
7771 
^3,^4;S AREA 

n s, -sZ UT 
'^ ^ ' , Sevier 

Marysvale ' 
IVolcSeq 

3 

> nzA 

7 7 

Z i ^ 

'71 
•»"• * i p . 

43S -̂"'̂  TRANSACTIONS, AMERICAN GEOPHYSICAL UNION 

VOIXANIC SEQUENCE- IN THE MARYSVALE REGION IN SOUTHUEST-CSITRAL UTAH / 

\ ^ 
.;. Eugene Ca-llaghan i 

(Published with the approval or the Director, U. S. Geological Survey) 

Introduction 

As a c;.3nsequence of the detailed Investigation of the alunite and other mineral deposit 
the Marysvale Region In southwest-central Utah, opportunity was affoi-ded to map .and study th^ *̂  
succession of volcanic rocks that underlie most of this area. The Marysvale Region'Is p^rt \ P 
large area of volcanic rocks, which occupies much of the High Plateaus of Utah (Fig. i). n [ * 
believed that the Marysvale Region covers sufficient area to furnish an adequate sample of. ih.' 
volcanic area, and, though horizontal variations are known to occur, the study may serve as a ' 
guide as to what may be expected In other, parts of the ar 
completely representative of any ever taken In this part 
comparison within the High Plateaus and with other areas in Utah. 

ea. The chemical analyses are the laa 
completely representative of any ever taken In this part of Utah, and they furnish a basis of ^ 

The rocks in the Marysvale Region range from basalt to rhyolite, with latite and rhyolite t 
th'e dominant groups. Volcanic breccias and tuffs make up the greater volume of material. Thr« * 
groups are distinguished: First, an earlier Tertiary group of latitic breccias, tuffs, and rin 
second, a later Tertiary group of rhyolites, quartz latites, latites, and tuffs; and, third. 
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REPC.RTS AND PAPERS. VOLCANOLOGY--1939 

., thin basalt-flows most ot which are associated with the late Pliocene or early Pie is-
•^^""'l.v er Rive? formatI;n The position in the sequence of a group of basaltic breccias and 
mesne sevier River ^orm^tiu ^ uncertain It is the purpose of this paper to point 

'-'^7" iTSSrTŜ  t n f l h f the units, to descrlb^ some of their general features 
*"•* 'n s f 0 he m re pertinent petrographic features, particularly of the ana yzed specl-
,!« suggested interpretations, based on the descriptions and .the analy.ses, are made. 

General geology 

• „ in Figure 1 the Marysvale Region lies within the High Plateaus of Utah, a part ol 
r^ora "OP ateius b ; a es he Great Basin on the west: It Is part of a region of long 

" " , ° f u o l I i d and bugged mountains that break sharply into longitudinal valleys, a region 
t::;^^ - " 0 ~ •^-"-'^ t-^ ̂  ""^^^ -References- at end of paper] classic descrlp. 
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itia Sevier Fault on the east. It thus includes several low mountain blocks, of which the Antelope 
Range, northeast of Marysvale, is the most prominent, as well as the alluvial valley-floor (mid­
dle ground, Fig. 4). Along the course of the Tushar Fault, the Tushar Mountains face the 
Sovlsr-San Pitch Valley In a very steep front (Fig. 4); the summits are 6000 feet above the 
volley-floor. The Sevier Plateau, which lies east of the Sevier Fault (Fig. 2), also has a 
steep scarp facing the valley to the west (Fig. 5). Summits In this plateau likewise rise near­
ly 6000 feet above the valley-floor. On the north the Tushar Mountains are separated from the 
Piivant Range, a dissected region of relatively less relief, by the downwarped area of the Clear 
Creek Basin, which-lies west of Sevier (Fig. 2). Though not as steep as the eastern front, the 
nestern front of the Tushar Mountains breaks sharply' into the Great Basin. All the elevated areas 
arc deeply dissected, and the margins of the plateau-blocks are notched by profound canyons, such 
ao are shown in Figures 2 and 4. • 

Various phases of the geology of the Marysvale Region have been described by Dutton [1], 
Butler and Gale [2], Loughlln [3], Butler [4], and Eardley and Beutner [5], and all previous 
•srk bas been reviewed by Callaghan [6]. As shown in Figure 2, almost the entire region is un­
derlain by volcanic rocks of Tertiary age.I Pre-Tertlary sedimentary rocks--quartzltes, dolomites, 
limestones, shales,- sandstones, and minor conglomerates--are exposed In the steep eastern face of 
the Tushar Mountains (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, 
•nlch are so prominent west of Richfield (Fig. 1), crop out In the Marysvale Region./ Erosion 
rcsnants of the sedimentary Sevier River formation [6, pp. 100-101] overlie nearly all the vol­
canic rocks. This Is a local formation derived from whatever rocks It happens to lie upon. It 
Is believed to be of late Pliocene or early Pleistocene age. Alluvium of several ages occupies 
parts of the Sevler-San Pitch Valley and the Great Basin to the west. 

The extrusive Igneous rocks, whose stratigraphic relations are shown diagrammatically in 
rigure 3, are divided into three principal groups on the basis of profound breaks in the sequence." 
Tne earlier Tertiary group, called the Bullion Canyon volcanics, is perhaps the most wide-spread 
In the whole High Plateaus. Except In the pavant Range, it 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 it. Largely made up of tuffs and volcanic breccias, it also contains a variety 
of latlte-flows. ,3uartz monzonite and related intrusives are confined to it. An erosion inter­
val separates the earlier Tertiary group from the later Tertiary group, for rhyolite of the later 
group rests directly on eroded quartz-monzonite. Rhyolite, latite. quartz latite, tuff, and 
possibly a group of basaltic breccias, whose complex stratigraphic relations are brought out In 
the following detailed descriptions and in Figure 3, compose the later Tertiary group. Thin 
basalt-flows, most of them closely associated with the Sevier River formation, make up the rela­
tively minor third group. 

The structure of 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 "northeast in the vicinity of Marysvale Canyon. The Antelope Range north of 
Marysvale Is essentially an arm of the Tushar Mountains, which plunges eastward against the 
Sevier 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 Sevier River has cut a 
deep trench, Marysvale Canyon, through this obstruction. The southward-dipping later Tertiary 
rocks are shown at the right-hand in the middle ground of Figure 5. Longitudinal blocks occupy 
the 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 ear'ller periods of deformation, the principal movement that, has produced the 
present topography occurred after (the deposition of the Sevier River formation; that Is, after) 
late Pliocene or early Pleistocene time. /'The last (Wisconsin?) giaclatlon has modified the sum-
oils of the Tushar Mountains, but little change has taken place in the land-surface since the 
last ice-age. '. 

I , Earlier Tertiary igneous rocks 

Bullion Ceinyon volcanics and associated Intrusive rocks--As might be expected from the wide 
extent of the e.acll-e.r Tertiary group of volcanic rocks, they vary greatly from place to place In 
proportion df flows to pyroclastics, in the type of'rock, and in the degree of alteration^ 
Nevertheless, 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 
and the longitudinal blocks east of Marysvale. With them are associated all the obviously gran­
ular Intrusives and all the mineral . Leposlts. No exact measurement is possible, but the total 
thickness in the Marysvale Region Is at least 5000 feet. 
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Southwest of Mkrysvale In the eastern part v; the Tushar i'lountalns, three distinct parts ot 
the Bullion Canyon volcanics can be dlstlnguls;-;̂ -:. The lower part, about 2500 feet thick six m U s ' 
southwest of Marysvale. consists chiefly of latJt-'t and andesitic tuffs and breccias with scarce­
ly ten per cent of flows. At the base Is a thlr; to.-iglomerate, which rests unconformably upon 
the older sedimentary formations and consists of Ssbrls from the underlying rocks exclusively. 
Above the conglomerate is -waterlald tuffaceous as.'idstone. Which contains some detrital material 
from the older rocks. Most of the lower part, ĥ /iever, consists of massively bedded tufts, crys- ' 
tal tuffs, and minor coarse breccias with a few latlte-flows, all well exposed in Bullion Canyon 
(Fig. 6). 

The Delano Peak latlte-member of the Bulllor, Canyon volcanics is a lenticular mass that 
forms conspicuous cliffs (Fig. 6), facing to the east at the highest part of the crest ot the 
Tushar Mountains (Fig. 2). Faulted segments are preserved on some of the ridges, which branch to 
the east. Though the thickness Is over 300 feet in the center of the lens, no separate flows 
could be distinguished. However, the upper part his more the appearance of a flow-breccia. The 
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rocks in contact with It are not metamorphosed 
give. 

In the upper part of the Bullion Canyon volcanics west of Marysvale the proportion' of flows 
to breccias is distinctly higher than in the lower part. This may exceed 50 per cent. They are 
icostly 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 ot the Tushar Mountains. 

In the Sevier Plateau east of the'Sevier Fault (Fig. 2), the earlier Tertiary rocks consist 
of a thick series of latitic breccias and thin flows at the base, a succession of latlte-flows 
with almost no intervening volcanic breccia, and more calcic latite at the top.-No exact corre­
lation between the-members In the Tushar Mountains and those in the Sevier Plateau Is possible. 
Probably the lower breccias correspond to the lower part iu 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 latlte-flows and breccias in the Antelope Range east and north of 
Marysvale belong to the upper part ot the Bullion Canyon volcanics,- < 

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

Table 1--Analyses. norms, and modes ot igneous rocks from the Marysvale Region. Utah 

Item S p e c 1 n u m b e r 

nur 10 11 12 13 

5102 
AI2Q3 
FegOs 
FeO 
MgO 
CaO 
NajQ 
KgO 
H^0-̂  

H2O-
t l O j 

h O i 
KnO 
CO2 
ZrOa 

S03 
BaO 
Llgo 

s 
Cr203 

Q 
or 
BD 

an 
C 
Ih 
HO 

en 
fs 
ec 

a t 
11 
ha 
ru 
ap 
pr 
cc 

4 8 . 6 5 
10 .40 

7 . 4 5 
6 . 0 5 
5 .55 
8 .10 
2 . 7 7 
3 .40 
1.09 
0 . 6 2 
4 . 7 5 
0 . 5 1 
0 .10 
0 . 8 6 
0 . 0 1 

0 . 1 2 

0 . 0 7 

100.40 

3 . 0 6 
2 0 . 0 2 
2 3 . 4 5 

5 .84 

10 .79 
13 .90 

5 .80 
9 . 1 2 
3 . 5 2 

1.34 
0 . 1 2 
1.92 

5 4 . 7 i 
11 -59 

3 . 6 2 
4 . 0 7 
6 -85 
6 . 0 3 
2 . 4 5 
2 . 8 9 
2 . 8 S 
0 . 4 7 
2 . 2 8 
0-42 

. 0 . 1 0 
1.88 

0 . 0 6 

100.30 

12 .72 
1 7 . 2 4 
2 0 . 9 6 
1 1 . 9 5 

1.39 
17 .10 
0 . 5 3 

5 .34 
4 . 4 1 

1 .01 
0 . 1 2 
4 . 3 4 

5 7 . 6 2 
1 4 . 5 4 

6 .55 
1.09 
3 .20 
6 .08 
3 .18 
3 .12 
I . I S 
1.18 
0 . 8 1 

0 .10 
0 .86 

0 . 0 4 
0 . 0 3 

9 9 . 5 8 

13 .38 
1 8 . 3 5 
2 7 . 2 5 
1 5 . 8 5 

3 . 8 3 
8 .00 

1.62 
1.52 
5 . 4 4 

1.92 

5 7 , 8 3 -
1 3 . 3 4 , 

7 . 2 1 
0 . 8 7 
1.10 
5 . 6 0 -
5 .76 
1.08 
0 . 9 5 
0 . 2 4 
0 . 9 6 
0 , 3 8 
0 . 0 6 
4 . 7 3 ' 
0 . 0 1 

0 . 1 0 

0 . 0 7 
none 

100 .29 

18 .30 
6 .67 

4 8 . 7 3 

2 . 5 5 

2 . 8 0 

1.82 
7 . 2 0 

1 .01 
0 . 1 2 
9 .30 

' 5 7 . 9 6 
1 5 . 7 1 

3 . 3 8 
4 . 1 1 
3 . 1 6 
5 . 1 1 
3 . 4 8 
4 . 0 8 
1.26 
0 . 1 1 
1.05 

0 . 1 1 
t r a c e 

0 . 0 7 
0 . 0 2 

9 9 . 6 1 

7 .20 
2 4 . 2 6 
2 9 . 3 4 
1 5 . 0 1 

4 . 2 9 
7 .90 
2 . 9 0 

4 . 8 7 
2 . 1 3 

0 .12 

ftnalyses 

5 9 . 1 6 
1 6 . 0 8 

3 . 9 8 
1.39 
2 . 7 6 . 
3 . 3 7 
4 . 2 3 
4 . 1 6 
1.98 
0 . 6 1 
0 . 5 5 

0 . 0 5 
1.55 

0 . 0 4 
0 . 0 2 

9 9 . 9 3 

5 9 . 5 7 
1 6 . 9 2 

2 . 8 5 
2 . 0 8 
2 . 0 5 
4 . 4 1 
3 . 7 3 
4 . 9 8 
1.36 
0 . 2 4 
1.34 
0 . 3 6 
0 . 0 6 

0 . 1 6 

1 0 0 . 1 1 

Norms 
1 1 . 3 4 
2 5 . 0 2 
3 5 . 6 3 

6 .95 
2 . 0 4 

6 .90 

3 . 0 2 
1.06 
1.92 

3..54 

8 . 2 8 
2 9 . 4 7 
3 1 . 4 4 
1 4 . 7 3 

2 . 2 0 
5 . 1 0 

3 . 0 2 
2 . 5 8 
0 .80 

1 .01 

6 2 . 2 5 
1 5 . 6 1 

5 . 0 4 
0 . 3 8 
1 .83 
4 . 6 2 
3 . 8 8 
2 . 8 1 
1.34 
1.16 
0 . 5 8 

0 . 0 5 
0 . 0 2 

0 . 0 5 
0 . 0 2 

9 9 . 6 4 

17 .34 
16 .68 
3 3 . 0 1 
16 .68 

2 . 5 5 
4 . 6 0 

, 0 . 9 1 
5 . 1 2 

6.16 

6 7 . 1 8 
12 .00 

1.44 
0 . 1 4 
0 . 4 3 

^ 2 . 6 5 
1.14 
3 . 7 1 
7 . 0 6 
3 . 6 9 
0 .20 
0 . 0 6 
0 . 0 3 

t r a c e 
0 . 0 3 

0 . 0 1 

0 . 0 8 
0 . 0 1 

9 9 . 8 6 

4 0 . 7 4 
2 1 . 6 8 

9 . 4 3 
1 2 . 2 3 

1.73 

1.10 

0 . 1 5 
1.44 
0 . 1 6 
0 . 3 4 
0 . 1 2 

7 0 . 1 7 
1 1 . 8 3 

0 . 9 3 
none 
0 . 0 6 
0 . 7 6 
3 . 8 5 
3 . 7 4 
8 . 7 2 

-
0 . 1 7 

1 0 0 . 2 3 

^ 
3 1 . 9 8 
2 1 . 6 8 
3 2 . 4 9 

3 . 8 9 
0 . 1 0 

0 . 2 0 

0 . 9 3 
0 . 1 6 

7 5 . 8 3 
12 .36 

1.05 
0 . 2 9 

' 0 . 0 2 
0 . 0 4 
3 . 9 4 
5 . 0 8 
0 . 4 2 
0 . 2 4 
0 . 2 4 
0 . 0 1 
0 . 1 2 

0 . 0 1 

9 9 . 6 5 

3 3 . 2 4 
3 0 . 0 2 
3 3 . 5 4 

0 . 2 8 
0 . 3 1 

0 . 7 0 
0 . 4 6 
0 . 6 4 

7 6 . 1 5 
12 .56 

0 .80 
0 .39 
0 . 0 2 
0 . 1 8 
' 4 . 4 3 
5 . 1 3 
0.4Q 
O.09 
0 . 1 8 
none 
0 . 0 6 

0 . 0 1 

100.40 

3 1 . 0 2 
3 0 . 0 2 
3 6 . 6 8 

0 . 4 6 

0 . 4 6 
0 . 9 3 
0 . 4 6 

7 6 . 1 6 
12.64 
0 .8S 
0 .14 
0 . 2 3 
0 .04 
3 .54 
4 . 7 5 
0 . 5 4 
0 .50 
0 . 1 5 
none 
0 .06 

0 . 1 1 
0 .02 
0 .003 

99 .76 

37 .14 
28 .36 
29 .34 

0 . 2 8 
1.63 
0 .14 

0 .60 

0 . 2 3 
0 .30 
0 .80 
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Table 1--Concluded 

Item X-l. e c 1 m e n n u m b 

8 
e r 

10 

Modes 

Quartz 
Orthoclase 
Oligoclase 

Andeslne 
Hornblende 
Biotite • 
Augite 
Olivine' 
Magnetite 
Apatite 
Titanlte 
Rutile 
Tourmaline 
Zircon 
Cristobalite 
Glass 
Groundmass 
Carbonate 
Chlorite 
Iron oxide 
Sericite 
Epidote 

Iddlngslte 

X 

X 
X 
X 

X? 

X 

X 

. X 

X 

X 

X 

X 
X 

X 
X 

X 
X 

X 

22 
2 

9 

6 
X 

61 
X 
X 

. X 

X 

X 

X7 

X 

X 
X 
X 
X 

6 
29 
33 

14^ 
11 

7 
X 
X 

X 

X 

X 
X 

X 
X? 
35 

3I 
6̂  

7 
X 

44 

• X 

X 
X 

X 

X 
X 

X? 

X 
X 

X 
X 

X 

6 

•39 

12 • 
5 

4 
X 

34 

X 

X 
X 

X 

X 

X 

X 

, X 

•'•As chlorite. 

^Mainly 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 . a . Falrchlld; 13, J. J. Fahey; 10, W. F. Hlllebrand. 

Descriptions of specimens 

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

(2) Intrusive calcic .latite (II. 4.3.3. ]--Slll intrusive at base of volcanic sequence, center 
Sec. 24, T. £8 S.. R. 4 W.. 2 miles southwest of Alunite. 

(3) Calcic latite (II. 4.3.3.)--Flow 500 feet south of suiMiit of Delano Peak. 
(4) Andesite breccia (II. 4.1.5.)--Coarse breccia 1200 feet west of Mineral Products Mine, Sec. 

.16, T. 28 S., R. 4 W., 4 miles west of Alunite. 
(5) Quartz monzonite (II. 5.2.3.)--Intrusive stock on east side of Marysvale Canyon at mouth of 

Deer Creek, Sec. 29, T. 26 S., R. 4 W. 
(6) Latite (II. 4.2.3.)--East slope of peak, west ot L. and N. claims. Sec. 18, f. 28 S., R. 

5 M., 5-1/2 miles west of Alunite. 
(7) Latite (11. 5.2.3.)--Thlck flow 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 S., 

R. 4-1/2 W., 7 miles west of Sevier. 
(9) RhyoUte tuff (I. 3.3.2. )--Joe Lott tuff, east side Mill Creek, southwest center Sec. 19, 

T. 26 S., R. 4-1/2 W., 8-1/2 miles southwest of Sevier. 
(10) Rhyolite glass or pltchstone (I. 4.1.3.)--°Edge Gold Mountain Mining District 8 miles north 

of west of Marysvale.' U.S.G.S. Bull. 168, p. 168, 1900. Probably In Deer Creek Canyon; 
no description. 

(11) Banded gray rhyolite (I. 4,1.3.)--Flow near base ot formation NW 1/4, Sec. 7, T. 27 S., R. 
3 W., 2-1/2 miles 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. 3.1.3.)--Flow making high cliffs in Marysvale Canyon at mouth 
• • ot Deer Creek, NE 1/4. Sec. 1, T. 27 S., R. 4 U., 3-1/2 miles north-northwest of Marysvale. 

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 
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jĵ rr.Blcnde or augite. The maximum size of the feldspars Is about 2 mm; the groundmass crystals 
l i t r i i i s about 0.03 mm. The rock Is considerably altered, and contains much carbonate, chlorite, 
„-..l (;uartz. with minor sericite. The striking feature brought out by the analysis Is the reia-
{l/o!y lOM content of potash. The breccias with smaller fragments, mostly less than one inch in 
.;!,'.j!;ier, are generally light-colored, and are probably less calcic than the analyzed specimen. 
jr.o wsslve beds ot crystal tutt closely resemble normal latite, and doubtless have a closely 
s'.silar'chemlcal composition. 

The Delano Peak latlte-member (Column 6, Table 1) is brownish red with abundant phenocrysts 
t t oligoclase, hornblende, and biotite, and minor quartz and magnetite In a glassy base with. 
Il'jldal structure. Many of the oligoclase phenocrysts, which may reach lengths of four mm, but 
tvcrass from one to two mm, are fragmented, and biotite plates are commonly bent. Much ot the 
tornslende is surrounded by an envelope of minute grains ot magnetite. The red color Is due to 
flltts ot red hematite, 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-
;{a is somewhat altered; hornblende and biotite are changed to chlorite, and carbonate and 
•jartz have formed to some extent In the devitrified groundmass. 
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A specimen (Column 4, Table 1) from Delano Peak, believed to be typical of much of the dark 
lloKS In the upper part of the Bullion Canyon volcanics southwest of Marysvale, is medium dark 
frw and not conspicuously porphyritic. though andesine-phenocrysts are as much as three mm long 
t M augite grains reach two mm In length. Phenocrysts of andeslne, augite. hornblende, and mag-
acllle are scattered through a groundmass .of devitrification-products and a felted mass of 
{tlftgloclase mlcrolltes. Slight alteration has produced quartz, carbonate, sericite, and chlorite. 
tutother rock (Column 7, Table 1) from the upper part of the Bullion Canyon volcanics Is purplish 
te:!luni gray and conspicuously porphyritic, with some,phenocrysts as much as ten ram in length. 
Tne average length of the phenocrysts is one-half to two mm, and the grain-size ot the groundmass 
la from 0.03 to 0.05 mm. The andesine-phenocrysts are mottled and variably replaced by ortho­
clase. The former ferromagneslan mineral, probably augite, is now represented by chlorite and 
ciroonate. The groundmass is a tlne-gralned aggregate with feldspar of low index of refraction, 
Uucoxene (?), carbonate, minor sericite. and quartz. Magnetite and apatite.are accessory. 

In addition to those described, there are other varieties of flow-rocks and breccias.. 
Though most of the breccias and tufts are medium to light-gray, tuff and breccia near Sevier 
(Fig. 2) is yellowish white and resembles a part ot the younger Joe Lott tuft. A nearly black 
tlO'«-taoles of latite at the west side ot the Tushar Mountains contains large a.ndeslne phenocrysts. 
•Ith Inclusions of orthoclase. and chlorite pseudomorphs that strongly suggest former olivine.' 
Carbonate has developed in the grou.ndmass of minute plagloclase-laths as well as In the pheno­
crysts, A dark-gray rock at the summit of the Sevier Plateau superficially resembles basalt, 
but under the microscope Is found to be a latite with large andeslne and small augite phenocrysts 
Ih a groundmass consisting chiefly of minute (0.01-0.03 mm) feldspar of low Index of refraction. 
Soie chlorite pseudomorphs suggest former olivine. Magnetite and apatite are accessory. Much of 
the succession In the Sevier Plateau Is composed of latite with large phenocrysts of andeslne and 
conspicuous euhedral biotite. This rock Is characteristically a medium to light purplish-gray. 
Tie groundmass. which Is tlne-gralned. with minute crystals of orthoclase and Interstitial 
Quartz, Is strikingly susceptible to recrystallization through contact metamorphism. 

