NW Quadrangle is located in the central part
of Long Ridge, directly west of the southern Wasatch Moun-
tins and the town of Nephi, Utah, about 70 km south of Pro-
vo, Utah (fig. 1).
 Geologic study within the quadrangle was first donc by
Muessig (1951), who mapped the geology of Long Ridge at a
scale of 1:63,360. Black (1965) studied the Nebo thrust, 16 km
to the east, where structural and stratigraphic relationships are
..Sfrnilar to those in this quadrangle. Morris has worked exten-
sively in surrounding areas (Morris 1964, 1975, 1977; Mortis,
'Douglass, and Kopf 1977; and Morris and Lovering 1961,
1979.)

Geologic mapping was done on aerial photographs, scale
1:20,000. Geologic information was transferred o the Nephi

NW Quadrangle map on a scale of 1:24,000. Stratigraphic sec-
tions were measured with a Jacob’s staff and Abney level. Con-
glomerate units were differentiated by cobble counts (fig. 5 and
appendix 1).

STRATIGRAPHY
General Stacement
Rocks of the Nephi NW Quadrangle range in age from
Pennsylvanian to Quaternary and are separated by uncon-
formities produced during Early Triassic, Cretaceous, and Ter-
tiary times. The most marked angular unconformity is that be-
low the Tertiary Orme Spring Conglomerate, which buried
folded Paleozoic and Mesozoic rocks (fig. 2).

Pennsylvanian-Lower Permian Systems
The oldest formation exposed within the quadrangle is of
Pennsylvanian age. Outcrops are limited within this quad-
rangle, but in the quadrangle to the west (Morris 1977), out-
crops of Pennsylvanian-Permian rocks form major ridges.
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Oquirrh Group

The Oquirrth Formation, first named by Gilluly (1932), was
formally raised to group level by Welsh and James (1961). This
paper will follow usage proposed by Welsh and James (1961)
and followed by Morris and others (1977) in the adjacent Fur-
ner Valley Quadrangle. Three formations were included in the
Bingham sequence of the Oquirrh Group: the West Canyon
Limestone, the Burterfield Peaks Formation, and the Bingham
Mine Formation. Morris and others (1977, p. 6-8) added an ad-
ditional formation to the group in the souchern East Tintic
Mountains, the Furner Valley Limestone. This formation was
added to the upper part of the Oquirrh Group because it was
lithologically distinct and dissimilar to the age-equivalent Kirk-
man Limestone (Morris and others 1977, p. 8).

In the central Dog Valley and Long Ridge areas of this
quadrangle, only the upper three formarions of the Oquirrh
Group are exposed. Of these, the Furner Valley Limestone is
most widely exposed. Thickness of the Oquirth Group in the
Furner Valley Quadrangle is given by Morris (1977) to be more
than 5,000 m. A similar thickness probably exists in the Nephi
NW Quadrangle, but these strata are covered with Tertiary
and Quaternary deposits and complete sections are not
available.

Butterfield Peaks Formation. Morris (1977) mapped
2,000-2,300 m of Burterfield Peaks Formation in the Furner
Valley Quadrangle and determined the formation to be of Des-
moinesian age.

Exposures in the Nephi NW Quadrangle are relatively
small; outcrops are confined to two small hills in the west cen-
tral part of the quadrangle (section 7, T. 13 8, R. 1 W). Rocks
on the largest hill are mostly medium to dark gray silty lime-
stone with a strong fetid to petroliferous odor. An outcrop
near the top of this hill conrains a medium gray limestone co-
quina of bryozoans, brachiopads, and crinoids.

The other small outcrop of the Butrerfield Peaks Forma-
tion is located in the NW %4 of section 12, T. 13 §, R. 2 W/,
and is composed mostly of brown-weathering, fine-grained,
highly indurated calcareous sandstone. Small, poorly preserved
brachiopods were the only fossils found cthere.

Bingham Mine Formation. In the Furner Valley Quadrangle,
Morris and others (1977, p. 5) reported 975 m of Bingham
Mine Formation and state that no other formation of the
Oquirth Group in the southern Easc Tintic Mountains con-
tains arenaceous units as thick and as prominent as those of the
Bingham Mine Formation. Morris and others (1977, p. 14) as-
sign this formation a Missourian age, using fusulinids.

In the Nephi NW Quadrangle, only the upper unit of the
formation (unit 41 of Morris and others 1977, p. 16) is ex-
posed. This fine-grained, red-brown, calcareous sandstone,
though poorly exposed, also contrasts markedly with the
younger gray limestones. The Bingham Mine Formation crops
out along the castern portion of section 32, T. 12 §, R. 1 W
Here the exposed Bingham Mine Formation is less than 96 m
thick and is unfossiliferous.

Fumer Valley Limestone. The Furner Valley Limestone in the
Furner Ridge Quadrangle is 1,595 m thick and consists mostly
of limestone and dolomite (Morris 1977). Fusulinids noted by
Morris and others (1977, p. 14) indicate a Missourian age for
the lower 640-700 m, a Virgilian age for the middle 305 m, and
a Wolfcampian age for the upper 672-914 m.

The Furner Valley Limestone within the Nepht NW
Quadrangle is better exposed than older Oquirrh rocks. The
best outcrops arc those north of Dog Valley Pass (fig. 3) and
in Dog Valley. Good outcrops are limited to the upper half of

the formation. The lower part is exposed only in stream gulleys
where it happens to be uncovered by erosion. In the Furner
Ridge Quadrangle (Morris 1977) most of the upper third of
the formation is hydrothermal dolomite and the lower two-
thirds is limestone.

Morris and others (1977) collected fusulinids from the Fur-
ner Valley Limestone on Long Ridge where some of the dolo-
mite units contain silicified fusulinids. They (1977) report
widespread chert nodules in the type section. Fusulinids collect-
ed by them (1977) from Long Ridge were correlated to those
on Furner Ridge to the west. Photomicrographs of these diag-
nostic fusulinids were published by Morris and others (1977)
because they were better preserved than those of Furner and Je-
richo Ridges to the west.

Exposed thickness of the Furner Valley Limestone in the
Nephi NW Quadrangle is about 1,100 m, but the complete
thickness is probably similar to that in the type section
{1,500-1,600 m). Morris and others (1977, p. 8) report that the
upper portion of the limestone is probably correlative with the
lithologically distinct Kirkman Limestone in the southern
Wasatch Mountains. Usage of the Kirkman Limestone for the
Long Ridge area is not appropriate.

Permian System
Diamond Creek Sandstone

In the Nephi NW Quadrangle the Diamond Creek Sand-
stone, as Muessig (1951) described it, is a white to grayish
pink, medium- to coarse-grained, calcareous, quartz sandstone
which crops out in the Dog Valley Pass area (fig. 3), section 9,
T. 13§, R. 1 W, and on the southern end of Sugarloaf in the
center of section 18, T. 13 §, R. 1 W.

The Diamond Creek Sandstone is bimodal and composed
of medium, rounded quartz grains in a matrix of fine sand and
silt, with a calcareous cement. Muessig (1951) reported a thick-
ness of 108 m of Diamond Creek exposed in Dog Valley Pass.
Morris (1977) reported the formation to be between 209 and
267 m thick in the Furner Valley Quadrangle. Black (1965) re-
cords a chickness of 120 m on Mount Nebo to the cast. [ have
used a thickness of 150 m for cross-section construction. No
fossils have been reported from this formation.

