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Introduction N4 83

As a consequence of the detalled investigation of the alunite and other minera) de
the Marysvale Region in southwest-central Utah, opportunity was afforded to map and stu
succession of volcanic rocks that underlie most of this area. The Marysvale Reglon'is
large area of volcanic rocks, which occuples much of the High Plateaus of Utah (Fig. 1).
"believed that the Marysvale Region covers sufficient area to furnish an adequate sample of.
volcanic arda, and, though horizontal variations are Known ta occur, the study may serve gg
guide as to what may be expected in other parts of the-area. The chemical analyses are the mg
CONPletely representative of any ever taken in this part of Utah, and they furnish a basis of
comparison within the High Plateaus and with other areas in Utah.
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The rocks in the Marysvale Reglon range -from basalt to rhyolite, with latite and rhyoiiy

¢ ay ]
tie dominant groups. Volcanic breccias and tuffs make up the greater volume of material, Thrag zo
groups are distinguished: First, an earlier Tertlary group of latitic brecclas, tuffs, ang flon;‘ Tz z
second, a later Tertlary group of rhyolites, quartz latites, latites, and tuffs; and, third . EED
! . H
8
- - a
: r N —
i STATE OF UTAH 22y
i e
i - W 0 10 20 30 50 mies
i J
) !
o) i
C% i"—-—~—~~—~———"—"— —"j -
<&
KE CITY -

2/ |
7/ H

A
74

. N
e i
Y

THOUSAND LANE MIN,
REGION

3 (eﬁ e d
4

A PLATEAUS ‘

. TEAY
® us

. PLATE, .
& U W7 Fi6 1 ivpex-map oF uram sHow-
NI §‘=‘$0 WP ING LOCATION OF At4ARVSVALE RE- ’
L N GION, PRINCIPAL PHYSICAL DIVISIONS,
- N‘/o AND MINOR DIVISIONS OF HIGH
ch . PLATEAUS




ot

REPORTS AND PAPERS, VOLCANOLOGY--1939

A@@nl{cred tnin basalt-flows, most of which are assoclated with the late Pliocene or early Pleis-v

yaeene Sevier River formation. The position in the sequence of a group of basaltic breccias and
flowg in the southern part of the area is uncertain. It 1s the purpose of this paper to point -
sut the stratigraphlc relations of each of the units, to describe some of thelr general features,
»3 well 8s Some of the more pertinent petrographic features, particularly of the analyzed speci-
goniB. suggested interpretations, based on the descriptions and .the analises, are mede. o

~ General geology ” “

As shown in Figure 1, the Marysvale Region lies within the High Plateaus of Utah, a part of
wna Colorado Plateaus, but faces the Great Basin on the west: It is part of a reglon of long
sirips of upland and rugged mountalins that break sharply into longitudinal valleys, a rezlon
1ong ago made known through Dutton's [see 1 under "References” at end of paper] classic descrip-
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FIG. 3—DIAGRAMMATIC SECTION OF FORMATIONS IN THE MARYSVALE REGION ' a
C ) K {
‘tion. The Marysvale Reglon embraces parts of four minor divisions of the High Plateaus, tne !
Tushar Mountains, Pavant Range, Sevier-San Pitch Valley, znd Sevier-Plateau. As shown in Figure i B
2, the Sevier-San Pitch Valley lies between the Tushar Fzult and Marysvale Canyon on the west ;mu i w
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. &nd the longitudinal blocks east of Marysvale.

REPORTS AND PAPERS, VOLCANOLOGY--1939

tne Sevier Fault on the east. It thus includes several low mountain blocks, of which the Antelope
Range, northeast of Marysvale, 1s the most prominent, as well as the alluvial valley-floor (mid-
dla ground, Fig. 4). Along the course of the Tushar Fault, the Tushar Mountains face the
sovier-San Pitch Valley in a very steep front (Fig. 4); the summlits are 6000 feet above the
valley-floor. The Sevier Plateau, which lles east of the Sevier Fault (Fig. 2), also has a

steep scarp facing tne valley to the west (F1g. 5). Summits in this plateau likewise rise near-
1y 6000 feet above the valley-floor. On the north the Tushar Mountains are separated from the
pavant Range, a dissected region of relatively less rellef, by the downwarped area of the Clear
Creex Basin, which-lies west of Sevier (Fig. 2). Though not as steep as the eastern front, the
aestern front of the Tushar Mountalns breaks sharply into the Great Basin. All the elevated areas
are deeply dissected, and the margins of the plateau-blocks are notcned by proround canyons, such
a5 are shovin in Figures 2 and 4.

Vd%lous phases of the geology of the Marysvale Region have been described by Dutten [11],
Butler and Gale {2], Loughlin (3], Butler {4], and Eardley and Beutner (5}, and all previous
®3rk has been reviewed by Callaghan [6]. As shown in Figure 2, almost the entire region 1s un-
derlain by volcanic rocks of Tertiary age.| Pre-Tertiary sedimentary rocks--quartzites, dolomites,
lizestones, shales, sandstones, and minor conglomerates--are exposed in the steep eastern face of
the Tushar Mountalns (Figs. 2 and 4). Rocks of Permian, Triassic, and Jurassic age have been
distinguished (Fig. 3). No Cretaceous rocks and no rocks assigned to the Wasatch formation,
mnich ere so prominent west of Richfield (Fig. 1), crop out in the Marysvale Region.; Erosion
recnants of the sedimentary Sevier River formation [6, pp. 100-101}1 overlie nearly all the vol-
canic rocks. This is a local formation derived from whatever rocks it happens to lie upon. It
i3 pelieved to be of late Pliocene or early Plelstocene age. Alluvium of several ages occupies
parts of the Sevier-San Pitch Valley and the Great Basln to the west.

Tne extrusive lgneous rocks, whose stratigraphic relations are shown diagrammatically in
Figure 3, are divided into three principal groups on the basis of profound breaks in the sequence.~
Tne earlier Tertiary group, called the Bulllon Canyon volcanics, is perhaps the most wide-spread
in the whole High Plateaus. Except in the Pavant Range, 1t occurs in all the local physical di-
visions. It has the greatest economic Importance of all the groups in that the mineral deposits
are confined to 1t. Largely made up of tuffs and volcanic breccies, It also contains a variety
of latite-flows. <uartz monzonite and related intrusives are confined to it. An erosion inter-
val separates the earller Tertlary group from the later Tertiary group, for rhyolite of the later
group rests directly on eroded quartz-monzonite. Rhyalite, latite, quartz latite, tuff, and
Possibly a group of basaltlc breccias, whose complex stratigraphlic relations are brought out in
the following detalled descriptions and in Figure 3, compose the later Tertiary group. Thin
basalt-flows, most of them closely assoclated with the Sevier River formation, make up the rela-
tively minor third group. E !

The structure or the Region is relatiVely simple. The major blocks are outlined by normal
faults and flexures as well as by erosion-forms. The rocks of the main mass of the Tushar Moun-
tains dip gently to the west, but at the north end they dip into the downwarped Clear Creek
Basin and to the hartheast in the vicinity of Marysvale Canyon. The Antelope Range north of
Parysvale is essentlally an arm of the Tushar Mountains, which plunges eastward against the
Sevler Fault. Later Tertiary rocks dip to the north and to the south from this eastward-trending
axis, which is athwart the course of the Sevler-San Pitch Valley.' The Sevler River has cut a
deep trench, Marysvale Canyon, through this obstruction. The southward-dipping later Tertlary
rocks are shown at the right-hand in the middle ground of Figure 5. Longltudinal blocks occupy
toe valley southeast of Marysvale. | Most of the rocks in the Sevier Plateau dip eastward, and -
those in the Pavant Range within the mapped area dip to the south or southeast. Though there
were doubtless earlier periods of deformation. the principal movement that. has produced the
present topography occurred arter\the deposition of the Sevier River formation; that is, arter
late Pliocene or early Plelstocene time. / The last (Wisconsin?) glacintlon has modified the sum-
mits of the Tushar Hountains, but little change has taken place in the land-surface since the
last ice- -age.

v, ' .Earlier Tertiary igneous rocks

Bullion Canyon volcanics and associated intrusive rocks--As might-be expected from the wide
extent of the earlier Tertlary group of volcanic rocks, they vary greatly from place to place in
proportion of flows to pyroclastics, in the type of ‘rock, and in the degree of alteration.
Nevertneless, a glance at the map (Fig. 2) shows that these rocks are widely distributed in the
Tushar Mountains, in the Sevier Plateau, and in the lower mountains such as the Antelope Range
With them are assoclated all the obviously gran-
vlar intrusives and all the mineral . Jeposits. No exact measurement is possible, but the total
thickness in the Marysvale Reglion is at least 5000 feet.
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\ .
rocks in contact with it are not metamorphosed, and there is no evidence that {t may be intru-

give.

In the upper part of the Bullion Canyon volcanics west of Marysvale the proportion’ of flows
to breccias 1s distinctly higher than 1n the lower part. This may ‘exceed 50 per cent. They are
rostly dark gray, some are nearly black, and most of them have a more calcic appearance than flows
in the lower part. The total thickness Is unknown, but is probably in excess of 2500 feet.

Tnese rocks crop out in the northern, western, and southern parts of the Tushar Mountains.

In the Sevier Plateau east of the Sevier Fault (Fig. 2), the earller Tertiary rocks consist
of a thick series of latitic breccias and thin flows at the base, a successlion of latite-flows
with almost no intervening volcanic breccia, and more calclc latite at the top. - No exact corre-
lation between the -members in the Tushar Mountains and those in the Sevier Plateau 1s passible..
Probably the lower breccias correspond to the lower part in the Tushar Mountains, and-the re-
mainder correspond to the upper part; the base is not exposed. The total thickness is over 5000
feet. Probably the calcic latite-flows and brecclas in the Antelope Range east and narth of
Marysvale belong to the upper part of the Bulllon Canyon volcanics. [

The mineral and chemical composition of four rocks from the Bullion Canyon vaolcanics 1s giv-
en in Table 1. A fragment from a dark purplish-gray andesitic breccia (Column 4, Table 1) be-

Table 1l--Analyses, norms, and modes of igneous rocks from the Marysvale Region, Utah

Item Speclmen number )
1T [T [ 3T & [ 5 [ 6 [ 7 ] & 9 [ 1 1] 12] 13
B : Analyses
510, 48.65 54.71 6§7.62 57.83757.96 59.16 59.57 62.25 67.18 70.17 75.83 76.15 76.16
< Alg0z 10.40 11.5@ 14.54 13.3415.71 16.08 16.92 15.61 12.00 11.83 12.36 12.56 12.64
Feo0 7.45 3.62 6.55 7.21 3.38 3.98 2.85 5.04 1.44 0.93 1.05  0.80 . 0.88
Fed 8.05 4.07 1.09 0.87 4.11 1.39 2.08 0.38 0.14 none 0.29 0.39 0.14
Hgo 5.55 6.85 3.20 1.10 3.16 2.76. 2.05 1.83 0.43 0.06 ' 0.02 0.02 0.23
Ca0 8.10 6.03 6.08 5.60- 5.11 3.37 4.41 4.62 _2.65 0.76 0.04 0.18 0.04
Nag0 2,77 2.45 3.18 §5.76 3.48 4.23 3.73 3.88 1.14 3.85 3.94 '4.43 3.54
Kz0 3.40 2.88 3.1z 1.08 4.08 4.16 4.98 2.81 3.71 3.74 5.08 5.13 4.75
Hp0+ 1.09 2.88 1.18 0.95 1.26 1.98 1.26 1.3¢ 7.06 8.72 0.42 0.40 0.54
8,0~ 0.62 0.47 1.18 0.24 0.11 0.61 0.24 1.16 3.69 - 0.24 0.09 0.50
T10; 4.75 =2.28 0.81 0.96 -1.05 0.55 1.3¢ 0.58 0.20 0.17 0.24 0.18 0.15
P20g 0.51 0.42 0.38 - 0.38 0.06 0.01 none none
Moo 0.10 _¢.10 0.10 0.06 0.11 0.05 0.06 0.05 0.03 0.12 0.06 0.06
Cop 0.86 1.88 0.86 4.73: trace .85 0.02 trace
2roz  0.01 : 0.01 0.03
503 : 0.11
Bao 0.12 0.10 0.16 0.01 0.01 0.01 0.02
Ligo 0.003
S 0.07 0.06 0.04 0.07 0.07 0.04 0.05 0.08
€rp03 ' 0.03  none 0.02 0.02 0.02 0.0l
100.40 100.30 99.58 100.29 99.61 '99.93 100.11 99.64 99.86 100.23 99.65 100.40 99.76
Norms
¢ 3.06 12.72 13.38 18.30 7.20 11.34 8.28 17.34 40.74 31.98 33.24 31.02 37.14
or 20.02 17.24 18.35 ~ 6.67 24.26 25.02 29.47 16.68 21.68 21.68 30.02 30.02 28.36
8d 23.45 20.96 27.25 48.73 29.34 35.63 31.44 33.01 9.43 32.49 33.54 36.68 29.34
an 5.84 11.95 15.85 15.01 6.95 14.73 16.68 12.23 3.89 0.28 0.28
¢ : 2.55 2.04 1.73  0.10 0.3t 1.63
th ‘ 0.14
L] 10.79 1.39 3.83 4.29 2.20 2.55 0.46
en 13.90 17.10 8.00 2.80 7.90 6.90 §5.10 4.60 1.10 0.20 0.60
s 0.53 2.90

P
e

™
Y

P

>

s S

K e g e Pragr

PE g
~ak



444

TRANSACTIONS, AMERICAN GEOPHYSICAL UNION

\}' .

Table 1--Concluded

Ss'pecimen number
Iten 1 2 [ 3] &« 1 s ] &8 7 | 8] 91 10 ] jj::[:::::[:zg
Modes
Quartz - X X x 8 b & x 6 X X 28
Orthoclase 29 x? ‘X }x }67
0Oligoclase x X 33 35 X -39
Andesine X 22 X x
‘Hornblende x 2 x? gl 12 .
Blotite 142 6l 5 x x s
Augite x x ‘9 11 x1?
Olivine’ X
Magnetite x p 4 6 X 7 7 X 4 X X 2
Apatite X X b 4 X X X
Titanite X
Rutlle x
Tourmaline x
" 2Zircon x
Cristobalite x? . x?
Glass 44 34 X X
Groundmass 61
Carbonate b X X X x X
Chlorite X X x X X X
Iron oxide X X X X X
Sericite S SR § x x X
Epidote X x
Iddingsite X

1as chlorite. ]
aﬂainly as chlorite.

Analysts for specimens: 1 and 2, Charles Milton; 3, 4, 5, 7, 8, and 9, R. E. Stevens; 7,
11, and 12, J. G. Fairchild; 13, J. J. Fahey; 10, W. F. Hillebrand.

Descriptions of specimens

(1) Alkalic olivine basalt (IIl. 5.2.3. )--Vesicular flow surrounded by alluvium on U.S. Highway
89, 7 miles south-southwest of Alunite.

(2) Intrusive calcic latite (II. 4.3.3.)--5111 intrusive at base of volcanic sequence
Sec. 24, T. 28 S., R. 4 W., 2 miles southwest of Alunite.

(3) Calcic latite (II. 4.3.3.)--Flow 500 feet south of summlt of Delano_Peak.

{4) Andesite breccia (Il. 4.1.5.)--Coarse breccia 1200 feet west of Mineral Products Mine, Sec.
.16, T. 28 S., R. 4 W., 4 mlles west of Alunite.

(5) Quartz monzonite (II. 5.2.3.)--Intrusive stock on east side of Harysvale Canyon at mouth of
Deer Creek, Sec. 29, T. 286 S., R. 4 W.

(8) Latite (II. 4.2.3.)--fast slope of peak, west of L. and N, claims. Sec. 18, T. 28 S., R.
5W., 5-1/2 miles west of Alunite.

(7) Latite (I1. 5.2.3.)--Thick flew on north side of Beaver Creek west center, Sec. 25, T. 27
S., R. 5 W., 2-1/2 miles northeast of Mount Belknap.

(8) Quartz latite (II. 4.3.4.)}--Thick flow in Narrows of Clear Creek Canyon, Sec. 32, T. 25 5.,
R. 4-1/2 M., 7 miles west of Sevier.

(8) Rhyolite tuff (I. 3.3.2.)--Joe Lott tuff, east side Mill Creek,

) T. 26 S., R. 4-1/2 W., 8-1/2 miles southwest of Sevier.

(10) Rhyolite glass or pitchstone (I. 4.1.3.)--"Edge Gold Mountain Mining District 8 miles north
of west of Marysvale.' U.S5.G.S. Bull. 168, p. 168, 1900. Probably in Deer Creek Canyon;
no description. :

(11) Banded gray rbyolite (I. 4.1.3.)--Flow near base of formation N4 1/4, Sec. 7, T. 27 S., R.
3 W., 2-1/2 mlles north-northwest of Marysvale.

(12) Granular gray rhyolite (I. 4.1.3.)--Flow in upper part of Mount Belknap, Sec. 34, T. 27 S.,
R. 5 W.

(13} Tuffaceous red rhyolite (I.

center

southwest center Sec. 19,

3.1.3.)--Flow making nhigh cliffs in Harysvale Canyon at mouth

longing to the lower part of the Bullion.Canyon volcanics was found under the microscope to be
finely porphyritic, with partly altered oligoclase and chlorite aggregates indicating former

of Deer Creek, NE 1/4, Sec. 1, T. 27 S., R. 4 W., 3-1/2 miles north-northsest of Marysvale.
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rarnblende or auglte. The maximum size of the feldspsrs is about 2 mm; the groundmass crystals
:1ﬁrﬁ69 about 0.03 mm. The rock is considerably altered, and contains much carbonate, chlorite,
e Guartz, with mlnor sericite. The striking feature brougnht out by the analysis is the rela-
ttvoly low content of potash. The brectias with smaller fragments, mostly less than one inch in
Jlazeter, are generally light-colored, and are probably less calcic than the analyzed specimen.
trs sassive beds of crystal tuff closely resemble normal latite, and doubtless have a closely
.1=1lar chemical composition.

FRE2

The Delano Peak latite-member (Column 6, Table 1) 1s brownish red with abundant phenocrysts ~\
of ollgoclase, hornblende, and blotite, and minor quartz and magnetite in a glassy base with.

fisidel structure. Many of tihe oligoclase phenocrysts, which may reach lengths of four mm, but \
sverage from one to two mm, are fragmented, and blotite plates are commonly bent. Much of the
rorndiende 1s surrounded by an envelope of minute grains of magnetite. The red color is due to

filrs of red nematite, which cover or completely replace grains of magnetite. Nevertheless, there
sre gray streaks and splotches that are characteristic of much of the mass. The analyzed specl-

zsn 1s somewhat altered; hornblende and biotite are changed to chlorite, and carbonate and -
jlartz have formed to some extent in the devitrified groundmass.

A specimen (Column 4, Table 1) from Delano Peak, believed to be typical of much of the dark
tlows in the upper pért of the Bullion Canyon volcanics southwest of Marysvale, is medium dark
gray end not conspicuously perphyritic, though andesine-phenocrysts are as much as three mm long
snd sugite grains reach two mm in length. Phenocrysts of andesine, augite, hornblende, and mag-
setite are scattered through a groundmass of devitrification-products and a felted mass of
plagloclase microlites. Slight alteration has produced quartz, carbonate, serlcite, and chlorite.
Ansther rock (Column 7, Table 1) from the upper part of the Bullion Canyon velcanics is purplish
tellum gray and conspicuously porphyritic, with some phenocrysts as much as ten mm in length.
fone average length of the phenocrysts {s one-half to two mm, and the grain-size of the groundmass
13 from 0.03 to 0.05 mm. The andesine-phenocrysts are mottled and variably replaced by ortho-
tlase. The former ferromagnesian mineral, probably augite, 15 now represented by chlarite and
¢ardonate. The groundmass 1s a fine-grained aggregate with feldspar of low index of refraction,
tsucoxene (?), carbonate, minor sericite, and quartz. Magnetite and apatite. are accessory.

In addition to those described, there are other varieties of flow-rocks and breccias.
Tnough most of the breccias and tuffs are medium to light-gray, tuff and breccla near Sevier
(F1g. 2) is yellowlsh wnite and resembles a part of the younger Joe Lott tuff. A nearly black
flon-facles of latite at the west side of the Tushar Mountains contains large andesine phenocrysts,
®1th inclusions of orthoclase, and cnlorite pseudomorphs that strongly suggest former olivine.
Cardbonate has developed in the groundmass of minute plagioclase-laths as well as in the pheno-
Crysts, A dark-gray rock at the summit of the Sevier Plateau superficlally resembles basalt,
bul under the microscope 1s found to be a latite with large andesine and small augite phenocrysts
In & groundmass consisting chiefly of minute (0.01-0.03 mm) feldspar of low index of refraction.
Soze chlorite pseudomorphs suggest former olivine. Magnetite and apatite are accessory. Much of
the succession in tne Sevier Plateau 1s composed of latite with large phenocrysts of andesine and
tonspicuous euhedral biotite. This rock is characteristically a medium to light purplish-gray.
Tne groundmass, which is fine-gralned, with minute crystals of orthoclase and interstitial
Quartz, is strikingly susceptible to recrystallization through contact metamorgnism.

Intrusive bodies mostly occur along an axis trending earth-northeast just north of Marysvale
(718- 2). They are chiefly small stocks; the largest is scarcely two miles wide. Some small

¥olcanics. The Mount Belknap rhyolite of the later Tertiary group overlies an eroded surface on
the fatrusive quartz-monzonite north of Marysvale, as is shown dlagrammatically i{n Figure 3.
Perhaps as a consequence of tne smzll size of the intrusive bodies, the graln-size and appear-
ance change abruptly from place to place within the same mass and between different bodies.
However, under tne microscope the'mlneralogy is found to be very similar throughout. C i

The medium-gray quartz-monzonite (Column 5, Table 1) from the intrusive at the south end of
HEFYSvale'Canyon (Fig. 2) is the most pearly equigranular and granitoid In appezrance of all
tnose investigated. The grain-size is mostly from one to four mm for the major minerals. The
Pl&slpclase tends to be in large €longate grains, but the abundant orthoclase zad less plentiful
augite and blotite are nesrly equent. The rock consists of calcic oligoclase, orthoclase, quartz, °
8ugite, and biotite, accessory megnetite, apatite, and titanite, and later tourzzline, epidote,
¢hlorite, and sericite. Dusty orthoclase tends to be Interstitial to the plagisclase, but It
81s0 {nvades and replaces 1t. Myrmexitic intergrowths of quartz and orthoclase are common. -l
Though some of the augite is completely changed to chlorite, much of it 1s unzitered. Some of
the biotite seems to be a late mineral, wnich formed rims at the contacts of xzgnetite and
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suglte. Though the rock has less than ten per cent of quartz in either the norm or the mode
i+ closer in composition to quartz-monzonite than to monzonite. A higher proportion of ortho.