Intrusive bodies mostly occur along an axis trending earth-northeast Just north of Marysvale 
y ^ S - Z ) . They are chiefly small stocks; the largest Is scarcely two miles wide. Some small 
•dikes and plugs lie outside of this axial direction, but all are confined to the Bullion Canyon 
volcanics. The Mount Belknap rhyolite of the later Tertiary group overlies an eroded surface on 
the Intrusive quartz-monzonite north of Marysvale, as Is shown diagrammatically In Figure 3. 
''erhaps as a consequence of the SCAII size ot the intrusive bodies, the grain-size and appear­
ance change abruptly from place to place within the same mass and between different bodies. 
Ho'«ever, under the microscope themlneralogy Is found to be very similar throughout. 

The medium-gray quartz-monzonite (Column 5, Table 1) from the intrusive at 
"arysvale'Canyon (Fig. 2) Is the tost nearly equlgranular and granitoid In appe 
those- Investigated. The grain-size is mostly from one to four mm for the major 
plagioclase tends to be In large elongate grains, but the abundant orthoclase a, 
^"Elte and biotite are nearly equant. The rock consists of calcic oligoclase. 
a'Jglte, and biotite, accessory magnetite, apatite, and titanlte, and later tour: 
chlorite, and sericite. Dusty orthoclase tends to be Interstitial to the plagt 
also Invades and replaces it. Myrmekltlc Intergrowths of quartz and orthoclase 
Though some of the augite is completely changed to chlorite, much of It Is unal 
the biotite seems to be a late mineral, wnlch. formed rims at the contacts of 14 
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augite. Though the rock has less than ten per cent of quartz in either the norm or the mode 
if closer In composition to quartz-monzonite than to monzonite. A higher proportion of ortho-
c -.se to plagioclase appears in the mode than in the norm--probably some ot the soda is includ 
In the orthoclase. 

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 analyzed 
material. Titanlte and tourmaline are absent in this and all specimens other than the one analyzes 
In the next group of very small intrusives to the west, one Is black and not conspicuously por. 
phyrltlc. It has very minor interstitial quartz, and has greater difference in size of pheno­
crysts and groundmass than the analyzed rock. Though It contains considerable plagioclase in 
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 as 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 be­
come black or green. They retain their plagioclase-phenocrysts, and In many places biotite 
phenocrysts are preserved, but the groundmass recrystallizes and becomes obviously granular, 
though very fine-grained. ' In the pink rock, orthoclase and minor quartz are introduced so that 
the groundmass becomes an aggregate ot orthoclase and Interstitial quartz. The degree ot meta­
morphism Is Indicated by the size of grain. Though the plagioclase phenocrysts tend to persist 
they are commonly partly, replaced by orthoclase. Magnetite tends also to be Introduced; In a 
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. Commonly a light-
colored biotite has been Introduced with the magnetite, so that the contact-aggregate is essen­
tially orthoclase, magnetite, and light-brown biotite. In a few places epidote is sufficiently 
abundant to give a greenish cast to the rock. Chlorite is a minor constituent. In general, the 
outstanding feature of both the Intrusive and contact-rocks Is the Introduction of orthoclase and 
replacement of earlier plagioclase. 

An intrusive latite (Column 2, Table 1), which forms sills from a few feet to more than loo 
feet thick southwest of Alunite (Fig. 2) deserves special mention. In intrudes the conglomerate 
at the base of the volcanic sequence, but was not recognized at any other horizon. The rock, 
which does not resemble the quartz-monzonite type of intrusive, is medium-dark gray, porphyritic. 
and contains small amygdules filled with quartz and carbonate. The phenocrysts,which are augite 
and hornblende rather than plagioclase, are mostly 0.3 to one mm long, though some are as much 
as five mm long. The grain-size 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, epidote, chlorite, quartz, 
and a little sericite. Though superficially the rock has a diabasic appearance, the analysis 
shows that it belongs to the latite-group. Its contact-effects on adjacent rocks are negligible. 

Dikes of rhyolite porphyry, which has large phenocrysts of orthoclase, quartz, and minor 
plagioclase in a devitrified groundmass, intrude the Bullion Canyon volcanics, six miles south­
west ol Marysvale. As they are mineralized by quartz-veins older than the later Tertiary rocks, 
they must belong to the earlier Tertiary 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 caution'in distinguishing the two groups. The most wide-spread al­
teration has involved the formation of carbonate, chlorite, sericite, and minor quartz. These 
minerals are most abundant near some of the veins where they are often Joined by disseminated 
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, is 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, though 
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. 

Later Tertiary volcanic rocks 

Roger P'ark basaltic breccia--The position of the Roger Park basaltic breccia in the volcanic 
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' j5-i;u"ce ot the Marysvale Region Is not entirely clear. The formation -Aias recognized in a small ' '" ' 
i.-fi in the southern part of the Region, where It enters as a wedge from the south. Though It ..''•• 

{ ;; :3.;"jtless thicker and more extensive to the south, Its maximum thlc'.<r,ess within the .mapped 7. 
'• i.'̂ i - d ; : oe as much as 2000 feet. The Roger Park basaltic breccia Is overlain by latite, grouped ' ' 
I , : ' . ? . '.ns Dry Hollow latite, and is underlain by latites and breccias of the Bullion Canyon vol- .'- ' 
i ...-lies. .̂ 0 sharp line could be drawn bet-.'ieen the dark calcic latites ot the underlying formation ' '. 
i ;,'.i tne M r e basaltic-appearing rocks. Indeed, this for.T.atlon may be a facies of the Bullion 

'.i-̂ /c.n volcanics, but further investigation must precede any definite conclusion. ' ' 

I ' ••••-, 
,1 Tne flows near the top of the formation are dark gray, and have distinctly basaltic aopear-
' i - :< ! . Tne breccias ars various shades of gray or red, and the fragments are commonly vesicular. -' 
,' :.!,n s a c i l o n s froa fragments s.'io-,-.-ed that the rock is porphyritic with phenocrysts of labradorlte 
! s'1 ;..y.-i.(i?rie (pigsonite) as much as five mm long in a grou.ndmass ol the sa.ne minerals, mostly be-
[ '.K..er. 0.0'2 aiid 0.1 mm long. Interstitial oro'.'jn glass, and abundant magnetlte-gralns. No trace 
) ;: or'.t-.uclase couid be detected, and olivine Is conspicuously absent. Toward the base, the rocks 
1 .--j.'-o .-.early resemble the dark calcic latites. 

• y.junt Belknap rhyolite--In the area north'/jest of Marysvale two distinct facies of the Mount ; . 
' •rc;V..-,dp rhyolite are readily recognized, and -were separately mapped. In the western part ot the 'J-' 
( :--::;:-.- Mountains, -the t-/io facies also can be recognized, but, as their contact Is much less dis- -,'' 
I !.!r!-;l, the gray facies Is not distinguished on the map. These rocks characteristically break up v'''* 
I '.r,t> thin plites and scales on exposed surfaces that cover gentle slopes or form long talus cones ''',,.4 7 
I M;i .-̂ .Tet-ts on steeper slopes, as shown in Figure 7. Nevertheless, these rocks compose the crest 
,. 51 tr.e Tushar Mountains near the northern end as well as the picturesque yellowlsh-whlte peaks, 

f.o:.-.". Baldy and Mount Belknap (Fig. 7 ) . The entire mass of the rhyolite forms a lenticular body T'i I 
» In •..-.0 Tushar Mountains, and In conformity with the regional structure dips to the west on the y'' 
.' »CJ.. side, to the north on the north side, and to the east on the east side. Though Its base Is '. r \ 

ul ir. altitude of over 11,000 feet in the center of the mountains, It reaches the valley-floor •'.*,•' 
or. eit.ier side. Each facies now has a maximum thickness of about 2000 feet, but the total original ;•'. , 

, '.n-'jr.ness in the center of the lens was doubtless in excess ot 4000 feet prior to erosion. '< 

j The two f a d e s are not equally distributed; the gray facies extends farther to the west, to i.'-' 
f. l.".-j south, and to the east than the red tuffaceous facies, but the red facies extends farther to ••' » 
' trie .".crth, where it Is directly overlain by latlte-flows and the Joe Lott tuff. In some places .;' -. 
I tne red f a d e s rests directly on various older rocks, including ths quartz-monzonite, but In most ' ''- . 

piHces there Is intervening bedded tuff that may be 300 feet thick. Commonly the basal portion ,'.•,.' 
* of i.ae red facies Is marked by a black to greenish black pltchstone (Column 10, Table 1 ) . Lentlc- 'I j\ ' 

uisr :,£sses of bedded tuffs and breccias are Irregularly distributed through the red facies, and I '.. 
, coarse trecclas occur in the gray facies in .the western part of the Tushar Mountains. North of ' '} 

h.:;-ys-,-aie the two f a d e s are separated by tuff. The gray facies conimonly has a glassy base In ;• 
/ .<••'' 1 occur spherulltes, several Incnes to m o r e than a foot in diameter. ' "}* -• 

I Tnough the various f a d e s of the Mount Belknap rhyolite differ strikingly in appearance, • '• '" 
• tneir composition is remarkably similar. A photomicrograph of typical tuffaceous red r'nyollce • i : 

•* (Col.jrj-i 13, Taole 1) Is shown In Figure 3. The mass of the rock Is reddish brown to salmon 1' ., 

I colored, and tnough not glassy, is obviously not granular." The fragments, commonly five to ten ' < ' 

•r-̂ . in dlbmeter, are either light or dark gray, and clearly belong to the rhyolite; foreign frag- '< '• 
aeiits, except near the margins of the mass are rare. In the analyzed specimen both the fragments , ' 
a.nd t.r.j mass of tne rock ars devitrificatio.i-aggregaces. Orthoclase phenocry.'jls, 0.2 Co 0.3 mm ' ' '.. 
long, and rare quartz pnenocrysts stand out In a mass of minute feldspars with some biotite ] ' -
flakes (Fig. 3 ) . Magnetite occurs In the fragments, but very little appears Inthe groundmass. ! •• 
•^r-e red color is due to minute flecks of hematite. Hl.nute sperulltes occur In groups, and crysA ; J 
talilzed streaks and lenses contain orthoclase. Some cavities are lines with orthoclase and ' j.' 
qu'irtz-gralns. The tuffaceous cnaracter of tne rock naturally suggested that this might be a 't 
•'•e'l-ded tuff, but d e a r evlde.-ice is lacking. A few samples have a collapsed-bubble structure "-1. 
that suggests welded tuff, but the Inference Is that the bulk of the material Is a flo'c'-brecda. P 
A ' i - r -y few flo-/js of restricted extent are purplish porphyritic rhyolite -//1th abundant quartz and .' 
ort.TOciase and minor plagioclase-phenocrysts in a glassy or only slightly devitrified ii-oundmass. ' '' 

i :. 
The typical gray rhyolite (Column 11, Taole 1) north of Marysvale Is represented by Figure ' ^s 

9- The striking feature is the prominent contorted flow-banding; the darker b.-5.nds Include ma- - - ;• 
terlal that Is only slightly devitrified, and the lighter bands are more obviously crystalline. '• 
Thin lenses parallel to the flov.-age-lamination are filled with small quartz and orthodast '' ' 
crystals, -ind larger cavities are lined -^ith visible quartz-crystals, some or them amethyst ie. 'i ' 
*£ a •iiho'i ': the rock Is light gray, has no phenocx-ysls, and has thin lenses .-ind ba.nds of obv.jusly " .'' 

1 crystalline quartz and orthoclase alternating with devitrified material, -/ihloii ;3ho'?iS, under the ,'•,• 

. — . -.-».,...„.-,5 
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F IG .a -PHOTOMICROGRAPH OF TUFFACEOUS RED FACIES OF MOUNT BELKNAP RHYOLITE, SHOWING 
FRAGMENTS ANO PHENOCRYSTS-

FIG. 9 - T Y P I C A L FLOW BANDING I N GRAY .''ACIES OF MOUNT BELKNAP RHYOLITE 

. • • ' ! 

microscope, a pronounced orientation. Crystallization of tnis material must have been affected 
by pressure at the close of movement, whereas the unorlented quartz and orthoclase, most of *hlcft 
is between 0.01 and 0.07 mm long, formed after movement ceased. Minute pleochroic blebs are. be­
lieved to be biotite, and one grain of zircon was seen.. 
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Much of the banded or laminated gra' rhyolite occurs on the western slope of the Tushar 
BDuntalns, but the most interesting var.ety, which is wide-spread and Includes the upper part of 
Haunt Belknap (Fig. 7), Is a light grty to almost white rook, which resembles a very fIne-g.f-alned 
quartzite. The rock (Column 12, Tablf 1) is essentially a holocrystalllne, non-porphyrltlc, 
equlgranular aggregate of quartz and ."eldspar, with very minor amounts of biotite, magnetite, 
fsd iron-oxide, and cristobalite (?). The grain-size of most of the quartz is 0.03 to 0.05 mm, 
»nd that of the feldspar is about 0.'J5 mm. The feldspar is all the same, a microcline mlcro-
perthlte. Under the microscope the feldspars show a herringbone unmixing structure, and under 
aigh magnification this structure Js revealed as rows of plates of probable albite In orthoclase. 
lio special conditions for the forriatlon of this rock could be ascertained in the field. Though 
& very hazy broad flow-banding can be seen in some of the material, no data on the thickness or 
CJtent ot individual flows were obtained. 

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

. / 
The Mount Belkr7.ap rhyolite contains no mineral deposits, nor is It Intruded hy granular 

rocks. However, a wide-spread alteration has bleached whole square miles of the red tuffaceous 
facies. This alf.Tatlon has produced little change beyond the introduction ot pyrite, decrease 
In soda, lncreas/<j In potash, decrease In iron oxide, and formation of quartz and sericite. The 
Increase In potash suggests that there has been a change in the orthoclase-cpntent. In general, 
tne alteration;, which was probably of the hot-spring type, has only slightly modified the rhyolite 
In composlti.on, though it has changed Its appearance. 

Paj-'iiollow latlte--The later Tertiary latite and quartz-latlte are widely distributed as . 
oroslor.,!remnants In all the physical divisions of the Marysvale Region (Fig. 2). Individual 
flô r, are more than 200 feet thick in many places, and the aggregate thickness is probably about 
'̂ ^̂Jj feet. ' The latite rests upon the earlier Tertiary volcanic rocks and upon the Mount Belknap 
C/ollte. It is 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). 7 

A specimen (Column 3, Table 1) from a thick t_l5a in the oanyon of Clear Creek west of Sevier 
is 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, biotite, magnetite, and apatite, occur as phenocrysts that reach a maximum 
length of about three mm. The groundmass contains minute grains, but is mostly fluldal 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 
facies of the Delano Peak latite member ot the Bullion Canyon volcanics. 

Other flows of the Dry Hollow latite may differ in being gray Instead of red, in having a 
lower proportion of phenocrysts, in having no visible quartz, of, "as in the latite in the Sevier 
Plateau, in having large orthoclase phenocrysts. One tlo« has multitudes of small cavities part­
ly or wholly filled with flbrous°°zeollte. Some flows closely resemble latite in the Bullion 
Canyon volcanics, but they are generally much less altered, and their associations serve to dis­
tinguish them 'from the older rooks. 

Joe Lott tutt--Several discrete areas of conspicuous white to light-yellow or brownish tuff 
are grouped as the Joe Lott tuff, named for a creek in the northern part ot the area. The largest 
exposures are in the basin of Clear Creek west of Sevier, and In the Beaver River Basin southwest 
of Delano Peak. Smaller outcrop areas occur in the Sevler-San Pitch Valley, both north and south 
of Marysvale. The thickness of the various outcrops of tuff is highly variable, but in the Clear 
Creek Basin the aggregate thickness is in excess of 1000 feet. The lower part of the tuff In 
Clear Creek Basin Is in massive beds. In places between 50 and 100 feet thick, which along Clear 
Creek have columnar structure. These beds.show no lamination, but thin plnkisn Interbeds are 
commonly laminated. The upper part, exposed in the northwestern part of the Region, is inter­
bedded with abundantly porphyritic latite and quartz-latite flows 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 ot the lower rhyolite tuff. 

Though the Joe Lott tuff rests on Bullion Canyon volcanics in a few places, and upon the 
Mount Belknap rhyolite, most of it rests on latlte-flows belonging to the Dry HollO'.\- latite, as 
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Is shown in the diagrammatic section (Fig. 3 ) . Thin tongues of the red fades of the Mount 
Belknap rhyolite occur'in the tuff at the south side of Clear Creek Basin, but most of It Is 
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 fragments, 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. In an ashy matrix. Crystal fragments of orthoclase, biotite, and rare quartz 
are scattered through the glassy material. The analysis shows a higher proportion of potash to 
soda in the tuft than in the rhyolite. However, many fragments ot the gray-banded rhyolite occur 
In the tuff near the rhyolite-contact. 

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

Basalt--Flows of olivine basalt, mostof them less than 50 feet thick, occur at a number ot 
places throughout the Region. In the Clear Creek 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 
formation. Elsewhere they lie upon the Bullion Canyon volcanics, the Dry Hollow latite, or the 
Joe Lott tufl. 

n specimen (Column 1,Table 1) trom an isolated outcrop in the Sevler-San Pitch Valley is an 
exceedingly fine-grained black vesicular rock with small^phenocrysts of olivine, mostly 0.2 to 
0.7 mm long, in a groundmass of andeslne laths, blebs of augite, and granules of magnetite. Most 
of the grains in the groundmass are 0.01 to 0.04 mm long. The olivine crystals, both large and 
small, are stained red, and many are completely changed to Iddlngslte. Some isotropic grains;ln 
the groundmass are regarded as cristobalite. Other basalt-flows contain labradorlte as well as 
olivine phenocrysts. There is little visible indication of the relatively high content of al­
kalies brought out in the analysis. 

Interpretation 

A study ot the chemical analyses given in Table I and the varlation-dlagKajn (Fig. 10) to­
gether with the petrographic descriptions and field-relationships lead to certain generaliza­
tions concerning the Igneous rocks of the Marysvale Region. First, in a chemical sense the entire 
group Is saturated with respect to silica in. the norm. No teldspathoid minerals were recognized. 
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ind tnough olivine occurs in the mode of the basalt, it is absent in the norm. Second, perhaps 
.he. most characteristic feature of, these rocks Is the essential equality of the alkalies through-
lUt the group. This Is especially wel^j.Jllustrated by the end-members of the group, the basalt 
ind the rhyolite. In the basalt the total bf alkalies is high, 6.17 per cent, and only three 
jer cent less than the total alkalies in the rhyolites. This feature is significant In that it 
lemonstrates the alkaline habit of this group of extrusive and intrusive rocks even more con-
;luslvely than do the Intermediate rocks. Third, the rocks of the Marysvale Region are compara-
:lvely lo-w in lime. Plagioclase is commonly of the soda-lime variety, even in the more mafic 
jpeclmens. Augite starts to displace biotite at a paint on the diagram (Fig. 10) between 59 and 
50 per cent. Tne three rhyolites are particularly interesting in that though they are dissimilar 
In structure and apparent crystallinlty, their composition Is almost exactly the same. The 
luartz-oonzonlte resembles In its chemical habit the typical Intrusives of the western halt of 
Jtah, though It is less siliceous than most of the analyzed .'intrusive rocks. The almost uni­
versal habit In the Region for the orthoclase to develop at the expense of plagioclase should be 
emphasized. 

These features of the intrusive and extrusive rocks suggest a relationship or consanguinity 
ot all of them, a strong indication t'nat, though widely spaced In time, they are differentiates 
ot a parent monzonitlc magma. Gllluly [7, p. 67] has already-suggested a like explanation ot 
the monzonites and latites ot the Stockton-Falrfield Area. An Interesting corollary of this 
conclusion is that the basalt is a differentiate of the monzonitlc magma, rather than a repre- . 
sentative of the basaltic substratum. In chemical composition the basalt differs from Daly's 
(8, p. 17] average basalt or average plateau-basalt in the markedly high percentage ot potash 
and low content ot alumina. This compositional feature seems to tie the basalt to the monzonlte-
latlte group ot rocks. 

, The striking similarity ot the intermediate group of intrusive and extrusive rocks through­
out the western half of Utah has been brought out clearly by Gllluly. He [7, p. 68] concluded 
that "this wide-spread similarity in the chemistry of the igneous rocks ot western Utah must re­
flect a regional magmatic character." The evidence of the Marysvale Region even more effective­
ly supports this conclusion. Western Utah is evidently a distinct petrographic region, part, 
perhaps, ot alarger "petrographic province." Any conclusion as to the cause of the distinction 
between tnis Region and contiguous regions Involves the whole problem of regional magmatic activ­
ity and differentiation, a problem too large to be treated adequately here. 

Nevertheless, it may be well to review the concept of petrographic provinces as applied to 
this Region, and to compare the western Utah area with areas to the west and east. Harker [9, 
PP- 38-109] reviewed the concept of petrographic provinces originally advocated by Judd [10] and 
the contribution that Iddlngs had made In pointing out the alkalic nature ot the rocks along the 
east side of the Rocky Mountains and the sub-alkalic nature of the rocks ot the Great Basin and 
the Pacific Coast. The eastern group is included in the "Atlantic branch' of Harker, and the 
lestern group is included In the "Pacific branch." Iddlngs [11, p. 480] pointed out the differ­
ences between the Sierra Nevada 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 ot Colorado than those ot the Sierra 
Nevada. He suggested the existence of 111-detlned zones that followed the major physiographic 
divisions, but called attention to the variations and complexities within these zones. Washing­
ton [12, p. 380] regarded this area as part of a complex comagmatic region "with rather high 
silica, soda, and lime, little potash and moderate iron and magnesia." Buddington and Callaghan 
(13, pp. 439-442] showed by means of 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 geologic map of the United States will show that the volcanic region ot 
southwest-central Utah is essentially continuous with that of southwestern Utah, which extends 
westward into Nevada. Few analyses are available for this large area. Analyses trom the Iron 
Springs Region In southwestern Utah show a high proportion of potash, and F. 0. Wells [personal 
communication] has found that basalt in southwestern Utah has equivalent alkalies. Out.on what 
"Ight be considered the outer margin of the volcanic region, in the Delamar District In Nevada, 
'he rhyolite is of the usual high-potash, low-soda type, though the Intrusive rock contains 
equivalent soda and potash In the unmodified fades. 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 somewhere within the Great Basin there Is a transitional zone between the characteristic 
andesites and granodlorltes of the Pacific branch or province and the 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 a preponderance of soda. In fact, feldspatholds are commonly lound In these rocks. 
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Therefore, southeastern Utah represents another minor but contiguous petrographic region. In 
general, the rocks ot the Marysvale Region are typical of a petrographic sub-province whose 
boundaries are as yet undetermined. 