Park Gity Formation

The Park City Formation was first named from exposures
in the Park City district by Boutwell (1907, p. 439-58). Morris
(1977) reported that the Park City Formation on Furner Ridge,
10 km west of Long Ridge, is about 530 m thick and conrains
three recognizable members. In the Nephi NW Quadrangle,
Park City Formation crops out south of Utah 132 in Dog Val-
ley Pass (fig. 20). The Grandeur Member is the only member
of the Park City Formation exposed in this quadrangle. The
other members are buried beneath conglomerate of the Tertiary
Goldens Ranch Formation.

The Grandeur Member is 290 m thick on Furner Ridge
{Morris 1977). On Long Ridge, 1 computed a thickness of
about 304 m. The Pack City Formation is regarded as Leo-
nardian-Guadalupian. In this quadrangle, the exposed Park
City Formation is composed mostly of grayish pink, medium-
to coarse-grained, fossiliferous limestone that has a ferid to pet-
roliferous odor.

Trnassic System
General Statement
Only the Ankareh Formation of the Triassic System is ex-
posed in this quadrangle; however, the Woodside Shale and the
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FiGere 3. —Overturned Diamond Creek Sandstone and floaccovered Furner Vallev Limestone, on the north side of Dog Valley Pass, north V2 secion 9. T 13 5, R
W

Thaynes Formation will be briefly discussed because these tor-
mations likely exist beneath che Terrary cover,

Wondsicde Shale

The Woodside Shale, not exposed in rthis quadrangle, was
defined from exposures in Woodside Guleh, Park Ciry district,
Utah, by Bourwell (1907, p. 139-38). The nearest exposure is
north of Salt Creek Canyon, about 10 km cast of the cast edge
of this quadrangle, where the formarion is 305 m thick (Black
1965, p. 64). Black described the Woodside Shale as a red shale
with minor red and greenish silestone and brownish red sand-
stone that 1s fine grained and highly cross-bedded.

Thaynes Limestone

The Thaynes Limestone, originally described by Boutwell
(1907, p. 439-58) from exposures in Thaynes Canyon, Park
Ciry districr, Urah, does not crop out in this quadrangle bur is
concealed beneath Tertary sediments. Black (1965, po o4} re-
corded a thickness of 410 m in excellent exposure north of Sale
Creek Canyon, 10 km east of this quadrangle. There the torma-
tion is interbedded calcarcous red shale, silestone, calaarcous
hrown sandstone, and grav limestone, Siltscone, sandstone, and
shale predominate in che lower halt, bur gray imestone 15 most
common in the upper halt,

Ankareh Shale

The Ankarch Shale was named by Bouowell (1907, p
439-58) trom Ankarch Ridge in the Park Ciey districr, Urnah
Mucssig (1951) masured 175 moof Ankarch Shale south of

Stone Quarry Canyon in the Nephi NW Quadrangle. He de-
scribed the tormarion as a deep red interbedded shale, silescone,
and sandstone with sandstone and silestone predominant. One
conglomerate unit and two units of white to pink coarse sand-
stone break the monotony of the red shale and silestone. Anka-
rch Shale is exposed in small patches in the northease Y of sec-
don 25, T. 13 8, R, 1 W, and the central portion of section 19,
T. 13 8, RO 1T W. Only a partial section 1s exposed because the
tormarion appears to have acted as a glide plane for faulting
during both the Sevier orogeny and larer basin-and-range excen-
ston. No fossils were reported from the tormanon by Black
(1965) or Muessig (1951}, and none were found during chis
study. Reeside and others (1957) designated the Ankarch as
Upper Triassic.

D. Sprinkel (personal communication July 1981) reported
that the Ankarch Formation was recognized ac a depeh of 3,698
m in the Placid Oil Company #1 Howard well. Black (1963,
. 09) reported athickness of 285 m of Ankarch Shale i expo-
sures north of Sale Creek Canvon, 10 km easr of this
quadrangle.

Junassic System

Nugget Sanditone

The Nugger Sandstone was named trom Nuggee station
on the Oregon Shortiine Ruatlroad in- Lincoln County, Wyom-
ing, by Vearch (1907, p. 501

Muessig (1951, p. 00) described the Nugget rocks on Long
Ridge as an orange to brck red, white, and an, stikingly
cross-bedded, medium- o fine-gruned, well-cemented, porous
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FiGure 4.-Orme Spring Conglomerate (Tos) downdropped against overturned Nugger Sandstone (Jn). View along strike of the Nugget Sandstone (Jn) is tow;_lrd
the northeast; Mount Nebo in the distance. The fault that places the Orme Spring Conglomerare (Tos) against che Nugger Sandstone (Jn) follows the strike
of the Nugger along the northwest side of the cuesta.

sandstone. Muessig also noted that irregular areas of Nugget
Sandstone have been bleached white, an observation confirmed
by this author. Nugget Sandstone crops out on the southeast
side of the northeast-trending lineament (section 19, T. 13 §,
R. 1 W, and section 25, T. 13 §, R. 2 W), in the southeast side
of the quadrangle (fig. 4). D. Sprinkel (personal commu-
nication July 1981) reported that upper Nugget Sandstone cut-
tings were returned from about 3,100 m in the Placid Oil Com-
pany #1 Howard well.

Cross-bed sets in the sandstone are 1-2 m thick. The rocks
are pale to moderate reddish brown, excepr where hydro-
thermal activity has occurred, and the color is a grayish pink.
Most of the sandstone is fine grained. Thickness of exposed
Nugget beds in the quadrangle is abour 400 m. The Nugget
Sandstone is probably of Early Jurassic age, though there is no
fossil evidence to substantiate this probability. Fossils found in
the overlying Twin Creek Limestone (Arapien equivalent) are
Middle Jurassic (Imlay 1967). Black (1965, p. 66) noted well-
exposed Nugget Sandstone 15 km east in Sale Creek Canyon,
Utah. He described the sandstone as moderately well bedded o
massively cross-bedded, porous, friable to compact, and orang-
ish pink to white.

Avapien Shale

The Arapien Shale is not exposed in this quadrangle, nor is
it exposed to the west. However, about 1,500 m of diapiric Ara-
pien Shale 1s present in Salt Creck Canyon east of Nephi, Utah
(Black 1965). Thickness of the Arapien Shale is questionable in
the Nepht NW Quadrangle.

I have followed Spicker’s (1946, p. 122-25) usage and have
designated the upper Arapien Shale as the Twist Gulch Mem-
ber (600 £ m thick) and the lower part as the Twelve Mile
Canyon Member (1,100 m thick).

D. Sprinkel reported (personal communication July 1981)
that about 1,700 m of interbedded limestone, shale, and evapo-
rites (gypsum and salt) of the formadon were encountered in
the Placid Oil Company #1 Howard well.

Cretaceous System
General Statement

Strata of possible Cretaceous age in this quadrangle have
been correlated by previous workers with the Price River and
Indianola Formations. The Indianola Formation was originally
described by Schoff (1938, p. 378} as a thick sequence of con-
glomerate, sandstone, shale, coal, and limestone exposed near
Indianola, Utah. The Indianola Formation is overlain by the
Price River Formartion, which has been described as a series of
interbedded sandstone, shale, and coal in its type section (Spic-
ker 1946).

Young (1976) noted chat the Cretaceous conglomerate in
the Billies Mountain Quadrangle near Thistle, Utah, is quite
different from rocks of the Indianola and Price River Forma-
tions and left the Cretaceous conglomerate undifferentiated
there.

In the Nephi NW Quadrangle, rocks of probable Cre-
taccous age are also unlike the Indianola and Price River For-
mations, and so the conglomerate of probable Cretaceous age
will be informally called here Conglomerate of Spring Canyon.
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Conglomerate of Spring Canyon

Conglomerate of Spring Canyon (informal local name) is a
cliff-forming, red-brown conglomerate consisting mostly ot
lower Paleozoic limestone clasts, but with common Cambrian
quartzite clasts (fig. 5). The lower contace of this formation is

METROS

quartzite conglomerate and red sandstone of probable Late Cre-
taccous to Paleocene age. The Conglomerate of Spring Canyon
is the oldest conglomerate exposed in the quadrangle and may
be correlative with the upper part of the Indianola Formation
or the Price River Formation, as is Young's (1976) Creraceous

not exposed. This formation lies disconformably below red

conglomerare.