¢ 35¢ to plagioclase appears in the mode than in the norm--probably some of the soda is 1nclugeq
in tne orthoclase. : .

184

In a small intrusive in a window 'of Bullion Canyon volcanics west of the intrusive in
Marysvale Canyon, the rock is comparatively finer-grained and darker-colored than the analyzeg
material., Titanite and tourmaline are absent inthis and all specimens other than theone analyze,
In the next group of very small intrusives to the west, one Is black and not conspicuously por.
phyritic. It has very minor interstitial quartz, and has greater difference in size of pheno.
crysts and groundmass than the analyzed rock. Though it contains conslderable plagioclase g
the groundmass, there is replacement by orthoclase. The dark color is due chiefly to finely
disseminated magnetite. This rock could doubtless be properly classified as monzonite. Minor
intrusives are mostly fine-grained, but have the same mineral content &s the coarser-grained
bodies,

The contact—effects of the larger intrusive bodies, though variable, are characteristic.

. Latites in the contact-zone are mostly turned to a pink color, though in a few places they he-

come black or green. They retain their plagioclase-phenocrysts, and in mahy places biotite
phenocrysts are preserved, but the groundmass recrystallizes and becomes obviously granular,
though very fine-grained. ' In the plnk rock, orthoclase and minor quartz are introduced so that
the groundmass becomes an aggregate of orthoclase and interstitial quartz. The degree of meta.
morpiism is indicated by the size of graln. Though the plagioclase phenocrysts tend ta persisy,
they are coﬁmonly partly replaced by orthoclase. Magnetite tends also to be 1ntroduced; ina
number of places its abundance accounts for the black color. In one place north of Marysvale,
sufficient magnetite was Introduced to form an ore-body, which has been mined. Commoniy g light.
/colored biotite has been introduced with the magnetite, so that the contact-aggrepgate is essen-
tially orthoclase, magnetite, and light-brown biotite. 1In a few places epldote is sufficiently

" abundant to give a greenish cast to the rock. Chlorite is a minor constituent. In general, the )
outstanding feature of both the intruslve and contact-rocks is the introduction of ortnoclase ang

replacement of earlier plaglioclase.

An Intrusive latite (Column 2, Table 1}, which forms sills from a few feet to more than 100
feet thick southwest of Alunite (Fig. 2) deserves special mention. In Intrudes the conglomerate
at the base of the volcanlc sequence, but was not recognized at any other horizon. The rock,
which does not resemble the quartz-monzonite type of intrusive, 1s medium-dark gray, porphyritic,
and contains small amygdules filled with quartz and carbonate. The phenocrysts,which are augite
and hornblende rather than plzgioclase, are mostly 0.3 to one mm long, though some are as wich
as five mm long. The'grain-sizé of the groundmass Is between.0.03 and 0.4 mm, but averages about
0.1 mm. Oligoclase and minor interstitial quartz compose most of the groundmass. Both pheno-
crysts and groundmass are, to a moderate extent, replaced by carbonate, epldote, chlorite, quartz,
and a little sericite. Though superficially the rock has a diabasic appearance, the analysis
shows that 1t belongs to the latite-group. Its contact-effects on adjacent rocks are negligible.

Dikes of rhyolite porphyry, which has large phenocrysts pr orthoclase, quartz,'and minor
plagioclase in a devitrified groundmass, intrude the Bullion Canyon volcanics, six miles south-
west of Marysvale. As they are mineralized by quartz-veins older than the later Tertiary rocks,
they must belong to the earlier Tertlary group rather than occurring as feeders for later Ter-
tiary rhyolites.

The earlier Tertiary rocks are commonly much more altered than those in later groups, and
this feature may be used with cautlion in distinguishing the two groups. The most wide-spread al-
teration has inveolved the formation of carbonate, chlorite, sericite, and minor quartz. These
mlnerals are most abundant near some of the veins where they are often joined by dissemlnated
pyrite. Nevertheless, the same minerals are observed in areas remote from veins.

Another type of alteration, apparently later and mutually exclusive to the type described
above, 1s concerned with the formation of alunite and quartz, with or without associated pyrite,
at the expense of pyrogenic minerals. This alteration is much more restricted in extent, tnough
it covers small areas in the Tushar Mountains and large areas in the Antelope Range and small
areas in the Sevier Plateau. Veins of alunite and some of the disseminated material were mined
for potash during and immediately following the World War. .

LatervTertlary volcanic rocks

Roger Park basaltic_breccia--The position of ﬁhe Roger Park basaltic breccia in the volcanic
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f tne Marysvale Region Is not entirely clear. The formetion was recognized in a small
ne southern part of the Region, where {t enters as a wedge from the south. Thougn it
&

¢35 tnicker and more extensive to the south, iis maximum thickness within the mapped

pg a3 much as 2000 fest. Tne Roger Park basaltic breccia is overlain by latite, grouped
,tin wne Dry Hollow latite, and Is underlain by latites and brecciazs of the Bullion Canyon vol-
g. No sharp line could be drawn belween the darx calcic latites of tne underlying formation
ne more pasaltic-appearing rocks. Indeed, this formation mey be a facies of the Bullion

tne flows near ine top of tne formatlon are dark gray, and have distinctly basaltic appear-

ce. Tne Ddrecclas are various shades of gray or red, and the fragments are commoniv vesicular.

ns from fragmeats shoved that the rock 1s porphyritic with phenocrysts of labradorite
(pigsonite) as mucn a3 five mm long in a groundmass of the sSame minerals, mostly be-
nd 0.1 mm long, interstitial orown glass, and abundant megnetite-grains. No trace

“he e couid De detscted, and olivine s conspicuously absent. Toward the base, the rocks
arly resemble the darxX calcic latites.

Founi Belknap rhyoiite--in the aresa northwest of Marysvale two distinct facles of the Mount
p riyolite are readily recognized, and were separately mapped. In the western part of the
Mountains, -the two facies also can be recognized, but, as thelr contact is much less dis-
15 . ihe gray facles is not distingulshed on the map. These rocks characteristically break up
tnty thin plutes and scales on expassd surfaces that cover gentle slopes or form long talus cones
aid sheetls on steeper slopes, as showa In Figure 7. Nevertheiess, these rocks compose the crest

sU ine Tushar Mountalns near the northern end as well as the plcturesque yellowlish-wmnite pezks,
zldy and Mount Belknap (Fig. 7). The entire mass of the rhyolite forms a lenticular body
Tushar Mountains, and in conformity witn the regional structure dips to the west on the

to the nortn on the nortn side, and to the east on the east side. Though its base is
tude of over 11,000 feet in the center of the mountains, It reaches the valley-floor
side. Each raclies now has a maximum thickness of about 2000 feet, but the total original
in the center of the lens was doubtless in excess of 4000 feet prior to erosion.
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The two facies are not equally distributed; thne gray facies extends farther to the west, to
south, and to the east than tne red tuffaceous facies, but the red facles extends farther to
ne nopth, where It is directly overlain by latite-flows and the Joe Lott tuff. In sbme places
d facles rests directly on various older rocks, including tne quartz-monzonite, but in most
there 1is intervening bedded tuf{ that may be 300 feet thick. Commonly the basal portion
red facies is marked by a black to greenish black pltchstone (Column 10, Taple 1). Lentic-
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zsses of bDedded tuffs and oreccias are irregularly distributed through the red facies, and

recclas occur in the gray faci€s in the western part of the Tushar Mountains. Nortn of
zle the two raclies are separated by tuff. The gray facles commonly has a glassy base in
occur spherulites, several incnes to more than a foot In dismeter. ’

I

Tnougn tne various facies of the Mount Belknap rhyolite differ strikingly in appearance,
ineir composition is remarkebly similar. A photomicrograph of typical tuffaceous red rhyolite
) 3, Taole 1) is snown In Figure 8. The mass of tne rock is reddish brown to salmon

red, and tnough not glassy, is obviously not granular.” The fragments, cammonly five to ten
AT in cizmeter, sre eltner light or dark gray, and clearly bdelong to the rayalite; foreign frag-

&en

except near the margins of the mess are rare. In the analyzed specimen both the fragments
mass of tne rock are deviirification-aggrezates. Orthoclase phenocrysts, O.é to 0.8 am
nd rare quartz pnenocrysis stand out in a mess of minute feldspars witn some biotite
Fig. 3). Mugnetite occurs in tne fragments, but very little appears inthe groundmass.
color Is due to minuie [lecks of nematite. Minute sperulites occur in groups, and crysA
strea¥s snd lenses contain orthoclase. Some cavities are lines witn orthoclase and
zrains. The tuffaceous cnaracter of tne rock nazturally suggestied that this might be a
uff. but clear evidence is lacklng. A few samples hzve a collapsed-bubble structure
zests welded tuff, but the inference ls tinat the bulk of the material {35 a flov-dreccia.
few flows of restricied extent are purplisn porpnyritic rayoliiie with abundant quartz and
izse and minor plagioclase-phenocrysts In a glassy or only slightly devitrified groundmass.

Thne typical gray rhyelite (Column 11, Table 1} north of Marysvale is represented by Flgure
9. Tne striking feature is the prominent contorted flow-banding: the darker bands include mé-
tertal tnat is only siightly devitrified, and the lighter bands are more obwviously crystalline.
Thin ienses parallel to tne flowage-lamination are filled with small quartz and orthoclsse
yslals, and larger cevities are lined with visible quartz-crystials, sSome 6! Lhem amethyst 1e.

cr

AS 2 whol= the rack is llght grsy, has no phenocrysis, and nas thin lenses and pands of obv .ausly
| Srysialline quartz and ortnoclase alternating «ith devitrified macezlal #hicy shows, under tne
Mo
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FIG. 8—PHOTOMICROGRAPH OF TUFFACEOUS RED FACIES OF MOUNT BELKNAP RHYOLITE, SHOWING
. . FRAGMENTS AND PHENOCRYSTS:
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FIG. 9—TYPICAL FLOW BANDING IN GRAY FACIES OF MOUNT BELKNAP RH—);bL/TE

microscope, a pronounced orientation. Crystallization of tzis material must have been affected
by pressure at the close of movement; whereas the unoriented quartz and orthoclase, most of whieh
"is between 0.01 and 0.07 mm long, formed after movement cezsed. Minute pleochroic blebs are- be-
lileved to be biotite, and one grain of zircon was seen..
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REPORTS AND jAPERS, VOLCANOLOGY--1939
Much of the banded or laminated gra- rhyolite occurs on the western slope of the Tushar
gountains, but the most interesting var.ety, which is wide-spread and includes the upper part of
fount Belknap (Fig. 7), 1s a light gr:y to almost white rock, whlch resembles a very flne-grained

juartzite. The rock (Column 12, Table 1) Is essentially a holocrystalline, non-porphyritic,
squlgranular aggregate of quartz and eldspar, with very minor amounts of blotite, magnetite,

red iron-oxide, and cristobalite (?). The grain-size of most of the quartz is 0.03 to 0.05 mm,
and that of the feldspar is about 0.95 mm. The feldspar is all the same, .a microcline micro-
perthite. Under the microscope the feldspars show a herringbone unmixing structure, and under
algh magnification this structure is revealed as rows of plates of probable albite in orthaeclase.
¥o special conditions for the formation of this rock could be ascertained in the fleld. Though
a very hazy broad flow-banding can be seen in some of the material, no data on the thickness or
extent of Individual flows were obtalned.

Some outlying flows, one immediately west of the Sevier Fault northeast of Marysvale, and
snother at the west base af the Tushar Mountains (Fig. 2), differ ia being distinctly porphyritic,
sith phenocrysts of quartz and feldspar in a devitrified base. As these flows have similar re-
lations to the underlying rocks and doubtless differ little in composition, they are classed with
the Mount Belknap rhycliite. . .

L
The Mount Belkrap rhyolite contains no mineral deposits, nor is it intruded by granular

rocks. However, a wide-spread alteration has bleached whole square mlles of tne red tuffaceous
facles. This alteration has produced little change beyond the introduction of pyrite, decrease

{n soda, 1ncrea§3 in potash, decrease in iran oxide, and formation of quartz and sericite. The
increase in potash suggests that there has been a change in the orthoclsse-content. In genersl,
tne alteration;, which was probably of the hot-spring type, has only slightly modified the rhyoclite
!a compositign, though it has changed 1ts appearance. ’

Dry,’iollow latite--The later Tertiary latite and quartz-latite are widely distributed as
orostor_remnants in all the physical divislons of the Marysvale Region (Fig. 2). Individual
rl°WL"are more than 200 feet thick in many places, and the aggregate thickness 1Is probably about
1690 feet. " The latite rests upon the earlier Tertisry volcanic rocks and upoun the Mount Belknap
Todolite. It 1s interbedded with the Joe Lott Tuff, and many flows are underlain by the tuff.

t is overlain by younger rocks, including the Sevier River formation and basalt flows (Fig. 3).

A specimen (Column 8, Table 1) from a thick flow in the canyon of Clear Creek west of Sevier
.1s brownish red and abundantly porphyritic. Dark-Ted spots contain few phenocrysts, and gray
spots are made up almost entirely of phenocrysts.' .All the recognizable minerals, oligoclase,
quartz, hornblende, blotite, magnetite, and apatite, occur as phenocrysts that reach a maximum
length of about three mm. The groundmass contains minute grains, but is mostly fluidal light-
brown glass. Coatings of red iron-oxide on the magnetite and disseminated minute red hematite-
grains account for the red color. - Quartz is embayed, and hornblende is partly changed to aggre-
gates of magnetite at the margins of the crystals. The rock is unaltered, but resembles closely . P
facies of the Delano Peak latite member of the Bullfon Canyon volcanics. ’

Other flows of the Dry Hollow latite may differ in being gray instead of red, in having a
lower proportion of pnenocrysts, in having no visible quartz, 6F, 'as in the latite in the Sevier
Plateau, in having large orthoclase phenocrysts. One flow has multitudes of small cavities part-
1y or wholly filled with fibrous zéollte. Some flows closely resemble latite in the Bullion
Canyon volcanics, but they are generally much less altered, and their assoclations serve to dis-
tinguish them from the older rocks. :

Joe Lott tuff--Several discrete areas of conspicucus white to light-yellow or brownish tuff
are grouped as the Joe Lott tuff, named for a creek in the northern part of the area. The largest
exposures are in the basin of Clear Creek west of Sevier, and in the Beaver River Basin southwest
of Delano Peuak. Smaller ocutcrap areas occur in the Sevier-San Pitch Valley, both north and south
of Marysvale. The thickness of the varlous outcrops of tuff is hignly variable, but in tne Clear
Creek Basin the aggregate thickness 1s in excess of 1000 feet. The lower part of the tuff in
C}eaf Creek Basin is in massive beds, 1n pluces between 50 and 100 feet thick, which along Clear
Creek have columnar structure. These beds snow no lamination, but thin pinkish interbeds are
commonly laminated. The upper part, exposed in the northwestern part of the Region, is inter-
bedded with abundantly porphyritic latlte and quartz-latite flaws of the Dry Hollow latite, and
is largely composed of latite detritus. It has a pink or brownish cast, as compared with the
white or light-gray cast of the lower rhyolite tuff. ’

Tnough the Joe Lott tuff rests on Bullion Canyon volcanics in a few places, and upon the
Mount Belknap rhyolite, most of {t rests on latite-flows belonging Lo the Dry Hollow ‘latite, as
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is shown in the diasgrammatic section (Fig. 3). Thin tongues of the red facies of the Mount .
Belknap rhyolite occur in the tuff at the south side of Clear Creek Basin, but most of it 15 \a-
terbedded with flows of the Dry Hollow latite.

Rhyolite tuff (Column 9, Table 1) from the lower part of the Joe Lott tuff is white, ashy, \\,
and consists of white-ash frzgments, mostly ten mm in diameter, and scattered fragments of dark
porphyritic latite as much as 15 mm in diameter, which were doubtless derived from the Bullion
Canyon volcanics, 1n an ashy matrix. Crystal fragments of orthoclase, blotite, and rare quartz
are scattered through the glassy material. The analysis shows & higher proportion of potash te
soda in the tuff than in the rhyolite. However, many fragments of the gray-banded rhyolite accur
in the tuff near the rhyolite-contact.

- AR
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Light-brownish crystal tuff from the upper portion is composed of the same material as the
associated latite, so that even under the microscope it is scarcely distinguishable from the
latite-flows.

aman gy e e

Basalt--Flows of olivine basalt, most of them less than 50 feet thick, occur at a number of
places throughout the Reglon. In the Clear Creék Basin southwest of Sevier and in the Beaver
River Basin at the south end of the area, the basalt-flows are associated with the Sevier River
L. formation. Elsewhere they lie upon the Bullion Canyon volcanics, the Dry Hollow latite, or the

Joe Lott tuff.

i a8 a9

» specimen (Column 1,Table 1) from an isolated outcrap in the Sevier-San Pitch Valley 1s an
exceedingly fine-grained black vesicular rock with small phenocrysts of olivine, mostly 0.2 to
0.7 mm long, in a groundmass of andesine laths, blebs of augite, and granules of magnetite. Most
of the grains in the groundmass are 0.0l to 0.04 mm lang. The olivine crystals, both large and
small, are stained red, and many are completely changed to iddingsite. Some isotropic grains;in
R the groundmass are regarded as cristobalite. Other basalt-flows contaln labradorite as well as
olivine phenocrysts. There is little visible indication of the relatively high content of al-
kalles brought out in the analysis.

.N.
aery fop e ey ma

G
e

TN

L

o

g
.

.;J

Interpretation

i F N

. A study of the chemical analyses given in Table 1 and the variation-diagram (F1g. 1Q) to-
gether with the petrographic descriptions and field-relationships lead to ceria;n generaliza-
tions concerning the igneous rocks of the Marysvale Region. First, in a chemical sense the entire
group is saturzted with respect to silica in the norm. No feldspatbold minerals were recognized,
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ind tnough olivine occurs in the mode of the basalt, 1t s absent in the norm. Second, perhaps
ne most Cnaracteristic feature o{;QHese rocks is the essential equality of the alkalles through-
ut the group. This is especially wg_;'gllustraced by the end-members of the group, the basazlt
ind’ the rayolite. In the basalt the total of alkalles is high, 6.17 per cen;, and only three

er cent less than the total alkalies in the rhyolites. Thls feature is significent in that it
lemonstrates the alkaline habit of this group of extrusive and intrusive rgéks even more con-
;lusively than do the intermediate rocks. Third, the rocks of the Marysvale Reglon are compara-
ively low in lime. Plagioclase {s commonly of the soda-lime variety, even in the more mafic
speclmens. Auglite starts to displace blotite at a palnt on the diagram (Fig. 1Q) between 59 and
30 per cent. Tne three rhyolites are particularly interesting In that though they are dissimilar
in structure and apparent crystallinity, their compositioa is almost exactly the same. The
juartz-nonzonite resembles in its chemical habit the typical intrusives of the western half of
Jtah, tnough it is less siliceous than most of the analyzed intrusive rocks. The almost uni-
versal nebit in the Reglon for the orthoclase to develop at the expense of plagloclase should be
emphaslzed. '

These features of the Intrusive and extrusive rocks suggest a relatioﬁshlp or consanguinity
of all of tnem, a strong indication that, though widely spaced in time, they are differentlates
of a parent monzonltic magma. Gilluly (7, p. 67] has already-suggested a llke explanation of
the monzonites and latites of the Stockton-Fairfield Area. An Interesting corollary of tnls
conclusion 1s that the basalt 1s a differentiate of the monzonitic magma, rather than a repre- .
sentative of the basaltic substratum. In chemlcal composition the basalt differs from Daly's
{8, p. 17) average basalt or average plateau-basalt in the markedly high percentage of potash
and low content of alumina. This compositional feature seems to tle the basalt te the monzonite-
latite group of rocks.

. The striking similarity of the Intermediate group of intrusive and extruslve rocks through-
out the western half of Utah has been brought out clearly by Gilluly. He [7, p. 68] concluded
that "tiis wlde-spread similarity in the chemistry of the igneous rocks of western Utah must re-
flect a regional magmatic character."” The evidence of the Marysvale Region even more effective-
ly supports this conclusion. Western Uteh i1s evidently & distinct petrographic reglon, part,
perhaps, of a-larger "petrographic province." Any conclusion as to the cause of the distinction
between tnis Region and contigucus regions involves the whole problem of regional magmatic activ-
ity and differentiatlion, a problem too large to be treated adequately here.

Nevertheless, it may be well to review the concept of petrographlc provinces as applled to
this Region, and tofbompare the western Utah area with areas to the west and east. Harker [9,
pp. 88-109] reviewed the concept of petrographlc provinces originally advocated by Judd {10] and
the contribution that Iddings had made in pointing out the alkalic nature of the rocks alang the
east side of the Rocky Mountalns and the sub-alkalic nature of the rocks of the Great Basinm end
the Pacifi{c Coast. The eastern group is included in the "Atlantic branch' of Harker, and the
western group 1is included in the "Pacific branch.” Iddings (11, p. 480] pointed out the differ-
ences between the Slerra Neveda and Cascade rocks on the one hand and those to the east, and
Stated that the rocks of the Great Basin are more like those of Colorade than those of the Sierrs
Nevada. He suggested the existence of i1ll-defined zones that followed the major physlographic
dlvisions, but called attention to the variations and complexities within these zones. Washing-
ton (12, p. 380) regarded this ares as part of a complex comagmatic region "with rather high
Silica, sode, and lime, little potash and moderate iron and magnesia.' Buddington and Callaghan
[13, pp. 439-442) showed by means ol a variation-diagram the marked difference between the in-
trusive rocks of the Cascade Mountains in Oregon and those of western Utah.

. A glance at the geologlc map of the United States wlll show that the volcanic region of
Southwes*-central Utah 1s essentlally continuous with that of southwestern Utah, which extends
westward into Nevada. Few analyses are avallable for this large area. Analyses from the Iron
Springs Region in southwestern Utah show a high proportion of potash, and F. G. Wells [personal
Communication) has found that basalt in southwestern Utah has equivalent alkalies. Out. on what
Bight be considered the outer margin of the volcanic region, in the Delamar District in Neveda,
the rhyolite 1s of the usual high-potésh. low-soda type, though the lmtrusive rock contalns
€quivalent soda and potash in the unmodified facies. At Gold Hill, Utah, near the Nevada bound-
ary, Nolan (14, pp- 49-53] found that the rhyolite was potassic, though the intermediate rocks
®ere latites, and the basalt has equivalent soda and potash. Consequently, it may be assumed
that somewnere within the Great Basin there is a transitional zone between the characteristic
&ndesites and granodiorites of the Pacific branch or province and tne typical quartz-monzonites
and latites of the western part of Utah. East of the High Plateaus, the Intrusives that penetrate
the sedimentary rocks of the Colorado Plateau are distinctly different in that they are charac-
terized by e preponderance of soda. In fact, feldspathoids are commonly found in these rocks.
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Therefore, southeastern Utah represents another minor but contiguous petrographic region. 1In
general, the rocks of the Marysvale Region are typical of a petrographic sub-province whose
poundaries are as yet undetermlned.