Conclusions 

The Igneous rocks of the Marysvale Region are believed to be representative of an area of 
volcanic rocks that occupies the central part of the High Plateaus of Utah. The aggregate thlclj. 
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-Tertiary rocks within the 
mapped area. Outside of the Marysvale Region, 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 River formation. The earlier Tertiary group consists ot volcanic breccia, 
tufts, and latlte-flows, which tend to be less siliceous and more calcic than the latites, 
quartz-latites, rhyolites, and tuffs of the later Tertiary group. The intrusive quartz-monzonite 
and related rocks are confined to the earlier Tertiary group. The third and final group consists 
of alkalic ollvlne-basalt flows. 

Chemical analyses bring out the most significant feature, the essential equivalence of the 
alkalies throughout the group from basalt to rhyolite. Petrographically, this chemical condition 
Is suggested by the tendency of orthoclase to develop at the expense of plagioclase'. The per­
sistence of the equivalence of the alkalies suggests that the entire group is related, and that 
they have a common origin through differentiation from a parent monzonitlc magma. The rocks of 
the Marysvale Region are regarded as typical ot a petrographic region that includes most of 
western Utah. 
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AREA I 
UT ' ' 
Sevier UNUSUAL CONCENTRATION OF ELEMENTS IN THE 
Monroe ' ; . 

concent ! . ..MONROE, UTAH, HOT SPRINGS APRONS^ 

By 
A. V. Heyl 

U.S. Ce6itTgica!"Siirvey, Denver, Colorado 80225 

The Monroe hot sprjhg.s 0.5 to 1 km east of Monroe 
flow from the Sevier normal fauli, which extends north''A'ard 
along the western base of the Sevier Plateau. Tertiary 
andesitic to dacitic lava flows and breccias, rhyolitic tulTs, 
and monzonite plutons that form the Sevier Plateau east 
ofthe 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 springs 
were deposited from three groups of springs, 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, 
magnesium 0.3, calcium 20.0, titanium 0.05, manganese 
.10, arsenic .15, boron 0.002, barium 0.0700, berylhum 
0.0010, chrom'ium 0.0010, molybdenum 0.0020, niobium 
0.0010, antimony 0.0500, strontium 0.0700, vanadium 
0.0020, tungste"i 0.0500, yttrium 0.0030, zirconium 0.0030, 
mercury 0.000(3;16, tellurium 0.000040, and traces of copper 
and nickel. The 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. 

The large hot springs travertine deposits ofthe main or 
central mounds were sampled in ieveiar places bv Heyl, 
and anal)gced,.by (he same metliodilnid'anah sts. The results 
showed, ill pe'fcent: iron 5->20. manganese 0.005-0.i, 
bisinuih as much as .0.015, cobalt 0.00.15-.n.p020, qhronvium 
0.0010-0.0300;' nickel'6.0005-0.0670/copper:,and• lead is 

'much as 0.0300 .percent .each, molybdenum., fts much as 
0.0150, strontium 0.1000, vanadium 0.0300, zirconium 
0.0700, mercury 0.000070, silver 0.0040, and tellurium 
0.000060. 

The temperatures of the springs at the surface range 
widely from about 70° C in ori.e of the north springs to 
barely warm in some of the central and southern springs. 
Probably heated meteoric waters have been extracting 
elements frorn the country rocks and redepositing them in 
travertine mounds to form a low-grade mineral deposit of 
substantial volume. Water Ukely circulates deeply along 
the fault zone, is heated and takes up leached elements, 
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 
underhe the volcanics. A small magmatic component, or, 
metals derived from deeper and older mineral deposils, 
may be present as suggested by the small but measurable t] 
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 fluic 
may be genetically similar to, but o i much lower grade 
than, the manganese and iron oxide and calcium carbonate 
veins ofthe 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 Osgood 
Mountains of north central Nevada described by Hcvveit 
and Fleischer (1960). 
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INTRODOCirON 

The Marysvale region, located in the High 
7 / Plateaus of south-central Utah (Fig, 1), was 

the s.̂ •̂ p.,̂ f. extensive-an-d -prolcf.gcd" Yc'ean-̂ ''' 

ism from middle to late Cenozoic time. The 

area contains flows, breccias, and pyroclas-

^ c s some 3,000 m thick covering approxi-

2 ' -
mately 1,000 km . The volcamcs range in 

composition from basalt to rhyolite and in 

age-from "jO fP.y..-to at Is-ast 7- m.y. uid. 

Tire g?r ;..•,:•' geology and volcanic strati­

graphy or the Marysvale area has been 

studied by Callaghan and co-v^orkers fCal.la-

ghan, 1939; Callaghan and Parker, 1961a, 

1961b, 1962a, 1962b; Willard and Callaghan, 

1962} an-d more recently -by Steven and Cun-

n'lnghaa -.Steven and others, 1977; Cunningham 

ana Steven., 1977). The volcanic s-trati-

.graphy of the surrounding southet'̂ n High 

Plateaus has been described by Rov/ley and 

Anderson (Rowley, 1968; Anderson and Po-//ley, 

1975; Rowley and others, 1975), but co"-

I cVat fufib'ot volcanic sequences of To i t s . 

between the .High Plateaus and the Marysvale 

area remain problematic. The reader is 

referred to Steven and others (1977) for a 

comprehensive discussion of t.he Marysvale 

stratigraphy. 

The'area has received attention because 

of its niineral -resources (Kerr, 1963; Kerr 

and others, 1957; Callaghan,- 1973). Princi­

pal Fiineral deposits i-rrcTuue base metal 

replacement bodies in the Permian Torov/eap 

Formation, gold-silver veins in the older 

volcanic rocks, and uranium veins and dis­

seminations associated with quartz monzonite 

intrusive bodies as well as v/ith younger 

silicic volcanics. 
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t ^ i l eu f>e'irclD:iic invest'lgaiion had been iclosely vjith the onset of Basin and r'.cr/,t' 

(;̂&PX!;̂  •jfl th is peper, v;e describe the petro- |fault1r,f/, thought to ha-ze bc-our, about '.7 T . . / . 

'i(iqicB.''t evolution of the pre s iMc ic calc- " 

slkal'Hie suite of volcanic rocks. 

IGNEOUS HISTORY 

l'"ii buildup of the Mar.vsvale voTrajiic 

saqoence began approximately 30 m.y. ago 

with uhe extrusion of voluminous andesitic 

flows and breccias from local clusters of 

volcanoes. Ash flow tu f fs from local and 

regional sources in ter leaf vrith th is assem­

blage consti tut ing the series known as the 

Bull ion Canyon Volcanics. Monzonite stocks 

ago in th is area, and continued untv' Plf= '̂''>-

jtocene time. This sedimentation now co r ' i t l -

{tutes tha Sevier River Fonriation. M-inor 
i 

b.:cv'lt'frov»i-,"pruD"aBiy related to extensional 

tectonism, were erupted during this time and 

are intercalated with the Sevier River sedi-

Iments. . . . . . . . . . - - - - -• • 

The volcanic rocks of the Mount Belknap 

and Red Hills calderas (Cunningham and Steven, 

1977) are high silica, alltalic rhyoiHes 

characteristic of a number of lat?. Cerozoic 
intruded the Bullion Canyon Volcanics ap- rhyolite centers in the western United States 

proximately 23 m.y. ago (Steven and others, such as Yellowctnne N&tior.el Park, Wyoming; 

1977) to mark the end df this period of Long Valley and the Coso Mountains, Cali' 

volcanism characterized by mafic to inter­

mediate composition extrusives. Following 

fornia; Jemez Mountains, New Mexico^ and the 

Mineral Mountains in Utah. These rhĵ 'olites 

a brief •quiescence!, volcanism in the area jare not characteristically associated vnth 

evolvea to a more silicic and explosive ivoluminous calc-alkalic volcanism. Our study 

nature, culminating In the fosi5;ation of the lis directed toward the calc-alkaline volcanic 
i 

Meunt Belkftap and Red Hflls' calderas at 18 j products, and although we include one sample 

to 19 fc'.y. ago (Cunning.tiaK and Steven, jfrom the silicic suite, there is no over-

1977). Ths silicic volcanic rocks of this 

episode have bsen termed the "Mount Belknap 

v Z i c a n i c s " by Steven and others (1977). 

whelming evidence that the two groups are 

necessarily genetically related. 

Figure 2 shows sample locations, and 
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•'̂';j«re .;•, cuntalns a •:;t:.'ctn§rrij3hic correlotior| Sample 80 is an o b ^ l d Z t n frcm Z J : :-ri,y Hills 

d y t .a:-. I'.'sll as ai';' inaex for ths an3l.y?(-'l Phyolii.e Merp.ber of KX 'iy-itit .-.'.(;•. i-.',;.,p 

-'.fu'.iifliss-. The e.Kact age relationships of the 

ti'srca matic lavas described in this caper 

«f3 net clear-. Sample 66 is an absarokitf- .. 

'?]QXf} from the west side of Paiute Reservoir 

that was m^ped as younger basalt by both 

Rohley (1968) and Willard and Callaghan 

.(1962). Hovjever, its unusual composition 

is not characteristic of young basalts 

along the eastern margin of the Basin and 

Range .Province, and an age of 21,1 ± 0.2 m.y 

has been obtained on this flow (M. 6. Best, 

1978, personal conmun.). It does not over­

lie the Sevier River Formation, which is 

the usual criterion employed for recognizing 

young basalts in the area. Sample 15, 

collected 4'ior, east of Paiute Reservoir^ 

overlies the Sevier River Formation and is 

presumably Pliocene to Pleistocene in age. 
* 

Santple S7 is from a unit mapped as' older 

ba;r/'t by P.ov/ley (1968), and is not mapped 

by '.«|!lard and Callaghan (1962). Hov/ev&r, 

the outcrop is adjacent-to basalt flows 

mapped by all investigations as young 

feasalt. It is chemically similar to sample 

iSi and may or may not be a young basalt. 

Volcanics (Cunninqham and y : y t . : h , I X l ) 

.ANALYTICAL METHOD 

The-particuTri'" rocks studied hc7» been' 

selected on ths basis of degree X f'reah-

ness and stratigraphic location; due to 

pervasive. .bydrothe-nDa-] alteration, a nu3?ber 

of volcanic units are not well represented. 

Mineral analyses v̂ ers deterrrr.ned v-ith an 

ARL/EMX-SM electron microprobe, bulk-rock 

analyses were made by v/et chemical methods 

described by CarmichaeT and others (1968), 

and trace elements were deterained vn'th a 

Phillips t - m y fluorescence spectrometer 

using U.S. Geological Survey whols-rock 

standards. 

PETROGRAPHY 
i 

i 
I Mafic Volcanic Rocks 
1 
i Basalts in the'Marysvale region are 

• transitional betv/een alkaline and tholei-
j 

i itic types. Silica contents are moderately 

high (between 51% and 521) as are alkali 

contents, and all contain a single mono-

clinic pyroxene which is characteristically 

non-titaniferous. Modal analyses of the 

I rocks studied are given in Table 1. Four 



PL.£(STOC£Kf. 

MAPr /SViLE 

( 1 9 6 2 ) K- J f t 
_^___^____ (« Y.i 

I YOUNGER /C" , 1 ^ 

S SE'/ 'ER P'uft'^'Ct.'Li 

( i 9 6 a ' ; 

p t i o c e ^ E j s a v i E s . RIVER 

r JOE LOTT TUFF 

MX SELKNAP , £ ^ 
RHYOLITE ^ 

MIOCENE 

OUSQCENE 

BASfiLTtC / r \ 
ANOESITE V ? ; 

L 6 T . I T E I ^ ( T V | ^ 

TUFF ^ 

ROGERS 

BULLiON 
CiiNYON tss) 

Ct.aROf< FM { ? ) 

17.0-
2 0 0 

2 9 . 5 -
51.5 

•rOUNGER aaSfcCT 

S E V E R Hi'VE^ 

S T!,)SHi..r5 

JOE LOTT- TUF.c 

T SELKWaP 
HHYO'ufTE 

^ ^ ^ @ 

a.. 

os;=?is ( f ^ 

OTTER CSEEK (753 

NEEDLES FM j | ^ 

CL4SOK F « 

• ZOS 

• • - • • • , 

'fOUNOER a*5 i iLT 

s-.v:Ea (i ivtf: ' -

JOE LOTT TUFF 

MT eELKf.4P 
R H ' ' O t l T i : 

0';.OEP BiSSiLT 

. 0 . ; . ? : : - • • : • , - ; ! " , • •" 

z 
0 
t-
c 

AHTIMQNY 

KINGSTON 

NEEDLES FM 

( ! j 4 

! S i a -
f 22.3 

. . ^ i - L V - - ' " -

i 
Z O ? r 
25.0 

\ 
\ 

S 8 T -
1 51 ! 

/ 

tr-cfiii-it-: r 
r.Tf-/r;: aoTK:fn 

S S / i t f . fii-/lJ- ! I fe.9 
KORMiirt'Xi, i f ; J .8 

) 
{ 

MT B-fLlcJ i f ! ( 170 
•/OLC&fJ'Ci ; '( 210 

O S L A W O PEAK. 

TUfF iZD 

THREE Cf»EE."S 
TijFF 

NEEDLES f H 

CL&ROS FM 

I 2S.0 
f 27.0 

2 9 0 

Finure 3 Stratigraphy of the Tushar Mountains and southern Sevier 

Plateau". Circled numbers are samples discussed in the tex-t. 

Ages of volcanic units are from Bassett et_ al_. (1963)_, Flee!' 

et al. (1975), and Steven e t &]_. (1977). 



STS 

Sanplo No., 

Fhenocrys';;s 

15 66 87 y 2i 06 : / ' . 73 

PI lag-iociase 14.8 

2.6 

/ .4 

4.0 

0.3 

. l y 21.H 

6.1 2..5 
7.4 9.9 

0.4 

13.9 

0.1 

2.4 

1.4 

40.8 18.1 20.2 2 i . ; 

u . b 2.0 0.7 

Cinopyroxene 

Ort.oopyroxene 

r-Tiphibcle 

Biot i te 

__Fe.-.T1 Oxides 

Alkal i Felds. 

Apatite 

Lithic Frag. . -

Groundmass i 

Undifferentiated 75.0' 93.5 74.3 63.4 81.1 
Glass . - . . -

S.3 

i.8 

TR. 

• - IJ 

37.1 i . l -

I . l 

/ . . • : i 4.0 

-

-

11.9 

-

1..5 

-

-

_ 

0.4 
0.1 

-

2.1 

0.7 

1.2 

TP. 

TR. 

6 . K 

0.7 

49.6 73.9 66.4 66-3 
74.1 

Sample No, 59 83 75 11 88 30 63 

-r-!| 

Plagioclase 

01i V i ne 

Olinopyrox'ene 

-""-"'thopyro.Kenc 

%p hi bole 

Biotite 

-"e-Ti Oxides 

Alkali Felds. 

At-atHe 

L-ithK Frag. 

Groundmass 

Li.ndifferentiated 

-lass 

6..6 18.8 10.2 19. 35.1 31.4 30.2 30.9 

0.5 6.4 0. 

I J .C 

0.1 

Q.5 

0.8 

TR. 

i i . c 

79.6 

4.2 

1.7 

68.9 

1.0 

0.2 

1.2 
"t _ 5 

2.7 

82.3 

7.9 

1.9 

1.4 

7.5 
4.5 

2.3 

6.0 
1.5 

2.9 

10.4 

3.0 

2.0 

12.6 
1.9 

2.4 

i k. TR, TR. 

59.2 54.4 52.2 

100 

: • • '% 

* i - « . r i " ~ < , ~ 
i 



fc; 
fi... 

I T 
..,. K :̂ 
r .• 

i;. 

I-

• ; 

• • - n 

' • • • / 

- ' , * 5 

-*.i 

j \ - ; • . , ' 

«L-i 

X':3 

S ^ ^ ^^^ 
? . ^ . ; , . | 

-^vT.-'-'! 

: - • ' . - i 
yr ..\ 
\777 

•XX-

:^- Zi 

X7Z •zy i -

ydd 
y.tf?:d y 

'-.Wi 
f r - . A 

•''•;.'-? 'IJ 
-,.-..t * .̂ l 

y'l-'.^:^: 
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phenocrysts. A third typf; I'-^^n-.tyr.. |q} 

contains phenocystc of Ubrdlon':':., 

olivine, and clinopyrozene, thi- ]-:;'".t S* 

P«tro0j"'st-..«ftic critar-ici. These data, combined 

y T n cifforences 'JSI bulk roct: chemistry and 

rfrinerel compositidn, indicate a diversity 

& m m Isvd flows which have been collectivel>fTiuch greater abundance than tho f M-st two 

mapped as "younger basalts" by k'illard ;?nd itypes (Table I). The phenocr/'ts are .:et 

Callaghan (1962) in the Marysvale quadrangle.(in a sub-ophitic groundmass o^ more y > Z \ r 

One distinctive type of mafic lava (samplf^plagioclase, pyroxene., and olivine. A 

66),- an-absarokite,'contains euhedral to jfourth basalt type (sample 87) has eneno-

subhedral olivine and minor clinopyroxene |crysts of olivine, clinopyroxene, and 
I 

phenocrysts'set in a sub-ophitic ground.mass {labradorlte set in a graundmass of plagio-
i . . . 

of labradorlte. alkalffel-dsparj pyfc-xcnc," •[cla'Sef olivine", and pyroxene. Abundant 

and olivine, it, contains approximately \% iolivine is characteristically corroded ^^d 

modal apatite as microphenocrysts, often 

intimately associated with olivine. This 

lava is compositionally similar to absaro-

kite from Yellowstone National Park 

(lesc>"ibed by Iddlngs (1895) and ilicholls 

an;., -"armichael (1969); the most notable 

d'̂ '-fsrences are high magnesium and lov/er 

iron in the Yellowstone absarokite, Hogg 

(19.^2) has described mid-Tertiary absaro-

ki'ce lavas from west-central Utah which are 

embayed, whereas clinopyroxene and plagio­

clase occur as large euhedral grains. 

Intermediate Volcanic Rocks 

Intermediate volcanics dotninate the 

Marysvale sequence. They include andesites, 

latites, and dacites; thiy occur as flows, 

!pyroclastics, and breccias. The andesites 

studied at Harysvale are porphyritic with 

phenocrysts of calcic plagioclase, olivine, 

clinopyroxene, and orthopyroxene; amphibole 

chemically and petrographically similar to 1 occurs in one. sample (85). Two varieties 

the Marysvale sample. 

A second type of .mafic lava has all of 

the petrographic characteristics of the 

of andesite can be distinguished by pheno­

cryst mineralogy. The first variety 

(samples 21 and 86) contains highly calcic 



.'•̂  ./..v.,'...>" 

' , .-,̂ -t,.. -

?"'̂ -'j 

r.:^:,ry 7 
jS" t ry -V -°i 

• • ' r r ' • - ' • , 

.. '.''̂  ..'' \ 

- . a 
-'. ' I 
7, y. 

v - . ' . . L , - . * j - ' ' ! 
ij;,:'.̂ ,';,<;-.-.|,;f,',. i 

:-' ? 

.•<'l 

, • ; ; ; ; ' ; 2 : l ...__...,..... .,....̂ .-. J 2 _. „,.- . 
•;-f,i.e.f,̂;:1y,se m t m c T y s y , vhicf; niive y r o t / ^ quartz occurring y a r.p6rs<.- ^y'.:.<". 'fr. the 

riCiffiial zCH'̂-'irsg from Anpc to AHJ^,, and co.Ttmonly hroundmass, Samplf-'.'. 7 ' i , 7S. 'in6 f:3' fjave 

i.(iQi'/ 1̂  clcffleraporphyritic t s / t u r e . Olivine 

m y occur as microphenocrysts, but it is not 

abundent. The second variety (sample 9} has 

phenocrysts of moderately zoned laborador-

ite, with clinopyroxene and olivine consti­

tuting a significant proportion of the phen-

-ocrysts. Both'varletles contain orthopy­

roxene as phenocrysts and alkali feldspar 

in the groundmass. The plagioclase pheno­

crysts ..of. each-variety di sp Tay'd' sJVbm'tnent 

pQtted or "sieve" texture. The andesites 

contain 561 to 58% SiOp and are enriched 

in -Q(kal:.iS (NapO + K^O averaging more than 

6%); they are the most aluminous rocks at 

Marysvale. 

The regaining iRtemed'l-ate volcanics are 

dacites and latites that display a wide 

miiieralogical variety (Table 1). Two latite 

vitrophyres (samples 73 and 75) contain'' 

phenocrysts of orthopyroxene, clinopyroxene, 

and andeslne, with or v>/ithout sanidine, 

biotite, and amphibole. Dacitic varieties 

contain phenocrysts of andeslne, amphibole, 

clinopyroxene, and biotite In various 

proportions8 with alkali feldspar and /o r 

silica contents bet-^een tZ% avifi y--- vjlth a 

pronounced high K 0/f^d„0 r^tio; Z-- .? iyh 

they all contain .modal pyroxenev thft ter̂ n-

"pyroxene latite" is appropriate. 

Silicic Volcanic Roclcs 

The Marysvale volcanic senuenc.t contain.? 

more than 2,000 m of silicic flows and tuffs 

of the Mount Belknap Volcanics. These have 

been erupted from two source areas, one in 

the central Tushar Mountains and the other 

in the southern Antelope Range (Cunningham 

and Steven, 1977). These source areas war.e 

the sites of subsidence follovjing 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 pnenocryst-

poor 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 
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rKS»:3 va-'/ f'r'tijii hyto«ri'>itp to "iodic rmd :̂- 'uitior.fif f'';.fi'if». *'*"» '.o'^n^', •;•.''*•: o? 

.tne;, fcl'u-'fie corre&pG'od to tompo-Mitionai 

fi;jfcremcri of Aii,„ (sample ?1) to An,,j, (<}ampie 

&!>), Zoning, with few exception',, is normal 

and strongfest at the martjins. Sanidine 

phenocrysts range from Or«y (sample 30) to 

•Jr̂ r (sample 75). Zoning of the sanidine 

phenocrysts is subtle, but there Is usually 

3 slight increase in the albite component 

toward the margins. 

Groundmass plagioclase ranges from labra­

dorlte to-oTigocla-56"in •composition. ' It is 

more sodic than coexisting plagioclase 

phenocrysts, v/ith the exception of sample 3 

in which groundmass plagioclase is more 

calcic than phenocrysts. Samples 59 and 

75 contain small lithic fragments with 

plagioclase feldspar as calcic as An^j, 

(Fig. 4 ) , which may be from units such as 

samples 86, 25, or 21, the only other 

lavas sampled v/hich contain-plagioclase ' 

as calcic as this. 

Alkali feldspar occurs in the groundmass 

^Tabulated analyses of feldspar, oli-
'•1ne, and pyroxene &r& available from the 
'.authors. 

between \t\H'Z:f)':\^y. 'ly-.'-.Z. '.v-ir-.-f-yZ'. trs-, 

r ich in Xrvifa and 'fOf, ''.',•' f./̂ j.- îpk-j 

phenocr'/str, frm: the Irfe'cr nn-ii 'Z the 

Needles Range ronv>tfor> r.fint'ssf; "/.Vi BaO. 

Olivine 

Olivine phenocrystt fro??, y^'y-.Z-.. ^-mq& 

in composition from Fo to Fô -.,. whereas 
8r> 65 

olivine phenocrysts ^n andeiite^ 3re more 

Iron-rich and have a cc-rnpositior^l rang?? 

of Fo^f to FOf-r (Fig. 5). 