Upper K - P
aleocene n . . .
Paleocene (?) Palﬁe ® | Oligocene | Oligocene | Oligocene
(?) '
Conglomerate [Red Narrows | Orme Spring [Goldens Ranch|Goldens Ranch Cazier
IConalome of Conglomerate|Conglomerate| Unit Q of Unit V of Canyon
ate Spring Hall Canyon | Hall Canyon | Agglomerate
Canyon Member Member
ClosyMuirix 80% 65% 85% 80, 80% 60%
Ratio / 20% 35% °/ 15 % °/ 20% 20% / 40%
Degree moderately
gf highly moderately to po:w;ly po:a;ly moderately
Lithification] SohEdlidated | consglinsted highly 1, nconsolidated unconsolidated capsolidates
consolidoted
General moderate moderate |grayish orange| yellowish yellowish medium gray
Color orange redish orange to gray gray to
brown brown dusky yellow red gray
Quartzite o o o
Clast 30-35% 75-80% 15-30% | 60-75% | 55-60% 0-10%
o
"'C"l‘:::ﬂ;e 65-70% | 20-25% | 70-85% | 35-40% | 10-15% 0-1%
(=]
Volcanic o o
Clast % < o £ & 25-30% 90-100%
Eocambrian
Quartzite rare common rare present present absent
Clasts
Topographic small cliffs slopes, [rounded knobs slopes,
_ and ledges | ledges,and and some slopes slopes ledges,
E xpression small cliffs | ledges and cliffs
% Boulders
greater than| 1.49% 2.65% 1.14% 3.05% 5.45% < | %
25¢cm.

FIGURE 5.~ Conglomerate characenstoe companson chart thatillustraces the ditferences berween the conglomerates exposed o the Nephr NW Quadrngle.




Conglomerates of similar stratigraphic position and lith-
ology are exposed near the northwest corner of the Moroni
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NW Quadrangle (W. Jefferson personal communication July

1981} and may correlate with the Conglomerate of Spring Can-
yon. A western correlative may be the lower portion of the
Conglomerate of Leamington Pass in the Champlin Peak

43

Quadrangle (J. Higgins personal communication October
1981) (fig. 6).

The Conglomerate of Spring Canyon occurs only in the

narrows of Spring Canyon and in the small canyon north of
Spring Canyon in section 21, T. 13 §, R. 1 W. Clasts from this
conglomerate are 70 percent lower Paleozoic limestone and 30

Morris and
This Thesis| Lovering Muessig | Lambert Higgins (Stolle (1978){ Vogel (1957} Gilliland
Age | Nephi NW |(1961,1979), (1951) (1976) (in press) |east side of| southern (1951)
Quadrongle|Morris{1977)|Long Ridge| southern | Champlin [the Canyon|Juab Valley| Gunnison
Tintic Dist., Long Ridge|Peak Quad.| Range Quadrangle
Furner Rdg.Q}
Co;;_pe'(?polis Copperopolis
Cazier mperr:olste(l‘g'f'ﬂ qune
Conyon or middle (197 7) Middle
Agglomerate agglomerate Agglomerate
member Member
? 8ald Knoll
Copperopolis | Copperopolis . Formation
Latite upper Lotite upper
flow member | flow member
oy ?
Muessig's (1951) :
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Fraure 6. —Conglomerate correlation chare which illustrates how conglomerates from the Nepht NW Quadrangle may correlare with units of similar rocks reported

by previous workers
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percent Cambrian quareziee, Clasts make up 80 to 85 percent of

the conglomerate, and the rese is sandy matnix that s pale
brown, fine- to coarse-gramned, rounded o subrounded quartz
and quartzite grauns. No sandstone lenses were noted within
the unit. The (nnglnmu.ue ot Spring Canyvon crodes to sub-
dued rounded clifts but s hsrm;,unh.lblc trom other con-
glomerates by differences in clast composition (fig. 5. Exposed
thickness 1s calculated to be about 45 m

I.‘p!\cl (.':rct:lm'nu.w—'I‘vrti‘n_\ (Paleocene) Systens
General Statement

Muessig (1951, p. 713 described the dark red conglomerace
and sandstone exposed on Long Ridge as North Horn Forma-
tion because it had become “common practice” o call red
sandstones 1n the Upper Cretaccous the Norch Horn Forma-
rion, even though the \uhmuns are "not evervwhere svnchro-
nous with the type tormation”’

Lambere (1976, p. 13) noted that red conglomerate, sand-
stone, and siltscone mapped by Muessig (1951) as North Horn
Formation in the West Hills, case of Sage Valley in the Nephi
SW Quadrangle, are certainly unlike rocks of the North Horn
type section.

Red sandstone and conglomerate exposed mostly on Long
Ridge, cast of Spring Cinvon in this quadrangle, are not like
those of the type section of the North Horn Formation, and
should not be included there (J. R, Bushman personal commu-
nication September 1981).

Stolle (1977, p. 129 reported chat the conglomerate he dif-
terentiated as unit A in the Canyon Range is probably the same
as those mapped as the North Horn Formation by Muessig
(1951) on the basis of lithology and color (tig. 6).

Red Narrows Conglumerate

The Red Narrows Conglomerate was named from expo-
sures of interbedded quartzite-boulder conglomerate, red sand-
stone, and siltstone in Spanish Fork Canyon by Young (1976,
. 220-26). He noted that these rocks uncontormably overlic
tolded Middle to Upper Creraccous units that correlate with
the Indianola and Price River Formadions. Young chought that
the middle part of the Red Narrows Conglomerate is probably
equivalent to the North Horn Formation.

In rthe southaastern porton of the Nepht NW Quad-
rangle, exposures of red siltstone, sandstone, and mng,lnmcr-ar(‘
dominate. These exposures were mapped by NIUL\\[}\ 1951) as
North Hom Formation. 1 believe thar, because of the differ-
ence in composition of these rocks and the type North Homn
beds and their simularity o Young's Red Narrows Con-
glomerate, these rocks should be included in the Red Narrows
Conglomerate,

On Long Ridge, the Red Narrows Conglomerate is about
50 percent conglomerate and S0 percent sandstone. Con-
glomerate beds are composed mostly of quarezite clases thar
range trom small pebbles to boulders (0.9-1.2 m) (fig 7). Fig-
ure 5 illuserares clast compansons of this conglomerare with
the other conglomerates of the quadrangle, Quartzite clases are
mostly Cambrian; however, Precambrian clasts are also com-
mon. About 80 to 895 pereent of the clasts are quartzice. Com-
bined upper and lower Palcozote Timestone clasts make up
to 20 percent of che casts, Sandstone cobbles were not ob-
served in the Red Nurrows Conglomerate.

Topographic expression of this tormation s principally
rounded hills and gullies. Rare exposures of channel-All sand-
stone and conglomerate occur arregularly  throughout the
mapped exposures (g 810 Most of the tormaton makes cicher

MEIBOS

Fieure 7.-Closeup of Red Narrows Conglomerate illustrating the pre-
domimance of quartzite dasts, degree of rounding, and the limited num-

135, Ro1W

ber of limestone clasts in section 343, T

bright red sandy slopes covered with sparse vegeration or sub-
dued reddish slupu strewn with quartzite boulders and red
sand. Limited observations suggest char this formation may
represent an alluvial fan deposit that accumulated along the
foot ot the Sevier highland, which was a short distance to the
west or northwest.