Conclusions

The 1igneous rocks of the Marysvale Region are believed to be représentative of an area of
volcanic rocks that occuples the central part of the High Plateaus of Utah. The aggregate thicg.
ness of the flows and pyroclastics is over 10,000 feet. They are divided into three groups on
the basis of profound breaks in the sequence, and they rest upon pre-Tertlary rocks within the
mapped area. Outside of the Marysvale Reglon, they rest upon what is regarded as an Eocene
formation, and all but the last group, the basalts, are overlain by the late Pliocene or early
Pleistocene Sevier Rlver formation. The earlier Tertiary group consists of volcanic breccia,
tuffs, and latite-flows, which tend to be less siliceous and more calcic than the latites,
quartz-latites, rhyolites, and tuffs of the later Tertlary group. The intrusive quartz-monzonite
and related rocks are confined to the earller Tertiary group. The third and flnal group consistg
of alkalic olivine-basalt flows.

Chemical analyses bring out the most significant feature, the essential equivalence of the
alkalies tnroughout the group from basalt to rhyolite. Petrographically, this chemical conditiop
is suggested by the tendency of orthoclase to develap at the expense of plagioclase. The per-
sistence of the equivalence of the alkalles suggzests that the entire group is related, and that
they have a common origin through differentiation {rom a parent monzonitic magma. The rocks of
the Marysvale Reglon are regarded as typlical of a petrographic region that includes most of
western Utah.
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.~ Sevier
~Monroe !
. Concent !
Aj
. By
A.V. Heyl .
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The '\/10vuec hm v.pr rigs 0. 510 1 km cast of hMonroe
flow from the Sevier riormal fau‘l which extends northward
along the western bdse of the Sevier Platcau. Tertiary

andesitic to dacitic lava flows and breccias, rhyolitic tuffs,
. and monzonite plutons that form the Sevicr Plateau east

of the fault have been faulted up against Quaternary allu-
vium in the valley west of the fault, and Pleistocene land-
 slide debris has been offset by the fault at the south end of

Poverty Flat south of Monroe.

- The large travertine mounds of Monroe hot sprmgs
were deposited from three groups of spnngs the north,
main or central, and south springs. The springs have been

investigated in recent years as possible sources of geo--
thermal energy, and at present the main springs supply

warm water for the hot springs resort at Monroe,

‘Most of the travertine deposits are rich in iron (as much
‘as 20 percent) and are therefore brown, red-brown, yellow,
and orange. The travertine mounds at all three springs are
anomalous in many elements. For example, a representa-
tive sample of the travertine of the north spring deposit
taken by Heyl in 1968 and analyzed by the laboratory of

“the Field Services Section of the U.S. Geological Survey in -

1969 gave the following results, in percent: iron >20.0,

magnesiuin 0.3, calcium 20.0, titanium 0.05, manganese -

.10, arsenic .15, boron 0.002, barium 0.0700, -beryllium
0.0010, chromium 0.0010, molybdenum 0.0020, niobium

0.0010, anti’mgny 0.0500, strontium 0.0700, vanadium’

0.0020, tungste}}l 0.0500, yttrium 0.0030, zirconium 0.0030,

mercury 0. 000016 tellurium 0.000040, and traces of copper -

and nickel. Thg analyses were all semiquantitative spectro-

graphic analyses by E. L. Moses, except for atomic absorp-
© tion analyses for mercury by D. L. Murrey, and for tellurium
. by M. S. Rickard and C. L. Jacobsen.
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'UNUSUAL CONCENTRATION OF ELEMENTS IN THE

" .central mounds were bdm*'h.d n3

o

. MONROE, UTAH, HOT SPRINGS APRONS!

The large hot springs lravcmne deposits of the main or
seveial places by Heyl,
and analyﬁ'ed by the same method and'“nah sts, T he fesths
showed, i percent: “iron 5->20, ‘manganese 0.005-0.1,

‘bismuth as much a3 0015 cobalt O O(‘lﬁ-ﬂ (‘O"O chxommm

0.0010-0.0300, nic lcl 0:0005-0.0076,” ccpper and’ lead as

"much as 0.0300..percent each, mol)bdpnum 'rb much as

0.0150, strontium 0.1000, vanadium’ 0.0 00 zirconium
0.0700, mercury 0.000070, sﬂxer 0.0040, and tellurium

£ 0.000060.

. The temperalures of the springs at the surface range
widely from about 70° C in ori¢ of the north springs to
barely warm in some of the central and southern springs.

‘Probably heated meteoric waters have beén extracting

elements from the country rocks and redepositing them in
travertine mounds to form a low-grade mineral deposit of
substantial volume. Water likely circulates deeply zlong
the fault zone, is heated and takes up leached elemems

_and then rises to the surface. Leached country rocks are

the Tertiary andesitic and rhyolitic volcanic rocks of the
Sevier Plateau and possibly Jurassic carbonate rocks that
underlic the volcanics. A small magmatic component, or
metals derived from deeper and older mineral deposifs,
may be present as suggested by the small but measurable
quantities of such elements as tungsten, bismuth, arsenic,
molybdenum and antimony. The Monroe hot springs ¢
travertine mounds, a good example of a present day con-
centration of minerals formed from heated meteoric flui
may be genetically similar to, but of much lower grade
than, the manganese and iron oxide and calcium carbonate
veins of the Escalante mine which also contains silver, lead,
molybdenum, vanadium, and arsenic. Another genetically
similar deposit is the tungsten enriched manganese oxide
deposit at Golconda hot springs in the southern Osgoed
Mountains -of north central Nevada described by Hewett -

and Fleischer (1960).
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ARTRODUCTION™

The Marysvale region, located in the High

P)ateaﬁs of south-central Utah (Fig. 1), was

_ the site of extensive .and prolonged volcans
ism from middle to late Cenozoic time. The

_area contains flows, breccias, and pyroclas-

Jtics some 3,000 m thick covering approxi-

2

maté]y 1,000 km©. The volcanics range in

composition from basalt to rhvolite and in

o &
RY

te at tag

C‘.}

- T . .
T muyo uid.

My,

R
(R

1l
strati-

geology and volcanic
graph} of the Marysvale area has been
{Calla-
ghan, 1939; Callaqghan and Parker, 1961a,
1961b, 1962a, 1962b; Willard and Callaghan,
1962) and more recently by Steven and Cun-
‘Steven and others, 1977; Cunningham

amdzgt@4en, 1877).  The volcanic strati-

~.graphy of the surrounding southen High

ok o e i
3

[

Plateaus has been described by Rowley and

Anderson (Rowley, 1968; Anderson and Fouley,

1975 Rowiey and others, 1975}, but cov-
e e e e ==
TrETaTions oFf volcanic sequences of rocks ’
hetween the High Plateaus and the Marysvale
area remain problematic. The reader is L

referred to Steven and others (1977) for a

comprehensive discussion of the Marysvale
stratigraphy.

Tne drea has received attention because
of its mineral resources (Kerr, 1963; Kerr
and others, 1957; Caliaghan, 1873). Princi-

nal mineral deposits dnc

Ylude base metal
\ N

replacement bodies in the Permian Toroweap
Formation, gold-silver veins in the c¢lder
volcanic rocks, and uranium veins and dis-

seminations associated with quartz monzonite

v

intrusive bodies as well as with vounger

siticic volcanics.

Mo et g sy e s
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prsever, v Lhose sariier studies. no de-
ratted petesioqic investigalion had heen

copas in this paner, vwe
jogicet evolution of the pro siticic
alkaiine suite of voicanic rocks.
IGHETS HISTORY

Thg buildup of the Marysvale voleanic...
sequence began approximately 30 m.y. ago
with Jhe extrusion of voluminous andesitic
flows and breccias from local clusters of
_Qbihéhées. Ash ffow tuffs from local and
regional sources interleaf with this assem-
blage constituting the series known as the
Builion Canyon Volcanics. ﬁﬁnzonite stocks
intruded the Bullion Canyon Yolcanics ap-
preximately 23 m.y. ago (Steven and others,
1977) to mark the end df this period of
volcanism characterized by mafic to inter-

mediate composition extrusives. Following

4o

g briet quie

cence, volcanism in the area
evolveu Lo a more silicic and explosive
nature. culminating in the formation of the

7

Hount Belknep and Bed Hills calderas at 18

r

Q;J

o 1

18773,

Y. ago (Luunmnghan and Staven,
The silicic volcanic rocks of this
episade have been termed the "Mount Belknap

otcanics” by Steven and other

{1977}.

ciosely with the onset of Katin and |

¥
1
I}
?
}
|
!
|
"ago in this ares, ang continued unti® Pleis-
!
|
Iy
]2
)
i

J

|

PN B L T

sneid

uvial and lacustrine csedimentation 12\ nyed

<4¢.

faulting. thought to have beour abnut 07 =@, 4.

tocene time. This sedimentation now coursii-
Minar
‘ows, propabiy related to extensional
tectonism, were erupted during this time and

are intercalated with the Sevier River sedi-

ments.

The volcanic rocks of the Mount Belknap
and Red Hills c?¥deras (Cunningham and Steven,
1977} are high si?icé, alxalic rhyolites
characteristic of & number of lats Cefozoic
rhyalite centers in the western United States

-

such as Yellow<tnne Natinnal Park, Wyoming;

Long Yalley and the Cosc Mountains, Caii-
fornia; Jemez Mountains, New Mexico: and the

Mineral Mountains inp Utah. These rhyolites
are not characteristically associated with
voluminous calc-alkalic volcanism. Qur study
is directed toward the calc-aikaline volcanic

products, and although we inciude one sample

tfrom the silicic suite, there is no ogver-

whelming evidence that the two groups are
necessarily genetically related.

Figure 2 shows sample Jocations, and

R
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chert os well as tngex for the analyzod

X

are not clears  Sample 66 is an absarokite

*

TTaw from the west side of Paiute Reservoir

that was mépped as youncer basalt by both

Rowley {1968) and Willard and Callaghan

{1962). However, its unusual composition

is not characteristic of young basalts
along the eastern margin of the Basin and

*mange_vrovwnce, and an age of 21.1 O 2 m.y.

has been cbtained on this flow (M. G. Best,

1978, personal commun.). It does not over-

Tie the Sevier River Formation, which is
the usual criterion empioyed for recognizing

young basalts in the area. Sample 15,

cotlected 4 km east of Paiute Reservoir,

overties the Sevier River Formation and is

presumably Plicocene to Pleistocene in age

Sarpie 87 {s from & unit mapped as older

basi"t by Powley (1568), and is not mapped

IR

by Willard and Callaghan (1962). However,

the outerop 1s adiacant to basait flows

rmapped by a1t investigations as young
basalt. It s chemically similar to sample

15, and may or way not be a voung basalt.

spretigraphic correlation

ie > cewm n B S

5

Sample 80 1o on obsidian from the Lray HITY

Phyol e Member of thy Mognt Devoap
¥olcanics [Cunningham and Stwewr, 19775

ANALYTICAL METHDU

rocks studied have

( ‘}

('v

o uuu
selected on the basis of degres
ness and stratl s

graphic location; to

J‘m
l

pervasive hyvdrothermal 2iterstivn, é number

of volcanic units are not well repr
Mineral analyses wers determined

B

o
} J m“bﬁ

ARL/EMX-SM electron microprobe, bu

analyses were made Syjﬁet chemical methods
described by Carmichael and others [(1968),
and trace elements were determined with a
Phillips X-ray flucrescence spectrometer
using U.S. Geological Survey whole-rock
standards.
ETROGRAPHY

Mafic Volcanic Rocks

Basalts in the -Marysvale regicn are
transit%oné? between alkaline and tholei-
jtic types. Silica contents are moderately
high {between 51% and 52%) as are alkald
contents, and all contain a singie mono-
clinic pyroxene which is characteristically
non«titanifer&us. Modal analyses of the

rocks studied are given in Table 1. Four
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S © sanple Mo, 15 66 &7 RS R T P 1
PRENCCIYSLS
P?agicc}ase 14.8 - 1.7 Zl.y 1309 408 IH.T 2.2 21.F h
Glivine 2.6 4.0 6.1 2.% 0.t - - - - -
Clinopyroxene fd 0.3 7.4 9.9 2.4 53 4.0 - 9.4 -
Ortnopyroxensg - - - .6 1.4 1.8 - - 0.1 -
Anphibcle - - - - S | § 0T
tiotite S - -t -
| __Fe-Ti Oxides g2 1105 2.0 07 25 a0 1.5 0.7 0.7
Alkali Felds. - - - - - - - - 1.2 -
Apatite ~ 1.1 - - - - - - TR. -
Lithic Frag. | - - - - - - - - TR. -
Groundmass F T
4 Undlfferentlated 75.0° 93.5 74.3 63.4 8l.1 43.6 73.9 66.4 - 66
Glass - - - - - - - -~ FAL1 ~
Sample No. 58 83 75 11 88 l 30 63 65
Pilagioclase 6.6 18.8 10.2 19.% - 35,1 31.4 30.2 30.¢9
Olivine - - - - - - - - -
viinopyroxene 6.6 6.4 0.8 - - - - - - .
Dot hopyroxent 0.2 - 1.0 - - - - - -
fmphibole 2.1 - 6.2 7.9 - 7.8 6.0 10.4 1Z2.6
Biotite 0.5 4.2 - 1.9 - 4.5 i.5 3.0 1.9
Ye-Ti Qxides 0.8 1.7 1.2 1.4 - 2.3 2.9 2.0 2.4
Aikali Felds. - - i.5 - - k. TR, TR.
Aratite TR, - - - . .
Lithic Frag. 1i.6 - 2.7 - - - - - - .
Groundmass
dndifferentiated ~  BbB.§ - BS.2 - 530.5 58.2 bH4.4 52.2
tlass 79.6 - 82.3 - 100 - - ~ -
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frhnes of Bdsaltl can be vooonnizeg Teom
petranssphiic criteria. These data, combined

with ddfforences wn bulk rock chemistry apd

winere] composition, indicate @ diversity

aaong tavé Tiows which have been collectivelymy

!l

mapped &5 "younger basalts® by Willard snd

\

{21taghan (1%62;

One distinctive type of mafic lava ’"amp}aalaqzoalaae pyroxan&

. 66),; an -absarokite, contains euhadral to

subhedral olivine and minor clinopyroxene
phenocrysts set in a sub-ophitic groundmass
of labradorite. alkali feldspar,
and olivipe. [t, contains approximately 1%
modal apatite as microphenocrysts, often
This

intimately as ated with olivine.

lava 15 compositionally similar to absaro-

o

£
kite from Yellowstone National Park
described by Iddings (1865) and Hichols
af. Zermichael (1969); tﬁe most notable
divfarences gre high magnesium and lower
irnn in the Yellowstgne absarckite, Hocg
”(1972} h;s described mid-Tertiary absaro-
kive iavas from west-central Utah which are
c2lly and petvographically simiiar to

b
H

Marysvala samp

€.
A& second type of mafic lava has all of

the petrographic characteristics of the

A1

in the Marysvale guadrangie.

" lfourth basalt tjpe (samp?e

i, - .
-Ax.

‘iMarysvale sequence.

letudied at Marysvale

I oV VR

ra——— -

V ret except Lhet i1t lanls apalibe igre-

phenocrysts. 2 third type fusmule 155
contains phenocrysts of lahraduriis,

olivine, and <linopyrozens, ins

th greater abundance than the € Lo

{ . \
types {Table 1}. The phenocryits are set

in a sub-ophitic groundmass of morce sodic

and olivine. A

87} has pnenn-

) - 3 -
lcrysts of olivine, clinopyroxene, and
| _

labradorite set in a graundmass of plagio-

g, olivine, and p}roxane. Abundant

U"n

id
éoiivine is characteristically corvoded and
iembayed, whereas clinopyroxene and plagio-
clase occur as large euhedral grains.
Intermediate Volcanic Rocks

Intermediate volcanics dominate the

They include andesite$,~
latites, and dac1tes$ th@y occur as flows,
pyroclastics, and breccias. The andesites
are porphyritic with
phenocrysts of calcic plagioclase, olivine,
and orthopyroxene; amphibole

ciinopyroxene,

occurs in one sample {86). Two varieties

3

of andesite can be distinguished by pheno-

cryst minera!ogy; The first variety

| {samples 21 and 86) contains highly calcic
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staze phowgeryses whice nave SLrgn

st zoning from Ang, 0 Angg and commonly

g4
gicmeroporphyritic testure. CGlivine
g2y accur as microphenoccrysts, but it is not
abundant. The second variety (sample 9, has
shenocrysts of moderately zoned laborador-
ite, with clinopyroxene and oliving consti-
tuting a significant proportion of the phen-
~gerysts.  Both varieties contain ofthoﬁy«
roxene as phenncrysts and alkali feldspar

in the groundmass. The plagioclase pheno-

ach.

Lt

cryvsts .of each-variety dispiay o« prominent
potted or "sfé@e" texture. The andesites
contain 56% to 58% Si@z and are enriched
?nﬁﬁ;kaif¢s (NaZO + KzO averaging more than
§%); they are the most aluminous rocks at
Marysvale.

The remaining intermediaie voidanics are
dacites and latites that display a wide
mineralogical variety (Table 1). Two latite
vit?ophy?es {samples 73 and 75) contain -
phanoceysts of orthopyroxene, clinopyrcxene,
anc andesine, with or without sanidine,
bictite, and amphibole. Dacitic varieties
contain phenocrysts of andesine, amphibole,

¢linopyroxene, and biotite in various

AT R R KB i d WO TR ANS R4 T AT e aF kAo v 4 b G im ;«-.} 2— e A Ay s 5

i

(Y

quartz oceurring 4% 4 SgRrst

qroundmass. Samnlec 7%, 75, and

silica contents between £2% and 647 with a
pronounced high Kgo/ﬁazﬁ reftio; hunause
they all contain modal pyrozene, the tersn:
"pyroxens latite" is appropriste.
Silicic Valcanic Rocks

The Marysvale yo?pgﬁic senuence containg
mofe than 2,000 m of silicic flows and tuffs
of the Mount Belknap Valcanics. Thess have
been erupted from {wo sourte areas, one in
ithe central Tuéhérxﬁoﬁntaﬁns and the other
in the southern Antelope Range (Cunningham
and Steven, 1977). These source areas ware
the sites of subsidence following voluminous
ash flow tuff eruptions forming the Mount
Belknap and smaller Red Hills calderas,
respectively. The single sample analyzed
from this suite {(no. 88) is a phenocryst-
pocr obsidian,
MINERALOGY
Feldspar

Feldspar is present, either in the
groundmass or as phenocrysts, in all rocks
studied at Marysvale. Electron probe

analyses of feldspars are graphically

proportiens, with alkali feldspar and/or

»
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“a slight increase in the albite component

~lavas sampled which contain plagiociase

t

ry.au

Earieted an et 47 Dlagingiate pheng
rYSEg vary teet bvioweite Lo Sodic ande-
ey Lhese correspundg Lo compesitional

ﬁm?a (wample 21) to bn.,, [(cample

32
64}, Zoning, with few exceptions, is normal
and strongest at the marcins. Sanidine

phenozrysts range from Gr?7 {sample 30) to
5 {sample 75).

e Zoning of the sanidine

phenocrysts is subtle, but there is usually

toward the margins.

Groundmass plagiociase ranges from labra-
dorite to oligoclase in composition. It is |
more sodic than coexisting plagioclase
phenocrysts, with the exception of sample 3
in which groundmass plagioclase is more
calcic than phenocrysts. Samplies 59 and
75 contain small lithic fragments with
plagioclase feldspar as calcic as Angz
(Fig. 4}, which may be from units such as
samples 8%, 25, or 21, the only other
s calcic as this.

Alkali feldspar occurs in the groundmass

‘Tabulated analyses of feldspar, ali-
yine, and pyroxeng are available from the
suthors.

i

*r” e (R
i . 1 4 = 4, >

GF oot nanbien an’ Ainn gL 2w €8 CLnpr -
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citttel ranos,

Fra cgnnne et 68

srenrropce s 5 Wis Ll interntithnl graing

botusen piragionlace gtk Ledanral

iy
n
5o

rich in Loriun ang teon

L Tue ersmnie,
phenocrysts from fhe lower uatt o7 ine
Heedles Hange Fermatiop runtasrn 7 4% Bal.
0livine

0]7v1ne phencCrysts from batatts <ange
in composition from $°8- £G rogg, whereas
olivine phenocrysts in andesites are mors
jron-rich aﬂd have a compositioral range
of | 07L to ro (F1q
Orthopyroxense

Orthopyroxenes have & Timited composi-
tional range from 5”80 to Eﬂ?ﬁ [Fig. 5).
Zoning is minimal, with the most highly
zoned showing a total range of about 8§
mcfe pércent #eSiog.

SiOZ contents do not vary by much more
than ! percent, and TiO is consistent

throughoui.’“ﬁﬁ,ﬁ cntents of andesitic

N

arthopyroxenes {samples 9, 21, and 86)

are somewhat higher as a whole thar ortho-
pyroxenes in dacitic rocks. The ¥Mnd content
of three of the analyzed pyroxenes is

substantial (more than 1%),

and as expected,
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Figure 4  Microprobe analyses of feldspar in terms of weight percent

anorthite (An), aibite (Ab), and orthpclase (Or). Phepocrysts

are shown as~36?id~circiés,'groundmass"érains as apen

[}

ircles,
Crosses in samples 59 and 75 are feldspar from lithic fragments.
The samples are arranged in a general age sequence from oldest
(upper Teft) to youngest (Tower right). {See Fig. 3). Fig. 4

1s continued on the next two frames.
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Figure 5 Microprobe analyses-of pyroxene {circles) and olivine {triangles)

in terms of atom percent Ca, Mg and Fe. Phenqcryst and ground-

mass grains are represented by solid and open symbols, respec-
tively. As in the Teldspar diagram, sample ages decrease from

teft to right, with the oidest samples in the upper left.
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= pgints around an augitic compgsit}or which

Cr e A

i roesas with total iror content.
'fiiﬁ“ﬂ{kﬁ Gl
CHinopyroxene analyses (Fig, 5) cluster

around diopsidic augite in ccmpos%tion.

S

5ﬁ§thaugh there is & slight tendens

t%e pé i % i

of generally uniform COmvnsiiiaﬂ.

ron enrichment in some, uﬂL

‘in 1at@

r

Cenozoic rocks from sauthwestaﬁﬁ Utih, Lowde ]

t

{1973) also found a random cc=;%er1ng of i

he attributes to the relatively fow A10

AP T
content of the pyroxenes (about 4.5%)
" Marysvale augites have even lower IS 205

contents and, as Lowder {1%73) aiscF%ound,
“the only augites that show arny ﬁendegcy

" ¢a zone toward the diopside«heﬁenbevéite i

_jsin gre those with highest A}EOB can%ents )
{samples 15 and 87).

&mﬁmtin&ﬁﬁﬂ}a

. .
alkalide volcanic

Titanium is not-
characieristic of cale-
vocks. Sample 66, an older %asait, containg
augite with 1.5 weight percent Tiozg the

valye observed. Augites from younger]

_basalts average 1.2% Ti0,, with the remaining

(A

anaiyzed pyroxenes containing less than 1%.