Orthopyroxene 

Orthopyroxenes ha'/e a limited composi­

tional range from En„p to En^^^ (Fig. 5). 

Zoning is minimal, with the most highly 

zoned showing a total range of about 8 

mole percent FeSiO-. 

SiOp contents do not ̂ ary by much more 

than 1 percent, and T10„ is consistent 

throughout. AuO., contents of andesitic 

orthopyroxenes (samples 9, 21, and 86) 

are somewhat higher as a whole than ortho­

pyroxenes in dacitic rocks. The f'lnO content 

of three of the analyzed pyroxenes is 

substantial (more than 1«), and as expected. 

- , -3 -f, ^ - • 
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Figure 4 Microprobe analyses of feldspar In terms of v/elght percent 

anorthite (An), albite (Ab)^ and ortb|!clase (Or). Phenocrysts 

are shc-v.'n-aS'-soMd circTes,'groundmass'grains as open circles. 

Crosses in samples 59 and 75 are feldspar from lithic fragments. 

The samples are arranged in a general age sequence from oldest 

(upper left) to youngest (lower right). (See Fig. 3). Fig. 4 

is continued on the next two frames. 
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tively. As In the feldspar diagram, sample ages decrease from 

left to right, with the oldest samples in the upper left. 
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T 
'•y\y:-'$os icHh tO'tal iron content, 

C'J'«Pî >ifroxeE'(e 

The .SiOp content t.ystem,!t•'?--;.''/ ' • f y ^ - y ^ ' : 

1 n cl 1 hopyroxene wf th ifcre*'- ̂  C''j '':' '•''.; 

t'l'trnpyroame analyses (Fig. &) duster .j conccntr-stlorf of 'the^Mst ma#-a PZ!. 6.;. 

*Q«nd diopsldic augite 1n composition. The sodium content of f4a'fy3v6le h\}yZ7 r.. 

Although there Is a slight tendencrt^toward '1 lov̂  (less than 0.5%) m d t n i ' . , c'jr-.bir.r;'! 

'::roii arrlchment in some, the p«tte*|n 1;? one' j vlth. low. .'•?lymiRyrR-,-----s-uy'ge5t.s cfyita'Mlzatioff 

of generally uniform compositicfrr. In late, i at shallow depths (Green and Ring^ooo, Y X y ' i . 

Cenozoic roc 
{ ': 1 y 

ks from southwastenn Utkh, Lowderi firr^hibole 
(1973) also found a random acatxerlng of Hornblende phenocrys.ts Ate. co.fffl!̂ on "tn I'nZ 

^-po'ifits around an a'ugltic composition which i ii.*.citic rocks at^ferysvale, and a few q.'-ains 

he attributes to the relatively '̂ lov/ A1„0 

content of the pyroxenes (about 4t|j%). 

Marysvale augites have even, lower Al-0, 

contents and, as Lowder (1973) a1sc%und, 
•I 

'the onl-y augltes that show any tendency 

'to zone" toward the diopside-hedenbergite 

.join are those with highest Al-0. contents 
c i 

(samples 15 and 87). 

. .. Titanium is not^abundant in ^q 1 t e > 3 

characteristic of calc-alkaiirii^vo1can1c 

rocks. Sample 66, an older Basalt, contains 

augite v-iith 1.5 weight percent TiOp, the 

highest value observed. Augltes from younger 

. basalts average 1.2% TiO„s v̂ lth the remaining 

. M i p \ y z m pyroxenes containing less than \%. 

•3X: xsst titaniferous varieties are those 

. y . T , t : % U 3 . r 4 VPIQ most a1«ffi1r.ii,Ti. 

of amphibole v̂ ere found in one abides!te 

(sample 86). Microprobe analyses show 

that hornblendes fall into tv;o distinct 

groups based on A1„0.. content (Table 2; 

tefhich is independent,.of rock tyfc,e. One 

qroiirt has AI-,0„ vaTues f.̂ lUn*:' between 

'• 7 -and 8 vi,'e1ght percent, whereas the other 

has Al„oAvalues between 10 and II weight 

percent (w\th the exception of the andesitic 

hornblende, twhich has an even higher aluminum 

content). TiO„ contents lie between 1.4 to 

1.6 weight percent for the low alumina group 

and 1.9 to 2.4 percent for the high aluminum 

group. The sodium content is consistently 

higher in the aluminous varieties, with 

manganese behaving in the opposite manner. 

All of the amphiboles contain measurable 
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0.051 
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All iron co«ipu't®d as FeO 
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MgO 
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F 

Cl 

Sum 

63 

- 0 - F , Cl 
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1.56 

7.71 

13.7 

0.43 

14.5 

11..8. 

1.58 

0.79 

0.30 

0.1.0 

99.24 
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47. 

1. 

7 

14 

7 

37 

61 
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0,41 

13 .9 

1.26 

0.78 
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0.12 

100.10 
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48.0 

1.38 

7.43 

14". 5 

0.41 

13.9 

12.0 
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0.85 

0.26 

0.11 

100.13 

0.14 Q.13 
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12.9 

0.33 

13.8 
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2.08 '. 
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0.02 

99.25 

y/.5 
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22.3 
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0.59 

0.15 
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Number of ions on the basis of 23 oxygens 

Al 

A] 
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Fe 

Mg 

Ca 
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0.1711 
i.668| 
0.053i 
3.I51J 
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0,14?i 

S.OO 

5.20 

2.44 
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0.2ir 
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8.00 6.533 
1.46?_ 
0.366 
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16.5 

0.20 
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37.1 

4.80 
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16.4 
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14.1 
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36.8 
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16 
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Si 
Al 
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Ti 
Fe 
Mn 
Mg 

Ca 
Na 
K 
Ba 
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2-353 
0. 092_ 

0,452" 
2.070 
0.025 
3.162 

0.014' 
0.165 
1-780 
0.029 

8.00 

5.71 
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* Ail iron computed as FeO 
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0.013 
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5.393.1 
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0.016 
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1.688 
0.058 

5.59 

1.97 

5.450! 
2.317i8.00 
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'"H'i'u o-'t f.blorfrio. Chlorine se©?is to he I varir?'̂  fro-m -10. i lo -13 7 . ' l y tw'. '•:..'̂.' 

-1! .-'.'it if! amphiboles of the low alumi-j lava.s (S'imple'. 6C.- and 87) •?rjl s ir.t Uf;'Oi«-

the FHO buffer, tv^ M> to be &/'̂'-'.•!.««-< ''-•.•r 

lavas cotrLtffn'Inu ti€snoma^<itlltf; ;jr.d Zy'-Zifit. 

lid-groups whereas fluorine does not vary, 

'-!f,'g«sf>ardl, hornblendes are simiiar....'Tn.cof;r-

•po-s1t1on to those of calc-alkaline volcanic Samples 73 and 75 (both Istite;/ ( j y . ' / ' - . t 

rocks from island arcs and continental i with orthopyroxene snd lie above Zr-h ^7", 

margins (Jakes and White^ 1972). , i Duff^.r, .a-.nd'Samp-l'-a'i'iV-cO'rstalrf̂ rfcj boi?-
- - - - - ' . . . . ^ 

Oxides j amphibole and biotite., falls s-v'en f.3rther 

Iron-titanium oxides occur as micropheno- j above the FMQ buffer. These y ^ y - y voe-r;" 

I 
erysts and/or in the groundmass of all of thej to bear out the relat.io-^ship between 

volcanic rocks studied at Marysvale. In 

addition, small euhedral chromite grains are 

polk11itically enclosed in olivine pheno­

crysts of some basaltic rocks. Titanomag-' 

netite is common in a,.ll rocks, but llmenite 

is absent i/i some basalts, all andesites, 

and i.s a sporadic p!t|se in dacites. When 

magmatic oxygen-fugacity and the buffering 

effect cf condensed phases initially 

described by Carmichael (1967), 

CHEiMISTRY 

Major Elements 

Basalts are ol.i.vi"e. normative, whereas 

all the andesites are quartz nortrative 

founds it was usuall^--homogenous In com.posi- | (Table 5). S10„ contents cover a broad 

'•'"'« S - i 
tion. Micr,p-f)ra&e'analyses of Fe-Ti oxides j range and can be divided conveniently into 

are-yiveTi-in-Taiile.t'^v.'r'^calculated in the ' four groups: basaltic (51? to 52'?') s 
'ŝ y. i 

manner o f CarfTiiefT0f'''''f 1967). | andesitic (56% to 58'l), dacltic-latitic 

(60% to 65%), and a single rhyolite (73%). Oxyuen fugacfties^'nd equilibration tem^ 

.pe.ratui'.es (T3blS''4*) l^ve-been dete'rmined 

.from recks contalffing.-coexisting Fe-Ti 

oxides (Buddington .^nd'Lindsley, 1964) and 

••' 'shm a'temperatur-e range from 855 to 950 "c. 

Tha logarithm of the fugacity of oxygen 

Although the silica breaks are distinct, 

a silica gap as noted in southern Utah by 

Lowder (1973) and Hausel and Nash (1977) 

is not present at Marysvale. Callaghan 

(1939) reports analyses of three rocks from 
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2,23 

0»06 
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0.32 
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0.03 
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3.52 
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'G. 34 ' 
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'53.62 
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15.73 

1.36 

1.70 

0.05 

1.07 
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fA.&7 

0.27 

15.26 

2.26 

1.92 

0,03 

1.26 

3.90 

3.99 

3.20 

0.12 

• 1:37 

0.21 

88 

73,0! 

0.07 
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0.41 

0.68 

0.08 
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0.41 

3.46 

5.59 

0.01 

3.20" 
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64,0?: 

0.69 

• . ' l yb i 

~ 

2.26 

o.oa 
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Total 99.43 99.42 99,52 99.69 99.37 99.74 93.66 93.76 
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Table 5. (cont,; 

z S ' - Sf\wXî  nOr -J- S5 83 75 11 BB 

Yr-.2\ 

izS 
X7Z 

f •-.•'">,!!' 

7:7 
'}7$i 
P:i 

<<;> ; 

i'l '. 

fe'S • 

f\!Tt 

CC 

rest 

Tatel 

no. 
w-.A,.....-,-„-.,.U 

0.65 0.70 0,61 0.66 O.ii 0,13 i 

0.43 0,14 0.45 0.12 0.28 0.02 

3.oa ^ 

0.25 

3P 99 ' 6.40 _ 0•64 4.12 1.58 3•57 

99.46 99.42 99.54 99.69 99.3? 99.74 93,68 93.7ft 

tion Index 

3' Trace elements In ppm,. . . -. 

7 . '" "' Mb 23 ' 39 25 22 33 . 87 

'7. Ir 254 410 274 318 264 251 

y Y 35 33 37 40 40 26 

'7 Sr 1008 784 582... .310. .838 -SJ-• • 

7 •'••-̂ - Rb 92 221 238 226 98 397 

• : 7 § K/Rb .334 67 188 215 271 117 . 

7: Differentia-- 67.6 66.4 75.7 80.7 73.3 92.3 

-frr-f- ~, ~- 1 .f- ' - ^ ' V 1 
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p { . •ry;m^<^ y o l c h woyld fill rn t!ieo«> gaps at 1 megma types in the Mary^\f^H r y Z t u 

^:X>, -Ti .^L, ar-'j .S?% SIŜ .? ntanium content'; j The rhyolUe coota'fns l ^ZZ- '.i''^,^ •'.it'̂  •»?; 

i y ^ ' h .m. ' ^ i , fS typical of rw-y calc-alkaline 

•rm'ts- Ths highest Tl content is 1.25°{ in 

ebsarc'"..'te (sample 66); i'ts genetic rela-

tionsf,::> 'to tha calc-alkaline volcanic 

soqusr.*..'? ts not clear. Marysvale volcanic 

roC'ks-.̂ iiow I'tttVe''or"ild relative' iron 

enrichd^nt (Fig. 7), consistent with the 

trend of typical calc-alkaline lavas. Most 

of the .samples ..fa 1-1- slightly above the ' '" ' 

average Cascade differentiation trend, 

but still show the typical dominant alkali 

enrichment with increasing silica content. 

anhydrous basis and corZaUiS "-o.i-e t*̂.''.' 7','' 

total alkalies, ?, ch?jractftr1:.t1c cf "Ary 

lata Cenozoic rhyoHt«s in t h e wS''--te-'M 

United States. Rhyolites ln cdlc-olkaiir.^ 

associations commonly contain less siiica 

and alkalies. 

Trace Elements 

>\-rd.:^ fluorescence analyses ^Table b ood 

Fig; 9)'show uniformly lovi yttrluTR concentra­

tions (<40 ppiTi) and similarly lov̂  fib valueSt 

except for the highly evolved rhyolite 

(87 ppm). Zr concentrations are fvighest 

The tr̂ fid closely resembles that of Tertiary in tv/o vitrophyres (samples 59 and 73), and 

calc-alkaline volcanics of the Basin and 

Range Province in southvi/estern Utah (Kausel 

and Nash, 1977). 

The group, as a whole, is characterized 

by high alkali content; several samples .. 

I 
are partic^ilarly v̂ ich in potassium. Six of 

the lavas •-ind two residual glasses have 

KpO/Ha„0 'Stlos greater than one. When 

total ^alkalies are plotted against silica 

(Fig, 8 ] , ohis "potassic group" has a trend 

distinct from that of the more sodic group. 

This suggests the presence of at least two 

the absaroklte has a relatively high Zr 

corrte.nt for a basic rock (309 ppin). The 

Kingston tuff vitrophyre (sample 59) is 

distinct from the other rock types in its 

trace element chemistry;' This is particu­

larly evident In a plot of Rb versus K/Rb 

(Fig. 10) which shows a general logarithm 

relation betv/een .Rb and K/Rfa, with the Mount 

Belknap rhyolite lying at the end of this 

typical trend. The Kingston tuff vitro­

phyre contai# significant Rb considering 

its lov-j K content (1.45f.). It contains 

}S: 
ly> 

h y 

{77 

'!":'-
f \ Z z 

't-
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Figure 7 A (Na^O + KgO) - F (FeO -i- Fe^O^) - M (MgO) diagram for the 

Marysi'ale vclcarrlcs'. Rocks from the Marysvale province are 

represented by solid circles. Open circles are mid an6 late 

Cenozoic volcanics from the Basin and Range in southv/estern 

Utah (Hausel and Nash, 1977), The dashed Tine is the average 

Cascade trend for basaltj(B), basaltic-andesite (Ba), andesite 

(A), dacite (D), and rhyolite (R) (Carmichael et̂  ̂ . , 1974). 
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Figure. 8 Alkali-siUca diagram. The solid line represents the division 

between Hawaiian alkaline and tholeiitic lavas. The dashed 

lines represent average-trends of Hawaiian alkaline lavas 

(Macdonald and. Katsura,. 1954)-snd Thrngmul1, Iceland, tholeiitic 

lavas (Carmichael, 1964). Subscripts G, C and R refer to, 

respectively, microprobe analyses of residual glasses, Callaghan's 

(1939) published analyses for samples from the BuTlion Canyon 

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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Figure 9 Trace element concentrations In parts per million plotted as a 

function of Olfferentiation Index (Thornton and Tuttle, 1960). 

Samples shown by solid circles are from the low alkaTf trend 

observed in Fig. 8. 
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Figure 10 Rb versus K/Rb for Marysvale volcanic rocks. 
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$5 
. 4 . - , , ' ( - » , . I -! ' iltb'it; ff&p;e';i'rs XZth mineralogicuriy 

..•ii.;.j|.-5{i'i' 'Ito b€: cserivud from samples 21 oy '7b 

(seG fi'idspar.disrusision). i'fixing of those 

It p^assiivie to calcuUtf? imp^ifz^uy. '7 

equiWbratlon for a variety fZ' ni!'..'-'.'<'i; 

d^^ismblages. Table 6 1.5 «• a>«p'rj-',(i**(.'?• ''r 

sa^fiples -viyjich have normal K/Rb ratios rn.yl'j ^tciTipGra't'urfe'ri'Obta'rrif-a'Da&ed on fIv*? .̂uc-i 
! 

ri«t accoimt for the anomalous values In 

.'Sasiple 59. Thus, although the composition 

of sample 59 does not represent an original, 

liquid composition due to the presence of 

IncluslOfsSs we a r e unable to account for 

its behaviour in terms of ths other rocks 

"ire'sent. The low K/Rb ratio may b© due to 

'^referential loss of potassium upon hydra­

tion of this glassy rock which now contains 

x 4 % v^ater. 

•:hat many of the volcanic rocks of the 

'•'arysvale area may be comagmatic and 

(Slated in part by crystal fractionation. 

J igure 9 Illustrates that selected samples 

(that 15, those from the lovj alkali region 

cZ Fig. 7) fall on smooth curves in the 

I-'ace-element variation diagrams. A quan­

titative fractionation model based on these 

ddta is described in a following section. 

PETROLOGY 

S&otherinoffletry 

. Recent advances .in geothermometry make 

methods. The thermometer (sf %,uddirr;jZ:i?i 

and Lindsley (1964) yields soU'tions that 

8re.. rea.s.anab.l.e-for--e-q-ufTfbri m groursfea.i,:. 

temperatures at i bar pressura. Temperotur-ss 

obtained, using the two-feldspar tha'TrwiTftte-''' 

cf Stormer (1975) at,] .bar are 1010 ̂ C and 

1060 Ĉ for sample 75 and 73 (both vitro­

phyres), respectively, approx laa te I y 1.00 C 

higher than their respective Fe-Ti oxide 

equi1Ibration tamperatures. 

Figure 10 supports our general observation Temperatures obtainad from a thermometer 

based on the distribution of F between 

apatite and phlogopite (Stormer and Car­

michael, 1971) are anomalously low, (100 to 

400 C) and are probably the result of sub­

solidus exchange of 0H~ for F in biotite 

1n an aqueous fluid (Epstein ana Taylor. 

1967; Nash, 1976). 

Tv/o pyroxene temperatures (Wood and 

Barmo, 1973) are significantly higher 

than iron-titanium oxide temperatures. . If 

these pyroxene equilibration temperatures 

are correct, they probably do not reflect 

m 

IS. 
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Table 6, Comparative thermometry (T C) 

Two Apatite-
SSBiple Fe-T1 Feldspar Pj'rpxen.e. . .P.h.lagfrpits-

iS 1259 1172 1217 |.̂  

66 930 

87 865 

9 1190 

21 1194 

86 1158 

2.5 

73 

55 

59 

83 

75 

11 

6S 

30 

950 

910 

925 

1060 

1010 

788 

690 

1218 100 

1175 400 

1157 

Plagiocl 
A;.i. ... 
'UJVU 

1259 

1201 

1245.. 

1194 

1354 

1376 

1079 

1266 

1176 -

1059 

1115 

1142 

1219 

1149 

ase 
Tkb""" 

1172 

1114 

•1157'" 

1106 

1258 

1279 

995 

1170 

1083 

978 

1023 

1048 

1120 

1055 

Rf •/•,'sed 

PTaoioclest 

1217 

1?56 

""-•' 1205 

uec 

1293 

1318 

1062 

1220 

" 1142 ̂  

1052 

1091 

1113 

1178 

1119 

fe''-

3̂  
X-

fe 
€-Z7: 
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f̂'Ul*li\fe tm^irriitwt:'^, but rather cvy*.tal 

li:^,at1on terfiperstures for pyroxene pheno- i 
I 

/? crysts -31: dspth. A comparison of Fs-Ti \ 
b S 

I 

oxic^s equilibration temperatures with the 

pyro.x«ne equilibration temperatures in tv/o 

samples (73 and 75) show the latter to be 

about 250 C higher; this may represent 

the crystallization Interval between these 

phases. 

"" ^Temperatures obtained from the Kudo- j 
Well! geotheraoraeter (Mathez, 1973) are I 

i 
also high. This is expected, however, } 

i 

because the core compositions (most calcic)| 
I 
I 

of plagioclase were used together with 

bulk rock compositions in the temperature 

determinations. In several cases, the 

temperatures are comparable to those of 

the two pyroxene determinations, and 

again reflect pre-eruptive temperatures-; 

Water Fugacity 

. Ar. estimation of the water fugacity 

can X determined based on the following 

reac'-,̂  "-n (Wones and. Eugster, 1965); 

KFe^AlSijO^Q ( O H ) ^ ^ 111 0^ = 

annlte gas 

^ISijOg . FejO^ ̂  H^O 

sarijdi?̂ © magnetits gas 

v/hen re:o.YTnn<i(::4: 

ôg U n ̂  W^' + 4.2S - I/? l y ^0. H,.U f ' 

-.log'x^^?r'-^'.'2 1., /,,..!., 
2-* Fe 

loa a , 
" F i t . 

Whero' the-2" Tog "Xq|,-ter^rtaksi into dccourst 

the effect of ideal Tiixing of F in t-he OH' 

site in biotfte. 

Sarnole .73,..a. ba'̂ al :p i : sop ' r ,yre of ar 

Ignimbrite, contains the appropriate .frfneral 

assemblage, as v/ell as a groundmass te?r,oê 'a-

ture and oxygen fugacity determined from 

coexisting Fe-Ti oxides, to allow such a 

calculation. The calculated water fugacity 

i-<̂  .2;745 bar«: whlrh..corresponds to a ?^ p ,. 

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

tion of the original experimental data O'ver 

0 

the temperature range of 680 to 800 C, 

Hildreth (1977) recominended a revised 

estimate for the free energy change for the 

previous reaction. Utilization of this -.̂  

free energy value yields a water fugacity 

approximately 1/3 of the above value, or 

a P,, n of about 1,000 b. This value 1s 

similar to the estimate for the younger 

Belknap rhyolite by Cunningham and Steven 

(1977) of 800 '± 200. b *ased upon plotting 
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'̂ nyl " )Z AQK'fnatlve constituents in the 

. . j o i £ li 3 <j c. 

3 \ s "idtle? estimate 1.̂' subject to some 

. rot ̂  oecause these rocks contain two 

f..'''."}dspars arsd 1.4% to 2.92 normative 

tuorthite, and should properly be considered 

.'•in a quinary system with anorthite as an 

additional component. 

Pressure and Temperature Solutions 

Nicholls and Carmichael (1972) have 

demonstrated that the pressure and tempera-

t.u'rQ,,of equlTlbrattoff of a magma with mantle 

peridotite can be caiTculated if the activi­

ties of silica and a,l,uraina in the magma 

and fnantle source re.g;1on are known. An 

absarbkite (66) and a basalt (87) have the 

mipe'"al assemblages necessary for this : 

calculation as outlined by Carmichael and 

others (1975). ' The equilibration of 

absaroklte with spinel peridotite of the 

mineralogical composition (mole.fraction) 

:,0.90 forsterite, 0.85 enstatite, 0.75 

spinel, yields an equilibration pressure 

and temperature of 18 kb and 1235 °C. This 

.places It in the spinel peridotite 

pressure-tejnperature regime of Vlyllle 

.; Cl.S?i')- The basalt yields a pressure and 

temperature £.o-lution of Z'i kb - . y yJZ', . 'C 

whan equ i 11 b r a ted •*</ ith d.o, 'i d?*̂  ! ''• / X , ' y r < - . y 

peridptite (0.90.f.or',t?rr H e , O.?;!.'-̂ ;r;'̂ Î'i te,. 