No fossils were found in the Red Narrows Conglomerate
in this quadrangle. However, Muessig (1951, p. 73) reported
the occurrence of gastropods in the West Hills 8 km to the
south. The Red Narrows Conglomerate can be distinguished
trom other conglomerates in this quadrangle by the abundance
ot both Precambrian and (fnmhrizm quartzite cobbles and the
deep red to bright red, poorly consolidated sandstone (fig. 7).

Upper Paleocene (21 senes
Orme Sprng Conglomerate

The Orme Spring Conglomerate (new formal name) is here
named trom exposures of a predominately limestone-clast con-
glomerate exposed in the south central portion of the Nephi
NW Quadrangle, Juab County, Utah, The type section for this
tormation s in the northeastern corner of secoion 31, T, 135,
R. 2 W. A cobble count at the type locality was made 244 m
woest and 152 m south of the northwest corner of section 6, T
19 8, Ro 1 W Exposures are poor, so the southeast ' of the
southeast M of seciion 31, T 13 8, RO 1 W, 1s here designated
as the type area. Reterence lodilines tor the Orme Spring Con-
glomeraee melude NW W SW Y of secnon 33, 1. 13 8, Ru
W (near Orme Spring), and SE 4 NE 1 NW 5 section 38,
To13 8, RO W (cobble count done here),

I the type arca (hg. 9) the Omme Spring Conglomerate is
composed of 75 to V0 percent conglomerate and typically torms
rounded knobs (tig. 9). Coarse sandstone lenses crop out here
and there within the tormanon and torm low ledges. The
Orme Spring Conglomerate can be distnguished trom other
conglomerate umits 0 the Nephi NW Quadrangle by com-
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FIGURE 8.—Conglomerates lens in the Red Narrows Conglomerate on the cast side of Long Ridge (section 34, T. 13 8, R. 1 W) The mountain in the distance is

the northern end of Mount Nebo.

pating the following: percentage ratios of marrix o clasts;
composition and percentage of clasts; stratigraphic position;
topographic expression; and shape and size of clasts. Of these
criteria, some are better than others for distinguishing certain
conglomerates within the quadrangle. All of these criteria,
however, work well in characterizing the Orme Spring
Conglomerate.

As figure 5 indicates, the Orme Spring Conglomerate con-
sists of 10 to 15 percene macrix and 85 to 90 percent clasts.
Sorting generally is poor to fair, and bedding surfaces are rare,
The matrix generally consists of medium- to coarse-grained,
subangular to subrounded grains of mostly quartz, quartzite,
chert, and lesser amounts of limestone, Matrix in the type area
is grayish orange to dusky ycllow,

Clast composition is the most readily apparent character-
istic. Cobble counts from two widely separated parts of the
quadrangle (appendix 1) indicare that 65 to 75 percent of the
clasts are upper Palcozoic limestones, many of which are fossili-
ferous. Of these, some contain fusulinids, an indication that
they are probably from the Oquirth Group. Quartzose clasts
make up 25 to 35 percent and include both metamorphic quar-
tzite (70 percent) and very hard calcareous sandstone (30 per-
cent). Clasts are mostly subangular to subrounded in the type
area. The degree of rounding varies locally, as do the size and
compaosition of clast. The reasons tor chis vardance are discussed
below.

The upper formation boundary is not preserved in the type
section but is exposed in nearby areas, The Orme Spring Con-
glomerate is overlain near the type area by quarczite-rich, tuf-
faceous conglomerate and limestone of the Goldens Ranch For-
mation. Elsewhere, near outcrops of the overcurned Nugget
Sandstone, in secon 17, T. 13 8, R. 1 W, the Orme Spring
Conglomerate is overlan by lacustrine limescone. A small lens

of a biotie ash-flow cuff also appears to overlie the Orme
$pring Conglomerate in a small canyon west of Spring Canyon
in section 21, T. 13 §, R. 1 W. These different unics overlying
the Orme Spring Conglomerate denote an erosional dis-
conformity with younger strata. The basal stratigraphic bound-
ary, likewise, is not exposed in the type area, but the Orme
Spring Conglomerate unconformably to disconformably over-
lies several formations in various parts of the quadrangle. The

FiGure 9 - Topogrphic expression of the Orme Spring Conglomerate in ity

ype aren; SE 44 section 31, T 135, RO W
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and stem tragments, which Roland Brown identified as
follows:

Equtsetum sp. (horsctail)

Sabalities sp. (palm)

Koelreuteria nigricans

tragments of other dicotyledons
Brown (in a letter quoted by Muessig 1951, p. 99) also noted
some freshwater mollusks.

Common leaf, twig, and rare branch impressions were also
found at various locations chroughout the quadrangle during
my study, but no generic identification of these fossils has been
made. Representative samples of some of the leaves and reeds
collected are shown in figure 11

Muessig (1991) noted only the mollusks mentioned in
Brown’s letter concerning his leaves. No other mention s
made of mollusks from the Sage Valley Limestone by him or
previous workers.

Several speamens of ditferent species ot treshwacer gastro-
pods (tig. 11E) were collected during the present scudy. They
have been examined by John Hanley (personal communication
Seprember 1981). He rentanvely identified three of the spedi-
mens as Lymnaed, species indeterminate; Lymnaeidae, genus
and species indeterminare; and Gastropoda, genus and species
indeterminate. Hanley suggested that these gastropods were
probably from deposits of a shallow, treshwater pond or small
lake. The Iimited areal exposures of the Sage Valley Limestone
Member, as well as its lenslike nature, supports this possibility.

Thickness of the Sage Vallev Limestone Member is some-
what irregular throughour the quadrangle. Mucessig (1951, p.
186) reported an unbounded thickness of 45 m in its type sce-
ton, and in the type area for the Goldens Ranch Formation he
reported an unbounded thickness of only 30 m for the Sage
Valley Limestone Member. My reference section 1 includes 80
m of Sage Valley Limestone, buried by alluvium at the base,

FIGURE 11

3% 2x

Representative samples of the flora and fauna of the Sage Valley Limestone Member of the Goldens Ranch Formation. Leaves (A-DY) and twig or reed

(F) are umdentfied. Gastropods (E) are Lymnacidae, genus and speaies indeternunare
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with a volcanic agglomerate at the top (section 24, T. 13 S, R.
2 W). In reference section 2, however, the limestone 1s only 30
m thick, lies on unit Q of the Hall Canyon Conglomerate
Member, and is overlain above by volcanic agglomerate (section
29, T. 13 §, R. 1 W). Several small exposures of this limestone
differentiated on the geologic map are beds only 5 to 8 m
thick. Some additional limestone exposures were not mapped
because they are too small. The Sage Valley Limestone Member
of the Goldens Ranch Formation ranges between 0 and 80 m
thick in this quadrangle.

The Sage Valley Limestone Member overlies several lith-
ologic units with erosional unconformity. In the SW 14 of the
SE 14 of section 17, T. 13 S, R. 1 W, the limestone overlies the
Orme Spring Conglomerate. On Sugarloaf, in the middle of
Dog Valley, Sage Valley Limestone angularly overlies folded
Furner Valley Limestone. In the type area, Sage Valley Lime-
stone overlies units Q and V of the Hall Canyon Conglomerate
Member.