708t titaniferous varieties are those

The sodium content of Marysvaie &
i tow (less than 0.5%) and this

"w1th.?ﬁw.a3ﬁmiﬁ§m\ gaests

17 and 8 wpight percent, wheraas

g tho most aluminum.

PR

b e bR e v e e 431 B2 v s B T

AR

The ;iO, content tystematiog .ty

3

in clinopyroxens with %@2!&&35&7 i

concentration of THE Wnst ma“wv ffig, &;

S

-

BYLYELS 10
. Ladined
crvstaiiizat
at shallow depths (Green and Ringuona, 196
éwph;baie

tha

are common o

Hoznb!endn nhenocrysts

wcitic rocks at-Marysvale, and a few qr

2insg

| of amphiboie were found in one andesite

{sample 86). MWicroprobe analyses show

that hornblendes fall into two distinct

groups based on A'zﬁg content (Tablie 2}
which is independent of rock tvie.

Orie.
group has Al O% vatues faliing Letuween
the other
nas Al ngyaiues between 10 and 11 weight
percent {with the exception of the andesitic
fisrnblende, which has an even higher

content}. Ti0, contents 1ie between 1.4 to

2

1.6 weight vercenf'for the low alumina group
and 1.9 to 2.4 percent for the high aluminum
group. The sodium content is consistentiy
higher in the aluminous varieties, with
manganese behaving in the opposite manner.

A1l of the amphiboles contain measurable

a Tuminum
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w and shlorine.  Chlorise seems Lo he
s aburdant 1o amphiboles of the low alumi-

TRt

de: group, whereas fluorine does not vary.

_fif gﬁﬂer » fornblendes are similar.in.

position e those of cale~aikaline volcanic

Crocks fvam +siand arcs and continental

Oxides
Iron-titanium oxides occur as microphenc-
crysts and/or in the groundmass of all of the

"vdicanic rocks studied at Marysvale. In

addition, small euhedral chromite girains are

poikilitically enclosed in olivine phenc-

crysts of some basaltic rocks. Titanomag~

netite is common in all rocks, but ilmenite

is absent in some ba%alts, all andesites,

S

“and is a sporadic pﬁ%se in dacites. When

found, it was usual by homogenous in composi-

sl"'a «;’

. &
brobe ana yses of Fe-Ti oxides

tion. Mic

decalculated in the

'>5TE'§iVEﬂ:iﬁ‘§ﬁ§§eﬁé

from rocks canta}%

i

oxides (Euddington und Llndeey, 1964) and

N coevxstwnq Fe-Ti

o

lfkﬁaa a temperduurﬂ range from 865 to 950 °C.

The Togarithm of the fugacity of oxygen

i

I
i

!

g O B SO R

varies fram =100 W ~15 2. Tos tw. vwfin
Tavas [samples Fb and 27 €aiy ot Leiaw

Dthe PO buffer, a5 16 o Lo ssoncied S

laves contdiming fifanmmagnolite and 57 siaa,

~

i3

Samples 73 and {both Tetites) courte

AT
N g

th orthopyrorene and (ie above &he ¢

“runtaining botl

grpnibole syepn farinar

zbove the FMQ byuffer. ragyils goan

t; bear out the relatinaship between

magmatic oxygen-fugacity and

the buffering

~ &

effect of condensed phases initiglly

described by Carmichael (1967},

1y
¥
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CHEMISTR
Majaor Elements

Basalts are olivine normative, whereas

atl the

andesites are quartz norrative
(Table 5). SiO? contents cover a broad

range and can be divided conveniently into

four groups: basaltic (51% to 52%),

andesitic (56% to 58%}, dacitic-latitic
{60% to 65%), and a single rhyolite {73%).
Aithough the si?icé breaks are dis?inct,
a silica gap as noted in southern ltah by
Lowder (1973} and Hausel and Nash (1877)
is not presentrai Makysva]e. Catlaghan

(1939) reports analyses of three rocks from
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| Spingt Phase
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0, 7.14 7.1 13.3 16.7 15,7
A0, 2.10 2,600 . . . 2.0 FUiT 17
¥a0. 0.36 0.7% 0.47 g. 19 W
Cry0, 0.11 1.01 0.08 0,05 5.89
Fel 84.0 £8.6 76.6 73.7 780
¥ind 0.69 0.54 0.88 3D .55
wgo 139 2.76 2.79 2.58 2.18
Cald 0.04 G.05 0.03 0.02 . 19
Zn0 C 0,20 0.13 0.20 0.1¢ o, 14
Sum 96.0 98.6 96.4 96.9 .. . 56,8
Fe, Oy ©53.9 236 4z2.5 35.4 25.0
Fel 35.4 47.4 38.4 41.9 4.9
Total 101.4 101.0 100.7 100.5 99,7
Rhombohedral Phase
510, 0.04 - - - 0.02
Ti0, 39.1 50.6 448 49.3 50.2
A1,0, 0.35 0.20 0.35 0.27 0.18
V,04 0.48 500 0 0.47 .47 .54
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Ca 0.06 0.14 0.11 0.02 e.27
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Fe,0, 27.8 5.41 19.0 10.2 4.3
Fel 215 39.2 31.9 35.7 ~ 40.8
Total 101.6 160.0 101.1 101.2 98.8
¥ole %
glvospinel 18.9 59.¢ 35.9 46.0 h3.4
Mole % : '
R,0, 27.0 5.9 18.5 10.2 5.0
T 925 930 950 910 465
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{1 An these gaps at fmegma types in the Marysyale rotfon

The rhyolite coataing 75.%% 1%, on as

Y]
I

arg fowg s 18 typieal of woet cate~alhaling anhydrous basis and containg wace thar 97

Facks  The bighest T content 19 1.25% in
ahearcrite (sample 68); 1is genetic rela-

tignsr s t¢ the calc-alkaltine volcanic

Tsequenne s not clear. Marysvale volcanic

- roeks -ahow Vitiletor po Felative iron

earichrent (Fig. 7), consistent with the

trend of typical caic-alkaline Javas. Most
~of the samples fall slightly above-the

‘average Cascade differentiation trend,

but still show the typical dominant alkalid

enrichment with increasing silica content.

tntal alkalies, 2 characteriotic of mary

late Cenozaic rhyoiftes in the weilsrn

United States. Rhynlites in nain-alkaline

iassociatinns commonly contain 1ess silica
and“éikdi%es;‘ N ﬁ
Trace Elements

Y-ray flucrescence analyses [Table & and
Fig: "9} show &nifbkéié'ig%‘yttrium concentra-
tions (<40 ppm} and similarly Tow Hb valuss,

except for the highly evolved rhyolite

(87 ppm}. Ir concentrations are highest

The tcgéd closely resembles that of Tertiary in two vitrophyres (samples 59 and 73), and

calc-alkaline volcanics of the Basin and

"Range Province in southwestern Utah {Hauseid

and Nash. 1977).

The group, as a whole, is characterized

- by high alkali content; several samples .

the absarokite has 3 relatively high Zr
content for a basic roékaSGQ apﬁ}# The
Kingston tuff vitrophyre (sample 58} ig

distinct from the other rock types in its

3

-4
s

trace element chemistry.” This is particu-

are particulariy »ich in potassium. Six of | larly evident in a ploet of Rb versus K/Rb

the lavas and two residual glasses have
KZG/NaZG «2tios greater than cne. When

total *alkae!ies are plotted against silica

o

‘-v

istinct Trom that of the more sodic group.

. This suggests the presence of at least two

Fig. 8). chis "potassic group” has a trend

(Fig. 10) which shows a general Yogarithm
relation between Bb and K/Rb, with the Mount
Belknap rhyolite lving at the end of this

typical trend. The Kingston tuff vitro-
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Figure 7

b

A (Na,0 + K0} - F {FeD + Fe

2 203} ~ M {Mg0) diagram for the
Marysvale vclcanics. Rocks frém the Marysvale province are
represented by solid civeles. Open circles are mid ancg late
Cenozoic volcanics from the Basin and Range in southwestern
Utah (Hausel and Nash, 1977). The dashed Tine is the average
Cascade trend for basalty {8), basa1tic—éndesite {Ba), andesite

{A}, dacite (D), and rhyolite (R} (Carmichael et al., 1974)}.
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Figurs. 8

{(Macdonald and. Katsura,. 1964} and Th

50 35 60 65 70

% Si 0

Alkali-silica diagram. The solid line represents the division

FLNNEN

between Hawaiian alkaline and tholeiitic lavas. The dashed
lines represent average -trends of Hawaiian a]&a}ine Tavas

wa -iningmuli, I¢eland, tholeiitic
ltavas (Carmichaei, 1964). Subscripts G, C and R refer to,
respectively, microprobe aralyses of residual glasses, Callaghan's

{1939) published analyses for samples from the suilion Canyon
Y

unit (3C and£7C) and quartz monzonite (5C) and Rowley's (1968}
analyses for the upper (252R} and lower (238R) units of the

Needles Range Formation.
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oats ehioh maﬁ»?aiagi ally

':&ygﬁav w0 b& gevived From samples 21 or 25

{seg ﬁ‘ed,@ disrussion). MHixing of thece

©

3um3*na wnteh have novrmal K/Rb ratios onusid

-
£
i
H
;

uﬁ, Jwvuaai for the anomalous values in

e S S sk ke

sample %92. Thus, aithough the composition
~of sempie 59 does not represent an original
-?ﬁéuéé éompesiticn due to the presence of
inclusions, we are unable to account for
d its behaviour in terms of the other recks‘
—jresent. The low K/Rb ratio méy be due to
sreferential loss of potassium upon hydra-
o of this glassy rock which now containg

5 8% water.

Figure 10 supports cur general observation
' ~hat many of the volcanic rocks of the
L varysvale area may be comagmatic and
vzlated in part by crystal fractionation.

Pigure 9 1ilustrates that selected samples

Pt

‘that is, those from the low alkali region
-cF Fig. 7) fall on smooth curves in the
i-ace-element variation diagrams. A quan-

.- titative fractionation model based on these
data 1s described in a following section.
PETROLOGY |

- Geothermometry

Recent advances in geothermometry make

e

B i T I

i uussiﬁi& 1o calculate Lampaeasure, of
equitbration for 5 vaviety 4f pivaral

asiemblages. Table 6 is & comnilaioen ol

Skemmoritures oblalnen based on five syt w

methods. The thermometer of Buddinglnan
and Lindsley {1964) yields scluticns that

-

gre reasnonable-for-equitibrium groundmass

temperatures at 1 bar pressuvrée.  Temperslurss

nbtained using the twe-feldsper thaw far
of Stormer (1975) at. ] bar are 1010 QE and
1060 °C for sample 75 and 72 {both ritro-
phyras), respectively, approrimately 100 9
higher than their respective Fe-~T1 gxide
equilibration temperatures.

Tamperatures obtained from & thermometer
based on the distribution of F between
apatite and phlogopite {§2armer and Car-
michael, 1971) are anomalously low, {100 to
400 0C) and are prabab}y the result of sub-
solidus exchange of OH for F in biotite
in an aqueous fluid (Epstein and Taylor,
1967; Nash, 1976).

Two byroxene températuras (Wood and
Banno, 1973} are significantly higher
than iron-titanium oxide temperatures. If
these pyroxene equilibration temperatures

are correct, they probably do not reflect
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Table 6. Comparalive thermometry {TOC}
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Fe-Ti Feldspar Pyroxepe . PRlpgepite - --Gku

1259
930 124

5% e 1245,

[ snd
fow
[Tl
<«
prh
ot
e
R

1194 1354
1158 1376

950 1060 1218 100 1176
1175 400 1115

919 1010 1157 1219

—— LAY
S

fm v e e ages e e

fer i smd

Plaaionlase

Orb

1217

St €

-

A e ol op " B ot g gt 3t T " —_— e

o
e

P
li




Cerustive neaporatores,

© ligetion

" determinations

i Fed i S b et we Y,

PR n T TN LS et e N A A & o s s me e

but rather cyystal
temperatures for pyroxene pheno-
Grysis &t depth.‘ K comparison of Fa-Ti

oxidez gguilibration iemparatures with the

pyroxend aquilibration temperaturss in fwo

'saﬁﬁ?as {73 and 75) show the Tatter to be

about 250 OC'higﬁeéa'ﬁhis‘may‘qep%esent
the crystallization interval between these
phases.

“Tempéf&tﬂrés'abt&d%ed‘from”the Kudo-
1973) are

Weill gecthermometer (Mathez,

also high. This is expected, howaver,

because the core compositions (most calcic)
of plagioclase were used together with
bulk rock compositions in the temperature

in several cases, ths

temperatures are comparab!e to those of

ot
=
D
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£
o
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™
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jard
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3
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. By pstimation of the water fugacity
can Lo determined based on the following
reac” i {Wenes and Eugster, 1965):

" . / -
gfegﬁisxgﬂlo \OH)2 + 172 02

E4

annite gas

KR13i308 F2304 + HZ

- sapidine magnetitz gas

i ot e o S st i 4 50

b e e ma . nin - n ey
o ke

whan resrrandged:

?o( ' t{,’% Ao 4 ?‘ T ' 7 an o
Y H 0 r R 4 P A A A ),/
biotite
1 (S . B o - Y,.{, -,
> ng AF 23 + 7 1y Fope » 39% 5, L,
&

Where-the T-10g- g termrtakes fnlo actount
wiking of F in the UK
csite in Giotite.

Sample 73,.3 bazal wit

]

ophyre of an
ignimbrite, contains the appropriate mineral
assembiage, as well as a groundmass tenpgra-
ture and oxygen fugacity determined from

coexisting Fe~Ti oxides,; tc allow such a

calculation. The calculated water fugacity
is 7.745 bars which copresponds to e PH 0
'z

of about 3,000 bars. Based upon a re-svalua-

tion of the originail experimental daia over
the temperature range of 680 to 800 GC,

Hildreth (1977) recommended 2 revised

estimate for the free energy change far the

previous reaction. Utilization of this

£

~

free energy value yieids a water fugecity

approximately 1/3 of the above value, or

a Pd 0 of about 1,000 b. This value is

2 N .
similar to the estimate for the younger

Belknap rhyolite by Cunningham and Steven

(1977} of 800 + 200. b based upon plotting

TR

v AR e T

1} amne




'<whu ww*ﬂul normative constituents in the

varn § Agﬁsaﬁqﬁgwtaﬁigﬁiyﬁu KATST 0 -H,0.

jatter estimate is subject to some

Corver, because these rocks contain two

Totdspars and 1.4% to 2.9% normative

Tonorthite, and shouid properly be considered

Cdinoa quiﬁary system with anorthite as an
'additéanai component.
Fressure and Tempgrature Solutions

" Nicholls and Carmichael (1972) have
demonstrated that the pressure and tempera-
_ tu%@wgf equitibrativd of a magma with mantie
per?dot%te can be calculated if the activi-
ties of silica and alumina in the magma

and mantle source region are known. An

absafﬁkite {65)'and a basalt (87) have the
mineral as eTblag&s necessary for this
a%cu?&ﬁion d8s outlined by Carmichael aﬂ&
The equilibration of
:ab rokite with spinel peridotite of the
minéralogical composition (mole.fraction)
..0.90 forsterite, 0.85 enstatite, 0.75
spinel, yields an equilibration pressure
arid temperature of 18 kb and 1235 °C.
: ,p?gces it in the spinel peridotite
pres ‘suve*temgerature regime of Wylilie

3717, The basalt yields a pressure and

ys e e e e

v N R

i oand

temperature wolution of 5%

when equilibrated wit ideallsed

oA

peridotite (0.90 forutarits,

0.6% pyrote). These pressura, sre esivialent
to depths of approsimately &7 2nd 100 o7,
respectively.

Crystal Fractionation

By using the bulk rock and minecal
chemical data, it 13 possible to tect
quantwfat.vely whe*her or not low pressure

fractional crystailization could be
responsible for the chemical diversity of
The

the intermediate to silticic lavas.

method is based upon a linear least-squares
solution of an overdetermined set of mass

balance equationéksuch as describad bg,"w
Bryan and others (1969} and Stormer and
Yicholls {1978).

A proposed parent magma for a suite of
rocks related by fractional crystallization -
should have the folTdwing characteristics:
it should be of a relatively mafic nature,
occur early in the stratigraphic séquence,
and be abundant (as evidenced, for example,
At Marysvale the

by areal sutcrgp extent).

andesites of the lower part of the Bullion

Canyon Volcanics meet these requirements.’
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- ?wquwe 1% iiéustrates a possible froc-

'_ﬁianatfor scheme for the derivation of

~
% G
R

in tha same man-

a S il S S

o sample 86,

S N
ot &

3 could

»

, -

: nar, either sample 86 or sampie
| th@o%etica!%y give rise to sample 83 {(Mount
Belknap Yolcanics). Additionally, the

¢ Fatitic rocks™Fsamples 73, 75, and 83)
could be derf;edzfrom a magma with the
chemical and miné&aloﬂ?rzi characteristics

by

...of gample-21. (& more &

~ded

kal

R
FI.
T An

the Bullion Canygn Formation). These

nuwever, 4o not yield a favorable

AN

selutinn vhen an?attempt is made to derive

g
them from a pa “»ﬂt represented by sample

In

iy

86, the other p@opcsed.magma. addi

it is not possib e to devive samples 3 and

g8 frum a na*eﬁﬁ magma with a composition
of sample 21 by remgval of the phenccryst

- phas 5. Theqe results lend support. tn the.

possible existence of two magmatic tyges
in the Marysvale region, as noted in Figure

8.

The twc possible parental magma type

cdiffer very 1little in bulk chemistry except

) t,
' that sample 21 is more potassic than 86.

S

' The potassic enrichment of the latitic

‘suite is apparently produced by the

, fractiomation of proportionally lesser

R e W - -!V@h?w-»f"'v!)ql‘.'sﬂ‘i"ll-:ql‘-@v“k’ﬂm:-ﬂalm‘ e T S “,é

-iE D VI YA S Ay PR A S NN

“iaticn co

tion;

S LI L 22 S Oy PN

amounts ¢f plagiociase tran the 4510 Le-
rhvolite seriog
Ffafﬁlcﬂr?Yﬁn Jhﬁwv 5 oconsieunred i this

manner are only permissive in nilturs ang

cha cnewical

s
S ¥

are not conclusive sviden~e that

variety observed arises from such 2 grocess

]

A further petrologic constraint can bz
placed on the method, and that i+ that the

amounts of the phases ramcved in the calcu-

(2]
=

L.

rrespond. within reason, to the

amounts present as phenscrysts in the

as.

pronposed parent la Figure 12 is a

‘h, v

compaxf”on of the percentage (by wacs; of

8y ¢

the phenocrysts: present in thel selected

parental lavas_with the masses of each

paticp.caicula~

By ot}
5‘

Loehs

phase removed=in the fract

tions. The values correspond vreasonably

well with the exception of the derivation

e

s

of 3 frem 86.-3nd 88 from In both of
these instances;, the mass of the iron- !
titanium oxides #removed in the calcuiations
is Yess than t;e amount observed in the
selected parental lavas, whereas the amount
of plagioclase removed exceeds the observed
fraction. By simple Stokes law relations,

we would expect the oxides to be fractionated

most effectively despite their somewhat

R T TG T T AR D
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Figure 11 Fractionation model for Marysvale volcanic rocks discussed in
text. M is the mass of the new magma relative to 100 units of

the parent magma. I is the sum of the squares of the residuals.

Ulv. = ulvespirel; Opx = orthopyroxene; Cpx = clinopyroxene;

Plag. = plagioclase; Iim = ilmenite. The,negative values
indicate removal of that phase from the parent in the amount Shown.
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is reason, we prefer

actionation

digco ount ?ﬁ@

S

;;aéﬁ9m 23 tfé other aspects of the model re-

CLommie restonable.  Additionally, it should

Be Lrn ih mind that the silicic volgantsm

’_%a» et be geneti ally vniated to the

v er calc- ﬁ‘ka37ne sequpncp by a Tiquid
of descent, The silicic event may
result from an independent generation of
“magnz as a result of continued thermal
Cinput into the crust.

SUMMARY

- rocks above subduction zones is & widely

recognized relationship. The parental

magmas of the calc ~a1ka31na wu¥can1ra at

Marysvale probably were derived by partial

meiting of subducted lithospheric materigl

‘- postulated to have been present in darly

to widdle Cennzoic time in the western

)

United States (Atwater. 1870). In the

Marysvale

mately 30 m.y. ayo and continued to about

j?é

37 m.y. ago, with one pericd of minor

%

guisscence about 22 m.y. ago, which

5&§a?ated gariier mafic to intermediate

'“; wa? ~é¥ka1in9 vo%canwsm from & epr,od of

<

The gensration of calc-aikaline volcanic

egion, volcanism began approxi-

2.

anre siiteic and explostve
2

activity,

RPN R Y e s I b

BrLrunive
Hear-syrfsce fractionation has

nt
b

i

P

played an imporiant vole in the

agikaline svolution al Marysy

asndesitic magma types may have given

s the more 1n*e di e to tticie

varieties. These types are represantsd

by sampie 86, which could have been parentzl

b%)

o~
Sa

to the dacitic and pos i roayot st

membews of the su*teg and fhﬂ move atkalic

sampie 21 which could have given rise ip
the Tatitic members of the group.
In the late Lenozoic time, the Basin and

Bange Province underwent crustal extension
with synchronous basaltic and vhyolitic

volcanism. Shuey and others (1972}, relying

primarily on aeromagnetic data, place the

-geophysical boundary of the Basin and Range

Province and Colorado Plateau at least 50 km

east of the physiographic boundary. This

would place Marysvale, as well as most of

“the High Plateais, in the current Basin and

Range tectonic regime; late Cenozoic

volcanism centered near Marysvale may be

ciosely related-to Basin and Range tectonics.

These features suggest that Basin and Range

tectonism is currently extending eastward




7

i the arpesse of the Colorado Plateau, with

e

1 e LR SRR R

:fﬁéiﬁ fﬁ and Range upper mantle regime ex-~
banding cans iderably east of the phys sio-
'1?:fraxﬂi' boundary of the Basin and Fange
Province, f
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GEOLOGIC OBSERVATIONS IN THE
UPPER SEVIER RIVER VALLEY, UTAIL*
HERBERT E. GREGORY.
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ABSTRACT. The East Fork and South Fork valleys of the Sevier River:
roughly coincide with the trend of the Sevier and Paunsaugunt faults that
.utline the Sevier Plateau, and mark borders of the Markagunt and Aqua-
rius Plateaus. Along the faults, in the slopes and escarpments produced
by uplifts of 600 to 2,000 fect, the Tertiary rocks characteristic of southern
[tah are exposed: the pink limestones of the Wasatch formation (Eocene)
:dic white tuffs and gray igneous conglomerates of the newly recognized
grian Head formation (Miocene ?); the widely spread andesitic lavas;
and, in places, the gravels of the Sevier River formation (Iliscenc ?). In
Antimony Canyon erosicn has ‘révealed Jurassic and Cretaceous strata.
From south to north the Wasatch limestones and the overlying stratified
pyroclastics of the Brian Head formation decrease in thickness and the
irneous conglomerates increase to thicknesses of exceeding 1,000 feet.