0.55 pyrote). These pressure'. »''*: ( y y . ' i y . t V i t 

to depths of appro/iriiately 6'/ •-'.PZ ZZ. i<T, 

respectively. _ 

Crystal Fractionation 

By using the bulk rock and mine.''al 

chemical data, it is possible to test 

quantitatively whether 'or not low pressure 

fractional crystallization could be 

responsible for the chefr.ical d X & y . t y of 

the Lnterrnediate to silicic lavas. The 

method is based upon a linear least-squares 

solution of an overdetermined set of mass 

balance equations such as descr'^bed by 

Bryan and others (1969) and Stormer and 

Nicholls (1978). 

A proposed parent magma for a suite of 

rocks related by fractional•crystallization'' 

should have the folTowing characteristics: 

it should be of a relatively mafic nature, 

occur early in the stratigraphic sequence, 

and be abundant (as evidenced, for example, 

by areal o=utcrc4p extent). At Marysvale the 

andesites of the lower part of the Bullion 

Canyon Volcanics meet'these requirements. 
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"-' - Figure 11 illustrates a poss-ibls frsc-

• .'t.'<Gna«,tor! scheme for the derivation of 

'>j«iip(fc 3 from sam^ple 86. In tbe same man-

n < 3 \ elthar sample 86 or sample 3 could 

theoretically give rise to sample 88 (Mount 

. 'Belknap Volcanics). Additionally, the 

. Tatitic rocks^'t^sSmples 73, 75, and 83) 

' could be derived^from a magma with the 

chemical and rnvnifra log leal characteristics 

.:....of.-sampl.e-.-El (a -Ic-re aTkali-c arsdeii'lte'from' 

the Bullion Canycln Formation). These 

laV'iS, however,, ̂ p not yield a favorable 

solutinn \.'hen anfattempt is made to derive 

', them from a parifit represented by sample 

• 86, the other proposed, m/jgrna. In addition-i' 

. it is not poss-fcle t.o derive samples" 3 znd 

• 88 from a par^t m.agma with a composition 

[.of sample 21 |)y ranoval of the phenocryst 

I phcLsmi.': Thê lfe nssults lend suoport. t o the.. 
f' ., yyy'" • « 

I possible existence of two magmatic types 

in the MarysVale region, as noted in Figure 

i 8- The two possible parental magma type 

..differ v e r y little in bulk chemistry except 

that sample 21 is more potassic than.86. 

;• The potassic e.nrichment of the latitic 

i suite 1s apparently produced by the 

fractionation of proportionally lesser 

amounts of pf&'|iocla',f. tr.dn it-t '/'•..< - ya . ' i te -

rhyolite series. 

Fractionfstion cchcmer: con-.tr̂ ;-'.r.fid iri t h i - i 

manner are only permissive in •f.it,-if<^j m O 

are not conclusive evidence ths,t Zr-.-i cn^rdcal 

variety observed arises from such « process. 

A further petrologic constraint c-%n h t 

placed on the method, and that 1'> that the 

amounts of the phases ;'erf.GV£d in the ca-1 Cu­

lation cofrespokd,'within reason,, to the 

ariiounts iHresent as phenecrysts in the 

proposed' parent lavas. Figure 12 is a 

compari-'son of the percentage (by mass) of 

the phenocrysts/present in the\ selected 

parental lavas.with the masses *of each 

phase removed-'ln" the fractionat-'r^n-.paTcula-

tio'ns. The values correspond reasonably 

well with the exception of the derivation 

of 3 f^om 86,-and-38 from 3. In both of ,. 

these instances^ the mass of the i'ron- ; 

titanium oxides 'Iremoved in the calculations 

is less than the 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 

ZpS-'- [.i<-"7-P- ^r^-',: ¥»'•-• r--'T'-![;«r..'-¥s(-*-°'S;!((*-'o-;-':- •TSf^-^ TT'-rS^.'y-l-
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-5.00 Ulv. 
"3.66 Opx. 
-8.59 Cpx. 

•22.72 Plaq. 

75 
LATITE 

S = 0.97 

?3 
Andesite 
H ••- 100 

-5.07 Ulv. 
-2.59 Opx. 
-9.23 Cpx. 

-16.18 Plaq, 
I 

73 
LATITE 

S = 0,52 
r i - U ' i i . O f 

-3.66 UI-/. 
-4 r,i Opx 
"3,02 Cpx, 

»22,87 Plaq. 
s 

83 
LATITF 

2 = 0.91 

-1.22 Ulv. 
'-2,23 Op:/. 
-0.01 Cp/. 

-14.93 Rlaa.. 

3 
DACITE 

£ = 0.18 
K =T! .52 

-6.09 Ulv. 
-0.37 IIm. 

•14.11 Cpx. 
-40.81 Plag. 

88 
RHYOLITE 

S •= 0,52 
H = 38.62 

-5.35 UU. 
-5,34 OD/. 
-7,37 Cp/, 
•38.89 PU' 

'i8 

I = 0.34 
M -- 42.05 

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. S is the sum of the squares of the residuals. 

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

Plag. = plagioclase; Ilm = llmenite. The negative values 

indicate rem,oval of that phase from the parent in the amount shown. 
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',1, vF *>} s "* Mris reason, we prefer 

c i-̂ -uv̂ n̂  ! ,-• 't -' .38 fractionation 

J.V.H ", •" s 0''.'='- '̂ r.pects of the model re-

f- - " ho -u ^ Acdltionally, 1t should 

i! o r , I .. „•' the silicic -volcanism 0 

7 7 
more sil icic and py.plo '̂iive e/tr-y-ivft 

activity. Near-surfdcft fractionation 'm^.-

played a.n .important 'rql.e. In the calc-

alkaline evolution at Mdry'ivales fMi '7̂ y 

a'ndesitic magitFa typ^s may have given •̂ •ise 

>,i. '•.̂  C{i'-e-!(,'„ y related to the to the more intermediate to s i H d c 
J-

i 'f iC"'^iki>ine sequence by a liquid varieties. These types are representee* 

li 't vCjcenu I t̂  silicic event may 

res '< - r c r - n ,rd»'-.indent generation of 

""i- îif.. "-1 a r'='-;jit cf continued therwal 

inpiit ( ito re C/U->T . 

ZJS]^ . i -

1^"- acr"rn iOi> c^ calc-alkaline 'volcanic 

'̂ '!~kb '»'iOvy >ubduclTon zones is a widely 

recogr /e<3 "^lationship. The parental 

r.ag'nas f •» ^ --alkaline volcanics at 

X r / i -v f "liO^asi^ ^ e r e derived by partial 

' X i ^ ' i , .j-> ̂ utoJ,^~d lithospheric material 

t"",. etc ̂ L a e 1 een present In early 

y ' ( c t ' y u ' X ' c "̂ ime 1n the western 

'I'-.te-- 3ta-e': i'̂ '*;«;ater, 1970), In the 

Marysvale region-, volcanism began' approxi­

mately 30 m.y. ago and continued to about 

17-m.y. ago, with one period of minor 

qulescsftce about'22 m.y^ ago. which 

separated earner mafic to intermediate 

cal c-S'l kail ne volcanism from a oeriod of 

by sample 85, which could have been parental 

to the dacitic and possibly r.hyô  i.t,ic 

meffibers of the suite, and the more alkalic 

sample. Zl v/hich could have given rise to 

the latitic members of the group. 

In the late Cenozoic time, the Basin an-d 

Range Province underwent crustal extension 

with synchronous basaltic and rhyolitic 

volcanism. Shuey and others (1973), r-elying 

primarily on .a.eromagnetic data, place the 

geophysical boundary of the 8asi.n dnd Range 

Province and Colorado Plateau e.t least 50 km 

east of the physiographic boundary. This 

would place Marysvale, as well as most of 

'the High Plateaus, 'in the current Basin and 

Range tectonic regime; late Cenozoic 

volcanism centered near Marysvale may be 

closely related-to Basin and Range tectonics. 

These features suggest that Basin and Range 

tectonism is currently extending eastward 

.f/ 
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t.he '-8-asin an-tl Range upper mantle reg'ime e,X' 

-.tending cdsisld-e-rably east of the physio-

•] graphic boundary of the Basin and Range 

Province. § 
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Introduction. 
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General relations. 
Mesozoic deposits. 

Distribution. 
Upper Triassic strata. 
Middle Jurassic (?) s trata. 
Upper Jurassic formations. 
Cretaceous formations. 

Tertiary Formation. 
'• Composition and relations. 

Wasatch formation (Eocene). 
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General features. 
Petrography. 

Sevier River (?) formation (Pliocene or Pleistocene). 
Pleistocene and Recent sediments. 
Stratigraphic sections. 
Extrusive igneous rocks. 

Structure. 

.-VBSTRACT. The East Fork and Soutli Fork valleys of the Sevier River-
roughly coincide with the trend of the Sevier and Paunsaugunt faults that 
iiutline the Sevier Plateau, and mark .borders of the Markagunt and Aqua­
rius Plateaus. Along the faults, in the slopes and escarpments jiroduced 
liV uplifts of 600 to 2,000 feet, the Tertiary rocks characteristic of soutliern 
i;tah are exposed: the pink limestones of the Wasatch formation (Eocene) ; 
ihe white tuffs and gray ign'eous conglomerates of the newly recognized 
lirian Head formation (Miocene ? ) ; the widely spread andesitic lavas; 
:inil, in places, the gravels of the Sevier River formation (Pliocene ?). In 
.Vntimony Canyon erosion has 'revealed 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 
iciieous conglomerates increase to tliiclcnesses of exceeding 1,000 feet. 
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•.Black Canyon, then in tiim the meadow lands abou t the village 
of Antimony, the!deep rocli-walled Kingston Gorge, and finally 
an alluvial'flat.. The•-a-yerage .gradient of the South Fork 
below the mouth of Red Canyon is 'about 24 feet to the mile; 

. of the Eas t Fork below Widtsoe, 31 feet to the mile, but in their* 
steepest stretches.the gradients are as much as 120 feet to the 

> - m i l e . ' ; i ' . ^!^ . ' • ' . • ' ' * . ' • ; • - " • ; ' . ' ' ^ ; - ' v ' . - ' ' ' ' • ' ' " • ' ' " ' 

.: Because of topographic control the fomti and gradient of the 
tributary streamways ,is^ unlike'thbse-of the master channels. 

. The, western tributaries• of.the Sevier have gentle gradients; 
most of them flow in shallow trenches on bare. rock. On the 
other hand; the eastern ti-ibutaries occupy sh6rt, steep, narrow 

' ; canyons that head, abruptly at the plateau rims.. Throughout 
their 'courses "in.the canyons Casto, Limekiln, Sanford, and. 
Smith Creeks,; triibutary to the South Fork, and Birch, Cleaves, 
Center, and Antimony Creeks, tr ibutary tb the Eas t Fork, have 
gradients of 400 to 800 feet a mile. The South Fork of the 
Seyier is through-flowing. I ts eastern tributaries "are perma­
nent in their.upper courses and at times of fl(>ods carry water 
across,their.alluvial fans; but, except for. Panguitch Creek, 

-'which drains' a l a r g e . p a r t of the well-watered- Markagunt 
Plateauj' its ^western tributaries are ephemeral. ^ The . East 
Fork, through Eniery Valley and par ts of' John's Valley, is 
intermittent; the combined flow of a score of tributaries from 

-the back, I slope of the Seviier Plateau and the fro iit of the 
.Aquarius. /Plateau is insufficient to maintain, a continuous 

s,tream;^r._At^the,head of Black Canyon the Eas t Fork receives 
.-contributions from the spring-fed,Deer Creek,-and more from 
springs .farther down the canyon. ^ B u t the chief contributor 
to its "(Faters is'Antimony Creek, which pcciipies the longest, 
deepest, .cropkedest,'and most intricately- branched of the can­
yons. that ..dissect the .western,flank of the Aquarius Plateau. . 
Formerly the; creek entered a lake where its waters, together 

.'with those of;the;(.Ea\t,Fprk'^^ the'S.e'vier, were ponded while ' 
• farther .noi^th-in Kingston Gprge a .stream-was sinking its chari-
' ;nel,thrpugh^he'resistant Volciaiiics'of- Se-rier Plateau to a'," 
'depth; sufficient to provide'a continuous .outlet, • .7-

>, ;As;agents.of ^erosion'both.fprl^s of the Sevier River are rela­
tively 'inefficient.;; they' are, chiefly 'engaged in widening their 
runways in'unconsolidated,sand and gravels., In contrast, the 
jstreams tha t ' flow-dowTi the'precipitous froiits of the Sevier 
and Aquarius plateaus are vigorously scouring bed rock, trans-

- « 
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porting talus, and removing from their channels the alluvial 
debris 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 the rugged plateau lands of central Utah, 
The tjrpes of vegetation are related to altitude and the con-

' sequent 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 rpck and fertile 

; soil. The complex vertical and, horizontal arrangement of 
'i gorges, stream flats, slopes, cliifs, 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-
futgroyes 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 pinons 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." In 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 
J broad glaciated 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 substanti­
ally bare of vegetation (see Pis. 1, 2, 4, 6) . 

The region that includes the upper valleys of the Se-srier. 
River is primarily "stock country." During the summer 
months the cattle and sheep find palatable brush, grasses, and 
>eeds. 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 Se'rier, Aquarius, Paunsaugunt, and 
Markagunt plateaus is included in the Powell National Forest. 
For general agriculture the conditions are unfavorable. The 
growing season is short, the precipitation small and erratically 

mv 
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p : distributed in tiine and plaice, and the 'surface runoff, chiefly 

from'melting.'snows, supplies few streams -with water suflicieni 
' 3 ' for-prpfiteble'.irrigatipn.,; 'At Panguitch' the average period 

; without kniingsfrost , is ,but '80.days (June ,15-September 8) ; 
. , ; tbe mean; annuaV;raiiiLfall;'is, 9.69 .inches.; At' Antimony the 

growing'season is 72'days, the annual rainfall 8.13 inches—^in 
'.' some years less tHan- 5, inches: , • ;•;, ' ' , ' ' 
" V '. Irrigation farming'as.profitiable.at Panguitch, where 3,850 
' ".. abres 'are .;^atered.by 3 canals, leading from Panguitch Creek 
,.,f'and the South Fprkiof the. Seyier River;, also' at Antimony, 
' ' where the. run-off fî om Antimpny Creek and Eas t Fork of the 

,j.". 'Se-vier makes possible the irrigation,of 2,557 acres, given over 
.. "chiefly, t o the cultivation. of potatoes and forage crops. At > 

.. ranch homes along .the base of the Aquarius Plateau, along San-
.-,,. r ford, Sweetwater,''.Horse, Birch, Branch, .and Center creeks, a 

,few atires are '"under ditch" but irrigated lands at the mouths 
• of-Castp, Limekiln, Sand, and Smith Canyons, and in Emery 

Valley and Johns Valley bave been, abandoned,-and attempts 
to develop dry farming a t Henderson resulted in'costly failure, 

.The^pnly mineral of, economic,importan is .stibnite, which 
/, has-been ipiined intermittently since, 1880 without' substantial 

c«^i^r River VaUey. 
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At the base ofthe section there is 150 feet of gray conglomerate 
• Icompos'ed of'rounded pebbles of quartz arid qijartzite up to 6 inches 

in. diameter, in'a sandy ..matrix. -The-conglomerate is overlain by. 
-,'' - a great mass of .fine-textured-buff and reddish sandstone, with sub­

ordinate;, drab and 'red sandy and clayey shale'and thin-bedded 
' - . limestone; amounting ini "all to several hundred feet in thickness. 
' No fossUs-have been, found in these-rocks, but'because of their 

-lithologic reseinblance to Eocene strata elsewhere in the plateau 
region they are'prbvisipnally referred to that period. 

, ' , 'Kie .report by Duncani thpiigh chiefly an exhaustive treat-
':>y- 'ment of-the occurrence, 'quality, and potential economic exploi-' 
/ v.-.tation of the stibnite ores,.includes a measured section of the . 
7; ' .exposed,rpck units in-which, appears 1,500 H- feet of Jurassic 
' . . ' sediments, not pre-viously recognized In addition to a basal 
' ; ,series of niassive sandstones and thin-bedded vari-colored shales 

and limestones classed as undifferentiated Jurassic, the section 
includes arenaceous and calcareous s t ra ta tha t extend upward 
to sheets of- lava.,, Regarding these upper beds Duncan 

'. remarks", .' -;'•.•',:',-';;,'"-"' -.'..' ' '•.' "'••.•' 

The Jurassic'beds are'unconformably overlain by a, sequence of 
• - red, buff, and gray sandstones and shales, gray boulder conglomer­

ate and light-gray limestone, which totals about 1,500 feet thick. 
These beds , were considerjed to be of-'Eocene age by Bichardson 
and .are probably equivalents of the .Wasatch (.?) formation as, 

,' 7 . recognized in nearby areas'. The known antimony deposits-in the 
area are confined to a sandstone and shale zone about 200 feet thick 

', . . near the middle, of the formation. Middle (.''•) Tertiary volcanic 
..-:•• .rocks mostly dense acidic flows; with some agglomerate and scoria. 
"7, o.verli'ie the 'Wasatch ( ?.). formation. The.volcanic flows are.estimated 
.:•' to be about. 1,000, feet thick. ._'!., ^ ; ' ' , • • • • ; ' .' .>. 

~, ,, Thus Diinoah,,accepting.the conclusion.of.Dutton and Rich-
;;,.: ardsdn,' records • thick ^Tertiary [but n̂ ^ Cretacepus strata. 
' ,: Howeyer,.beds,pf, Cretaceous ager--p6ssibly also of Triassic 
: .,. age-T-are preserit,'and Tert iary rocks other than volcanics are 
' • believed tojbe absent J ,;;In binef,.the Mesozaic formations in the 

' ; / walls bf.Antimony. Canyon are characterized as-follows: . 

''••'- 3 .yZ: - .y :y : .Upper7r ' r i i^ss icSt r ,a ta7 : : ' : 

. ' The conglomerate exposed in the walls of Little Forest Creek 
-•" ; (a sputhern tr ibutary to Antimony Creek) closely resembles 

. ;; the rock elsewhere recognized as the Shinarump conglomerate, 

'fi 

y,% 
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I'late 1. View looking across the upper Bast Fork Valley iu the vicinity 
of Widtsoe. Flat land developed by the deposition of alluviuiii on 
maturely eroded surface of Wasatch formation Altitude 7,000 feet. 
Vegetation cliiefly sage, annual compositae, and (near the stream ehuii-
iiel) yellow pine. Photograjih by U. S. Forest Service. 

Plate 2. A park in the Powell National Forest, A(iuarius Plateau, near 
the head of Antimony Canyon, altitude 10,000 feet. The surface ha.s 
been scoured by glaciers. 
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Plate 3. View of. formations exposed on the northwest face of Aquarius I ' l a t r a e , ^ 
near the mouth of Antimony Canvon. ,Te, Entrada sandstone; Jew, Curtis nn4 ;w-
Winsor formations; Kd, Dakota (?) sandstone; Kt, Tropic formation; 'llili,/M 
Brian Head formation. Lavas, Tertiary, andesites that form the to]i of A(|uarlijii ; i^i 
Plateau. Photograph by .D. C. Duncan. , 

AM. JOUE. OF SCIENCE, VOL. 212 HERBEET E. GREGORY, PL. 4 

Plate -I. Entrada sandstone and overlying Curtis (?) for­
mation in the north wall of .'Vntimony Canyon. 
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Plate 6 
»n.1 c f , " ' > '"'"'.""' '" "• ' " ' ' " "f Casro Canyon. Bedding 
fn hP w 7 T 7 ° " 7 '^'•""'^'"i^tic of the pink limestones 
m the Wasatch formation. ' -T--
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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
sist almost wholly of smoothly rounded quartzite and quartz 
pebbles 1 to 5 inches in diameter embedded in quartz sand and 
gravel; its finer par t s 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. 

On both sides of Antimony Creek near the mouth of its can­
yon, s t ra ta , possibly Upper Triassic in age, are pressed tightly 
against a lofty ridge of sandstone. In a gully north of the 

: creek the outcrop is a sequence of varicolored shales and sand­
stones tha t dips westward at angles of 30° to 50° and consti­
tutes a block between faults; ori the east it is i n contact with 
massive red sandstone and on the west with sheeted lava. 
Roughly' the exposed rocks are divisible into three groups of 
beds; brown and tan, thin bedded 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 
im texture include flakes and concretions of clay and aggregates 
of gypsum crystals. The beds at this small isolated exposure 

' lack featui'es clearly recognizable as diagnostic of any forma­
tion known elsewhere, and in the absence of fossils and of for­
mations 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 par t of the Chinle formation, 

• which in Utah is highly variable in content, and as they lie 
,, in a 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. 
: Triassic. The beds are on the downthrow side of a fault, in con-
. tact with the upthrown Middle Jurassic (?) Navajo sandstone 

and may therefore be downfault.ed fragments of Upper Jurassic 
formations, which, like the Chinle, includes rocks widely diverse 
in composition and origin. 

Middle Jurassic (?) Stra ta . 