The Sage Valley Limestone Member generally forms ledgy
slopes but some of the thicker, more massive sections of the
limestone form small (3-m-high) cliffs, which cap several hills
throughout the quadrangle. Where thinner portions of this
limestone are eroded, only small chunks of limestone lie irregu-
larly scattered over the slope.
~ In the SE % of the SE Y of section 24, T. 13 5, R. 2 W,
the Sage Valley Limestone Member is overlain by a lens of ash-
flow ruff (fig. 12) that contains doubly terminated quartz crys-
tals. This tuff fits the description and looks the same as the
Fernow Quartz Latite mapped in the Tintic Mountain and Fut-
ner Ridge Quadrangles by Morris (1975, 1977). Morris (1975)
concluded that the Fernow and Packard Quartz Latites arc tem-
porally equivalent. Morris and Lovering (1979, p. 34) later re-
potted that the Packard Quarez Latite yielded isotapic ages be-
tween 328 my. * 1 my. and 32.07 my. £ 1 m.y. This
finding suggests that the Sage Valley Limestone Member is no
younger than Packard or Fernow Quartz Latites. Because the
Sage Valley Limestonc Member overlies the Chicken Creck
Tuff Member, which Evernden and James (1964) dated at 33.2
m.y., the limestone should also be no older than 33.2 m.y.
(middle to upper Chadronian).

Fernow Quartz Latite

The Fernow Quartz Latite was first described as the Fer-
now Rhyolite by Tower and Smith (1899), from exposures in
Fernow Canyon in the southern part of the Tincic district.
Morris (1957) later idencified it as a quartz larire.

Hand samples of the unit from both the Nephi NW and
the Furner Ridge Quadrangles appear to be rhyolitic, but no
detailed chemical or petrographic analysis were undertaken.

The Fernow Quartz Latite crops out in only one small area
in the quadrangle (fig. 12), where it overlics the Sage Valley
Limestone Member of the Goldens Ranch Formartion. This pre-
served lens of Fernow Quartz Latite is small and only about 20
m thick. Modal analysis suggest the ash flow consists of 20 per-
cent doubly terminated quartz phenocryses, 10 percent sanidine
phenocrysts, up to 5 percent lithic fragments, and 1 to 2 per-
cent biotite phenocrysts. The lower pare of the flow, above the
Sage Valley Limestone Member, contains angular dark andesitic
fragments, 5 to 8 cm in diameter, surrounded by flow material
described above, These andesitic cobbles and boulders are prob-
ably from flows older than cither the Fernow Quartz Latite or
the Chicken Creck Tutf.

The Fernow Quartz Latite is thought to be equivalent to
the Packard Quartz Latite of the Tintic district (Morris 1975)

FIGURE 12.—The Sage Valley Limestone Member (TFos) of the Goldens Ranch

Formation is averlain by the Fernow Quartz Latite (Tfg) and the Cazier
Canvon Agglomerate (Tea) in secrion 24, T. 13 §, R 2 W Dog Valley,
Furner Ridge, and the Tintic Mountains can be seen in the distance.

and is probably the same age (32.8 to 32.07 m.y.).

Morris and Lovering (1979, p. 34) reporced that rare fossils
of aquatic plants occur in basal tuffs of the Packard Quarrtz La-
tite in the Tintic district, These tuffs may correlate with upper
beds of the Sage Valley Limestone Member of the Goldens
Ranch Formation, which also contain plants from a marshlike
eftvironment.

The sequence of ash-flow tuff overlying sedimentary rocks
containing aquatic plants in this quadrangle, as well as in the
Tintic district, may additionally support the conclusion that
the Fernow and Packard Quartz Latites are temporally
equivalent.

The Fernow Quartz Latite is overlain by the upper ag-
glomerate member (after Morris and Lovering 1979) of the
Copperopolis Latite, named the Cazier Canyon Agglomerate in
a following section.

Copperapolis Latite of the Tintic Mountain Volcanic Group

The Copperopolis Latite is the oldest of chree formations
that belong to the Tintic Mountain Voleanic Group (Marris
and Lovering 1979). The Copperopolis Latite was named from
exposures in Copperopolis Canyon, in the west central part of
the Fast Tintic Mountains. Morris (1975) imially informally
referred to the Copperopolis Latite and four informal members.
In the type area, three informal members are recognized: (1) a
lower agglomerate and spatter breccia, (2) a middle cuff mem-
ber, and (3) an upper flow member (Morris and Lovering 1979,
p. 36). The three listed above are exposed in the type section,
but the fourth, called the middle agglomerate member by Mor-
ris (1975, 1977) and also called the uppermost agglomerate by
Morris and Lovering (1979), does not occur in the type area in
the Tintic Mountain Quadrangle.

This uppermost Copperopolis Latite agglomerate unit of
Morris and Lovering {1979) and the underlying flow member
are both exposed in the Nephi NW Quadrangle, but lower
members are not exposed. Only small outcrops of the upper
Hlow member were identified (fig. 20). The upper flow member
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crops out in small lenses in the northern part of the quad-
rangle, where it is aphanitic (almost glassy) and reddish brown.

The upper agglomerate uncontormably overlies older rocks
north and southwest of Dog Valley Pass {fig. 20), and it ranges
from 10 m to 230 m thick. Greatest thicknesses are in the
northern part of the quadrangle, where abour 230 m are
exposed.

Morris and Lovering (1979} concluded that uppermost
Copperopolis rocks intertinger with the lacustrine Sage Valley
Limestone toward the south, apparendly including the Nephi
NW Quadrangle.

The upper pare of the Copperopolis Latite probably does
not interfinger with the lacustrine sediments of the Sage Valley
Limestone. Firstly, the intervening Fernow Quartz Larire over-
lies the Sage Valley Limestone in the Nephi NW Quadrangle,
and, secondly, the Sage Valley Limestone does not overlie the
upper agglomerate of Morris and Lovering (1979) anywhere in
the quadrangle.

However, where the Sage Valley Limestone Member s
overlain by a rock stratigraphic unit, it is generally overlain by
the upper agglomerate of Morris and Lovering (1979).

I think that, because the upper agglomerate member is not
exposed at the type section of the Copperopolis Latite, it
should not be included as part of the Copperopolis Latite. It
should be given status of its own in spite of genetic relation-
ships which it may have with members of the Copperopolis La-
tite. Rather, I suggest thar the Copperopolis Latite be restricted
to the three members in the type locality described by Morris
and Lovering (1979). T also propose that the upper agglomerate
of Morris and Lovering (1979) be given formarion status.

Cazier Canyon Agglomerate

The Cazier Canyon Agglomerate is here named from thick
exposures of volcanic agglomerate (fig. 13) that are lithologi-
cally distinct from other rocks in this quadrangle and mappable
at a scale of 1:24,000. It is 230 m thick in the type section in
Cazier Canyon, located mostly in the NE %4 of section 23, T.
12 8, R, 1 W, Nephi NW Quadrangle, Juab County, Urah.
The section begins in the bottom of Cazier Canyon, near the
southeast corner of the NW 14 of section 28, and exrends to
the top of the ridge in the SW 1, 8W 14, SE la of section 21,
allin T 12§, R 1 W,

This volcanic agglomerate (fig. 13) consists mostly of dark
red and light to grayish pi~k volcanic clasts. The composition
of the clasts is quite varied; however, clasts of dark red andesite
seem to predominare. Lesser amounts of aphanitic, gravish la-
tite (7) are also common. A cobble count made about =20 m
south of the type section verified that the agglomerate contains
100 percent volcanic clasts. Most of the clasts are angular to
subangular. The agglomerate is abour 60 percent clasts and 40
pereent marrix. Most of the formation is poorly sorted and not
well bedded. No depositional structures were observed. The Ca-
zicr Canyon Agglomerate near the type area is homogenous as
to the size, shape, and composition of the clasts, and the clasts
to matrix ratio is about the same throughout the quadrangle.