* Published by permission of the Director, United States Geological
survey. -

Ax. Jour. Ser—Vor. 242, No. 11, Noveymger, 1944
41 .



~
s ]

M - ..
K LI

.“ . ‘. j

'580 Herbert E Gregory——Geologw Obsematms in the Upper Sevier River Valley. 581

SN Black Canyon, then in turn the meadow lands about the v1llage .
: 7 , of Antlmony, the. deep rock-walled Kingston Gorge, and finally
;v . 'an alluvial ﬂat -The’. -average’ gradlent of the' South Fork -
" below the mouth of Red. Canyon is' about 24 feet to the mile;.
e .-of the East Fork below Wldtsoe, 31 feet to.the mlle, but in their’

. 'steepest stretches the grad1ents are’as much as 120 feet to the
Ty mlle DI '»‘

porting talus, and removing from their channels the alluvial
débris deposited during a previous physiographic cycle. Their
work is facilitated by the flash floods and seasonal floods that
-characterize the stream runoff in the High Plateaus of Utah.

The plant life in the upper valleys of the Sevier River is that- - »
characteristic of ithe rugged plateau lands of central Utah.
‘The types of vegetation are related to altitude and the con-.
rsequent range in temperature and amount of precipitation, but
the normal zonal arrangement is much modified by the condi-
tions of insolation imposed by the height and position of canyon
walls, the erratic distribution of perennial streams and springs,
and the wide range in altitude of areas of bare rock and fertile
‘soil. "The complex vertical and horizontal arrangement of
gorges, stream flats, slopes, cliffs, and plateau tops naturally
provides local habitats with little regard to contour lines. At .
“altitudes above 8,000 feet the most common trees are yellow
pine, replaced at the highest levels by spruce and fir. Beauti-
ful-groves of aspen and scattered clumps of manzanita, moun-
tain mahogany, and shrub oak are common. Interspersed with
the pines and extending to altitudes below them, widely spaced
junipers and pifions stand in fields of vigorously growing sage
brush. In the lower valleys sage brush, rabbit brush, and
introduced weeds are dominant, and immediately along water -
courses box elder, birch, willow, cottonwood, clematis, grape,
and “bullberry.” 1In distribution the vegetation is “patchy.”
Expanses of matted grasses, of sod, and of closely spaced trees.
‘mingled with dense underbrush are small and rare. On the
broad glac1ated summit of the Aquarius Plateau treeless glades, -
hundreds of acres in area, are features of the forest lands.
"Most of the canyon walls and many steep slopes are substantl-
ally bare of vegetation (see Pls. 1, 2, 4, 6).
" The reglon that includes the upper valleys of the Sevier,
River is primarily “stock country.” During the summer
,'months the cattle and sheep find palatable brush, grasses, and
“weeds. on the highlands and the natural meadow lands along
streams. When snow covers the ground the livestock either
return to the home ranches where hay is provided, or migrate
to the warmer lowlands along the Colorado River. To con-'
serve forage, most of the Sevier, Aquarius, Paunsaugunt, and 3}

Markagunt plateaus is included in the Powell National Forest. o %
" For general agriculture the conditions are unfavorable. The
-growing season is short, the precipitation small -and erratically

' Because of* topographlc control the form and gradlent of the
- tnbutary streamways is unlike those.of -the master channels, °
"The western. tnbutanes ‘of the" Sevier- have gentle gradlents,_
-most of them flow i in”shallow trenches ‘on ‘bare_rock. On the .
g other hand; the éastern trlbutanes occupy short steep, narrow
; ¢ 'canyons that head abruptly at ‘the plateau rims.. . Throughout -
Lo their' courses "in - the’ canyons Casto, Limekiln, Sanford and
ol * Smithr Creeks, tnbutary to the South Fork, and BlI‘Ch Cleaves, -
, Center, and Antlmony Creeks, tnbutary to the East Fork, have .
- gradlents of 400 to 800 feet a mile. - The South Fork of the
Sev1er is through flowing. Its eastern tnbutanes are perma-
. nent in thelr upper, courses and at times of ﬂoods carry water
T .across thelr alluv1al fans; but, except for Pangmtch Creek, .
“rwhich- drams a ‘large. part of "the well-watered. Markagunt:
Plateau, its- ‘Western trrbutarxes are ephemeral * The. - East
Fork, through Eniery Valley and- parts of . Johns Valley, is
1nterm1ttent -the combined flow of a score of tnbutarles from"_
~ .the back,slope of the Sewer Plateau and the front of the
"Aquanus ‘Plateau ‘i 1nsufﬁc1ent to mamtam ‘&' continuous -
,. stream:: At the héad of Black Canyon the East Fork receives
RIS ~-contr1but10ns from the spnng—fed Deer Creék, -and more from
BB springs’ farther down the canyon. - But the chlef contributor
! ﬁ;-, to its waters 1s Antlmony Creek, wh1ch occuples the longest,
deepest, crookedest ‘and most’ 1ntr1cate1y branched of the cag-
* yons. that. dlssect the western flank of-the Aquarlus Plateau,
FFormerly the creek entered a lake where its waters, together
_w1th those 0 the East Forkc of the Sev1er, were ponded while
farther north'm Klngston Gorge & stream .was sinking its chan-
‘nel through ‘the’ re31stant volcamcs of the Sev1er Plateau to a
depth sufﬁment to prov1de a. contlnuous ‘out]et, !

As) agents .of L£rosion: both forks of the Sev1er River are rela-
txvely lneﬂicxent they are c}neﬂy engaged in Wldemng theu-
runways m unc_onsohdated sand and- gravels In contrast, the ;
streams that flow-down the” prec1p1tous fronts : “of - the Sevier -
and Aquarlus plateaus are wgorously scounng bed rock trans- '
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AMS, and the
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" Pleistocene age, Pleistocen
Recent stratified sands deposrted along stre
iled at the west bases of the .

mbled débris of alluvial fans P!

v
. Gevier and the Aquarmm plateaus.

(fl;izxt;;ltﬁd in- fime" a.nd pla.ce, and the’ surface ‘runoff, ch;eﬁy-
Aot elting: snows, supphes few streams with. water sufficient
for proﬁtaole 1rr1gat10n At Pangmtch ‘the average ‘period,
e st-is: but ‘80 days’ (June 15- September 8);
i gmm :;n annual ;;nlfall sis, 9.69. inches. At’ Antimony th;'
. season is
. ’s_onIxe years. less than 5?12\::8. ??mml ramfa“ 5 13 ‘“Ches"'m‘
: rngatxon farmmg ds. proﬁtabte at Pan
acres ‘are “watered: by 8 canals leading’ frognllmf‘l::r’xgvrl}:’f:l\i ?}850
!and the South Fork Jof the SeV1er River; also at. Antrmm'ak
”vsvhere the. run—oﬁ' from Antunony Creek and East "Fork ofm:}{’
% }e‘vuer makes poss1ble the }rngatlon of 2,657 acres given :
. chiefty -to the cultwahon of potatoes and’ forage,cro N
e lf'an(c;h éxomes along the base of the Aquarius Plateau, alolr)lsg S: t
r :,:. for weetwater, Horse, Brrch, Branch “and- Center creeks "
LU efw acres -are under d1tch” but 1rrxgated 1a.nds at the m ’h
(\)7 lEﬁasto L&mekﬂn, Sand; and Smith’ Canyons, ‘and in Eor::: .
s :dzze{:)nde ohfns Valley have been. abandoned, and atteml:ti
E _': % e 0111)1 & x;imzrrﬁlr;gf :z:lenderson resilted in costly failure
: ; nomic, importa; )
 has been mlned mtermxttently smceplSS(;l c:nt;os\:tbzllltl:t::::; 5

MESOZOIC PEPOSITS:
Distribution. e

Along the upper pranches of the Sevier Rivers sedlments of
nd Cretaceous age 8re exposed only at the

Tnassrc Jurassic, &
porthwestern edge of the -Aquarius Platean where in an ares 0
he walls of Antimony Canyorm .~

about 6 square miles they
The rocks in this small ared are

and its many branch gorges:
eculiarly 1solated the nearest of correspondmg age lie no orth-
east of the Aquarxus, south of the Paunsaugun ,and west of the
Markagunt pla.teau £35 to 70 miles (see Pl. 8).
The geologlc features of Antunony ' Canyon bave been
descnbed in g neral terms DY Dutton’ and more recently with
1 resources by Rlchardson, But-

partlcular reference to mmera.

ler, 4 gnd Duncan.

’

Dutton states: .

- The' northwestern angle of the Aquarius is aid open by~ an im-

mense gorge: ¢ A mass of lavas and conglomerabes more than 2, 000

feet thick is revealed and peneath them the Tertiary:’ Near the
opening of this gorge o Grass Valley fault [northern extensio?
of the Pannsaugunt ault} cuts across it throwing down the plat—

C. iorm to the west. .

- l.

.
STBATIGBAPHY. : f'.~.

Geneml Relatwns. E

« ft}?xe consohdated sedxmenta.ry rocks in the up e‘
Mesozom % :dS%vmer River are representatwes of well kn:w;
o 'fi‘:i,lateau e engz}glc formatlons that charactenze the
: formatmn of! U;per T::;‘:;“ Eg: onglomemte gnd Chmle (-
;" Nava)o san stone of .»*
: f1: ré, Z)hzlgle, Sa;m% formatxon, Entrada sa.ndstone, urtJL:sl "Ei ;) Y
:Dakom (;) n 3 msor Ry formatxon “of Jurassic . age; ' ,’
s sa(;l vz:ytone and Troplc formatxon of Upper Creta-
tmn togﬁh,e s:r:n d lasatch formatxon "of Tertiary age. "In addi-’
o mdua N ;y exposed stratlgrap}uc upits measured sec- |
e taffs, 1gneous agglomerates, “breccias, and flows 2

In agreement with' Dutton, Rxchardson assxgned the sedi-
ments 11 Antimony Casnyen to the Tertiary—2 | conclusion
, adopted also by Butler and his associates. In tus pioneer
report on the ore deposits, Richardson writes:
Report o0 the geology of the High Plateaus of
99, 295. !

Survey Roeky Mt region, PP 2 .
An'mnony in southern Utah; u. S. ‘G_eol. -

Utah; U. S.‘Geog. Geol.
B.:

"~ gurvey Bull 340, ‘PP 253-256.
ore deposits of Utab; U. S. Geol.

C.: Antimeny deposxts in Antimony Canyon Garﬁeld

‘that mark‘ rthe ‘southe
o ern border of . the 1
- "ﬁeld of G entral Ut ) arge.’ “Tertiary volca :
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¢ This gorge ig shown on Datton’s maps as Mesa Canyon. To the pioneer

Coyote Canyon’ and the town site near S mouth,

; ;.gxonwl Mt‘t“de Wlf "the; orchnary ‘sedimentar,

exercnsed no,_ _ulm the developmen ; f‘the topography havye

" mclude bh SPec e contro] Tﬁe pa.rtlx ‘consohdated sediment
e evxer Rwer formatmn _of the la.te Phocene or ead;

k.-‘,

* gettlers it was known a8
Coyote. In recognition o
was renamed Antimony
also to the canyon-
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At the base of the sectxon there is 150 feet- of gray conglomerate

. composed of rounded pebbles of quartz and quartzite up to 6 inches
in. dmmeter, in; a sandy_matrix. -The. conglomerate is overlain by.
A great Tnass’ of fine-textured. buff and reddish sandstone, with sub-
.- ordinate drab and red - sandy ‘and clayey shale and thin-bedded
hmestone, amountmg in-all ‘to several hundred feet in thlckness
“"No. fossils: have heep found in these- -rocks, but ‘because of their .
llthologxc resemblance to ‘Eocene ‘strata elsewhere in the plateau
reglon they are’ prov1sronally referred to that penod :
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, The report by Duncan, though chleﬂy an exhaustlve treat-
ment of ‘the a occurrence, qualrty, and potentml economic exploi-~
.tation of ‘the stlbmte ores,.includes “a; measured section of the N
: exposed rock units in-which .appears 1,500 + feet of Jurassic
; 'sedlmen‘ts, not previously recogmzed In addltlon to a basal
- \serles of massrve sandstones and thm-hedded varl -colored shales
“and limestones classed as undrfferentlated Jurassic, the section
°_includes arenaceous and calcareous strata that extend upward
to sheets ~ of~ lava., Regardmg these upper beds Duncan
- remarks o
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Plate 1. View looking across the upp(r Fast Fork Valley in the vicinity
of Widtsoe. Flat land developed by the deposition of alluvium on
maturely eroded surface of Wasateh formation  Altitudé 7,000 fect.
Vegetation chiefly sage, annual compositae, and (near the stream chan-
nel) yellow pine. l’lmtogmph by U. 8. Forest Service.
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I : The Jurassm beds are: unconformably overlam by a. sequence of
. “- - “red, buff, and gray sandstones and shales, gray boulder conglomer-
RPN ate and hght-gray limestone, - whlch totals about. 1,500 feet. thick,
V. . These béds were considered 'to be of Eocene - age by Richardson
. and_are probably equivalents: of . the ,Wasatch (?) formation as
e recogmzed in nearby areas. .The known antlmony deposits -in the
area are confined to a sandstone and shale zone about 200 feet thick
:near the ‘middle, of.the formatwn. Mlddle (?) Tertiary volcanic
- - rocks’ mostly dense acidic flows; with some agglomerate and scoria, . -
- overlie the Wasatch (?) formatlon The volcanlc flows are\estxmated
to be about l ,000 feet t}uck " :

s e

Thus Dunoan, .acceptlng the conclusron of Dutton and Rlch-'
'ardson, record" thrck 'Tertlary fhut no Cretaceous strata

S “"

age———-are prese t and Tert1ary rocks other than volcanics are
heheved to :be absent. »In bnef the Mesozo;c formatlons in the
‘ walls of ! Antlmony Canyon are characterrzed as follows'

Plate 2.. A park in the Powell National Forest, Aquarius Plateau, near
the head of Antimony Canyon, altitude 10,000 feet. The surfuce has

been scoured by glaciers.

The conglomerate exposed in the’ wa]ls of thtle Forest Creek
’-‘(a southern - tributary to Antnnony Creek) closely resembles
. 7~ the rock elsewhere recogmzed as the Shmarump conglomerate,

s
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Ilatz 3..“VJew -of formntu?ns exposed on the northwest face of Aquarius Plate
“(iz;l:'so:e fmnul‘,‘l;'of /:‘xnénlnmlsy Canyon. Je, Entrada sandstone; Jew, Curtis n:;
ormations; Kd, Duakots (7) sandstone; Kt, Tropic f ion;
; ; ot ; s opic formation;
ABrmn Head formation. Lavas, Tertiary. andesites that form the top of A o
Plateau. Photograph by D. C. Duncan. ) o finrle
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Plate 4. Entrada sandstone and overlying Curtis (?) for-
mation in the north wail’ of Antimony Canyon.
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and in texture and composition it is unlike the other coarse- ;
grained rocks in the Antimony region. Its coarser parts con- S C
_sist almost wholly of smoothly rounded quartzxte and quartz -
4 pebbles 1 to 5 inches in diameter embedded in quartz sand and o
' _.gravel, its finer parts of short lenses of stratified sandstone,
Fossil wood seems to ‘be absent. The conglomerate lies within
a zone traversed by a series of roughly parallel fractures and
its contacts with beds below and above, both concealed, are
probably fault planes. e
On both sides of Antimony Creek near the mouth of its can- P
yon, strata, possibly Upper Triassic in age, are pressed tightly ©
‘against a lofty mdge of sandstone. In a gully north of the.
. creek the outcrop is a sequence of varicolored shales and sand-
stones that dips westward at angles of 30° to 50° and consti-
tutes a block between faults; on the east it is-in contact with ‘
massive red sandstone and on the west with sheeted lava. = .
Roughly the exposed rocks are divisible into three groups of : i
beds; brown and tan, thin bédded sandstones (at the base);
red arenaceous shales; -and greenish argillaceous shales. But
‘within these groups color, composition, texture, and style of -
bedding are not persistent. In places the brighter colors
appear as blotches and streaks; some beds otherwise uniform . i
in‘texture include flakes and concretions of clay and aggregates
of gypsum crystals. The beds at this small isolated exposure
lack features clearly recognizable as diagnostic of any forma-
tion known elsewhere, and in the absence of fossils and of for-
matlons in normal stratigraphic sequence above and below their
“-age is uncertain. Their component shales and sandstones would
:not be-out of place in the lower part of the Chinle formation,
~which in Utah is highly variable in content, and as they lie ’ <
. in & zone of cross faulted strata they possibly may be frag- - '
ments of Chinle oriented in some undetermined fashion. How- =~ . ‘
ever, the structural relations indicate an age younger than the.
: Tnassw. The beds are on the downthrow side of a fault, in con-
. tact with the upthrown Middle Jurassic (?) NavaJo sandstone ‘ g
~and may therefore be downfaulted fragments of Upper Jurassic B ¢
* formations, which, like the Chinle, includes rocks widely diverse
in composmon and origin,

. Plate 5. 'I‘ypu.a] view of the Tropxc formation
- of Antm)ony Cunyon
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Maddle Jurassic (?) Strata.

A The dep051ts classified by Duncan’ as undlfferentmted Juras-
? Duncan, D. C.: op. cit.

. Pls'tte 6. Strnta exposed in the w
and sty]e of erosion is chafac
“in the_ Wasatch formation, = » -

all of Casto Canyon Bedding
tcrlstlc of the pink limestones -
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s1e'm Antlmon "Canyon include Whlte, gray, and tan quartz- :
‘ 9‘50 to'l ,200 feet thick”—a stratlgrapluc !
umt 1dentxﬁable a8 the Nava JO sandstone.. Its'physical features'

; where in the Colorado plateau Pprovince and descnbed in many
geologlc reports. . STt is a masslve, thxck«bedded ln large part l
ross-bedded stratum,

»small, .sphenca ‘quartz gralns, ,umform i q1ze and weak]y

cementedl.b calc1um carbonate and 1ron oxide, It 1ncludes a

:"few thm lenses “of. calcareous silt fand scatterd fragments of

agne rte and metamorphlc mlnerals.-, Unlike its usual atti-
ud(.h—a ﬂat-lymg bed termmated by chﬁ's—the Navajo'sand- -
stone m;Anhmony Canyon stands” nearly'vertlcal formmg a-
. hrgh narTow; ndge through ‘which Antlxnony ‘Creek has cut a
deep gorge—a consplcuous scemc feature of ‘the 1ocal vtopogra-
-phy From its crest ‘the ridge “descends - preclpltously 600 .
" feet to the flat lands along lower. Antxmony Creek Eastward

- ) »:» it _slopes steeply downward 500 feet. to Black Jack Creek

e

along
c rocks have been worn
f ° "‘The sand-.
jo arge dJsplacement and.
crossed and recrossed by mmor *fractures so close—spaced ¥

77 and unsystematlcallyf omentated that
: much
""" shattered 0 L ot;the roek seen)]sv

-which_the relatlvely soft Upper Jura'
. into gullies, rounded ndges,
o ‘stone mass is
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,,In Antlmony Canyon’ rocks of Upper Jurassw age mclud
ik ‘the- Carmel formatxon, the Entrada sandstone, and an undxﬂ' :
ntlated umt that probaibly represents ‘the’ Curtls and.the Wer-
.or formatlon : At its "western edge the Carmel stands in v:at: :
n'fault_-' ontact'WJth”the Nava_]o sandstone and |

s,'s_rteeply astward. ;*leewnse the other Upper\ .
. are upt rned along. thexr Western edges at

ally  cor

nel: formatlon, qn addlthll to.its characterlstmc com-
ray-blue manne’*l'rne ] : ’

though meagerly exposed. :1s'

okt

a very

“those . d1splayed by the.. NavaJo else- .

' - .

in the Upper Sevier River Valley. ‘ 587

- conspicuous stratigraphic unit: its edges are displayed as ver-“
tical cliffs decorated by grooves and columns, and its color—. '
_ deep red streaked with yellow—strongly contrasts with the
. gray of the formations above and below. The sandstone is
arranged in thin, somewhat irregular beds, more evenly foliated -
near. the base, and consists' dominantly of fine quartz grains.
weakly cemented by ‘lime and iromn: .
" are lenses of gray white and greenish calcareous, slightly gyp-
 siferous sandstone which on weathered- slopes project as shelves -
“Thus parts of the Entrada’in Antimony" Can-
_yon resemble the generally massive cliff-making sandstone; of
- like age in the Waterpocket fold and along Glen Canyon and
other parts the strata in the Parunuweap and Virgin Valleys,
.which are remarkably uniform in composition and beddmg and
"/ contain much gypsum.,

Irregularly interbedded:

(see PL 4).

The Jurassic sediments above the Entrada sandstone are

"“thought to represent the Curtis ‘and the Winsor formations,

though in general: appearance they are unlike. ‘either of these
formations as expressed elsewhere and no persistent features

serve to mark a division plane between them. The lower part *

.of the undifferentiated unit contains the roughly ‘bedded sand-
stones, "thin hard limestones, and lenticular.conglomerates com-
monly present in the Curtis, but lacks ‘the thick beds of gyp-:
sum which generally in Utah constitute thée bulk of the forma-
“tion. In the middle part lenses of fine’ conglomerate, ‘cal-
careous nodules, and other minor features of the typical Wip-
‘sor are recognizable but no duplicates of the remarkable color
bandlng, the uniformity of bedding, and the pecullar basal con-
" glomerates that characterize the formation at its typical expos-

ures.. In the upper part the style of beddlng, the texture, and -

the composition resemble rare features of the Winsor formatlon

_in the Zion Park region. :

Fossils in the Upper Jurassic beds in Antlmony Canyon are

o representatlve of the Carmel and the Curtis (?) faunas. In

“collections from arenaceous limestone beds near their contact

_with the Navajo sandstone; John B. Reeside, Jr. found a Car- .
mel fauna: “Ostrea strigilecula White, Pleuromya sp., T'rigonia

- ¢f. T. americana Meek, Dosinia jurassica. (Whitefield) 7, and'

' Camptonectes stygims White” and recognized broken shells in-,

"lenticular gray limestone above the Entrada sandstone as “frag-

fossils of Jurassic age.” , .