The deposits classified by Duncan^ as undifferentiated Juras -

' Duncan, D. C : op. cit. 
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:o77<\"7 3"'7:7'3X-''7.7:y.•':••••••••'• V--'.., y . ' • ' • : • - • 
,':-.sic WAntimpny,,Canyon include "white, gray, and tan qu^rtz-
JjVitic^ sandstone^ v^,v;960'to 1,200 feet thick"-T-a stratigraphic 
;j',unit identifiable.as •the Navajo, sandstone; .Its physical features 
,(,substantially,;^jduplicate^^ the ,Navajo else-

' where in the Col<>H4p plateau province'and described in many 
_, geologic reports. , ; I t is a massive,'thick-ibeddeo, in large- part 
;'. cross­bedded,"-stratuiri','Compos cleanly washed, 
-, small, .spherica.Li.quartz; gTains,''':ui5iform; in ^ize and weakly 
V.cemeiited'ibyi^ calcium carbon and iron oxide. I t includes a 
,*,' few thin leiises 'of calcareous silt rand scatterd fragriients of, 
'.,.'magnetite,and nietamoi^hic.niinera^ ^its usual atti-
;.'jtude^-^a'flat7ryirig bed terminated by' cliffs—the Nava jo ' sand-
;̂ .stone' iii: Antiniony Cany ori stands nearly,, vertical,, forming a 

, 'bighi , narrow,'ridge through which Antipiony Greek has ciit a 
'JVdeep gorge—a conspicuous scenic feature • of 'tfie local tppogra-
-phyi/ From i t s ;crest the ridge descends precipitously 600 
feet t o the flat lands along lower, Antiriipny Creek. Eastward 
it slopes steeply downward,500 feet to Black .Jack Creek, along 
which, the relatively soft Upper Jurassic.rock's have been wpm 
into gullies, rounded:ridges,- and low ,'rock terra.ces.' The sand­
stone mass ;is bordered by faults -pf; large displacement and, 
crossed and • recrossed' ;by, minprifractyres^^ so clpse-spaced ' 
and urisysteriiatically,orientated, that iniich,of the rock, seems 
shattered/'-'' 'H^'''''''--:'''>'-^'''V '':'••; '3'3 ^ '^y-y-y ''."'• ;' '..;.- ' ''. .,' 

- y ' V ••-^ y - - - . . 1 ' • ' • : 7 ' " •-, r - ' - 7 X r , ' y '-•'.^•r.,, - . . . : . . : • . . . .• < 

7y'xyx<xzyXz7:y-X'z-7yX"' -•/•>• .•;•....-.•.. ,• -'. 
-. . , ,r : . - y ' - s r l 7 U p p e t J y ' r a s s K F X - • . ' > . ' ,' ' 
/ ' I n Antimbriy Cany on,rpcks-of v,U^ age include 
;;,the,Carmelfpnriatiorij tHe Ent rada sandston and an undiffer-, 
;;eritiated, unit that.prob.aJbly represeritsthe'Ciirtis and the Win-
i ^sor foraatio|iis.'^,.; ; A t its western, edge .the Carmel. stands in ver-
' tical, ppsition'in'fault coijtact'wit^ sandstone and 
•.!elsewhere>dips:^siteeply'''eastward.' '-'Likewise. the other. Upper* 

Jurassic ;fprmations.'are .upturned, along,their .western edges at 
angles\pf'5°ito;30°,.biit', g^ : 

'^Tk,j3:}d7^7,dip(3t2°!:i7.573x73rzp'7777.•:3:'.'--'.•;,-, ., -
':-;?^-;Xhe^Pamel fprina:tipn,:;in addition tp: its characteristic com-
Vpactj ,gray-^blue, marihe.''Hmesto,ne,and -interim 'hard • cal-

carepus •sh'alesj^.includes jfinpre .than .the. 'usual • amount. pf thin 
i r^d'sandstpnes'and gre^ , :• 
V -vThe-'Ehtrada,sandstone, thoughtmeag-erly exposed,.is a very 
y33z77 :XX3X.733 ' :Z .^ .yy y.^.\X..77 '••3:y. • • y 
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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 iron, .Irregularly interbedded 
are lenses of gray white and greenish calcareous, slightly gyp-

. siferous sandstone which on weathered slopes project as shelves 
(see PI. 4!). Thus parts of the Entrada in Antimony Can-' 

..ypn resemble the generally massive cliff-making sandstone, of 
: like age in the Waterpocket fold and along Glen Canyon and 

other par t s the s t rata in the Parunuweap and Virgin Valleys, 
which are remarkably uniform in composition and bedding and 
contain much gypsum., • , 

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 p a r t 

, bf 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 the btdk of the forma-
tipn. In the middle par t lenses of fine conglomerate, cal-
carepus nodules, and other minor features of the typical Win­
sor are recognizable but no duplicates of the remarkable color 
banding, the uniformity of bedding, and the peculiar basal con­
glomerates that characterize the formation at its typical expps-

• ures.. In the upper p a r t the style of bedding, the texture, and 
the composition resemble rare features of the Winsor formation 
in the Zion Park region. ' 

Fossils iri the Upper Jurassic beds in 'Antimony Canyon are 
representative of the Carmel and the Curtis (?) faunas. In 

.. collections from arenaceous limestone beds near their contact 
with the Navajo sandstone, John B. Reeside, J r . found a C^r-, 

. mel fauna: "Ostrea strigHeculd White, Pleuromya sp., Trigonia 
ci. T .amer icana Meek, Dosinia jwrossico,. (Whitefield) ?, and 
Camptonectes stygkis White" and recognized broken shells in 
lenticular gray limestone above the Entrada sandstone as "frag­
ments of Camptonectes sp., Ostrea sp.. Pinna sp., and other, 
fossils of. Jurassic age." , 

'""m m 
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Crefdceotts Formations. ' , , 
. . ' i .-'The Cretaceoui strata;iri Antimony Canyon are prominently 

v V exposed." 'AJorig/A^ and 10 or more tributaries 
, . I they combine "in forming clifl̂ s and" steep slopes little encum-
,' ,, bered by! talus and.dense vegetation and because of their light 

dolor they'iare readily'disitinguish'able from the nearly black 
• /igneous rocks that mark their upper limit and the dark red 

r Entrada sandstone near their base., 1 In distant view the upper 
',/ half of the ;Cretaceous slopes appears to be wholly shale and the 
' - lowerhalf shale irregularly interbedded vrith thick sandstones ' 

' yand.thr6ughou't theexposure the bedding indicated by'slightly 
f- projecting benches o r faintly outlined by polor seems to be 
;,; . i r e^ ' a r . • However, closer examination shows.'that shale,-thin 
..7 sandstones, and thick, massive sandstones are-unsysteroatically 
;/;.-interbedded, that in all classes of sediments few beds, retain 

' t he i r individuality for as much as 1,000 feet and that in addi­
tion to qiiartzbse,, argillaceous, and, oalcareous sandstone, the 
unit includes arenaceous, gypsiferoiis, calcareous,, and rarely 
caribonaceous-shale, limestone, bentonite, and conglomferate, aU 
commonly in lenticular beds.' Thus in genera] appearance the , • 
Cretaceous rocks in Antimony Canyon are unusual, but in van-. 
e'ty of sediments'and style of bedding they closely resemble the , '. 
Dakota ( ? ) sandstone and the Tropic formation 'which' make 

. up the lower p a r t of Cretaceous sections in adjoining par t s of 
Utah, Outstanding difl^erences are the color tones and the 
scarcity of, carbonaceous material. In Antimony Canyon the 

• ' Cretacepus rocks.are green-gray, yellow, and light tan, in con-
• trast ,with.drab,, brown, and dark gray.common elsewhere; a 

-few carbonaceous sandy shales that 'contain partly'carbonized 
,. plant fragments, and a reported "layer oJF.muddy, coal" are the, 
;'-meager repfesentatiyes of the many coal beds-iri coi*resporiding 
.', positions at'ipther-Xretaceous b'utc noteworthy 

featilreiis -the'absence above the Tropic;formation of thick 
s t rata like>th'e;^ahweap and Straight Cliffs sandstones, and 
the Mesa Verde and Kaijjarpwits formationsrr-^a'group of units 

"that-40,"ro'il.es d i s t an t i n ' ^ a n ^ , V a l l e y make" up the .topmost , 
'2,,d0ft^3,p00'';feet;;of the:;Cretac|Mus;.<^ These absent 
s t ra ta are.beiieved to havg'been worn away, during a long period 
'of denudation j that' removed- also the overiying'Tertiary lime- ;' 
s ton^of theWasa tch formation (see Pis:-3^ • . -. 

',Jri l2ont,rast jwith their Tabundan.ce. in the !Jurassic s t rata . 

-m 
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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 conglomeratic Dakota (.'') sandstone and include no com­
plete forms. In the collection submitted for detennination 

, Reeside noted, 

"& number of fragmentary specimens of a gastropod that suggest 
Pachymelania chryssaloides White, of the early Upper Cretaceous 
Bear Biver formation of southwestern Wyoming [the equivalent of 
the Dakota (?) and fhe lower Tropic formation in Utah]. I have 

. compared the specimens with the various Coniobasis of the Eocene. 
It does not match any of them." 

TEKTIAEY FORMATIONS. 

^Composition amd Relations. Except for the Triassic ( ? ) , 
Jurassic, 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; 

. the Miocene {?) Brian Head formation and overiying sheets 
of igneous rock; the late Pliocene or early Pleistocene Sevier 
River formation; Pleistocene silts and marls; and Recent 
alluvial stream terraces and fans. Of these stratigraphic 
units the Wasatch, the Brian Head, and the layas extend 
without interruption into the regions outside of the Sevier 
valleys, the younger formations are restricted to areas where 
topographic control has been favorable. 

WASATCH j-oRMATioN. (Eocene). 
• Along tributaries to the upper Sevier River the Wasatch 

, formation consists essentially of thick bedded, fresh-water, pink 
limestone which gener^ally 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. I ts 

. exposures in Casto, Limekiln, Sweetwater, and Horse Canyons 
substantially duplicate those in Red Canyon and in the Pink 
Cliffs of the Paunsaugunt and Markagunt plateaus wliicli hjEive 
been mapped and described in detail,* Differences concern 

'Gregory, H. E.: The Paunsaugunt region, Utah; U. S. Gej»I. Survey Prof. Paper [in preparation]. 
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.1 chiefly; its.'extentiitfs'.reiatiori to superjacent formations, and 
• -the origin arid cbmpositipn of its upper,part^the'sp-called white 
' vWasatcii.' ', 'Noi^i^ifard:iro Widtsoe on the 
' E a s t Fork, arid'f rom Casto Canyon on the South Fork, the pink. 

limestone.crf the Wasatch, rathei-, rapidly, decreases in thick-
' ness; the-white limestorie beds 'ibecpme more and more siliceous 

(Eind even-tuifiFacepusujfitil they are indistinguishable from the 
y doniiriantly,^pyroclastic" .Brian Head- formation. Regionally 
.' "the upper par t , known-as'the 'white Wasatch, and the equally 
•;' white lower par t of the Brian Head fprmation, occupy the same' 
.straJtigraphic.position.: Characteristic, features of. the •Wasatch,.; 
;forinatipri ar«;shpwn in PI. ,6; ' : ; , v;';:':^^ ' .. ; '- •• • 
, ";'; Along'the Pa.unsauguntf a lilt which marks, the western edge 
, :,of:'th'e' upilifted .Aquarius: Plateau the thdckibedded piink linie-
i;sto'ne'of:Vth'e','Wasatch in Swieetwater;Canyon is about 1,100 
•j feet thick,:'; above-it, lie's about 400 feet:, bfi'iwhite almost pure 
""limestone.ih thin, uneven beds! • Northward in Horse and Birch 
'Canybtos tlie exppsed pink limestone of the Wasatch is 520 feet 
thick and the sdrcalled.white.Wasatch, here, highly siliceous and 

* .rich in chalcedony, 120 feet thick.; At Cleaves Gulch ,the cor-
"respdndingr'units are ..respectively ,70-f- feet and 130 feet. 
^ Farther, north along ithe edge of the Aquarius Plateau the 
•,^Wasatch, if preserit bfeneath the alluvial fans, doubtless con-
, tiriues to decrease in thickness, for in. A.ntimony Canyon both 

' . the pink liinestqne and the overlying! siHceous white rock are 
...absent; igneous" congl'omerate and-:' lava imriiediately overlie 
:Cretaceousvshales'.,' Likiewise,.west,"oifCt.he.P'aunsaugurit fault 
:,the thickness.ofHhe.i^Wasatchidecreases northward frbm.1,800 

V at Br;yce!Canypn.to about 300,feet;in^^ Stil].. 
, -farthey; nbrth.norieis! expp'sed, in'the', canyons that trench the\ 
;-'^asteni';slope" of. thei^Se-rie'r Plateau and'.in Kingston' Gorge, ," 
: where •the;East.!Fbrk of the Sevier^ has cut a trench over 1,000 
^ if eet deep,' only igneous rocks 'are in .sight. ;, These stratigrajphic 

;,; reIatiori^;;bfAthe,^'W;^s^ 

River',are,!duplicatpd/aloiig:the,.South Fprk ' in the upthrown 
'••-block ,6f the '.Seyier ;faultjr,;In';the ,walls and upper! slopes of 
-,: Casto Canyon the pink liiriestories of the Wasatch and the whiter 

siliceous shales above.them'attairi a combined.ithickness of about 
.1,600 feet, therithin.rapidly.northward across Petersen, Lime- •: 

• kiln,-and Sand pariyonsjarid-^'areriot';^ 
; 'Smith, ;p.r ;Bulrush. canybns, ii'or farther; 'north in the deep 
y z - ' - 7 7 y : - 3 r y z 7 ' X 3 X 7 7 y y . y y . - y : . . ' - \ - y 7 . - 3 :.• 
• • • • : . • - - . - - . - • - ' , : - ' . • ' • . - - : , • : • : • • • I . : ' , ' • ' - , • • . , ' • • • • • • • • ' ' • • . , . . ' . - - . 
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Circleville or Lost Creek canyons, which are walled in by pyro­
clastics and lavas. Callaghan" states that "no rocks assigned 
to the "VVasatch formation crop out in the Marysvale region." 
This decrease northward in exposed thickness of the Wasatch 
is, in pa r t due to, its northward dip, which is greater than the 
inclination of the bordering valleys, and in par t to siiearing 
by faults, but in greater par t it is probably the record of 
erosion.' . 

I t thus appears that within the area occupied by the north-
.• western Aquarius, the northern Sevier Plateau, and the adjoin­

ing Awapa plateaus and the Tushar Mountains, the Eocene 
; Wasatch sediments if ever present had been erajsed by erosion 
' before the middle Tert iary ignpous conglomerates and lavas 

; were laid down. I t seems worthy of note that the plane^-^in 
places an unconformity^that separates the oalcareous sedi-
mentis and the volcanics dips northward and northwestward 

• while 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 vplcanic's , 
in Central Utah spread southward from a source in the north­
western Sevier Plateau and the adjoining Tushai^, Mountains-:— 
areas in which Tert iary non-volcanic sediments are largely lack-

1̂ .; ing and latite and related lavas, tuff, ash, volcanic breccia, and 
igneous agglomerates lire piled to depths exceeding 3,000 feet. 

A . - BEIAN HEAD FORMATION [MioCenC ( ? ) ^ . 

General Features and Relations. 

.' Generally along the upper branches of the Sevier River 
wherever all the Tert iary formations are exposed;, the con-

\spicuous pink' limestones of the Wasatch are overlain by an 
eqiially conspiciious series of white, calcareous, and siliceous 
simle-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. On the 
Paunsaugunt and the southern Aquarius. plateaus the white 
strata'immediately below the conglomerates are essentially lime-

' Callaghan, Eugene: 1936, Volcanic sequence in the Marysvale region, 
Utah: Am. Geophysical Union Trans, for 1939, pt. 8, p . 441. 
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Plate 9. Detailed view of the upjier i)art of the Brian Head formation 
in Black Canyon jilong the East Fork of the Sevier Uiver. 

•'^y "'-•••^y'ix'- 7 

Plate 10. Detailed view, of the lower par t of the. Brian Head forination 
' ; in Limekiln Gulch. The thin-bedded, white, gray, and green pyro-

. elastics and lenses of chalcedony are intricately eroded. 
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view of the lower par t of the Brian Head fornrntinn 
ulch. The thin-bedded, white, gra.v, and grci n p\ti». 
ses-of chalcedony are intricately eroded. 

H - 5 - W 

Fig. 1. Map of west central Garfield County, Utah, sho\ving the relations of the South Fork and Eaat Fork ,o f the Sevier 
Uiver to the Sevier and Aquarius Plateaus, ••,., ;• , .,. ': ... 7. 
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Examination of the Brian Head formation withiii the drain­
age basin of the upper Sevier River shows considerable varia­
tion in composition and arrangement of beds (see Pis. 4-10). 

Along the southem rim of the Sevier Plateau'and the western 
rim as far north as Sand Wash both the bedded lower pa r t and 
the conglomeratic upper pa r t of the formation are continuously 
exposed in the upthrown and in places the downthrown block 
of the Sevier fault. North of Sand Wash only conglomeratic 
rock is exposed, but in such thickness (500 to 1,000 -j- feet) 
and such intermingling of fine-grained, bedded, and niassive 
rpck as to give the impression that the two classes of sediments 
inlter-grade and tha t finally the ash and tuffaceous deposits dis­
appear. , At Casto Bluff̂ * and nearby headlands the lower p a r t 

, 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 
Norman C. Williams, Field Assistant, 

"it consists of four dominant types of water-marked sediments: (1) 
fine ash, (2) a mixture of sand,.ash and products of disintegration 

'of moderately crystalline volcanics, (3) pumice conglomerates, com­
posed, of weU 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" rhyolite, granite and ande-

: site pebbles; pure homogeneous sand, some of it crossbedded; 
exceedingly pure, thin clay lenses; and mudball conglomerates." 
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The black and white banded beds include lenses of magnetite 
and other heavy minerals, par t ly decomposed feldspar, con-

.spicuous as white chunks. Some of the pink clays minutely 
interbedded with white ash resemble yarves. The contact of 
the soft variegated Brian Head with the dense pink limestone 
characteristtic of the Wasatch, though abrupt, appears to 'be 
gradatiginal. A few feet belPw the contact the limestone 
includes thin lenses of green shale in which the dominant calcite 
is mingled with subangular quartz grains ( 1 0 ± per cent), feld-

I spar, biotite, and limonite. • 
At the. head of Petersen Canyon and in Limekiln Gulch the 

"Cas to BlufP and Casto'Canyon were named for a pioneer settler, Abel 
N. Casto. On some maps ths word is misspelled "Castro." 

AM. Jona. Sci.—VOL. 242, No. 11, NOVEMBER, 1944. 
• 42. -

. X 
tr-t-A 

Ms J i $ ^ ^ 

'• zkM 
" i ^ $ ^ 

' 'SM 

4 ^ ^ 
' i ^ ^ 
^^m 
SRH 



594 - H e r b e r t ' E . Gregory—-Geologic Observations 

•Brian Head consists chiefly .of white, gray, and green, well-
stratified, coarse "marls" but includes gray sandstone; lenses 
of well-worn quartz andquar tz i te pebbles,; and thinly foliated 

• beds sufficiently calcareous. to justify quarrying for plaster. 
- Chalcedony ds.-£iibundarit in.strings, lumps, and.befds as much as 
, 4 feet thick and on''weathering coats several acres with gray,.' 
•blue,-red,translucent,shards. The gray sandy beds contain 
bones "arid iriipressions of hpmy skin, probably of soft shell 
turtles. • .The; green rpck, in , Limekiln Gulch is described by 

.'Clarence S! Ross as ''•-' 

composed i-dominan-tly of volcanic-rock' minerals,' among which 
plagioclase is dominant.' .This, is associated with small amounts of 

' hornblende,;-'biotite, 'and' inagnetite. Detrital quartz in well­
-rounded grains,'and fragments of limestone represent nonvblcanic 
' inaterials which; form around-one-third of the rock. There is an 
. almost', total - absence. of potassic feldspars, and the plagioclase is :iZ^ 
;;calcicj some of it being sodic la'bradoritel'• The character, bf the *̂ * 

feldspars indicates-that these were derived from andesitic rocks, 
: and this is confirin-ed by the presence of andesitic rock grains. 

A green, secondary material forms filrns' around the mineral 
grains. Chemical tests show that this- is &• potassium mineral and 

: this together with a moderately high birefringence, indicates that 
it is essentially similar, to celadonite in composition. 

Ml tlie Upper Sevier River Valley. 595 

m 
i'9A 
-'-'hA 

- ja 

' M 

3m 

S i z& 
• 1 ^ ^ - ^ 

,'tr^!-3 
i<i,..i-''." 

r;' In Sanford Canyon, the oldest beds, exposed are white sili-
',ceo.us shales.(ash ?) tha t include long and short lenses 1 to 20 
feet,thick of the pecular green rock' displayed in Limekiln 
Gulch.'-'Aboye^this,material lies several,hundred feet of vol­
canic Jcpriglpmerate and breccia, overlain in places by andesitic 
lavas: In the walls pf, Siriith Canyon the dominant rock is an*! 
conglomerate.bf.kngular igneous bpulders,;many of them as,'?^? 
much as 4 feet in'diameter. ..'Within the,congloriierate are slabs - p 
and lenses of stratified ash and below it irregular beds of green 
.white ash arid tuffacepus material. .The rocks in the canyon ,'f|| 
walls a're arranged as blpcks tilted in various directions along .'iijf' 
local (?) faults of'^.undetermined trend arid displacement. In 
Lost,Creek ^Canyon, south of Circleville the walls and adjoining 74 
areas 'consist-wholly..of .conglomerate.domiriaritly, of 'angular^ t ^ 
andesitic fragments, .most of them 2 to 6 inches in diameter.' 
Near the mpiith of the canyon the conglomerate is finer-grained, . 0 3 
some of it evenly bedded, and includes a few green pebbles. • ' * 

Immediately alongthe Eas t Fork of the Sevier the lower pari 0 3 

of the Brian Head formation is absent. Black Canyon is walled 
in by volcanic breccia that normally constitutes the upper pa r t 
of the formation, and for about 4 miles below the mouth of 
Deer Creek this niaterial is covered by lava flows. Far ther 
north the overlying lava has been largely removed and the con­
glomerate forms the bench lands along the river and presum-
ably hes beneath the alluvium aJbout Antimony. In the walls 
of Black Canyon where 60 to 100 feet is exposed, the conglom­
erate is roughly bedded biit -»>ery poorly sorted. I t consists 
chiefly of wedge-shaped and slab-like 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 
scoriaceous 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 and 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 trachytic vent and which is composed 
chiefly of cinders." ' , 

, The Briari Head formation includes the oldest volcanics in 
the southem 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 Tert iary sediments pass entirely 
through the formation. Likewise, in the absence of diagnostic 
fossils or other conclusive eridence the age of the Brian Head 
formation is uncertain. Because it lies above the typical lime-

' stones of the Wasatch of late ( ?) Eocene age and, disregarding 
the lava flows below s t ra ta 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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'-'''• Petrography. 

Selected rock specimens from the Brian Head formation were 
studied by Prof. Bronson Stringham, University of Utah, whose , 
report is summarized as follows. > 

Rocks from the Western edge of the Sevier Plateau: 

. Mouth of Red Canyon. Liiriestorie. Calcite 98 per cent; 
quartz fragments 2 per cent, 

Losee Ridge. Acidic tuff. Clastic fragments of quartz, 
feldspar, hornblende, and glass. , , , 

Limekiln Gulch, Calcareous grit (tuff ?)., Fragments-in 
order of abundance: chalcedony, carbonate, quartz; feldspar, 
hornblende. Grains 1 mm. to 0.1 mm. in diameter, very irregu-
lariy shaped and angulair. Cement of coarse calcite grains 
make up about 25 per cent of the rock. 
• Limekiln Gulch. Green sarids. Clastic fragments in order 

of abundance; quartz,, feldspar (andesine and labradorite), 
calcite and doibmite, quartz and feldspar aggregates, glass, 
lithic fragments of basalt and andesite, hornblende, magnetite, 
and kaolin. Fragments round to subi^ound, 2 mm. to 0.05 mm. 
in diameter cemented by a green flaky to fibrous mineral identi­
fied as chlorite, var. clirioclpre; chemical and optical tests dis­
tinguish it from -vivianito, glauconite, celadonite, chambsite, and 
greenalite. ., ; . ' 

Sanford Canyon. Igneous conglomerate. Fragments of andi:-
site and basalt of usual composition. 

Smith Canyon. Igneous conglomerate. Lithic andesite and 
baSalt,fragments and porphyritic crystals. Grains in ground-
mass 1-3 mm. in diameter. , 

Smith Canyon. Vitric crystal tuff. , The 7 specimens from 
lenses in igneous conglomerate are dark to light green in color 
and contain quartzj feldspar, hornblende, biotite, acidic glass 
with shards, and other minerals characteristic of igneous rocks. 
Green color due to numerous shreds of chlorite, which consti­
tutes the cement. Closely similar to "green sands" in Limekiln 
Gulch. 