In the type area, the Cazier Canyon Agglomerate is well
consolidated and is exposed as steep ledges and clitfs. However,
south of the type area the agglomerate becomes semi- o poorly
consolidated and thins away from its source, South of secrion
33, T. 128, R 1 W, the agglomerate 1s so poorly lithified and
thin (4 to 8 m chick) thar quartzite boulders from underlying
Goldens Ranch Formation are occasionally seen mixed with the
voleanics. Although quartzite clases are locally present, voleanic
clasts sull account for ar least 90 percent of the tragments
throughout the areal extent of the formation.

Ficure 13.—Closeup ot the Cazier Canvon Agglomerate illustrating angularity,
size of volaanic dasts, and character ot the marnx in section 28, 1012 8,
R W

The Cazer Canyon Agglomerate unconformably overlies
older rocks in the northern and southwestern parts of the
quadrangle. No exposures occur east of Sage Valley or in Dog
Valley Pass.

The Cazier Canyon Agglomerate is the uppermost Tertiary
umt in the Nephi NW Quadrangle and is locally covered only
by Quaternary alluvium or colluvium. Younger Tertiary forma-
tions are exposed in the Tintic Mounrtain Quadrangle and the
Eurcka Quadrangle to the northwest.

Summany of Tertary History
This paper supports the proposal by Morris (1975) and
Morris and Lovering (1979) that a caldera existed northwest of
this study area during Tertary tume. Volanie material in the
Nephi NW Quadrangle probably came from cruptions in the
Tintic diserice.

Quaternany Deposits

Older Alluvium

Older alluvium as mapped in chis quadrangle consists
mostly of unconsolidated alluvial fan sediments deposited dur-
ing basin-and-range extension. Maost of these fan sediments are
now covered by more recent alluvium and colluvium. Older al-
luvium is cxpnscd only in areas where recurrent uplite along ba-
stn-and-range faules has exposed the older, unconsolidated sedi-
ments, These older tans are composed mostly of poorly sorted,
unconsolidated sand, sile, clays, and local pebble- ra boulder-size
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clasts of adjacent outcropping units. The best exposure of this
older alluvial fan material is on the west side of Dog Valley
Pass in roadcuts along Utah 132, The deposits exposed are
about 10 m thick.

Younger Alluvium, Colluvium, and Landslide Debris

Younger alluvium was mapped separately from colluvium
and landslide material, but no attempt was made to differen-
tiate the colluvium from landslide debris. Younger alluvium
consists mostly of fan sediments from the mountains and hills
of Long Ridge that were shed eastward into Juab Valley and
westward into Dog Valley. These deposits accumulated follow-
ing the last major basin-and-range uplift. Colluvium and land-
dide debris are generally seen on steeper slopes.

Stratigraphy Conclusions

Rock units in the Nephi NW Quadrangle can be divided
into five groups that retlect different depositional environ-
ments. Paleozoic sediments were deposited within a marine en-
vironment. Mesozoic rocks generally reflect mixed marine and
nonmarine continental margin deposition. Tertiary and Qua-
ternary rocks represent terrigenous deposition of three different
kinds. First are the conglomerates deposited in association with
the Sevier orogeny. Second is volcanic material deposited in as-
sociation with volcanism of the Tintic area. Third and lasc are
deposits of sediments along the mountain ranges formed by ba-
sin-and-range extension.

STRUCTURE

General Statement

Structural relationships within the Nephi NW Quadrangle
are represented by four different phases of regional structural
development. The first phase is represented by Pennsylvanian
through Jurassic sedimentary rocks which indicate that a struc-
turally stable setting predominated, uninterrupted by major
structural deformation or uplift throughout that time incerval.
The second phase of structural involvement is represented by
the major thrusts and folds of the Sevier orogeny, which affect-
ed the area in late Mesozoic time. Creraceous sediments shed
from the Sevier highlands and deposited in chis quadrangle are
mostly conglomerate, with lesser amounts of sandstone and
siltstone. Highlands formed during the Sevier orogeny contin-
ued to shed sediments during the time when Laramide uplifts
were developing in eastern Utah. The third struccural phase is
associated with Oligocene volcanic activity in and around che
Tintic district. Poorly exposed, east-trending normal faules may
be part of this phase. The fourth and final phase is character-
ized by the north-trending normal faules of basin-and-range af-
finity. Of these four phases of structural involvement, only the
last three will be discussed in decail.

Sevier Orogenic Phase

The Sevier orogeny deformed lower Cretaceous rocks (prov-
en by lower Cretaceous pollen found in sandstone cuttings im-
mediately below synorogenic conglomerates in the #1 Howard
well [D. Sprinkel personal communication 1981}) and all older
rocks in western Utah and formed folds and thrust faules in
this area. Overturned fold relationships are easily documented
in the Dog Valley Pass area (fig. 20), where younger Permian
Park City Formation is apparently overlain by the older Per-
mian Diamond Creek Sandstone and the Pennsylvanian-Per-
mian Furner Valley Limestone. Additional overturned relation-
ships are shown at the south end of Sugarloaf, where the

Furner Valley Limestone apparently overlies the Diamond
Creek Sandstone, and along the northwest-facing exposure of
the Nugger Sandstone (south of Sugarloaf), where the Anka-
reh shale apparently overlies the Nugget Sandstone.

The only areas where northeast strike and northwest dip do
not predominate in Mesozoic or Paleozoic rocks are along the
western edge of Long Ridge and in outcrops west and north-
west of Sugarloaf (fig. 20). Aleng the western edge of Long
Ridge, the strike changes gradually from N 65° E near Dog
Valley Pass to N 10° E in the NE % of section 32, T. 12 §, R.
1 W. The dip also changes from 55° N¥ to 25° WINW. This
change in artirude may represent a change in orientation of a
major fold axis buried beneath Mesozoic-Cenozoic con-
glomerates and/or Juab Valley alluvium. The change may also
represent a secondary strucrure on a larger fold. No additional
evidence was gathered to support either relationship.

West and directly norchwest of Sugarloaf (fig. 20) Paleo-
zoic sediments strike N 687 W and dip an average of 45°
southwest. These rocks and two additional small outcrops west
of Sugarloaf appear to be lying in normal stratigraphic order
(not overturned). :

Placid Oil encountered moderately dipping beds of Arapien
Shale, Nugget Sandstone, and Ankareh Shale in the #1 How-
ard well (NW 4 of section 5, T. 14 S, R. 1 W). These rocks
dip to the northwest and are not overturned. The top of the
Nugget Sandstone was encountered in the Placid Oil #1
Howard Well at a depth of 3,250 m (D. Sprinkel personal com-
munication July 1981).

Stratigraphic and structural information from the Placid
Oil Company #1 and #2 Howard wells was combined with
surface data to construct a cross section (fig. 20}, which shows
that the overrurned rocks ar the surface and those found in the
well are part of the same fold (figs. 14, 20). This interpretation
is substantiated by drill stem test dara of the Nugget Sandstone
in the #2 Howard well. The drill stem test recovered a “flush
of fresh water” from the Nugget at a depth of 3,130 m (D.
Sprinkel personal communication September 1981).

The cross section (fig. 20) portrays the nature of Sevier
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FiGure 14.=The lower part of an overtumed fold that generally represents Se-
vier told relationships in the Nepht NW Quadrangle,
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style tolding and thrusting within this quadrangle. Of the two
thrusts shown in the cross section, only one 1s cxp(‘)scd at the
surface. It reaches the surface (fig. 20) berween Sugarloat and
the hill immediately northwest of Sugarloaf in section 7, T. 13
S, R. 1 W. Rocks on Sugarloaf are overturned, strike 657
northeast, and dip 55° to 65° northwest. Rocks on the hill
northwest of Sugarloaf are probably not overturned, strike 657
northwest, and dip 457 southwest. Dips on this hill, as well as
on the other small outcrops noted above, indicate a signiticant
structural break berween this hill and Sugarloaf.