/ v

- ments. of Ca/mptmwctes sp., Ostrea sp., Pinna sp., and other .
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C’teta‘c_eow' Formasions. .. fossils in the beds of Cretaceous age of Antimony Canyon are
- extremely rare. They were found only in a few lenses of cal-
) careous, speckled black and gray sandstone 10 to 30 feet above
‘the cbnglomeratic Dakota (?) sandstone and include no com- °
plete forms. In the collection submitted' for determination

. Reeside noted, - .

tr.atb:;'i"zi Aqﬁfnony.Canyo‘n are. Prominently
",,‘l,lf,l‘l_non),’- Crgek and 10 oy Tmore tributarjes - |

"“a number of fragmentary specimens of a gastropod that suggest
Packymelania chryssaloides White, of the early Upper Cretaceous
~ Bear River formation of southwestern Wyoming [the equivalent of
‘the Dakota (?) and the lower Tropic formation in Utah]. I have
compared the specimens with the varioug Coniobasis of the Eocene,
It does not match any of them.” )

nea"r.,t.h.gljr base, “In distant view the upper
A us-glg_pgg appears to be wholly shale and the -
r:egujqﬂy mterbeddedlygith thick Saridstones '

TERTIARY FORMATIONS.

. Composition and Relations. Except for the Triassic (?),
- Jurassie, and Cretaceous rocks in Antimony Canyon, the con-
¢ solidated sediments along the upper branches of the Sevier ‘

. River belong to the Tertiary and Quaternary systems. In
' ascending order they comprise the Eocene Wasatch formation;

. e ¢alcar
. ‘Cﬁ,l*bona'cqo‘ulsls‘hale, h'mes,tong, 'be'ntonite, and. :::;Lx:ti:: I‘zlu :
Q'Omn.algl.ll_‘y_.}_m’Ignticula;'vbedsf,. ‘Thus -in'genéral ap'peéx"ance’the . the Miocene (?) Brian Head formation and overlying sheets

are unusual, but jnfya-n-_': ’ of igneous rock; the late Pliocene or early Pleistocene Sevier
hey‘closely' resemble . LR River formation ; Pleistocene silts and marls.; and Recent
ic formation wh ; o alluvial stream terraces and fans, Of #hese stratigraphic
units the'Wasa’och, the Brian Head, and the lavas extend
without interruption into the regions outside of ‘the Sevier
valleys, the Yyounger formations are restricted to areas where ;
topographic control has been favorable,

- WASATCH FORMATION. (Eocene).

. " Along tributaries to the upper Sevier River the Wasatch
. formation consists essentially of thick bedded, fresh-water, pink
limestone which- generally at its base and sporadically above
includes lenticular conglomerates of well-worn quartzite, chert,
and igneous pebbles, In general appearance, in composition,
texture, color, and manner of erosion the bulk of the formation
:differs little from rocks of this age in adjoining regions. TIts -
. €Xposures in Casto, Limekiln, Sweetwatfzr, and Horse Canyons

substantially duplicate those in Red Canyon and in the Pink
. Cliffs of the Paunsaugunt and Markagunt plateaus which have
.- been mapped and deseribed in detail.8 Differeqces‘conqern

® Gregory, H. E.: The Palin_saugunt region, Utah; U, §. Ge;}l. Survey
Pr?f. Paper [in Preparation]. ) '

yer of mud, .cbal”.are the
coalbedsm c_‘o"rréspdnding
OPs. Another notewbrfhy ‘
=~ TOPIC; formation - of thick
qlgl}t_‘ Qljﬁ's ‘ sands:td,ries," and

1ts formations-y, g'xv-oup‘ of unitg
Paris ,{Y&:lltex,jimake' 9P the topmogt - -
Cretqvc:‘e‘oug,’:,qlep'dslity;i . These absent -
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3 dommnantly pyroclastlc Brian’ Head formatlon

formatlon ‘areé shown in'PL 6 "
-Along ‘the- Paunsaugunt fault w}nch marks the western ed

“limestonei in’ thin t uneven beds
Canyons the exposed prnk hmestone of the Wasatch 18 520 feet

. thlck and the so-called. white Wasatch, here hlghly siliceous. and "
: mch i chalcedony, 120 feet thick.:- At Cleaves Gulch (the cor- .
“respondmgfumts ‘are; respectlvely 70 + feet and 130 feet,

n:Farther north ‘along the edge of the Aquarlus Plateau the

tlnues Yo decrease Ain thlckness, for in, Ant1mony Canyon both
 the’ plnk llmes«tqne and the: overly'mg 51hceous white rock are

.. absent; “igneous’ conglomerate and- Iav'a mnnedrately ‘oyerlie
RN Cretaceous shales x

farther north none is, exposed in. the‘ canyons that - trench the’

Afeet deep, only 1gneous rocks are:
_'~relat10ns of theJ

Z'Rlver are, duphcated alon “theé
“block "of" the Sevrer fault

sight.":

. These’ stratlgraphlc

.44’

€. South Fork m the upthrown

F‘s.lhceous shales abov)e them attam a combmed thlckness of about

l’klln, ‘and’ Sand canyoms ‘and: f‘are not represented in’ Sanford
'»'_.Smxth Bulrush canyons,

‘or farther north m the deep

1

t+'E Gregory»—Geologw Observattom ‘

F ;chleﬂy it extent 1hs relatlon to superJacent formatlons, and
’ "I the orlgm and_comp051t10n of its upper’ part—the so-called white
,,VVlasatch'.‘" Northward from, the: latrtude of Widtsoe' on the
East Fork\and trom Casto: Canyon\ on the South Fork, the pink 4
lunestone of the . Wasatch rather’ rapldly decreases in tlnck-
ness ; the white hmestone beds .become more ‘and more siliceous .
‘~‘and even tuﬂ'aceous untll they are 1nd1st1ngulshable from the -
Regxonally
'the’ upper part known-as. the ‘white. Wasatch and ‘the équally’
Whllte lower ] part of the Brlan Head formatlon occupy the same* . &
strartlgraphlc p051t10n Charactenstlc features of the Wasatch, A

of.the’ uphfted Aquanus Plateau the - thuckqbedded pink hme'
stone of the Wasatch in Sweetwater Canyon is-about 1,100 °
& feet ‘thick " above it, hes about 400" feet. of, white almost pure h
Northward in Horse and Birch -

- \Wasatch,: 'if | -presént: beneath the’ alluvial fans, doubtless con-»'-

. erewxse west . of the Paunsaugunt fault -
.:5the thlckness of th ,Wasatch decreases northward from 1,800 "%
at Bryce Canyon to about 300 feet An Prospect Canyon St

easternl slope of thet Sevier. Plateau and in, Kxngston Gorge,T
wheére. the East: Fork of ‘the Sewer‘has cut a trench. over 1,000 -

Wasatch along the East Fork of -the Sevier

*In'the walls and upper: slopes ‘of -
. Casto- Canyon the pmk ‘hmestones of the W'asatch and the white

1,600 feét; then thin: rapldly northward ‘acrosy’ Petersen, Lime- -

N ' *
[ ] i

in the Upper Sevier River Valley. 59t
Circleville or Lost Creek canyons, which are walled.in by pyro-
clastics and lavas. Callaghan states that “no rocks assxgned
to the Wasatch formation crop out in the Marysvale region.”
This decrease northward in exposed thickness of the Wasatch
is,in part due to its northward dip, whlch is greater than’ the
inclination of the bordering valleys, and in part to shearing

erosion.’ ;.
It thus appears that w1th1n the area occupied by the north—
: western Aquarlus, the northern Sevier Plateau, and the adj 301n~
ing Awapa plateaus and thé Tushar Mountains, the Eocene
. Wasatch sediments if ever present had been erased by erosion
: before the middle “Tertiary igneous conglomerates and lavas
were Jaid down. It seems worthy of note that the plane—in
flplaces an unconformlty——that separates the calcareous sedi-
ments and the volcanics' dips northward and northwestward
whlle the lavas and accompanying beds of igneous conglom-
erates lie nearly flat. As if to maintain a uniform combined .
thickness, the volcanics progressively thicken . to compensate
_for the thinning and final disappearance of the limestone.
_ Their regional distribution suggests that the older volcanics
in Central Utah spread scuthward from a source in the north--
western Sevier Plateau and the adjoining Tushar, Mountains—
_'areas in which Tertiary non-volcanic sedunents are largely lack:
mg a.nd latite and related lavas, tuff, ash, volcanic breccia, and
1gneous agglomerates are p1led to depths exceedmg 3, 000 feet

BRIAN HEAD FORMATION [Miocene ( ?)].
Gefrwml Features and Relations.:

_ Generally along the upper branches of the Sevier River
: wherever all the Tertiary formations are exposed;.the ‘con-

. equally conspicuous series of white, calcareous, and ‘siliceous
" shale-like beds: and in turn by gray, igneous agglomerates
" which in-places form the surface of the plateaus and in other -
places extend upward to'capping sheets of black lava.
. Paunsaugunt and the southern Aquarius. plateaus the white -

'Callaghan, Eugene: 1936, Volcamc sequence in the Marysvale region,
Utah: Am. Geophysncal Union Trans. for 1939, pt 3, p. #4l.

by faults, but in greater part it is probably the record of' ‘

'"strata immediately below the conglomelates are essentially lime-,

spicuous pink: llmestones of the Wasatch. are overlain by an . -

On the .

N
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- ... . Plate’9. Detailed view of the upper part of the -Brimi‘H_ cad formatic
ast Fork of the Sevier River.
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in Black "Canyon along the T

Plate 10. Detailed view of the lower part t
*:. in Limekiln Gulch.” The thin-bedded, white, gray, and

HERBERT E. GREGORY, PLS. 9 and 10

m

of .the. Brian Head formation
green pyro-

-clastics and lenses Qf‘ chalcedony are intricately. eroded. -
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view of ‘the lower part of the Brion Head formation
ulch. The thin:bedded, white, gray, and green pyro-
ses-of chalcedony- are intricately eroded. - 20 s

Fig. 1. Map of west central Garfield County, Utah, showing the relations of 'thé South
River to the Sevier and Aquarius Plateaus.



in the Upper Sevier River Vailey. - 593,

Examination of the Brian Head formation within the drain- °
age basin of the upper Sevier River shows considerable varia-
tion in composition-and arrangement of beds (see Pls. 4-10). _
Along the southern rim of the Sevier Plateau and the western e
rim as far north as Sand Wash both the bedded lower part and '

the cong]omeratlc upper part of the formation are contlnuously

_exposed in the upthrown and in places the downthrown block .

F of the Sevier fault. North of Sand Wash only conglomeratic S
rock is exposed but in such thickness (500 to 1,000 + feet) '

and such mtermmglmg of fine-grained, bedded, and massive

“rock as to give the impression that the two classes of sediments

. in)ter—grade and that finally the ash and tuffaceous deposits dis-

appear. . At Casto Bluff'® and nearby headlands the lower part -

of the Brian Head formation is displayed as brightly colored

slopes that weather in badlands fashion—mounds, grooved hil-

“locks, - rounded ridges, spires, and columns. As described by L
Norman C. Williams, Fleld Asgistant, | .

“it consxsts of four dominant types of water-marked sediments: (1)
fine ash, (2) a mixture of sand, ash and products of disintegration
of moderately crystallx_ne volcanics, (8) pumice conglomerates, com- . i
. posed. of well rounded pumice fragments ranging up to 4 inches -
_in diameter embedded in a matrix of sand and ash, (4) stream and -

channel deposits consisting of - conglomerates composed of well

rounded .quartzite, chert, and “‘rotten” rhyohte, granite and ande-

: site pebbles; pure homogeneous sand, some of it crossbedded;
“exceedingly pure, thin clay lenses; and mudball conglomerates.”

"

e e ey v ah e

The black and white banded beds include lenses of magnetite L
_and other heavy minerals, partly decomposed feldspar, con-
,'picuous as white chunks. Some of the pink clays minutely .
interbedded with white ash resemble varves. The contact of
the soft vamegated Brian Head with the dense pink limestone
. charactensttlc of the Wasatch, though abrupt, appears to be
gradatxonal A few feet below the contact the limestone
includes thin lenses of green shale in which the dominant calcite
15 mingled with subangular quartz grams (10 per cent) feld-
par, ‘biotite, and limonite. ‘

At the head of Petersen Canyon and in leeklln Gulch the

”Casto Bluﬂ" and Casto Canyon were named for a pioneer settler, Abel
N. Casto. On some maps ths word is misspelled “Castro.”

it
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Brxan Head con51sts chleﬂy of W}llte, gray, and green, well-

' stratxﬁed coarse “marls” but includes gray sandstone; lenses
" of well-worn quartz ‘and_quartzite pebbles; and thinly foliated

.-beds’ suﬁimen'tly calcareous: to :justify quarrying for plaster.’

* - ‘Ghalcedony is abundant in. strings,. lumpS, and.beds as much as

.4 feet thxck and on" weathenng coats several acres with gray,.-
blue, red translucent . .shards.-. The gray sandy beds' contain .

“~bones and 1mpressmns of horny skin, probably of soft . shell
turtles -The : green rock 1n leeklln Gulch is descrlbed by

Clarence S Ross as’

composed dommantly of volcamc rock mmerals, among w}uch
~ - plagioclase is- dominant.". ThlS is assomated ‘with ‘small amounts of

'-_and this is confirmed by the presence_ of andesitic rock grains.

A -green, ‘secondary material forms films: around the mineral
_ grains,  Chemical tests show that this is a’ potassium mineral and
7 this togehher with a moderately high bu'efrlngence, 1nd1cates that
o 1t is essentlally sxmxlar to, celadomtc in composmon Lo

w;conglomerate of angular igneous" boulders, many of thcm ag

. white ash and tuﬂ'aceous material. :The rocks in the canyon
- walls:are arranged as blocks'tilted in various directions along

“-areas ‘consist: wholly ;of’ conglomerate domunantly of ‘angular,
1';_ande51t1c fragments, most of them 2 to 6 1nches in dlameter.

hornblende, b1ot1te, and magnetlte Detrltal quartz in well- "~
. ;, rounded ‘grains, and- fragments of limestone Tepresent ‘nonvoleanic
: _'f'matenals which: form around- one-third of the rock. There is an -
~ almost total absence of ‘potassic feldspars, and the plagioclase is ;
' ‘:-_,calmc, some of it being sodic labradorite." The character. of the ‘
ot “‘»,"\"-cfeldspars mdlcates that .these were derived ‘from andesitic rocks, -

R ,." -In Sanford Canyon the oldest beds exposed are wlute Slll-.\‘
. O ceous shales (ash ?) ¢ 'that mclude long -and short lenses 1 to 20
T feet thick ‘of the peculnar green rock™ dlsplayed in Limekila -
o ‘T',‘Gulch Above this. material-lies several hundred feet of vol- ..
‘7 canic conglomerate and breccxa, overlam in places by andesitic -
“lavas:" In thé walls of Smith Canyon the domlnant rock is nt“’

“much as 4 feet in dlameter - Within the conglomerate are slabs -

'-and lenses of stratlﬁed ash and below it 1rregular beds of green"

'*“(':“local (?) faults of’undetermmed trend and dlsplacement In
' Lost ,Creek Canyon south of Clrclevﬂle ‘the, walls and adjoining

in the Upper Sevier River Valley. 595

of the Brian Head formation is absent. Black Canyon is walled
in by volcanic breccia that normally constitutes the upper part
of the formation, and for about 4 miles below the mouth of

Deer Creek this materal is covered by lava flows. Farther
north the overlying lava has been largely removed and the con-

§ - glomerate forms the bench lands along the river and presum-
| - ably lies beneath the alluvium about Antimony. In the walls
of Black Canyon where 60 to 100 feet is exposed, the conglom-

erate is roughly bedded but very poorly sorted. It.consists
" chiefly of wedge-shaped and slab—hke fragments of igneous rock,

' 2 to 4 inches in diameter but contains some slabs as much as

4 feet long and considerable gravel-like material in which the
larger. fragments are embedded. The components of the igneous
" conglomerates are sharply angular and essentially unweath-
ered; they resemble fragments freshly broken from dense mas-
sive lavas. This conglomeratic mass includes rare lenses of
thin-bedded, medium-grained sandstone, but amygdaloidal and
. ‘scoraceous fragments, lapilli, and bombs appear to be absent.
In thickness and in size and abundance of fragments the con-
glomerate in East Fork Valley seems to increase progressively

" westward dnd northward and thus suggests a source high on

the northern Sevier Plateau, where, near the head of Sanford
Canyon Dutton' noted “a brief exposure of what' seems to
have been an ancient trachytlc vent and which is composed
chiefly of cinders.” A »
,  The Brian Head formation includes the oldest volcanics m‘_
the southern High Plateaus and though thick and widely exten-
sive its source is unknown. No cinder cones or sheets of lava
“from which comparable material might have been derived are
: exposed along branches of the upper Sevier, and in adjacent
regions the dikes in the Tertiary sediments pass entirely
" through the formation. Likewise, in the absence of diagnostic
" fossils or other conclusive evidence the age of the Brian Head -
formation is uncertain. Because it lies above the typical lime-
v " stones of the Wasatch of late (?) Eocene age and, disregarding
" the lava flows below strata believed to represent the late Pli-
+ ocene or early Pleistocene Sevier River.formation, it seems -
“reasonable tentatively to assign the Brian Head to the Miocene.
. The formation pre-dates the movements along the Paunsaugunt
" and Sevier faults in late Tertiary and early Quaternary times.,

; ¢ Dutton, C. E.: op. cit,, p. 77.
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‘ o Selected rock specimens from the Brian Head formation were

studied by Prof. Bronson Stringham, University of Utah, whose

. report is summanzed as follows. L '

Rocks fror'h the Western edge of the Sevier Plateau;

O - quartz fragments 2 per cent.
: .~ Losée Ridge. Acidic tuff. Clastic - fragments of' quartz,
. feldspar, hornblende, and glass. .

' . order of abundance: chalcedony, car’bonate, quartz; feldspar,
hornblende. Grains 1 mm. to 0.1 mm. in diameter, very 1rregu-

. ~* larly shaped and’ angular._ Cement of coarse calcite. grams
Lo make up about 25 per cent of the rock. .t "
c : Limekiln Gulch. Green sands. Clastic fnag'ments in ordert
of ‘abundance: quartz,. feldspar (andesine and labradorite),

. calj te_and ‘dolomite, quartz and feldspar aggregates, glass,

and kaolin.’ Fragments round to subtound, 2 mm. to 0.05 mm.
in diameter ceméented by a green flaky to fibrous mineral identi- -

. tlngulsh it from v1v1an1to, glaucomte, celadomte, nchamosﬂ:e, and

greenallte. , - |

' site and basalt of usual composition.
: Smith Canyon. Igneous conglomerate. Lithic andesrte and

"basalt. fragments and porphyritic crystals. Gralns in ground- .

mass 1-3 mm. in diameter.,

. R " Smith Canyon Vitric crystal tuﬁ' The 7. specrmens from i

. o lenses in igneous conglomerate are dark to light green in color.
© .. and contain quartz; feldspar, hornblende, biotite, acidic glass.
. with shards, and other minerals characteristic of i igneous rocks. *

Green color due to numerous shreds of chlonte, which consti-"

tutes the cement. Closely similar to “green sands” i in Limekiln ..

LY Guleh, T

o . - Rocks from the Western edge of the Aquarius Plateau:.

* Sweetwater Canyon. Limestone. Calcite 98 per cent;

'I cedony

" the calcareous s1lt in. nearbyi‘ Horseé Canyon,

_— . Mouth. of Red Canyon. " Lirhestone. Calcite 98 per cent, o

Limekiln Gulch. Calcareous grit (tuﬁ' 7). Fragments in -~ﬁ

& 7 C lithic fragments of basalt and andesite, homblende, magnetite, .
fied as chlorite, var. clinoclore; chemical and optical tests dis-

Sanford Canyon. Igneous conglomerate. Fragments of andc-- 5

v

; Blrch Creek., leeston, ‘
"and’ angular fragments of: qua.rtz. [Thfls rock closely resemble
'analyzed in"Sec,

‘tion 2.7 : ‘
_Cleaves Gulch Consolldate “ash

’ clase, plagloclase, blotxte, glwss, cand. ‘chalcedony Gla
" shreds; rods, and shard-sha’pe" ’bodne’

* Black Canyon::- Igneous conglomerat
ﬁne—gramed andesite and_ basalt boulders
crystals and black v1trophyr :

plateaus the lower- part of ‘the Bnan Head formatm g
almost Wholly of calcite and that northward the! relatsve:amount
of clear quartz and.of xchalcedony mcreases and the pyroclastlcs
" become more and more promment. "
domlnant hmestone 'to dominan tuff is'not. regularly proge
‘sive. In places ‘the pyroclast1cs include calcareous silts and
_in other places chunks of chalcedony and " rotted andesﬂ;e

. appear in outcrops composed fessentlally of thmqbedded llme-

Rock«s doubtfully correlated Wxth the Sev1er R,aver forma 1on'
‘outerop in small.areas on the, Aquanus Plateau and.: along ‘the
South Fork of the- Sévier Ruver and its tnbutarles. .L,‘Characte

‘ 1st10ally they are partly consolidated gray bouldet " conglom.
‘v “erates lentlcularly mterlbedded with gray,‘tany and black sand

stones. As exposed. along nghway 89, south of Pangultch
they include bwsaltlc and andes1t1c\conglomerates contammg
boulders as- much- as 2 feet in dJameter, ‘fine:grained- 'volcanic
* débris, clay, silt, and scattered pebbles -of . chert ‘and: chalcedony
. The material obvmusly was. depos1ted by §treams’ ﬂowmg 1
poorly defined channels and “subject to wide fluctuation.:: ’_.The) v
- outcrops show the texture;, the'style of beddlng, and the ver’ucal .
and lateral unconfonmtles that charactenze fanglomerat ‘of:
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. PLEISTOCENE A.‘ND RECENT" SEI)IMENTS.

On the Aquanus Plateau glacial till,.in some valleys kames,

Nean he mouths of Casto and Red. Creeks stratlﬁed drift that

. " 'ments are sufﬁc1ently conisolidated to permlt erosion by spalling.
- The predommant material is'dark-gray, compact sandy clay in
roughly shaped’ beds 1 to 3 feet- thick’;. subordinate materials

- layers 6 to 20 mches thick and’ continues for at least -200. feet.

_WOrn igneous fragments Ys to Y inch in‘diameter; is distributed

‘of. the deposxt Ll 2o -
i 'In consequence of erosion. durlng Recent tlmes most of the

- _‘_streams are cutting deeply into the valley ﬁll lald down durmg
Lo e prev10us cycle ‘of aggradatlon. ’

were partly filled with alluvial and, locally, lacustrine deposxts
“which, 1in’consequence of a change in |stream habit from .aggra-
*.dation to degradatlon, is. mow..in process "of removal. . Gen-
Lo erally along the Sev1er ‘River-‘and its ‘tributaries the :once
.. ... continuous ﬂat expanses of stratlﬁed sand and gravel have been

E . 'Acut into terraces. Dunng the past half century the lntncate"
: _dlssectlon of the fill has’ caused the relocation of roads and the"

- e abandonment of much farm land (see Pl 12)

STRATIGRAPHIC SECTIONS. o

1 Sectwn in’ Antzmony Cang/on.

sect:ons measured wx.thm an area of a,bout a square . mi]e
o o F
S 16 Alluvml sand and - gravels in. terraces bordermg streams, eet.