Rocks ffoni the Western edge of the Aquarius Plateau: 

- Sweetwater Canyon. Limestone. Calcite 98 per cent; 
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quartz fraginerits of-various sizes,, and a la ttie colloform chal-

^cedoiiy. ' • ' ' ; ' .•:--;-'.;;','i' 3 : 7 z S . > 
Birch Creek,,, !'Limest6ne;i''Chiefly calcite (90 -f per cent) , 

and angular fragments of. quairtz/!: [This rock closely resembles 
the calcareous" silt in,nearby Horse Canyon, analyzed in Sec-

'tion 2,-]'' , ' . ' , ' • ; ';.;,';.!;, X 7 p 3 3 - 7 
Cleaves Gulch^^;Ck»n'SPlida!tetf ash Contains quartz, ortho 

clase, • plagioclase, biotite,'!'glass, and chalcedony. Glass in 
shreds, rods, and sliai'd-shaped'bbdiies 
. B l a c k Canyon., Igneous .cpriglomerate Chiefly coarse and 

' fine-grained andesite !̂ arid basalt boulders, includes hornblende 
.-crystals and black vitrophyre. -;-: 

,', The laboratory study of,.thin:sections of rock considered 
typical of the Brian Heaci forination supports the field observa­
tions that on the Paunsaugiiht.; and the southem Aquarius 
plateaus-the lower-part of ;the .Brian Head formation consists 
almost wholly of calcite arid that no rthward the relative amount 
of clear quartz and,of chalcedony increases and the pyroclastics 
become mpre and more prominerit.'. However, the change from 
dominant limestone to dominarit,.tuff is not regularly proges-
sive. In places the pyroclastics'include calcareous silts and 
in other places chunks of chalcedony and rotted andesite 

. appear in outcrops composed^ essentially of thin-bedded lime­
stone. . , •-' , ' , ',-':'•' 

- ; ' ' • - , ' ' - ' • ' . • " ' • ' * - • ' - • ' 

' , .' SEVIER RIVER FORMATION /PZjocen^ or Pleistocene) 

' Rocks doubtfully correlated with the Sevier ^aver formation 
outcrop in sinall.areas on the, Aquarius Plateau and along the 
South Foi-k of the Sevier River arid its tributaries Character­
istically they are part ly consolidated gray boulder conglom­
erates lenticiilarly interfbedded -with gray, tan, and black sand­
stones. !A^ exposed along Highway 89, south of Panguitch 
they include basaltic, and andesitic conglomerates containing 
boulders as much as 2 feet in diameter, finegrained volcanic 
debris, clay, silt, aiid scattered.pebbles of chert and chalcedony 

, The iriaterial ob-riously-was depbsited by streams flowing in 
poorly defined channels arid subject to wide fluctuation The 
outcrops show the texture,' the'style of bedding, and the vertical 
and lateral uriconfomiities that characterize fanglomerates of 
local origin, accumulated in (local basins (see PI 11) 
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•'' '•. '• • ; '!,••'•.. P L E I S T O C E N E ' A N D R E C E N T S E D I M E N T S . ' . ' 

.., 'On the Aquarius.Plateau glacial till, in. some valleys kames, 
•rest ,on the lavas and ice--bpme debris borders several lakes. 
Near! the mouths of Casto and Red Creeks stratified drift that 
contains Pleistocene fpssils is exposed .beneath alluvium and 
t!alus.' . In thie banks of Casto Creek 60 -f- feet of glacial sedi­
ments aresufficieritly corisPlidated to permit erosion by spalling. 
The predominant material is'd&rk-gray, compact sandy clay in 
.roughly shaped beds 1 to 3 feet thick; subordinate materials 

.are maris arid coarse gravel. The marl, in places chalklike and -
intei?bedded with ash, siliceous silts, and ash (?),, forms white 

- .layers 6 to 20 inches thick and'cpntinues for at least 200 feet. 
.\ The gravel, which consists, chiefly of irregularly; shaped little 

worn igneous fragriients l/s to ^ inch in diameter,'is distributed 
•isislens^s-^thicker, riiore numerous, and coa,rser toward the top 

" of the deposit. . • , . ."' ';;, 
; ,,-;In consequence of erosion during Recent times most of the 
..streams are cutting deeply into the valley, fill laid down during 
-a previous cycle of aggradation. . , , 

In late Pliocene and Recent times the rockrfloored canyons 
were part ly filled with alluvial and, locally, lacustrine deposits, 
which, in cpnsequence of a change in stream habit from aggra-

'datiori to degradation, is. now! in process of removal. Gen­
erally along, the Sevier.River arid i t s tributaries the once 
continuous flat expanses of stratified sand and gravel have been' 
cut into terraces. ' During the past half century the intricate' 

,;diBsectibn of the fill has caused the relocation of roads and the 
abandonment of much farm land (see PI. 12). 

, , - 7 , , ; . ; . ; • , , S T a A T I G E A P H i c S E C T I O N S . - ' 

; 7 , : y y . J , : - ^ : : IZSectio-n m-:ii-ntimony--Canyoni. -

Composite.of 4;sections measure'd withini an area of about a square mile 
3 ' ' ' r ' y ' . ' 7 ' : 7 r '•' ' X : ~ 7 ' : / ' • ' • ' • , ' • ' y . - •:. 7 :-. Fi-^f. 
>16.. Alluvial_ sand and 'gravels'- in terraces bordering, s t reams; 

.. ,'• talus and landslide; debris on slopes. 1', .'.•̂ . ; . . . 

' U n c o n f o r m i t y . ; ' : . . ' - . . ' , ' . : ' , • • - ,; ,:: , ' i ' ''-,''!'' ' 

.16.- Basalt, thin .sheet, covering small, areas on" the 'Aquarius 

..'. .:Piateau;^^':-'; ';^;-, ' ;•;,;',., :';-!!-.; ' • ' • ' ' ' • . • • / ' ! ! X ' v , ' . : .-• 
'Unconformity '.' , -. '• -. -". -, , , , . ' 

14. Sevier River ;(?) formation. [Recorded by, D, C. Duncan] . 

Feet 

O-lOO 

Gray bouldei- conglomerate interbedded. with salmon-pink 
-sandstone.... Conglomerate consists of, volcanic boulders in 
;angular sand-matr ix . Unit poorly c'onsolidated, weathers 
in low banded cliffs and steep, slopes, estimated . : ' . . . . . ' 600 
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in tlie Upper Sevier River Valley. 

Unconformity 
13. Andesite ( ? ) , dense 

2 to 6 feet thick; 
agglomerate and of 
lava. Stands as a 

• Antiinony Canyon 
Aquarius Plateau, 
downthrown block 
masses weather into 

and porphyritic, in overlapping flows 
includes irregular masses of igneous 
massive, amygdaloidal and scoriaceous 
wall about, the headwater branches of 
and southward forms the surface of 
At the mouth of the canyon, on the 
of the Paunsaugimt fault, remnant 
knolls. Maximum thickness, estimated 

599 

1000 

Unconformity 
Brian Head formation 
12. Volcanic conglomerate: chiefly angular, fragments of acidic 

lava: contaiins some blocks of sandstone and scattered 
quartzite pebbles ; 

Unconformity 

Tropic formation 
11. Shale an4 sandstone, lower part faintly banded gray brown, 

buff, and d rab ; upper half dominantly gray green and t an ; 
arenaceous and argillaceous, rare gypsiferous and carbon­
aceous shales in groiips 2 to 100 feet thick overlap or replace 
along strike massive, thick bedded, and thin bedded sand­
stone I 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 fragmentary fossils; 
weather as steep slopes .broken by narrow projecting ledges 
of limestone of concretionary iron . . . i 

Dakota (?) sandstone ' ' 
10. Conglomerate and sandstone, gray and t an ; commonly 

roughly bedded, coarse sandstone with scattering pebbles^; 
locally a mass of well worn quartzite and limestone pebbles, 
% to 2 inches in diameter and angular slabs of sandstone 
embedded in a calcareous and siliceous matrix; grades 

, into No. 11 
Daiiota (?) sandstone 

Unconformity 
Curtis and 'Winsor formations, 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 
8. Shales, yellow gray, sandy, slightly gypsiferous; irregularly 

alternating and lenticular, even bedded. Forms steep slope 
• 1. 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 sand 

Total Curtis and 'Winsor formations 
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600' .''' .Herbert AE. , GregoryXGeplogic Observations 

'.-,'Unconfortnity''(?) i'''.''-'''.'':''.->'̂ "..-i'f-'"-̂ '-'.' r. •'"•'"-'• '"' -.- ' '". 
C;,,Entrada.Ban(btone.'.'"f-•'.'.7.-•j5i's';--..v-. jl';.,•- -,' .-; , ' . . . , . ,' ' ' ' • . 
'Y'..6.r5,;Sandstonej'.de'ejp',red,.Btreaked'w bed'de^, in . 
',-'> •; .^-places siiajy; Veil':, rounded, -fipe -grains of -quartz! cemented .: 
'Z- Z y ^ lime,ana iron;^slightly gypsiferoiis; generally'at the 'base 
;^', '; ';i '.aild ;locally' higher ; u p ; mcliides •yellow-white .bands and 
;,'''.;.; lenses^of well worn -pebbles of quartzite, .quartz, and lime-
,.-,..; .'.'stoiie. ,, Weathers as -steep,', slopes apd cliffs marked 'by 
"i\;,v'';;groo'ves,'pilasters,, columns, and detached towers; generally 
.,; . ' -'.j.tpp,beds hardehed toJform shelves and 'projecting ledges 

<-';'.Unconfp'rmity.'.?,.'.,.'^f-'! ;'-''•','''•";.• '.,'.,.''' '-*!-'.'-.-ri^'' '.•'• '. -•-„--•'; • •'''•--'., 

';'.. Carmel formation-1/-.,:.'"'"''^'-.'C':. i •. '.i.',. , ' : ' i , '-'''"^''"''''" -' '• 
' ' ' ' 5. Limestone,'. gray, b l u e ' g r a y on fresh -fractures;-very. thin,. 
; - . - , ? , ' beiided,, even- 'bedded;: 'dense, brittle, in places friable; -i 
•..'"'/•'_ wea thers ' in to 'ha rd , ' angu la r chips. . A t ' t h e base and top, 
;''.,',.', 1^'brown and. greenish, sandy, .calcareous' shales; surface of'. 
v!-;..,"v! some;;,beds show ;ripple marks, worn trails, arid' lumpy|. 
l:-'.'.'.'•'aggregates - ( a l g a e ? ) ; marine fossils.; Stands nearly vertlcsil,, 
-M'.-i agains t 'Navajo ' sandstone; 'weathers . ; , into dtkelike ridges 
;',„, , and grooves, ' . . . , . ' . . . , . ; ' . , „ . ' . . . . . . . . . r.'. '. '.. r . . . . . J . . . . - . . . . . . : . . 

'.i^Unconformity'''-.;. •*/•,• , ' . ' - ' . , , - ' ' . , : . . ; . . - '1. • ' ' '•-: ;.'•";'-.,.''. • .'. 

; Navajo.-sandstone -^---.-i;,-^'!.'..'.'.;.', • , - . ' , . . •- i'. 
4.j Sandstone,, l ight ' /gray, ' i n -p laces tan,, generally' massive, 

•'.>' ;_ except-fpr ' imita.outlined by, widely 'spaced' indist inct bed-
'..',, -•'dihg.iplanesi iji.'part.'cross bedded; composed,of very-fine ' 
;" ^ ' . spherical .'glis'tenirig grains of" quartz;; intricately fractiired ' 

'•i,.-.,,-and faulted on a small scale both along'and- across s t r ike; 
'',1-,';', " .stands";nearly, vertical. Average-thickness .estimated '7... . . ' .-, 

;r,Unconfprmity':'-,,fauit plane,',',.'.''̂ 'i';'- '̂:''''',«.:•''-'•'." '':•;-.-'•,':'..' \ 
tphlnie, .(?)! formation:;t^^ and 'Winsor (?) formations 
''\'3.''-'Shalej' green; '.aJsh. gray,-rarely pink'.or-.white; argillaceous, 
:-;•>,-''. arenaceous,.and.gypsiferous; very^fria.ble;;dips westward; 
.5̂ . 'I r '; 'separated ;'from No, 4.-,by-a'.fault.';^ 3 are gen-
,;'.•<>'->,"''erally.,'concealed by coarse graVel'..;.;;.'.'','.';.-J.;', 
. ; ' 2 / Shale and-' thin, irregularly-bedded sandstone,, deep red, m 
:;;;.'...;• •,,places;'tan; includes tiny flakes apd lenses;of;.'drab, gypsif-
yp ' ' 7 f erous,' compact clay; "dips-steeply west to- 'a.fault contact 
. ' .":i', wjthacidic lavas vr. ;'•.".-.•.;."...-.': .'..••...';;•...-.. i . . : .v.-; 

>-y 

^''•.yfy-'vy 

'<>v ! ; ' - • ; 

.'.''.-••' 'V^.W 

S'Unconfqrmityi:?- fault^plane'.'?. •,:."-,/ 
'yShinaruinp:-(f);;co;nglomerate. '•';•- '•;., 
'•' '-l.'f.Conglomerate;- gray; lenticiilafly. stratified ,and cross bedded; 
,/;-;^,;j.pebbl,es'chiefly'.quartaite,!'qi;artz,, arid raire 'hard; black lime-
v^,Ci*stone,'lweil'-TOurid)ed, -some,polished, the largest pebbles as 
Vs.;,;;..-'' imuchjas'.5'inches in.diapieter; includes lenses ,pl sandstone; 

' y y Z i 7 ! ..-''-V'V).inatrix^bf siliceous,sand,arid'gra^^^ tiny frag-
' • V - .;'• .,7.- ;..'/.','n.;'.;ments'of,metaiBorphic;.arid igneous ,(?),'rock,-..'.• 

-yppy3373S73^^^7>^reS!Zi7p7Z7pSz:z77'3 77X7777... 

.." '.- 7'XZ--737XZ.Zy7X'''3:Sr:33'ZyZ777:'73'77:.^'..'.. '."' 

7.,-:r7777'^yr,y7337z37Z'r'73Z-XZ37X7'3X-: •'"^'•'./.!!"•;' '• ,." 

180-220 

t-^i.•y.^^ 

4686-0820 

- r-rrXm 
• • r y m ^ 

Plate 11. Cluiracteristic exjjosure of tlie Sevier River (?) 
formation along Federal lilghway 89 south of Pan-
gmtLh 

't>i^3 ^ 
h • 

»-'" ^'^SS^^^3, 
X .pj'dpz^m-

.-•SyPJ.3fp7ps,: 

Plate 12: Bank of Red Creek below the moiitli of Red Canyon. Wall 
of Recent alluvium rests unconformably on fo.ssiliferous marls of 
Pleistocene age. 
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in the Upper Sevier River Valley. . 

8. Sec t ion i-n H o r s e Creek Canyon . 

4. Andesite (?) in sheets and lumpy masses of igneous con­
glomerate; iforms a bench between faults (?) on the west . 
:flank of Aquarius Pla teau; thickness estimated . . . . . . . ' . . . 

Brian Head formation 
' 3. Igneous agglomerate. Bouders of dense and scoriaceous 

• lavas; largely concealed by talus from No. 4. .Thickness 
• estimated 

2. Shales, white, calcareous and siliceous, mainly amorphous 
-• consolidated si l t ; regularly stratified in beds 2 t o 4 inches 

, - th ick; resistant beds form projecting ledge near the top 
Mid little shelves and mesas on an otherwise nearly vertical 
cliff; slopes coated with glistening white powder which are 
small fragments of chalcedony '. 

'; ' Total Brian Head formation ' . . . . 

Wasatch formation . -• 

• 1. Limestone, pink and light red; generally in thick, massive, 
poorly defined beds; fairly well stratified near the t o p ; . 

, includes thin, hard, porous layers concentrically overlapping 
, as .in t raver t ine ; near, the base lenses of gray conglom-
' erateT-r-small rounded pebbles of quartzite a i d quartz 

embedded- in calcareous material; forins nearly vertical 
. cliff carved into pinnacles; par t exposed , . . . . . . . . . . . ' . 

Total thickness measured . . . . ' . . . 

601 

Feet 

600 

400 

120 

620 

'620 

1640 

S. S e c t i o n i n C l e a v e s , G u l c h near " B u r r o Fla t / . ' . JII.-\-Miles S o u t h of 
Cen te r Creek, • ,•' , 

, • ' •"( ' ' • , ' . F e e t 

4. Andesite porphyry?, megascopic crystals of orthoclase in a . 
groundmass of feldspar and quartz; , basal 6 feet red and. 
black sheets, 3 to S inches thick, extremely dense, some of It 
'glassy. Forms top oif fault block on the lower west flank 

, of, Aquarius Pla teau; largely destroyed by erosion . . ; 260 

Unconformity •. , 

Brian Head formation " •'. 
.,;3. Conglomerate, imstratified, composed of angular igneous ' ; 

.pebbles, the largest as much as 4 feet in diameter; ground-
mass of igneous gravel and sand. Forms nearly vertical cliff 86 

Unconformity , ; , , ' 

3. Limestone, siliceous, dark gray near base, white above; 
fairly regular beds 3 inches to 3 feet thick; includes chal-

' , cedony in thin sheets and lenses. Forms steep uneven slope 180 

• Total Brian Head formation '. ' 216 

Unconformity ' 

Wasatch formation ' , 
1. Limestone, pink, massive, sandy, includes lenses of calcareous 
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6(02 Herbert E . Gregory:—rGeologic Observations 

• •••• clay shales stratified like lacustrian silts; largely concealed 
.1 ,• by debris from landslides and dissected alluvial fans; part 
•̂-"̂  'exposed . . . . : ' . . , . . ' . ." . . . . . ' . , . , . . . ' . . . . . . . . . . . . . - . 

'•';.',; Total'thickness measured . • . ' . . . . ' . . ' . . . . . . . . . : . . . 

, •• . , . •4... Section in Nor th Branch of Limekiln Gulch. 

;Brian Head formation", , • , '. .- . 
'>.7.; Volcanic,breccia; part exposed estimiited . . . . . .•.'.'.. .• '.. 

Calcareoiis'and'siliceous shale', volcanic ash, travertine, and 
'.fine-grained sandstone, indistinctly banded pirik, white,'and 
• yellow,; regular beds; much chalcedony in thin slabs 1 to'4 
•feet in diameter; weathers as hard surfaced,'steep slope.. . . 
Sandstone, green, coarse grained; in 6 fairly regular groups 

. .- , ' ' , ; ' " , • of beds 1'to 6̂ feet thick, hard enough to form cliffs, that 
.. ,' ; . weather,, into knobs and' columns; contains smallpebbles 
'-'. : . ; , ' . „ ' of quartz, quartzite, and.,igneous ,rock, isolated and in-

' , ' , --" • .strings; at, base irregular-lenses• 1 to 6 inches thick, 10 
' -•- • ••.,-_ . . ." to 60 feet, long ot gray hard, siliceouis'limestones; in the 
'., ^ ' ' 'i- •'; green sand ,the microscope reveals' hornblende, magnetite, , 

-^-'.- !-,,.,k •;' kaolin,,.glass, andesane, labradorite,' calcite, dolomite, and , 
•'• -; '"-, ; \ ' •• subrpunded fragments pf basalt and andesite .06 to 2 mm. in 
'''••,",-•' ;;,-•='•' diameter'cemented by a fibrous green mirieral—chlorite (?), 

- ,--•,*, , - • - ' • - celadonite (?) . . :.... . . , . ' . . ' . ' . . . , . . . ; . . . . 
].':My-. .. ,'•".'*•. ,Shale, along strike and in sequence, various shades of green, 

%--fC -''.':"'--.yellow, brown, and gray; essentially sandy clay and ash;': 
[:.Xl • .'- ." -•• ' ^^ grained regular beds; very-friable except fortightly 

- ., ,•'• r*v;i' ' 7: cemented lozenges and discs'that weather as.knobs and caps 
-...--' -.y:.',:- of pinnacles,;'.At 22 feet above the base thin band of rusty 

' - • ' , ' ' i •' - ' pink limestone and at 42 feet a thin black band composed 
.chieflyof magnetite grains. An intricately dissected slope 
Shale, green, sandy,' interbedded with, impure limestones; 
includes lenses of conglomerate and sandstone, much chal- -,. 
cedony,including near the, base a lenticular-mass'2 to 2% 
feet thick'and lOO+feet long; forins a steep'slope dissected 

*-into-mounts', and gullies ..'...- ;.. ' . . . . ' . .', 
Limestone, white, siliceous,, thin bedded, includes much con-: '. 
• gloirierate with calcareous matrix composed of subangular 

pebbles .of black and white • quartz, variegated quartzite, 
black limestone, and dense igneous,rock fragments, some as 
'much" as 2 inches in, diameter-.'.;'..'.:.,.'./.,.'...': '.-
Red conglomerate , . : : . : . ' . . . > : . . . . . - . . ' . . . . ; . , , . . ; 

in the Upper Sevier River Valley. OVO. 

3. 

2; 

-:;,..'. ,',:,:Total Brian Head formation ...;........ . . . .-. . . .•. .-. . . ' . . . . . . 

.Wasatch fdrmation;-compact pink limestone ;' ' ' 
'>:i "• ' In this .section unijs 1-3 were measured by J. C. Anderson: 
',';•-. on the upthrown side of the Sevier fault at the-base of 
: ' ' „ , Blind Spring Peak, about'2 miles northeast of Nos. 4-7; 
•-, 3'i'P'"<*l'*tily duplicates': in part unit 4, incompletely exposed 
. • ' in the-do-wnthrown block.•. : - - ,• , ' ... ,'• 
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EXTEtJSIVE IGNEOUS EOCKS. 

Within the drainage basin of the upper Sevier River andesites 
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 period of volcanic activity and not 
long after the volcanic breccia in the Brian Head formation 
was laid 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 composition 
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 traverses reveal a 
greater variety of rock type and much more complex inter­
relations. 

1. Mouth of Red Canyon. Olivine basalt. Well' shaped 
phenocrysts of olirine and labradorite in lattice-like ground-
mass of labradorite. Crowded between the laths are grains of 
augite and magnetite. In par t vesicular. 
. 2. Mouth of Red Canyon, Hornblende basalt. Minerals in 
order of abundance: labradorite in small crystals and pheno­
crysts, augite, homlblende, glass, and magnetite. Shows small-
scale vesicular structure. 

, 3. Losee Ridge. Basalt., Microscopic crystals of labrado-
rite, augite, magnetite, and subordinate glass. In one thin sec­
tion the structure is vesicular, in another cpmpact. 

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, subniicroscopic 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. 
Large and small crystals of andesine, prominently zoned and 
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 
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'"̂ ' specimens a very dense, light-purple'rpck criss-crossed with. 
" -.short .white laths.' Microscopereveals phenocrysts of andesine 
;.:':'in a'ground mass of'crystals of submicroscopic size. ' 
^., '•.,;7.,-Aquarius,Plateaii near head of Anticjiony Creieki Basalt. 
;.', .Minerals 'cipnteiit:,. oljvi.ne phenocrysts, aJbpiit 10 per cent, 
, , aiigite'S per cent,' magnetite 2; per cent, and ibasic turbid glass. 
"Z The labradorites, which constitute 90 per cent of the feldspar 
'-."i; crystals, 'range! in,size from phenocrysts 3' mm., in length to . 
: V microscopic .fragments-and'are more or ..less,tabular, in form. 

v:-Their, molecular coinpositibn is Ab46AnBB;., The larger crystals 
,;;'"^are zoned, and-material,of the outer run is close to albite in 
;r';.*cpinposition..;!A: little opal i spresenf in vugs. ;! This rock, col-
^i^'lected as'_ representative, of the extensive lava sheets on the 
:;:\ .Aquarius .Plateau; may be! 'part,ofriocai;.extrasion.' Dutton 
,; ;.-states 'that the rocks on the Aquariys,are'"chiefly hornblendic 
1 ' trachytes' coroimngled with very extensive' masses of avigitic 
.- ' 'andesites." ' l̂ r"'" T'/ ' ', ,' , ' ' , . ' . ' ' • ' ' . . ."• '• ' ,! ' ' ' ' ' 

i j 

'M 

in the Upper Sevier Rirver Valley. 605 
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STEUCTUEE. 