Muessig (1951) mapped the relationship between these two
hills as a normal fault. However, the structure illustrated in the
cross section (fig. 20) better fits the observed data. Boch the
dip directions described above and the lithologic character of
the small hill in the alluvium norch of Urah 132 (fig. 20) verify
the proposed conclusion.

Dip directions and lithology are not the only evidence used
to establish existence of a thrust norchwest ot Sugarloat. Fu-
sulinids from the hill northwest of Sugarloaf and south of
Utah 132 date rocks there as Desmoinesian-Missourian. Rocks
on Sugarloaf, however, are overturned and include Wolf-
campian-age Diamond Creck Sandstone on the south end of
the hill (fig. 20). The Sugarloaf thrust places upper Des-
moinesian-Missourian rocks over Wolfcampian rocks, as illus-
trated in the cross section. This thrust may be part of an imbri-
cate secondary sheet associated with a larger thrust, or it may
be a regional thrust in and of itself.

A second thruse fault is shown on the cross section (fig.
20) near the base of the Nugget Sandstone in the Ankarch
Shale (section 19, T. 13 8, R. 1 W). This fault trace is covered
by Tertiary sedimentary rocks within the quadrangle. However,
the thrust is interred by stratigraphic relationships. The Dia-
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mond Creek, Park City, Thaynes, Woodside, and Ankarch For-
mations have a local combined thickness of 1,700 m (Black
1965, Morris 1977, and Muessig 1951). The horizontal distance
berween the bottom of the Diamond Creek Sandscone OUrCrop
on the south end of Sugarloaf and the bottom of the Nugger
Sandstone in the NW Y of section 20 (T. 13 S, R. 1 W) s
only 1,450 to 1,500 m. This distance is not enough to account
for the combined thickness of Permian and Triassic rocks thar
should be present in the subsurface. A thruse faulr whose trace
is bunied beneath the Teruary rocks would account for che dis-
tance-thickness discrepancy.

Occurrence of such a fault below the surface is also sug-
gested by the relationships of the normal faules which are paral-
lel to the strike of the Nugger Sandstone. The trace of the
main fault near the Nugger outcrop is evident on both the
topographic map and in aerial photos of the quadrangle. The
Quaternary normal faules paralleling the Nugget outcrop have
appatently moved in recurrenc fashion along a thruse plane. Se-
vier-style folds and chruses in this quadrangle may be related to,
or arc a continuation of, the Nebo thrust (mapped by Black
1965). Faults in this quadrangle may also represent small imbri-
cate sheets of a larger chrust concealed ar depths greater than
4,000 m.

Relationships of Sevier faules chroughout the cencral Utah
overthrust region (fig. 15) were summarized by Burchfiel and
Hickcox (1972). Precambrian to lower Paleozoic rocks are
thrust over lower to middle Paleozoic rocks, Cambrian to
middle Paleczoic rocks are thrust over upper Paleozoic rocks,
and upper Paleozoic rocks are thrust over lower to middle Me-
sozoic rocks. These relationships are not seen everywhere; how-
ever, most of the thrust relationships reported in this region
come close to these general relationships. Figure 16 is a region-

Faugre 15 Generalized regronal thrust refanionstnps exposed i the “hangeline” area of central Urh (ateer Burchtiel and Hickeos 19723
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al map which shows similarities in these Sevier faults reported
by previous workers. The three different belts of connected
faults are delineated by thrust relationships:

1. The westernmost part of the thrust belt is characterized
by areas where Precambrian to lower Paleozoic rocks are
thrust over younger rocks.

2. The central part of the thrust belt includes areas where
muddle to upper Paleozoic rocks are thrust over middle
to upper Paleozoic rocks or where the Manning Canyon
Shale has been attenuated or obliterated.

3. The easternmost part of the chrust belt includes the
areas where upper Paleozoic to lower Mesozoic rocks are
thrust over middle to upper Mesozoic rocks.

The correlation illustrated in figure 16 does nort follow pre-
vious Interpretations and correlations. The reader is, therefore,
referred to work done by Morris (1979), Burchtiel and Hickcox
(1972), and Armstrong (1968) for addirional incerpretations.

The most recent model for Sevier orogenic deformation
was proposed by Hose and Danes (1973). They suggested that
differential uplift in central Nevada produced gravity-induced
attenuation thrusts of younger strata over older in eastern Ne-
vada and western Urah, These attenuation faults, in turn, pro-
duced the older over younger relationships which occur in the
Nephi NW Quadrangle, as well as in the hingeline area gener-
ally. Hintze (1978) discussed atrenuation phenomena in the
Fish Springs and House Ranges in western Utah and thinks
that the areal separation of these two contrasting structural
styles (i.e, attenuation faulting in western Utah and thrust
faulting in central Utah) of approximarely the samc age is not
mere coincidence but probably two effects produced by the
same cause. He suggests that more analysis of both overthrust
and attenuation relationships should be done before a complete
satistactory model is obtained. Sevier orogeny structural rela-
tionships in this quadrangle add little additional information to
the recent model.

Tertiary Volaanic Phase

Tertiary volcanic rocks are somewhat limited in the Nepht
NW Quadrangle. The mest extensive unic is the thick and
widespread Cazier Canyon Agglomerate. It indicates char large-
scale volcanic events took place at some time after the Sevier
orogeny, for the agglomerate overlies Sevier-style deformed
rocks.

Morris (1975) reported chat a large caldera formed after vo-
luminous eruptions of the Fernow and Packard Quartz Latites
{Oligocene, 32 my.) in the central portion of the Tinuc
Mountain Quadrangle. Morris and Lovering (1979) also point-
ed out rthat, after its formation, at least two composite vol-
canoes were built up around the caldera.

Deposition of the Cazier Canyon Agglomerate was prob-
ably a resule of volcanic activity in rthe Tintic Mountain Quad-
rangle. Thick agglomerate occurs in the norchern pare of this
quadrangle, and the unit thins toward the south.

East-trending normal faults throughout the quadrangle
may be associated with uplift before erupton or with caldera
collapse. However, ¢ntical data on aming are wanting, and the
origin of these cast-west faults remains somewhat obscure.

Moderate local reliet dunng Oligocene tme 1s inferred be-
cause of large boulders of Cambrian Tinuc Quartzite in the
Oligocene Goldens Ranch Formaunon. The nearest outcrops
that may have been the source tor the clasts of quarrzite in the
Goldens Ranch Formaton are in the Tinue Mountain Quad-
rangle northwest of this quadrangle (fig. 1), These outcrops lie
near the interred edge of the caldera as mapped by Morris
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(1975). Again, however, consolidated deposits were not found
in the Goldens Ranch Formaaon so that correlation with the
relationships near the caldera can only be inferred.

Basin-and-Range Phase

Minor north-trending  folds occur in the Ternary con-
glomerate units. Whether these folds developed prior to cast
west faulting or afterward s uncertain. The most informarive
example of this folding is located in the eastern part of the
South Fork of Dog Valley, near the Plaad Oil #1 Howard
well. Here, Tertiary rocks of the Orme Spring Conglomerare
are folded into an anacline that plunges to the south and has
dips on its east and west limbs of 25” and 15°, respectively.