CoN e - talus and Iandsllde debrls on slopes 0-100

o Unconformlty . . - Sy .
Co T 16) Basalty thin heet c all’: on the ‘Aduari
S Plate;’zu. : overmg .'sl,n,all‘ areg_s_fon.‘ he ‘Aguarms

Unconformlty R

‘14, Sevxer Riyer”, (?) formatlon [Recorded by D C Duncan]
U .‘ " Gray boulder- conglomerate  interbedded. with salmon- pink
:,'” s “sandstone. Conglomera.te consists of. volcanic boulderg in -
oo '’ angular. sand . matrix. ~ Unit poorly consolldated weathers ’
a ‘;.! in low banded chﬂ"s and stecp slopes, estxmated

." zrest ,on the lavas and 1ce~borne débris bordens several lakes.'

) contams Pleistocene fossxls is exposed ;beneath alluvium and
talus. In the banks of :Casto Creek 60 -+ feet of glacial sedi-

are marls and coarse gravel The marl, in places chalklike and - **
-mterbedded with. ash, ‘siliceous silts, and. ash (?), forms white . - 8

_The gravel whichi’ ‘consists, chiefly of 1rregu1arly shaped little - £

as lenses—-—thlcker, more numerous, and coarser toward the top -

In‘late: Pliocene and Recent times the rock-floored canyons

in the Upper Sevier River Valley.

Unconformity

18. Andesite (?), dense and porphyritic, in overlapping flows
2 to6 feet thick; includes irregular masses of igneous
agglomerate and of massive, amygdaloidal and scoriaceous
lava. Stands as a wall about the headwater branches of
- Antimony Canyon and southward forms the surface of
Aquarius Plateau. At the mouth of the canyon, on the
downthrown block of the Paunsaugunt fault, remnant
masses weather into knolls. Maximum thickness, estimated

' Unconformity

Brian Head formation :
12. Volcanic conglomerate: chiefly angular. fragments of acidic
lava: contains some blocks of sandstone and scattered

quartzlte pebbles ...

' Unconformlty

| Tropic formation
"'11. Shale and sandstone, lower part faintly banded gray brown,

buff, and drab; upper half dominantly gray green and tan;

arenaceous and argillaceous, rare gypsiferous and carbon-

aceous shales in groups 2 to 100 feet thick overlap or replace

along strike massive, thick bedded, and thin bedded sand-

stone 1 to 40+ feet thick; includes lenticular masses of

" limestone, concretionary nodules of iron, lenses and vein-

lets of stibnite, and near the top a thin bed of bentonite;

the ' calcareous sandstones contain fragmentdry fossils;

weather as steep slopes broken by narrow projecting ledges

of limestone of concretionary iron ...s..........ocoeene.
Dakota (?) sandstone .

10. Conglomerate and sandstone, gray and tan, commonly

roughly bedded, coatse sandstone with scattering pebbles’;

- locally a mass of .well worn quartzite and limestone ‘pebbles,

1, to 2 inches in diameter and angular slabs of sandstone

embedded in a calcarecus and siliceous matrix; grades

-into No. 11 ...... O R

; I?akota (?) sandstone

Unconformity
Curtis and Winsor formatlons, undifferentiated
" 9. Sandstone, gray, highly calcareous; irregular, lumpy beds
. 1 inch to 1 foot thick. fragmentary fossils; relatively resist-
ant, forms cliff and bench above, varies much in thickness
. and along strike, in places is absent ..ol
8. Shales, yellow gray, sandy, slightly gypsiferous; irregularly
alternating and lenticular, even bedded. Forms steep slope
.7. Shales and subordinate thin sandstones; roughly banded,
yellow gray, green gray, white, and light red; includes gyp-
.sum in thin irregular seams and disseminated grains;
includes near the middle hard thin bedded limestone as
much as 10 feet thick and at the top subangular pebbles
of varicolored quartzite, white quartz, hard limestone, and
clay balls, 1/16 to 1 inch in diameter, embedded in a dark
gray calcareous 8and .........coiiiiiiiiiii et

" Total Curtis and Winsor formations .................
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and, locally hxgher :up ‘inclides yellow~wh1te bzmds and
lenses .of well WOrn pebbles of quartzlte, quartz, and llme-

T e

Y s

-

even bedded dense, bnttle, in. places frlable-'
Weathers ‘into? hdrd, 'angular chips. . ‘At'the base and top;
brown" and greemsh sandy, "calcarequs shales- ‘surface -of-
some’ beda show rlpple marks ‘worn: tralls, and"- lumpy

in- pleces tan, generally masswe
except for umts outlmed by: widely’ spaced “indistinct bed-
dmg :planes; in'part cross bedded; composed of very . Ane
spherlcal glxstemng grams of” quartz, mtrlcately fractured
-and faulted on a small "scale both along ‘and- a,cross stnke, g ) . . .
L # Plate 11.  Characteristic exposure of the Sevier River (?)
’ formation along Federal highway 89 south of Pun-
guitch.
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' Plate 12: DBank of Red Creek below the mouth of Red Canyon. Wall
of Recent alluvium rests unconformably on fossiliferous marls of

Pleistocene age.-




in the Upper Sevier River Valley. '° 601 .

2. Section in Horse Creek Canyon. _ ‘

Feet
4. Andesite (?) in sheets and lumpy masses of igneous con- . . '
' glomerate; forms a bench between faults (?) on the West . . '
' Bank -of Aquanus Plateau, thickness estimated .......... , 600

Ty B:r.mn Head formatlon )
8. Igneous agglomerate. Bouders of dense and scoriaceous .
_+ lavas; largely concealed by talus from No. 4. Thickness - ‘
~estimated ... 400
2 Sba]es, white,. calcareous and sxhceous, mamly amorphous
- consolidated silt; regularly stratified in.beds 2 to 4 inches
- thick; resistant beds form projecting ledge near the top
and little shelves and mesas on an otherwise nearly vertical

Cliff; slopes coated with glistening white powder which are . . .
-small fra.gments of chalcedony ....... peeeeereneiieiii 0 120
Tota.l Brxan Head formation ................. . s20

' Wasatch formatiou' . ‘ Lo o T

L leestone, pink and light red generally in thick, massive,

.a8 in travertine; near. the base lenses of gray .conglom-
erate—-small rounded pebbles of quartzite and ‘quartz

- cliff carved into pmnacles part exposed s + 520

Total thlckness measured e, 1640

\

3. Sectwn n Cleaves Guloh near “Burre Flat,” 4+lees South of
: Center Creek PR

“' ., ' Peet -
4 Andesxte porphyry? megascoplc crystals of orthoclase ina o

- groundmass of feldspar and quarts;. basal 6 feet red and,

_ black sheets, 2 to 5.inches thick, extremely dense, some of It .

" ‘glassy. Forms top of fault block on the lower west flank

. of, Aquarius Plateau largely destroyed by eroslon ........ 260 ;

Unconformlty . I : SRR
. Brian Head formation . ‘ S e ' &
.f58 Conglomerate, unstratified, composed of angular 1gneous
.pebbles, the largest as much as 4 feet in diameter; ground- |
mass of igneous gravel and sand, Forms ixearly vertical cliff 86
Unconformity : ’ ‘ : B D

2. -Limestone, siliceous, dark gray near base, whlte above, )

-fairly regular beds 8 inches to 8 feet thick; includes chal-
'4 t:edony in thin sheets and lenses. Forms steep uneven slope 180

- "Total Brmn Head formatwn RO e e © 016
Unconformlty

Wasa.tch formation (I . : S -
. 1. 'Liméstone, pmk massnve, sandy, includes lenses of calcareous B

poorly defined beds; fairly well stratified ‘near the-top; - I .,w'
.includes thin, hard, porous layers concentrlcally overlapping s o

embedded in calcareous material; forms nearly vertical S RN -

sy
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clay shales stratified like lacustrian silts; largely concealed EXTRUSIVE IGNEOUS ROCKS.
_ by debris. from ]andslxdes and dlssected alluvlal fans, part -

exposed B P S s, Cheeeeriieaan

and closely related lavas are displayed as extensive, more or
less continuous sheets on the top of the Aquarius Plateau, and
“on the Sevier Plateau they are irregularly distributed over the
volcanic breccia which forms the general surface. The field
relations suggest that these rocks represent lavas that were
extruded during one general penod of volcanic activity and not
long after the volcanic breccia in the Brian Head formatlon
" was lald down. Basalts of younger age occupy small areas’in
various topographic positions and came from local vents. All
the lava sheets are older than the major faults. The composmon
of the lavas is shown by the following descriptions of specimens
thought to represent the most common varieties within the
region. under review. Farther north casual trayérses reveal a
greater variety of rock type and much more complex inter-
relations. ,

1. Mouth of Red Canyon. Olivine basalt. Well' shaped
phenocrysts of olivine and labradorite in lattice-like ground-
mass of labradorite. Crowded between the laths are grains of
augite and magnetite. In part vesicular.

2. Mouth of Red Canyon. Hornblende basalt. Minerals in

PN

7.: Volcanlc\breccxa part exposed estlmated .f SR S L.
6 Calcareous’ and siliceous shale, volcanic “ash, travertme, and
" fine-grained sandstone, indistinctly ‘banded pink, white, and
yellow regular beds’; much chalcedony in thin ‘slabs I to'4
. “-feet in diameter; weathers. as hard surfaced, steep slope. .
o 5 Sandstone, green, coarse grained; in.5 fairly regular groups
L of beds '1' to;5 feet thick, hard enough to form cliffs, that
‘weather into knobs and’ columns; - contains small ° pebbles
L of quartz, .quartzite, .and , igneous .rock, isolated ‘and in -
.. Strings; at base J{regular ‘lenses- 1 to & inches. thick, 10 -
" to BO. feet. long of gray hard, siliceous’ lxmestones, in the '
.~ green sand the microscope reveals' hornblende, magnetite,
" - kaolin, . glass, andesane, labradorite, calcite, dolomite, and .
- subrounded fragments of basalt and andesite .05 t0 2 mm. in
diameter cemented by a ﬂbrous green mmera.l—~chlor1te (?),
ro. Toceladomite (P) Ll il e e . 26
o 4 Shale, a.long strike and-in sequence. va.nous shades of green, )
'f'f'.yellow, brown, and gray;.essentially sandy clay and ash;
. fine grained regular beds; very - friable except for: txghtly
. ¢emented lozenges and: discs that weather as knobs and caps -
. of pinnacles, . At 22 feet above the base thin band of rusty
-~ pink limestone and at 42 feet a thin ‘black band composed
., chiefly : of magnetlte grains. - An lntncately dissected slope 180
3. Shale, green, .sandy; interbedded - with. impure limestones; ' '
s mcludes lenses of conglomerate and sandstone, much chal- < -
,,~:cedony mcludmg near -the base a ‘lenticular-‘mass 2 to 2%
.-'-feet thick and 100+. feet long, forms a steep ‘slope dlssected .
+-into mounds’and gullies .. ... Wit e 286
2’ leestone, white, siliceous,. thin bedded includes much con-: - N
: ‘glomerate with calcareous matrix, composed of subangular
" 'pebbles ‘of black and -white . quarts, variegated- quartzite,
black llmestone, and dense xgneous rock fragments, some as

’»

erysts, augite, hornblende, glass, and magnetite. Shows small-
scale vesicular structure. T o

.8. Losee Ridge. Basalt.. Microscopic crystals of labrado-
nte, augite; magnetite, and subordinate glass. In one thin sec-
tion the structure is vesicular, in another compact.

4« Outlier of Sevier Plateau; North branch of Casto Can-,
_yon. ' Andesite.  Contains andesine, augite, and magnetite
. crystals, many, of them surrounded by glass. . Andesine crys-

tals, submlcroscoplc to 2 mm. in diameter constitute the bulk
of the rock. Probably represents in general the lava cap of
parts of the Sevier Plateau.

5. South branch of Peterson Wash. = Andesite porphyry.

variously oriented; unaltered augite (or diopside), and pheno—
crysts of light, broad, beautiful pleocroic hornblende. Ground-
mass contains much magnetite, some isotropic material (glass?)
and patches of green chlorite that may represent biotite.

6. Black Canyon near Osiris. Andesite porphyry. In hand

Wasatch formatlon compact pink hmestone A

CIne thlS section units 1-8. were measured by 1. C Anderson
.on the upthrown side of ‘the Sevier fault at the- base ot‘
Blmd Spring: Peak, .about 2 miles northeast ‘'of Nos. 4-7; - -
.probably duplicates in part umt 4, mcompletely exposed
in the: downthrown block : .

“Within the drainage basin of the upper Sevier River andesites

order ‘'of abundance: labradorite in small crystals and pheno- -

Large and small crystals of andesine, prominently zoned and .
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speclmens ‘very -‘fiéﬁsé; ("ﬁght4p;irple . rock ' (\:risé-crdssed with’
~,short white laths.. . Microscopeé. reveals phenocrysts of andesine

- ernmost, of these faults forms the eastern wall of Black Canyon
1 'b.etweé.n'Osiris and the mouth of Deer Creek and for a few miles
south is marked by tilted and fractured blocks through which ;
the East Fork of the Sevier finds its way. North of Osiris the . RS 1
* fault continues across Center and Poison creeks where, in the o ih
"% upthrown block, cliffs of pyroclastics and lava are about 2,000
] feet high. At Antimony Creek the major. displacement is esti-
mated to be 1,800 feet; it has raised: the Jurassic strata to
the level of the Tertiary volcanic conglomerate. A second long
fault marks the base of the escarpment at the heads of Birch,
Ranch;and Center creeks, and & third is assumed to mark the
position of the high cliff-bound tables near the plateau top (see

ilifa.:"gx"oqnd‘”‘mé_‘ssiof'Erys};a.ls of submicroscopic size.
.;.’7.,:¢£Aq1_’_1la}fi.‘1‘1s,Blp.’ge’dh near head of Antimony Creek; 'Basalt,
‘Mgn‘e_r.a..ls; f"éi’!}t,?ﬁt=~" olivine . phenocrysts, about 10 ."pei'" cent,
.- augite'5 per cent, magnetite 2 per: cent, and Basie turbid glasa"

The labradorites, which constitute 90 per’ cent of the feldépdi:
'quys'tals,f'raiigg: in size from’ phenécryst's 8 mm., in'lé'tlgfh to
m1~é1:o‘sgo_pi‘c, fragments: and ‘are more 6r:71é§s-7.,fabuléf, in form.
‘Their molecular composition isV.Ab“'Anu":"";;"'Th?ﬂl_&r‘g»?r 'crystal;

‘axq'.e,.zoiied,_-qiid'f-m,atéﬁal ‘of “the outer rim:is close to albite in

e

“-f,ﬁi:l.ittlé'v opal is present in:vugs. t This rock, col-

‘composition. .

:';,.;".“ i:;tle;lm:;?;i‘:zintg;ve&f, thet ex;fil§§je{:-;:l.§v§'xfs;heef;s ‘on thj@ i Fig. 2). In addition to these major displacements, expressed
‘ ‘Aquarius Plateau; may be part.of local extrusion, Dutton *'#}  in the regional topography, faults with throws of 130, 250, and

'states that the rocks on.the Ad‘i&ﬁus-i’{f‘?.i‘féhi?ﬂY‘ hornblendic 400 feet cut the walls ‘'of Antimony Canyon; movements of o

- ::;:Zi};ﬁ:,fqmpflgfl Wlth ' erf'y ;9’,“.‘* “,"-{Y"»"-F‘-““%FFS ‘?f augitic . similar amounts doubtless have occurred elsewhere along the

e Y T éTBZUC'l;;Ili.E e : | western‘ edge of the Aquarius Pla'geau. Faults with throws of S o
T A e T ST TR . i3 21010 feet, slickensided fractures, and belts of crushed rock,.

.'The major structural features of the" upper: S:éviér'valleys "} are fairly common, especially along lines of closely spaced

ﬂ?\-’s"f".lth?' Paunsaugunt fault, whichi marks the west base of the ¢ jointing. 4
:",_99§E§§:T:?13§§au,‘;_§pd the. Sevier fault, whichlies "along the The Sevier fault is marked by discordance of strata associ-
. west base of the:Sevier Plateau. “The main-Paunsaugunt fault - ‘A ated with’ abrupt termination of color bands ‘and, in distant

es-in a,Zone of faulting’ that xexi;,endé sodthwﬁgdﬁéx‘oss Utah 3 views, by rock terraces which outline the upthrown and down-

g ‘_“P'Pd. mtoArlzonaand northward ‘along 'the base'of ‘the Awapa 4 thrown blocks. Its position and its salient features are plainly
. P 1-":,*59917“4, the G,ra“s_)s. Val,léy fault of. Dhtgbn: The Sevier fault "} revealed in the great cimyons that score the west face of the
R ‘éwhxclh}q,‘l"so.:_gx't,_egdsl"fap s.outhwa'.rd_'i and qor't}i%v'q.r'd';‘:is' in mos;! ‘4 Sevier Plateau. (Crossing the mouths of Red and Casto Can- ,
. ‘gllaces rgp{’eseg‘@ed ,'_li,)yp.‘; ;sgpglg escarpment ',411’51 a ha.?rw‘ belt of & Yyons the fault-line scarp developed in Wasatch formation: is &’ o
o ,.,-.;SPI??'F?d‘ I‘OCk "m.‘:_‘:_l.': . 3",::‘ T ! A S ' yertical wall 100 to 500 feet high. Farther north in Petersen .
DRI The /position’ arnd; the effect of the Paunsaugunt, fault zone * i Wash and Limekiln Gulch the pink limestone of the Wa.satch! i

“abuts agdinst the white tuffaceous material and the conglom-
erates of the Brian Head formation—in places against lavas— PR
and in association with the major fault, minor parallel and’

. 1§ ;‘rgxlea_l'qgl'_);%«the topography. and. the:attitude’ of thelavas and
‘dnderlying sediments. Toward the fault’thé lavas and the under-
ying igneous conglomerates’ that;cap the Seﬁi"ef '/Plva-tet'l'il;dip i |

T TR

‘:.?,?W?‘.Igl‘tp',t}}e..ll:.:Ffmlgatlon'_xn the East!Fork Valley, where *if" oblique faults cut the sediments into blocks variously orientated ; o
_remnants’ stand as incliged blocks," East- of 'the:fault the éor- some dip east against the main fault plane, some southeast or = > ;

- southwest.. The Sevier fault, as pointed out by Gilbert,!® lies .

" within & very narrow zone of disturbance; in places it is a’ .
single fracture. Disregarding the effect of the slight eastward .~ .
dip of adjacent strata, the stratigraphic displacement effected '

by the fault east of Panguitch is estimated to be 1,000 feet; -

‘responding, lavas, and pyroclastics, form the surface. of the
“Aquiriys! Plafeau, ‘at altitudes”of .10,000” to. 11,000+ feet
. Thus’the height’of - the: Aquarius' Plateati—about 3;500 feet

ol boonEe L A AR BN ¢

w0y above.its -westward sbordéring "lowlands-=measures the ‘move-
N ; T N o e -8 .

B _,._.":r‘n__epts vf’f.t_h}‘ln.,,‘,"'Z‘OI}@‘-‘\;Of‘fr.a,ctu_re‘Whlch here consists of three or
S ‘more roughly parallel faults e e E ey Gy 4

‘platean tié'zirgeéfl'gl“ f%p;ts"that give to the west flank of the e Gilbert. G. K.: 1875, Geog. Geol. Expl. and Surveys W. 100th Mer,

DAL viod debodedi ,,“, eao) ‘ance o '..a' Séri Kol ian ' . ’ . R 2 * - ’ t . . . €r,
o e S .sS of‘ glgnt" f#epS.lf‘.}The ye§t‘t ; -vol.'8, p. 49. - R , o

Ly !
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the s.evefed parts of once continuous masses of igneous rock
~rémain at altitudes of approximately 7,000 and 8,000 feet.

. faults of various displacements and alinement, among which -*

T

c For about 100 miles north of the Grand Canyon of the
olorado the Paunsaugunt and Sevier fauts are roughly paral—-

ltil’ nfea‘rl.y vertica}, and éssentially single displacements, but in kg
ie vicinity of Widtsoe and Panguitch these simple structures

Especially in the- downthrow "

) 4 n blocks  Bf. -

numerous faults replace single features, and north of Circle-".’3 &

lose their identity.

ville Canyon the fault patterns become remarkably complex.

It is ifteresting to note that this radical change in the char-’

acter and distribution of fractures within the Sevier fault zone

C_Ilnnre Charactgrisbi.c of the Great Basin Province than of the "3
olorado plateais—is substantially duplicated at Kanarraville

and Cedar City, where the Hurricane fault fans out into many

N

the master fault is difficult to place.

. II.L the absence of established time markers, the date of fau.lf-'.
ing in the upper Sevier Valley can be fixed only approximately.

“The ,.Pa.unsalfgunt and the Sevier faults have broken all the
Lertiary sediments, pyroclastics, and lavas, and most of the

:}rimller faults traverse several formations, but the pressure
at produced them may have been exerted at any time or at

several times since regional uplift creatéd the present High

ilateaus. The.great erosion that has remodeled the upthrown
locks and covered the downthrown blocks with alluvium, in

-places fully 800 feet thick, is evidence of long lapses of time.

9" fche -pther hand, some of the movements have been so recent
as to leave fault scarp almost intact. '
The structural, stratigraphic, and -physiographic evidence

seems sufficient to prove that the movements within. the major :

and some.of the minor fault zones in the Upper Sevier Valley

were recurrent rather than.contemporaneous; and that the

forces that uplifted the Sevier .and Paunsaugunt Plateaus

to their present great height operated intermittently. Satis--

factory interpretation of the geologic history of the Upper

Sevier valleys involves the assumption that structural dis-

turbances began in late (?) Tertiary time and are still in,

- progress. . !

Berxice P. Bisior Museun,
Hoxorvru, Hawair

" NOTES ON THE CRET

N Ll JE R R I T A
. 'ABSTRACT. - The new species described by. Ka
% Cretaceous of Austria were studied in Vienna. The ‘actual &
redrawn and notes_madq as to the validity .of ‘the speci'esi,_' R

- - oberer Kreideformation' in‘.jLéitzersidorf:,jbé'i"Stojcf:.keré':u ind
' deren Foraminiferenfauria” , (Jahrbuche der k. k. geologischén.

Reichsanstalt, vol. 20, 1870, pp. 157:184, pls."10, 11) 5 Many-

_of the species -are. referred to “thoseé described ; earliery by

d’Orbigny, Retss, and others, but; thirty species’are :described”

©-as new. some of ' '

"the. figures given by ‘Karrer, I made a-study of-the typé'.spkciT

..mens -in Vienna in-t
"specimens were not in all cases segregated, it was. possible to.
* determine' which were the figured ones. It was at once ‘appar- .