' . 'ri.yy 

• - . . . . . y -

' : • ;The.major structural features; of the upper: Sevier valleys 
are the Paiinsauguht fault, which marks the west base of the 

.!Aquariu8'KPlateau,;and the.Se-rier fault, which.lies .along the 
west base of-the Sevier Plateau. The main Paunsaugunt fault 

ji'liesiii a. zone of faulting t ha t extends southward across Utah 
.'a'nid intd'ArizonaWnd northward along baseiof the. Awapa 
rpiateau--^the Grass Valley fault of. Dutton!.-,The Sevier fault, 
;which. also ,Extends'far southwa:rd and north-ward,, is in most 

"places'represented;by a single escarpment !and a narrow 'belt of 
','displaced; rock.'.;;;'- '•:..'-•,. v ;.' -i 77' ': :-73:3'':- ' ' • ' . ' 

V Thei!ppsition arid the effect of the Paunsaugunt,fault zone 
, is !reyealed m?the topography and the .attitude' of the lavas and 
'"underlying sediments.,Toward the fault the.lavas and the under-
V lying igneous conglomerates that,; cap the Seyier /Plateau dip 
' eastward tp-their.termina tion in .the East! Fork Valley,' where 
; .'remnants'stand:as,inclined,blocks/^\!E^ of 'the fault the cor-
.responding; lavas J and pyroclastics,. fonh' the surface, of the 
r, Aquan^s^PlKteau^ ,-at\^ to lliPOO-f feet. 

:\'',vThu'8-!.!the',-height:.;.or;th^^^^^ Aquarius Plateau-^about 3;500 -feet 
• abo-ve-its i^'westward ibprderin'g'lowlands-^measures the !move-
. ments'withiri a zone, of ̂ fracture which here cpnsists of three or; 
, more roughly parallel faults, that 'give to the .west flank of the 
, plateau the':aptpea:rance!pf,a'series ,o!f giant steps. .The west-
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emmost of these faults forms the eastern wall of Black Canyon 
between Osiris and the mouth of Deer Creek and for a few miles 
south is marked by tilted and fractured blocks through which 
the East Pork of the Sevier finds its way. North of Osiris the , 
fault continues across Center and Poison creeks where, in the 
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 s t ra ta to 
the level of the Tert iary volcanic conglomerate. A second long 
fault marks the base of the escarpment at the heads of Birch, 
Ranch,and Center creeks, and a third is assumed to mark the 
positipn of the high cliff-bound tables near the plateau top (see 
Fig. 2 ) . In addition to these major displacements, expressed 
in the regionaltopography, faults with throws of 130, 250, and 
400 feet cut the walls of Antimony Canyon; movements of 
similar amounts doubtless have occurred elsewhere along the 
western edge of the Aquarius Plateau. Faults with throws of v 
2 to 10 feet, slickensided fractures, and belts of crushed rook, 
are, fairly common, especially along lines of closely spaced 
jointing. , , 

The Sevier fault is marked by discordance of s t rata associ­
ated with abrupt termination of color bands and, in distant 
views, by rock terraces which outline the upthrown and down-
thrown blocks. Its position and its salient features are plainly 
revealed in the great canyons that score the west face of the 
.Sevier Plateau. (Crossing the mouths of Red and Casto Can­
yons the fault-line scarp, developed in Wasatch formation is a 
vertical wall 100 to 500 feet high. Farther north in Petersen 
.Wash and Limekiln Gulch the pink limestone of the Wasatch 
abuts against 'the white tuffaceous material and the conglom­
erates of the Brian Head formation^-^in places against lavas— 
and in association with the major fault, minor parallel and 
'obUque faults cut the sediments into blocks -variously orientated ; 
some dip east against the main fault plane, some,southeast or 
southwest. The Se-riei: fault, as pointed out by Gilbert,^",'lies 
within a very narrow zone of disturbance; in places it is a 
single fracture. Disregarding the effect of the slight eastward 
(Mp of adjacent s t rata , the stratigraphic displacement effected 
by the fault east of Panguitch is estimated to be 1,000 feet; 

"Gi lber t , G, K.: 1876, Geog. Geol. Expl, and Surveys W. 100th Mer.! 

vol.'S, p . 49. 
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the severed parts of once continuous masses of igneous rock 
^ remain at altitudes of approximately 7,000 and 8,000 feet. ; 

For about 100 miles north of the Grand Canyon of the 
Colorado the Paunsaugunt and Sevier fauts are roughly paral­
lel, nearly vertical, and essentially single displacements, but in 
the vicinity of Widtsoe and Panguitch these simple structures 
lose their identity. Especially in the- downthrown blocks 
numerous faults replace single features, ,and north of Circle­
ville Canyon the fault patterns become remarkably complex. 
I t is ifateresting to note that this radical change in the char-] 
acter and distribution of fractures within the Serier fault zone ; 
—^more characteristic of the Great Basin Province than of the 
Colorado plateaiis—is substantially duphcated at Kanarraville. 
and Cedar City, where the Hurricane fault fans out into many 

, faults of various displacements and ahnement, among which 
the master fault is difficult to place. 

In, the absence of established time markers, the date of fault­
ing in the upper Sevier Valley can be fixed only approximately. 
•The Paunsaugunt and the Sevier faults have broken all the 
Tert iary sediments, pyroclastics, arid lavas, and most of the 
"smaller faults traverse several formations, but the pressure 
that produced them may have been exerted at ariy time or at 
several times since regional uplift created the present High 
Plateaus. The great erosion that has remodeled the upthrown 
blocks and covered the downthrown blocks -with allurium, in 

.places fully 800 feet thick, is evidence of long lapses of time. 
On the other 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 i*ather 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 (?) Ter t iary time and are still in,, 
progress. 

BERKICE P . BISHOP MUSEUM, 

HONOLULU, HAWAII . 

NOTES ON THE CRETACEOUS SPECiES 
DESCRIBED BY !KARRER.;.^ S'^y^ 7,: 

•30?;EPB:''SdzipkmSS,S7X77-x7-s7-' 
ABSTRACT. The new spiecies described by: Karrer 'in ' l87o! ' f r6 in ' the ' . . ' 
Cretaceous pf Austria were studied in Vienna. The actual speclnieris-.were;*'; 
redrawn and notes made as to the validity. pf ' the species!. '- " ,•;•-., , '! . . ,-. . 

I N 1870 Karrer described, a'foraminiferal ,fa"uria< froiilV'the :-\ 
Cretaceous of Austr ia: "Ueber ]eiri' neues Vorkommen-;von '^; 

oberer Kreideformation' in ;Leitzersdorf .jbei" Stockerau,;,!und ' 
deren Foraminiferenfauna" , (Jahrbuche.der k. k. geblogischen. 
Relchsanstalt, vol. 20, 1870,'pp. 157-184, pls . lO, '11);^ .ManyJ;-^ 
of the species are referred: to ^those described., earlier;' by;';. 
d'Or'bigny, Reiiss, and others, but- thirty species; are /described', 
as new. As some of our Aniericari Cretaceous species i-esembled : 
the figures given by :Karrer, ,1 made ast i idy of-the type speci-f.: 

. mens in Vienna in-the summer of 1932., Although the''type'.,, 
specimens were not in all,cases segregated, it was,possible to-' • 
determine'which were the figured .ones. I t was -at once apipar- , 
ent that , as in many other papers, the illustrations -were inpre" 
or less conventionalized arid in some cases were inisleading..:! 
For future reference notes were made on these types and nearly ,.•. 
all of them'were redra-wn from the original types.' ' As "'Boine> 
of the species naihes have been used in ' connection withrbur ' . 
Americari Cretaceous forms and others are closely allied tb^ 
them it seems worthwhile to present these notes arid drawings 
that they may be availablei to American workers^,; on the , 
foraminifera.; " •-.' '-,;- _;' - • '• •. r " ' Z 77-77.}'- ' ' '. 

Gaudryina cretacea. (Ka t re r ) (Pl. 1, fig.; 1) . ' ' ' -:•-».;•-'., .>•'..'-: 

•VemeuUvna cretctcea'Karrer, Jahrb . k. k. geol;'ReichsanstV yol.'20J1870,j,^ 
p . 164, pi. 10, fig. 1. ; : - ! ! ' • ' . . , ' , ' . . , ! ' . , . , - ; 

Oaudryina rugosa Karrer , (not 'd 'Orbigriy), 1. c , p . 166.-!-Egger, .'Abharidl.V , 
kon. bay..Akad. "Wiss.' MUnchen, Cl. I I , vol. 21, 1899, p . 37,' pi, 4,. figs. ' 
i * . i 5 . : - ; , , . . \ . . • . ' . . ' ..- . . . ' - , - . - ' • ' ; - ; • ' , - ' ; . ; 

Oaudryina cretacea Cushman, Special Publ. No, 7, Cushman Lab,"Fora'm. ;• 
Res., 1937, p. 40, pi. 6, figs. ,3-9. ;., . ' ' 7. ' 3 ' . ' ' ' ' ' .7'3,7:,. . -7 

The type, here refigured, is the young triserial stage.' .The 
Karrer collection shows adults also tha t he • referred, to 
G. rugosa d'Orbigny but they are not the same as d'OiAiigny's 
species. The species,is coriimori and widely distributed in the 
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Geology of the Marysvale "Volcanic Field, West Central Utah 

T. A. STEVEN, P. D. ROWLEY, AND C. G . CUNNINGHAM 
U.S. Geological Survey, Denver, Colorado 8023) 

Ass-rRACr.- The Cenozoic geologic history of the Marysvalc area of west 
central Utah is largely a chronicle of volcanic events that took place during a 
succession of tectonic regimes. Volcanism began in late Oligocene time, 
about 30 m.y. ago, during a period of tectonic quiet. In the succeeding 10 
m.y., a complex cluster of intcrmcdiatc-composicion volcanoes, surrounded by 
coalescing volcaniciastic aprons, and local ash-flow cuffs from caldera sources 
formed in an area 80-100 1cm across, in the southwestern High Plateaus; 
concurrently a widcsptead field of ash-flow tuffs developed in adjacent parts 
of the Great Basin to the west. Structural differentiation of the High 
Plateaus and the Great Basin probably began during this lO-m.y. span, but 
no extensive basin-range faulting took place until after it was over. 

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

Basin-range faulting tx:gan shottly after the Mount Belknap eruptions 
and continued through the remainder of Cenozoic time, Fluviatile and lacus­
trine sediments of the Miocene to Pleistocene Sevier Rivet Formation (Cal­
laghan 1938) wetc deposited in che developing stmctural basins; widespread 

. bur generally sparse basalt lava flows were intcriscddcd in these sediments. Si­
licic alkalic rhyolite flows and domes were erupted elsewhere in western Urah 
during this same period, and Together wirh the basalts define a bimodal com­
positional suite that is part of a regional assemblage of similar rocks erupted 
throughout western U.S. concutrcncly wich lace Cenozoic basin-range excen-
sional faulcing (Christiansen and Lipman 1972), 

Mineralization took place episodically at one place or another in the 
Marysvale area from early Miocene (22 m.y, ago) until Pleistocene time 
(Kerr ec al, 1957, Kerr 1968, Bassecc ec al, 1963, Callaghan 1973, Sceven et 
al. 1977). 

PREVOLCANIC ROCKS 

The Marysvale volcanic field (fig. 1) extends across a ma­
jor structural boundary that separates folded and faulted Pa­
leozoic and Mesozoic sedimentary rocks of the late Mesozoic 
Sevier orogenic belt (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 later basin-range block fluking when the High 
Plateaus were developed, but the position of the Marysvale 
field above the earlier tectonic boundary is clear cut. 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 Claton Formation provided a wide­
spread surface of low relief across which the first Tertiary 
volcanic rocks accumulated (Mackin I960). 

A few hills of older sedimentary rocks ptotruded through 
the cover of Claron sedimentary rocks and formed local bat-
riers that affected the distribution of the early volcanic units. 
One of these hills is now represented by an anticline of Pa­
leozoic and Mesozoic rocks exposed in cross section on the 
face of Deer Trail Mountain on the east side of the Tushar 
Mountains 3-10 km south of Marysvale. 

INTERMEDIATE-COMPOSITION VOLCANIC ROCKS OF LATEJ 
I OUGOCENE-
I EARLY MIOCENE AGE 

'Volcanism began in the Marysvale volcanic field about 30 
m.y. ago when' a few widely scattered andesitic to rhyodacitic 
volcanoes began to form. The best documented of these carljr 
volcanoes are (in the Pavant Range in the northern part of 
the field where Caskey and Shuey (1975) and Steven et ai. 
(1977) have described local accumulations of dark lavas an'd 
breccias. Anderson and Rowley (1975, p. 14) noted thin local 
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 southem margin of the field in the 
Black Mountains and northern Markagunt Plateau. A lacco-
lithic(?) intrusion marking a volcanic center of this age was 
emplaced near the abandoned small community of Spry,! 25 
km north of Panguitch (Anderson and Rowley 1975, p. 16). 
An east-northeastetly line of volcanoes extending from Ithe 
west side of the Tushar Mountains, through the Marysvale 
Canyon area, to the northern Sevier Plateau east of Monroe 
may have begun to form at this time. ( 

i ' These I early accumulations in the Marysvalc field /were 
largely overwhelmed by tremendous outpourings of ctystal-
rich ash (flows of the Needles Range Formation (Mackin 
1960, Shuey et al. 1976) about 29 m.y. ago. The Needles 
Range Formation consists of at least three members of Iclose­
ly similar lithology derived from sources somewhere in the 
southeastern Great Basin to the west; these members covered 
more than 50,000 km'. Over most of their extent in /south­
western /Utah and eastern Nevada, the Needles Ran^e ash 
flows spread across a surface of low relief on older sedimen­
tary rocks. 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 
Mountain) or of somewhat older middle Tertiary volcanoes 
(Pavant Range, Spry area, Marysvalc Canyon?). Along the 
northwest side of the Pavant Range, the Needles Range ash 
flowsj were contemporaneous with eruptions at local 
intermediate-composition volcanoes^ and here the/ regional 
Needles Range ash-flow tuffs are complexly interlayered with 
locally derived lava flows and volcanic breccia. Whe're the lo­
cal barriers did not exist, however, the Needles Range ash 
flows extended unbroken across the site of the later Marys­
vale/volcanic field and, together with the underlying sedi­
mentary Claton Formation, demonstrate that no ttjpographic 
barrier existed along the trend of the transition zone between 
the/present Great Basin and Colorado Plateaus provinces. 

jThe local volcanic activity in the Marysvalc volcanic field, 
which began before and continued during accumulation of 
the Needles Range Formation, became more/ widespread 
thereafter and formed a composite volcanic edifice consisting 
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of stratovolcanoes with coalescing volcaniciastic aprons, shield 
volcanoes, and plateaus of flat-lying lava flows and welded 
ash-flow tuffs. 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 vcnt-facies 
volcanic rocks (mostly lava flows and flow breccia) extending 
along an east-trending lineament (Rowley, Lipman et al. 
1978) from the northern Black Mountains actoss the south­
ern Tushar Mountains and northern Markagunt Plateau. 
These stratovolcanoes were flanked in part by thick aprons of 
volcaniciastic debris (mostly volcanic mudflow breccia) that 
are especially prominent along the south side of the east-
nottheast-alined volcanoes north of Marysvale and around the 
scattered volcanic centers farther south. 'Volcaniciastic debris 
is curiously nearly 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-northeast-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 196la, 1962b), and it 
intettongues westward into a volcanic plateau consisting of 
flat-lying flows and low domes of rhyodacite and quartz latite 
lava and a thick accumulation of crystal-rich ash-flow tuff of 
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the Oliogocene Three Creeks Tuff Member of the Bullion 
Canyon Volcanics. The source of the Three Creeks Tuff 
Member is in the Clear Creek 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 volcaniciastic deposits from 
this flank of the volcanic field, but other factors also may 
have been 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 the 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 Range 
Formation is exposed, but overlying vent-facies volcanic rocks 
at least 400-500 m thick are exposed beneath the possible 
Osiris ecjuivalent. 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 rilting could also have inhibited accumulation of vol­
caniciastic debris along the northern side of the alined strato­
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 tuff sheets. The Needles Range Formation 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 
rocks, about 1 km thick, is exposed. Farther south toward 
Kingston Canyon, alluvial-facies rocks become increasingly 
abundant. They predominate in the southern Se\'iei Plateau 
south of Kingston Canyon, where only sparse Icxal lava 
flows and two distinctive ash-flow tuff units, the Oligocene 
and Miocene Kingston Canyon and Miocene Antimony Tuff 
members of the Mount Dutton Formation, are present 
(Rowley and Anderson 1975). 

Volcanic mudflow breccia predominates in the central to 
southern Tushar Mountains south of the east-northeast-
trending line of volcanoes, but vent-facies volcanics zre local­
ly prominent near former volcanic centers. Two ,—̂ ajor ash-
flow tuff sheets are well exposed in the centni Tushar 
Mountains; the lower is the Three Creeks Tuff Manber al­
ready mentioned, and the other is the Delano P ^ Tuff 
Member (Miocene) of the Bullion Canyon Volcanic-, which 
came from a cauldron source 7 km across that occupies 
much of the central Tushar Mountains north of Ba.-.-cr Riv­
er. 

South of the Beaver River, in the southernm.7?i: Tushar 
Mountains and northernmost Markagunt Plateau, me vol­
canic pile consists largely of local vent-facies accum-iirions at 
volcanic centers formed along an east-trending ^^eament 
(Rowley, Lipman et al. 1978). Some locally distina -inits of 
Miocene age have been recognized and mapped '-'.ndcrson 
and Rowley 1975) in the northern Markagunt Plater. Chief 
among these are the autoclastic and mudflow brcc^i of the 
Buckskin Breccia derived from the Spry igneous txiza; the 
cross-bedded dune sand of the Bear 'Valley Formati-jE caught 
against the Spty volcanic pile and filling grabens; 2 K plugs, 
lava flows, and volcanic mudflow breccia of the Hor>r Valley 
Formation in the Black Mountains. The Osiris T'jr r. a dis­
tinctive sheet of ash-flow tuff that is distribut-rc Tiridely 
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throughout the eastern part 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 j>arts of the complex 
pile of generally intermediate-composition volcanic rocks of 
late Oligocene-early Miocene age has been worked out only 
in part, and many important relations remain to be estab­
lished. The whole succession in the northern part of the field 
was included at one place or another in the BuUion Canyon 
Volcanics by Callaghan (1938, 1939), Callaghan and Parker 
(196la, 196lb, 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 within 
these two broadly equivalent assemblages of rocks. 

Marginally to the south and southwest, the locally de­
rived intermediate-composition rocks of the Marysvale vol­
canic field intertongue with regional ash-flow tuffs in the 
southeastem Great Basin (Mackin I960; 'Williams I960, 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 the northern part of 
the field is not known, 'lounger 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 between the Great Basin and the High Plateaus. 
The ash-flow tuffs may have been excluded in part by the 
contemporaneous volcanic rocks in the Marysvale field or by 
structural disturbances along this line which hnay have 
marked the beginning of differentiation between what are 
now distinctly different geologic provinces. 

MOUNT BELKNAP VOLCANICS 

About 21 my. ago the compositions of volcanic rocks 
erupted in the Marysvale volcanic field changed drastically 
and abruptly 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 Great Basin, and the rocks are interpreted 
to belong to the bimodal basalt-rhyolite assemblage that was 
erupted widely throughout the Basin-Range province of west-
em U.S. in later Cenozoic rime (Chrisrianscn and Lipman 
1972). 

The most voluminous thyolites in the Marysvale field 
were erupted shortly after the compositional changeover, dur­
ing the period 21-17 m.y. ago, and they consritute a compos­
ite unit that has been redefined (Steven et al. 1977) as the 
Mount Belknap Volcanics. The Mount Belknap Volcanics 
were erupted . from two contemporaneously acrivc source 
areas, and the ptoducts from the two sources intermix com­
plexly (Cunningham and Steven 1977). The eastern source 
area is largely in the southern p r t of the Antelope Range, 
but it extends into the lower foothills of the Tushar Moun­
tains to the west. Erupti.ons began 21-20 m.y. ago in the 
eastetn part of the source area, where a scries of volcanic 

domes was erupted 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 about 19 m.y. ago, the nearby 
eruption of ash-flow tuffs 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 eruprions took place 18-17 m.y. ago in the Gray Hills 
(name of Kerr et al. 1957, pi. 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 rhyolite 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 tesulted in subsidence of the Mount Belknap caldera, 
which in turn was filled with an alternarirg sequence of ash-
flow tuffs similar to those in the Joe Lott and by rhyolite 
lava flows of identical chemistry. The outflow Joe Lott tuffs 
intertongue with varied products ftom the eastern source area 
along the lower slopes of the Tushar Mountains between the 
two source areas. 

The source areas of the Mount Belknap Volcanics were, 
in the ero'ded 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 arid in low areas on the 
marginal volcaniciastic 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 Belknap 'Volcanics by Cunningham and Steven 
(1977). They believed that the source areas developed above 
cupolas extending upward from a common magma chamber, 
and that the differences in eraptive behavior at the two 
sources reflected differences in size, shape, and depth of the 
two cupolas. 

SEVIER RIVER FORMATION AND BIMODAL BASALT RHYOUTE 
VOLCANISM 

Basin-range faulting became active in the High Plateaus 
area in midcJIe Miocene time and was particularly intense 
during later Miocene and Pliocene rime. 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 at a re-

- duced rate, to the present. 
Fluviarile 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 ocher 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 ate common, particulatly in more evenly 
bedded local sequences. An ash bed neat the base of the Se­
vier River Formation on the north side of the Tushar Moun­
tains yielded a zircon fission-track age of about 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 strata. 

Mafic volcanic • eruptions took place widely during- Sevier 
River sedimentation, and basalt flows are interlayered with 
the fluviatile sedimentary rocks of the formation at rnany 
places. These flows range in age from middle Miocene to 
Pleistocene or even Holocene, and near Cove Fort and the 
southem Markagunt Plateau some basalt shields and cinder 
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 erupted 
20-7 m.y. ago arc sparsely distributed along an east-west zone 
of igneous centers and structural disturbances that Rowley, 
Lipman et al. (1978) have called the Blue Ribbon hneament. 
Several small rhyolite flows and plugs at and near Phonolite 
Mountain in Kingston Canyon are examples. Small rhyolite 
domes, flows, and ash-flow tuffs 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. 

MINERALIZA-nON 

Mineralization took place at many times in the Marysvale 
volcanic field, beginning about 22 m.y. ago and extending 
into the PIeistocene(.') or Holocene (Steven et al. 1977). The 
oldest mineralization was associated^ with emplacement of 23-
m.y.-old quartz monzonitlc intrusions into the cores of older 
intermediate composirion volcanoes. The gold-silver deposits 
in the Kimberly area and the alunite-kaolinitc deposits in 
the southem 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. old. Native sulfur deposits at 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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