Folding of the conglomerate occurred after deposition of
the Sage Valley Limestone Member of the Goldens Ranch For-
mation (32 m.y.), inasmuch as one small exposure of tlred
Sage Valley rocks occurs on the west limh of the anticline. The
folding may have resulted from salt tectonics generated in the
underlying Arapien Shale or movement during basin-and-range
faulting. Folded Tertiary unirs were probably deformed by the
forces related to movement of north-trending normal faults,

The Basin-and-Range Province of western North America
is characterized by north-trending valleys and mouncains. The
Nephi NW Quadrangle lies at the eastern edge of this prov-
ince and shows similar trends. Long Ridge stands as a north-
trending topographic high, bordered on the east and west by
valleys. Long Ridge is a horst bounded by grabens on the east
and west. The Nebo massif occurs east of Juab Valley, which
lies in the eastern graben (fig. 17); Furner Ridge occurs west of
{fig. 12) the western graben, which forms Dog Valley. Princi-
pally, dip-slip normal faulting produced the horst and graben
topography throughout the province.

Basin-and-range-style faults within this quadrangle, how-
ever, are far from spectacular. Most normal fault relationships
are obscured by an abundance of unconsolidated con-
glomerates. Faule relationships were generally determined by
lithologic contrasts and by obvious linear features observable
on arcal photos.

Major Normai Faults on the West Side of Long Ridge

The most striking basin-and-range normal fault west of
Long Ridge is parallel to the Nugget Sandstone and shows as a
marked northeast-trending  lincament  across  the  southwest
quarter of the quadrangle (section 19, T. 13 §, R. 1 W, and sec-
tion 25, T, 13 §, R, 2 W). Reverse movement along this taule
during the Miocene apparencly occurred on a previously estab-
lished Sevier fault surface. The Tertiary Orme Spring Con-
glomerate overlying the Nugger Sandstone has been offset be-
tween 30 and 100 m (fig. 4).

Two parallel normal faults are exposed immediately north
of the Dog Valley Pass, on the west side of Long Ridge (sec-
tion 5, T. 13 8, R. 1 W, section 32, T. 12 S, R. 1 W). The
westernmost of these places Paleozoic and Tertiary sediments,
as well as older alluvium, on the upthrown block againse recent
alluvium on the downthrown block (section 5, T. 13 §, R. 1
W), This faule trace is buried beneath recent alluvium when
tollowed to the north or south (sections S and 8, T. 13 S, R. 1
W,

The easternmost of the two parallel normal taules juxra-
poses Furner Valley Limestone, on the upthrown block, against
Tertiary  conglomerate on  the downchrown  block.  About
1,600 m north of Dog Valley Pass, Paleozoic rocks are exposed
on the upthrown block faulted againse recenc alluvium on the
downthrown block.
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Mayjor Normal Faults on the East Side of Long Ridge

Normal faults associated with basin-and-range-style defor-
mation along the east side of Long Ridge are difficult to recog-
nize because they cur poorly consolidated Tertiary con-
glomerates or are buried by alluvium. Only minor offset is
observed (6 to 12 m) where the traces of these north-trending
faults are exposed at the surface.

Cook and Berg (1961, p. 82) indicate that gravity gradients
measured in Juab Valley suggest that a normal fault(s) may be
buried in the alluvium of Juab Valley. The two normal faules
exposed on the west side of Dog Valley Pass indicate, to a
small degree, that the basin-and-range-style faults may be step-
like. If this is so, then other normal faults may be present be-

neath alluvium east of those mapped on the east side of Long
Ridge.

Spring Canyon Graben

. Spring Canyon is located in the south cencral part of the
Nephi NW Quadrangle in sections 21, 28, and 33, T. 13 §, R.
1 W (fig. 18). It is bounded on the west by the here named
West Spring Canyon Fault, This fault is mappable from the
center of the quadrangle, near the east side of Dog Valley Pass,
southward for 9 km into the Nephi SW Quadrangle. Orme
Spring Conglomerate and part of the Goldens Ranch Forma-
tion have been downdropped between 5 to 20 m against rocks
of the same formations on the west.

Spring Canyon is bounded on the east by the (here named)
East Spring Canyon Fault. This fault can be traced southward
from where it truncates against the West Spring Canyon fault,
in the northern end of Spring Canyon, to the southwestern
part of the Nephi SW Quadrangle. Muessig (1951) mapped the
Sage Valley Faule as having displaced the North Horn and
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Flagstaff Formations on the upthrown ecastern block against
mostly alluvium on the downthrown western block. Muessig
mapped the Flagseaff Formation in the downthrown block
against the North Horn Formarion in the upthrown block near
the west edge of section 12, T. 15 8, R. 2 W. Similar relation-
ships are exposed in Spring Canyon in this quadrangle.

The East Spring Canyon fault displaces Red Narrows Con-
glomerate (North Horn equivalent) in the eastern upthrown
block against the Orme Spring Conglomerate (Flagstaff Forma-
tion equivalent) in the downthrown block (fig. 19) in section
17 S RN

Spring Canyon (fig. 18) is in a graben because rocks of the
valley have been dropped relative to those to the east and west.
Contnuity of the Sage Valley faule, from the Nephi W Quad-
rangle into Spring Valley, is inferred.

Conclusians concerning Basin-and-Range Faulting

The basin-and-range faulting is the youngest structural fea-
ture of the quadrangle. Movement has accurred so recently that
uplifted alluvial fan marerial has been only partially eroded
since displacement. Movement along basin-and-range faults
near the quadrangle has occurred as recently as 1980, when a
small earchquake occurred near Elberta, Utah, and future move-
ment should be anticipated.

ECONOMIC GEOLOGY

Economically significant deposits developed within che
Nephi NW Quadrangle in the past include aragonite vein-fill-
ings and limited pyritic alteration products of limonite and
hematite along basin-and-range normal faules in Tertiary depos-
its. Blocks of the aragonite have been polished and sold to
tourists in Nephi, Utah.
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FiGuRe 17.-The Juab Valley graben (cencer) and Mount Nebo (upper right}; view is to the northeast from the east side of Long Ridge (lower left) in section 15,

T 138 R 1 W,
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FIGURE 18.~The central part of the Spring Canyon grzben in sections 21, 28, 33, T 12 §, R 1 W, view is to the northeast.

Recent oil exploration in the Overthrust Belt of Wyoming
and northeastern Urale has generated interest in similar geolog-
ic relationships in the central Urah thrust bele, including this
quadrangle.

Placid Oil Company has recently drilled ewo wells in the
south central part of this quadrangle: Placid Oil #1 Howard
in the NW 4, section 5, T. 14 S, R. 1 W; and Placid Oil #2
Howard in the center of NE %, section 5, T. 14 §, R. 1 W.
No detailed information has been released on either well.

CONCLUSIONS

Structural relationships in the Nephi NW Quadrangle rep-
resent several phases of deformation, the most prominent being
Sevier folds and thrust faults and normal faules of basin-and-
range affinity. Sevier folds and chrusc faules deformed pre-Cre-
taceous rocks and are a conrtinuation of similar scructures ob-
served on Mount Nebo 15 km to the cast. In this quadrangle
Paleocene (?) Orme Spring Conglomerace rests unconformably
across Sevier structures,
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FIGURE 19 - Trace of the Fast Spang Canvon Fault where rocks of the Orme Spnng Conglomerate (Tos) have been downdropped against the Red Narrows Con-

gl(_\mcr;m‘ (Temy in secnion 28, T 155 RO1 W




STRUCTURE AND STRATIGRAPHY, NEPHI NW QUAD. UTAH 57

Long Ridge is bounded and dissected by norch-trending
normal faults of basin-and-range affinity that cut all seratigra-
phic units but youngest alluvium. Juab Valley on the east and
Dog Valley on the west of the Long Ridge horst lie in grabens
generated by continuous movement along the normal faules
bordering Long Ridge.

Clarification of scratigraphic relationships of conglomerates
related to the Cretaceous Sevier orogeny and Oligocene vol-
canism were necessary so that structural relationships could be
understood. Differentiation of somewhat similar-appearing Ter-
tiary unirs made this possible.
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