_ that they may be available: to _American workers,;on

foraminifera. . - .. o AR IR
BRI L o - i CECLN Sl

R

B . v .
. . . TN . v

IE CRETACEOUS SPE.
DESCRIBED BY KARRER;: !
~ JOSEPH 'A. CUSHMAX;

Ka;fg;f “'in- '1870 'from “the °
pecimderis. were:

’ >

described .:a’ foraminiferal fauna’ from‘: the-
- B R IR

[N 1870 Karljér ‘ ‘ niteral .lau
* Cretaceous ‘of Austria®’ “Ueber ein" néués “Vorkornrie!

As some of our Amierican Cretaceous species resembled © - "7 .

Vi hé summer of 1932.- Although' the’ type

ent that, as in many -other papers, the illustrations ;weré more” *
or less .conventionalized and ‘in some .cases were ‘misleading. .
For future reference notes were made on these types and nearly
all of them were redrawn from the original types. " As soime
of the species nates have been used in ' connection’ with,our..” 1. %
'American’ Cretaceous forms and others are closely 'e\ﬂliéd‘;fd'- o
them it seems worthwhile to present these notes and drawings .. i -

‘the . ..

’ '(.}audryin.&.élje‘_t‘a._cét;,‘,-(Kiit’rer) (Pi- lxyﬁg*l)

ahrb. k. k. geols Rei'chs'ii‘;\st'

Verneuilina cretacea "Karrér, J S voli20) 187057 - - .
p- 164, pl. 10, fig. 1. =~ . . - SRR TSSO SO S ’
Gaudryina rigosa Karrer . (not’ d'Orbigny), L c. p. 166—Egger; ‘Abhandl..; > *. =
kon. bay..Akad. Wiss. Miinchen, CL..1I, vol. 21, 1899, p. 37, pl. 4, figs. "7 -

14, 15. 4

Gaudryina cretacea Cushman, ?S'pq*ci\a.ll Publ. N‘o‘.' T Cushu;fm Lal‘;."'_Foi'Em:f?"_',

- Res, 1987, p. 40, pl. 6, figs. 8-9..0... ° R ) N o
The type, here refigured, is»t}ie young triserial stage. . The "l SO
‘Karrer collection shows adults * alsd that . he . referred”. to™ " " " T
G. rugosa d’Orbigny but they are not the same as d’Orbigny’s’ oo
species. The spécies is common and widely distributed in the:™ "' L,
' 607 L T TIL
N e
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Geology of the Marysvale Volcanic Field, West Central Utah

T. A. Steven, P. D. Rowiey, AND C. G. CUNNINGHAM
U.S. Geological Survey, Denver, Colorado 80225

JECR g

ABSTRACT.— The Cenozoic geologic history of the Marysvale area of west
central Utah is largely a chronicle of voleanic events thar took place during 2
succession of tectonic regimes. Volcanism began in late Oligocene time,
about 30 m.y. ago, during 2 period of tectonic quict. In the succeeding 10
m.y., a complex cluscer of incermediate-composition volcanoes, surrounded by
coalescing volcaniclastic aprons, and local ash-flow tuffs from caldera sources
formed in an arca 80-100 km across, in the southwestern High Platcaus;
concurrently a widespread ficld of ash-flow cuffs developed in adjacent parts
of the Great Basin to the west. Structural differendation of the High
Placcaus and the Great Basin probably began during this 10-m.y. span, but
no extensive basin-range faulting took place undil after it was over.

Abour 21-20 m.y. ago, composition of crupted rocks shifted abruptly
from a predominantly intermediate constituton to highly silicic alkalic rhyo-
lites. The largest volumes of rhyolites were erupted 21-17 m.y. ago from
sources in the Tushar Mounains and che Antelope Range near Marysvale,
where ash-flow tuffs and lava flows of the Mount Belknap Volcanics ac-
cumulated, and the major Mount Belknap and minor Red Hills calderas
formed (Steven et al. 1977, Cunningham and Steven 1977).

Basin-range faulting began shortly after the Mount Belknap eruptions
and continued through the remainder of Cenozoic tme. Fluviatile and lacus-
trine sediments of the Miocene to Pleistocene Sevier River Formadon (Cal-
laghan 1938) were deposited in the developing structural basins; widespread

. but genenlly sparse basale lava flows were interbedded in these sediments. Si-
licic alkalic rhyolitc flows and domes were crupted elsewhere in western Unh
during this same period, and together with che basalts define a bimodal com-
positional suite chac is part of a regional assemblage of similar rocks erupeed
throughout western U.S. concurrendy with face Cenozoic basin-range exten-
sional faulting (Chrstiansen and Lipman 1972).

Mincralization took place episodically at one place or another in the
Marysvale area from ecarly Miocene (22 m.y. ago) untl Pleistocene time
(Kerr et al. 1957, Kerr 1968, Bassect et al. 1963, Callaghan 1973, Steven et
al. 1977). ’

PREVOLCANIC ROCKS

" The Marysvale volcanic field (fig. 1) extends across 2 ma-
jor structural boundary that separates folded and faulted Pa-
leozoic and Mesozoic sedimentary rocks of the late Mesozoic
Sevier orogenic bele (Armstrong 1968) on the west from flat-
lying strata of comparable age in the Colorado Plateaus pro-
vince to the east. This transition zone was highly broken
during lacer basin-range block faulting when the High
Plateaus were developed, but the position of the Marysvale
field above the earlier tectonic boundary is clear cur. Deep
erosion took place after the Sevier orogeny, and the conti-
nental Claron Formation of Eocene and Oligocene age was
deposited widely across the beveled edges of earlier deformed
strata. The top of the Claron Formation provided a wide-
spread surface of low relief across which the first Tertiary
volcanic rocks accumulated (Mackin 1960).

A few hills of older sedimentary rocks protruded through
the cover of Claron sedimentary rocks and formed local bar-
riers that affecced che distribucion of the early volcanic units.

One of these hills is now represented by an anticline of Pa-

leozoic and Mesozoic focks exposed in cross section on the
face of Deer Trail Mountin on the east side of the Tushar
Mountins 5-10 km south of Marysvale.

INTERMEDIATE.COMPOSITION VOLCANIC ROCKS OF LATE
OLGOCENE-~
EARLY MIOCENE AGE

Volcanism began in the Marysvale volcanic field abour 30

m.y. ago whcn, a few widely scattered andesitic to rhyodacitic-l
volcanoes began to form. The best documented of chese carl)"
volcanoes are jin the Pavant Range in the northern parc of
the field where Caskey and Shuey (1975) and Steven er al.
(1977) have described local accumulations of dark lavas an'd
breccias. Anderson and Rowley (1975, p. 14) noted thin lochl
deposits of ash-flow tuff, lava flows, volcanic breccia, and vol-
canic arenite| of late Oligocene age at the base of their vol-
canic section along the southern margin of the field in the
Black Mounfains and northern Markagunt Plateau. A lacto-
lithic(?) intrusion marking a volcanic center of this age was
emplaced near the abandoned small community of Spry,}zs
km north of Panguitch (Anderson and Rowley 1975, p. 16).
An east—nqrthcastcrly line of volcanoes extending from [the
west side ?f the Tushar Mounuins, through the Marysvale
Canyon area, to the northern Sevier Plateau east of Monroe
may have begun to form ac this time.
U " These [early accumulations in the Marysvale field [were
largely overwhelmed by tremendous outpourings of crystal-
rich ash fflows of the Needles Range Formation (Mackin
1960, Sh\lxcy et al. 1976) about 29 my. ago. The Needles
Range Formation consists of ac least three members offclosc-
ly similar lithology derived from sources somewhere in the
southcas§cm Great Basin to the west; these members cbvered
more than 50,000 km? Over most of their extent in [south-
wcstcmlUtah and eastern Nevada, the Needles Range ash
flows sgrcad across a surface of low relief on older seédimen-
tary ro|cks. In the Marysvale area, however, the Needles
Range ash flows overlapped and locally abutted and |wedged
out against preexisting hills of sedimentary rocks (Deer Trail
Mount’ain) or of somewhat older middle Tertiary volcanoes
(Pavant Range, Spry area, Marysvale Canyon?). Algng the
northwest side of the Pavanc Range, the Needles R:’mgc ash
flows| were contemporaneous with eruptions at local
incermediate-composition  volcanoes, and here the| regional
Nccd}cs Range ash-flow tuffs are complexly interlayered with
locally derived lava flows and volcanic breccia. Where the lo-
cal bl':lrricrs did not exist, however, the Necdles Rangc ash
flows extended unbroken across the site of the lafer Marys-
valclvolcanic field and, together with the undcrl'ying sedi-
mentary Claron Formation, demonstrate that no topographic
barrier existed along the wrend of the transition zone berween
the jpresent Great Basin and Colorado Plateaus provinces.

The local volcanic activity in the Marysvale volcanic field,
which began before and continued during accumulation of
the Needles Range Formation, became more widespread
thereafter and formed 2 composite volcanic edifice consisting




of stratovolcanoes with coalescing volcaniclastic aprons, shield

volcanoes, and plateaus of flat-lying lava flows and welded

ash-flow rtuffs. An east-northeast-trending line of stratovol-

canoes extended across the north central part of the field

north of Marysvale from the west side of the Tushar Moun-

tains, 15 km north of Beaver, through the Kimberly area,

Deer Creek Canyon, Marysvale Canyon, Antelope Range, to

the northern Sevier Plateau east of Monroe. Farther south,

Anderson and Rowley (1975) reported scattered vent-facies

volcanic rocks (mostly lava flows and flow breccia) extending

along an east-trending  lincament (Rowley, Lipman et al.

1978) from the northern Black Mountains across the south-

ern Tushar Mountains and northern Markagune Plateau.

These stratovolcanoes were flanked in part by thick aprons of
volcaniclastic debris (mostly volcanic mudflow breccia) that ’
are especially prominent along the south side of the east-
northeast-alined volcanoes north of Marysvale and around the
scatrered volcanic centers farther south. Volcaniclastic debris
is curiously neacly absent along the north flank of the strato-
volcanoes north of Marysvale, as will be discussed later.

A major shield volcano of basaltic andesite formed along
the north flank of the east-northeasc-trending volcanoes from
the eastern flank of the Pavant Range eastward across the
northern Sevier Plateau. This shield is at least 700 m thick
near its center (Callaghan and Parker 19612, 1962b), and it
intertongues westward into a ‘volcanic plateau consisting of
flac-lying flows and low domes of rhyodacite and quartz latite
lava and a thick accumulation of crystal-rich ash-flow cuff of
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the Oliogocene Three Crecks Tuff Member of the Bullion
Canyon Volcanics. The source of the Three Creeks Tuff
Member is in the Clear Creck drainage area of the southern
Pavant Range, where it is marked by an obscure trapdoor-
type subsided block, or cauldron (Steven et al. 1977).

The shield volcano and volcanic plateau along the north
side of the east-northeast-trending line of volcanoes were
partly responsible for excluding volcaniclastic deposits from
this flank of the volcanic field, but other factors also may
have becn involved. In the eastern Pavant Range west of El-
sinore and near the present edge of the volcanic rocks, the
Needles Range Formation near the base of thc'volcanic’ sec-
tion is separated by only 15-20 m of dark lava flows from a
higher welded ash-flow-tuff unit possibly correlative with the
Osiris Tuff. Farther south in the Marysvale Canyon area, nei-
ther the base of the volcanic section nor the Needles R,angc
Formation is exposed, but overlying vent-facies volcanic rocks
at least 400-500 m thick are exposed beneath the possible
Osiris equivalent. - This southward increase in volume and
thickness of vent-facies rocks seems to require southward tilt-
ing of this part of the volcanic field concurrent with erup-
tions and prior to emplacement of the Osiris(?) Tuff; and
such dlting could also have inhibited accumulation of vol-
caniclastic debris along the northern side of the alined straco-

volcanoes. .
In the northern Sevier Plateau south of the east-northeast-

trending volcanoes, the volcanic edifice is largely a- plateau
consisting of flat-lying intermediate-composition lava flows
with some interlayered volcanic mudflow breccia and:. welded
ash-flow cuff sheets. The Needles Range Formarion is ex-
posed locally at the base of the cliffs along the west side of
the plateau, so nearly the full section of remaining volcanic
rqcks, about 1 km thick, is exposed. Farther south toward
Kingston Canyon, alluvial-facies rocks become increasingly
abundant. They predominate in the southern Sevier Plateau
south of Kingston Canyon, where only sparse local lava
flows and two distinctive ash-flow cuff units, the Oligocene -
and Miocene Kingston Canyon and Miocene Antimony Tuff
members of the Mount Ducton Formation, are present
(Rowley and Anderson 1975)."

Volcanic mudflow breccia predominates in the central to
southern Tushar Mountins south of the east-norcheast-
trending line of volcanoes, but vent-facies volcanics zze local-
ly prominent near former volcanic centers. Two major ash-
flow rtuff sheets are well exposed in the centzi Tushar
Mountains; the lower is the Three Creeks Tuff Member al-
ready mentioned, and the other is the Delano P=k Tuff
Member (Miocene) of the Bullion Canyon Volcarizs, which’
came from a cauldron source 7 km across that occupies
much of the central Tushar Mountains north of Bever Riv-
er.

South of the Beaver River, in the southernmow Tushar
Mountains and northernmost Markagunt Plateau, the vol-
canic pile consists largely of .local vent-facies accum=%zions ac
volcanic centers formed along an east-trending Zzeament
(Rowley, Lipman et al. 1978). Some locally distine znics of
Miocene age have been recognized and” mapped f2zderson
and Rowley 1975) in the northern Markagunt Plaz=:z Chief
among these are the autoclastic and mudflow brecz of the
Buckskin Breccia derived from the Spry igneous c=er; the
cross-bedded dune sand of the Bear Valley Formadus (‘J’ught
against the Spry volcanic pile and filling grabens; 2= plugs
lava flows, and volcanic mudflow breccia of the Home Vznc};
Formation in the Black Mouncains. The Osiris TuZ % 2 dis-
tinctive sheer of ash-flow cuff that is distribuet widely
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throughout the eastern parc of the Marysvale volcanic field.
It is near the top of the volcanic succession in most places
and provides a convenient marker bed. The source of the
Osiris Tuff is probably in the northern Sevier Plateau east of
Marysvale (P. L. Williams pers. commun. 1970).

The detailed stratigraphy of many parts of the complex
pile of generally intermediate-composition volcanic rocks of
late Oligocene-carly Miocene age has been worked out only
in part, and many important relations remain to be estab-
lished. The whot€ succession in the northern part of the field
was included at one place or another in che Bullion Canyon
Volcanics by Callaghan (1938, 1939), Callaghan and Parker
(1961a, 1961b, 1962a, 1962b), and Willard and Callaghan

* (1962); but in other places the succession was broken up

into several units of which the Bullion Canyon was only
one. Most rocks on the southern flank of the volcanic field
belong to the Mount Dutton Formation of Anderson and
Rowley (1975). Presently available data are insufficient to
make meaningful lateral correlations between units “wichin
_these two. broadly equivalenc assemblages of rocks.

Marginally to the south and southwest, the locally” de-
fved intermediate-composition rocks of the Marysvale vol-
canic field intercongue with regional ash-flow rtuffs in- the

southeastern Great Basin (Mackin 1960; Williams 1960, 1967;

Anderson and Rowley 1975). The densely welded and fluidal-
textured silicic ash-flow tuff and lava flows of the Isom For-
mation (26-25 m.y.) underlie alluvial facies of "the Mount
Dutton Formation, but the position of the Isom relative to
older intermediate-composition rocks in che northern part of
the field is not known. Younger ash-flow tuff formations of
the Quichapa Group (24-20 m.y.) are interlayered marginally
at higher levels. and also are not present in the northern part
of the field. Interestingly, none of these welded tuff sheets of
Great Basin provenance extends significantly east of the line
of the present-day Hurricane Cliffs, which now mark the
boundary berween the Great Basin and the High Plateaus.
The ash-flow tuffs may have been excluded in pare by the
contemporaneous volcanic rocks in the Marysvale field or by

- structural disturbances along this line which may have

marked the beginning of differentiation between whac are
now distinctly different geologic provinces.

MOUNT BELKNAP VOLCANICS

About 21 m.y. ago the compositions of volcanic rocks
erupted in the Marysvale volcanic field changed drascically
and abrupely from predominantly intermediate compositions
to silicic alkalic rhyolite. This change broadly coincided with
the beginning of extensional basin-range tectonics in adjacent
parts of the Grear Basin, and the rocks are interpreted
to belong to the bimodal basalt-thyolite assemblage that was
erupeed widely throughouc che Basin-Range province of west-
ern US. in later Cenozoic time (Christiansen and Lipman
1972).

were erupted shortly after the compositional changeover, dur-
ing the period 21-17 m.y. ago, and they constitute 2 compos-
ite unir that has been redefined (Steven et al 1977) as the
Mount Belknap Volcanics. The Mount Belknap Volcanics
were erupted .from two contemporaneously active ‘source
areas, and the products from the two sources intermix com-
plexly (Cunningham and Steven 1977). The eastern source

area is lacgely in the southern parc of the Antelope Range, -

but it extends into the lower foothills of the Tushar Moun-
tains to the west. Eruptions began 21-20 m.y. ago in the
eastern  part of the source area, where a series of yolcanic

The most voluminous rhyolites in the Marysvale field

" domes was crupted in an area about 5 km across. Volcanic

activity progressed west-southwestward with the em-
placement of a stock of fine-grained granite on the western
flank of the Antelope Range abour 19 m.y. ago, the nearby
eruption of ash-flow rtuffs of the Red Hills Member of the
Mount Belknap Volcanics, and related subsidence of the
small Red Hills caldera (1 km-diameter) about 18 m.y. ago.
Final eruptions took place 18-17 m.y. ago in the Gray Hills
(name of Kerr er al. 1957, pl. 12) in the southwestern part
of the eastern source area, where ‘many viscous rhyolite lava

-flows and volcanic domes accumulated above their source

vents.
The western source area is marked by the major Mount
Belknap caldera, 11 km across, which was the source of volu-

"minous thyolite ash flows and local lava flows 19-18 m.y.

ago. Outflow ash-flow tuffs formed the Joe Lott Tuff Mem-
bet of the Mount Belknap Volcanics; eruption of this mem-
ber resulted in subsidence of the Mount Belknap caldera,
which in turn was filled with an alternaticg sequence of ash-
flow rtuffs similar to those in the Joe Lott and by rhyolite
lava flows of identical chemistry. The outflow Joe Lott tuffs
intertongue with varied products from the eastern source area
along the lower slopes of the Tushar Mountains between the
WO SOUfCE areas.

The source areas of the Mount Belknap Volcanics were.
in the eroded near-source lavas and breccia of earlier
intermediate-composition stratovolcanoes. The outflow rocks
accumulated in valleys extending radially out from the ele-
vated cores of these older volcanoes and in low areas on the
marginal volcaniclastic aprons and volcanic plateaus. To the
south, the Joe Lott Tuff Member filled the older caldera
source of the Delano Peak Tuff Member of the Bullion Can-
yon Volcanics.

The evolution of the Red Hills and Mount Belknap cal-
deras has been interpreted in relation to the eruptive history
of the Mount Beltknap Volcanics by Cunningham and Steven
(1977). They believed that the soutce areas developed above
cupolas extending upward from a common magma chamber,
and that the differences in eruptive behavior at the two
sources reflected differences in size, shape, and depth of the
two cupolas.

SEVIER RIVER FORMATION AND BIMODAL BASALT RHYOLITE

VOLCANISM

Basin-range faulting became active in the High Plateaus
area in middle Miocene time and was pardcularly intense .
during later Miocene and Pliocene time. Recent low scarps
cutting Quaternary alluvial deposits have been recognized
widely, particularly in the. Cove Fort, Beaver, and Marysvale
areas, and attest to continued activity, but possibly ac a re-

- duced rate, to the present.

Fluviatile and lacustrine sediments of the Sevier River
Formation were deposited in the developing structural basins
during Miocene through early Pleistocene time (Callaghan
1938). The character of the sediment ranges widely from ba-
sin to basin, depending on local source. rocks, configuration
of the basin, and many other factors. Exposures range from
loose deposits of sand and gravel to well-bedded, tan-to-
salmon-colored, compacted, ashy siltstones and sandstones.
White ash beds are common, particulacly in more evenly
bedded local sequences. An ash bed near the base of the Se-
vier River Formation on the north side of the Tushar Moun-
tains yielded a zircon fission-track age of abour 14 m.y,
whereas another ash bed near the top of the succession at Se-
vier yielded a zircon fission track age of about 7 m.y. (Steven -
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et al. 1977). The ages are not of the oldest or the youngest '

strata in the Sevier River Formation, but they do give some
idea of the general span of sedimentation. Modern alluvial
valley fills locally lie unconformably on deformed Sevier River
Formation strara.

Mafic volcanic - eruptions took place wndcly during- Sevier

River sedimentation, and basalt flows are interlayered with
the fluviatile sedimentary rocks ‘of the formation at many
places. These flows range in age from middle Miocene to
Pleistocene or even Holocene, and near Cove Fort and the
southern Markagunt Plateau some basalt shields and cmdcr
cones are virtually unmodified by erosion.

"Alkalic rhyolite was erupted from scattered centers during

". the same late Cenozoic interval (Mehnert et al. 1978), but

generally in quite small volume. Rhyolite. centers erupred
20-7 m.y. ago are sparsely distributed along an east-west zone
of igneous centers and structural disturbances that Rowley,

. Lipman et al. (1978) have called the Blue Ribbon lineament.
" Several small rhyolite flows and plugs at and near Phonolite

Mountain in Kingston Canyon are examples. Small rhyolite
domes, flows, and ash-flow rtuffs were erupted in the Mineral
Range as recently as 0.8-0.5 m.y. (Lipman et al. 1975); they
are in close proximity to potential geothermal steam fields.

MINERALIZATION

Mineralization took place at many times in the Marysvale
volaanic field, beginning about 22 m.y. ago and extending
into the Pleistocene(?) or Holocene (Steven et al. 1977). The
oldest mineralization was associated. with emplacement of 23-
m.y.-old quartz monzonitic intrusions into the cores of older
intermediate composition volcanoes. The gold-silver deposits
in the Kimberly area and the alunite-kaolinite deposits in
the southern Antelope Range are examples. Uranium was de-
posited widely” in the core of the Mount Belknap caldera
some time after it was filled by ash-flow tuffs and lava flows
about 18 m.y. ago. A mineralized area in the eastern Tushar
Mountains is zoned around an intensely altered core on Alu-
nite Ridge. It has base- and precious-metal deposits in veins
and mantos on its northern and eastern periphery. K/Ar ages
in sericite and alunite from this mineralized area indicate that
mineralization took place 14-13 m.y. ago. The productive
uranium deposits in the Central Mining district in the south-
ern Antelope Range perhaps formed between 13 and 9 m.y.
ago. Alunite deposits on the west side of the Tushar Moun-
tains 13 km north of Beaver have been dated (K/Ar on alu-
nite) as 9 m.y. oll. Narive sulfur deposits ar Sulphurdale and
Sulphur Peak near Cove Fort are in alluvial fan deposits near
Holocene fault scarps. Mineralization seems to have been re-
lated to nearby basaltic volcanoes of Pleistocene or Holocene

age.
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