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Review of the Skinner Peaks Quadrangle Text and Geologic Map

TEXT

General comments -- There is too much redundance and wordiness
throughout the text. Try to be concise to reduce the wordiness.
Reorganization of the text will reduce the reduncance.

There are too many semicolons used throughout the text.

1. The abstract is poorly written. It is a general listing of
stratigraphy, structure, surficial deposits, resources, and
hazards. It also contains information on depositional
environments of the map units that are from references. An
abstract is not a listing and/or presentation of "reference"
ideas. Therefore, it needs to be rewritten. The following
reference will help you in writing a good abstract: Cochran,
Wendell, 1979, Geowriting: a guide to writing, editing, and
printing in earth science.

2. Ignore this number. My comment No. 1 supercedes what was
originally discussed in this suggestion.

3. Intro, p.2; The manuscript needs a location figure with
regional structures and pertinent location information included.
Included in the Introduction are the following: geologic setting
land use information, terrain description, accessibility info.,
date and length of the project, that it was part of a MS degree
fullfillment, and the sponsoring university.

4. Stratigraphy, p.4; Move paragraph from p.24 to stratigraphy
section intro. on p.4.

5. Arapien Shale, p.5-6; No mention or discussion of
salt/evaporites/over-pressured shales in this section to enhance
or support the later discussion of diapirism. Why is the Arapien
diapiric?

6. North Horn Fm, p.7; rewrite and add sentence, Conglomerate
is (clast-supported or matrix-supported?) and poorly sorted, with
the gravel clasts in a poorly sorted, fine- to medium-grained
calcareous sandstone. Gravel clasts are subangular to ....

7. Green River Fm, p.1l2; Use the terms indurated, cemented
instead of incoherent when discussing the consolidation or
cementation of a rock. Coherent is in the AGI Glossary but in my
opinion is a poor choice.

8. Interpretation .., p.15; Having a schematic stratigraphic
section as a figure would aid your discussion in this section.

9. p.26; Move your Qaf (Qaf3, of Clark) deposit discussion to
the QUARTERNARY section under Alluvial Fan Deposits. I would



label this deposit Qafo and discuss it first under the Alluvial
Fan Deposits section. Your Qacf2 would become Qaf and your Qacfl
would become Qafy.

10. p.29; Include all discussion of alluvial fan deposits in
one subject heading.

11. Structure, p.32; Change the title of this section to
Structural Geology. In addition, I suggest the following rewrite
to the intro. paragraph: The structural geology of the rocks in
the area around the Skinner Peaks quadrangle is interpreted to be
the result of a sequence of tectonic events beginning in the
Cretaceous and continuing to the Holocene. From oldest to
youngest these events are: Cretaceous to Early Tertiary Sevier
Orogeny folding and thrusting, Middle to Late Tertiary
development of the Colorado Plateau, and Late Tertiary normal
faulting (references). Happening concurrently with these events
was local diapirism of the Arapien Shale (reference). The
younger tectonic events produced structural features that were
superimposed on the older ones resulting in complex and often
confusing structural relationships.

12. Structural Geology, p.33; This reviewer is a bit confused
with this discussion. I suggest the following rewrite for the
discussion marked in GREEN boxes.

In addition, the unconformity between the Arapien Shale and
strata of the North Horn, Green River, and Goldens Ranch
Formations may be related to Sevier deformation (reference ?).
[Question -- Is the contact between the Arapien Shale and the
other units depositional or structural, or both?]

Paleotopographic highs produced by uplift over structurally
thickened sections may have resulted in erosion of older strata.
Standlee (1985, ..... ) suggests that thrusting and folding
indirectly may have caused the local Indianola structural highs
observed by Weiss (1969) and Mattox (1986) in nearby areas.

13. Structural Geology, p.34; Need schematic map view and x-
sectional view figures to aid in this confusing discussion of the
monocline.

14. Diapirism of the Arapien Shale, p.37-39; This section has
several fatal organizational, discussion, and interpretation
problems. The crux of the problems is distinguishing between
diapiric structures (diapirs) and collapse structures (related to
dissolution collapse of the diapir). The condensed stratigraphic
section and unconformities at Skinner Peaks may indicate the
presence of a diapir or diapiric structure. The graben at Flat
Canyon may have been modified by dissolution collapse(?) of the
faulted subsurface diapir. The term "diapiric collapse" that is
used in the discussion is incorrect. Diapiric refers to growth
of a diapir, collapse refers to distruction of a diapir. The
terms do not go together.



Another problem is the lack of discussion of what kind of
diapirism is occurring with the Arapien. 1Is diapirism of the
Arapien related to salt/evaporites or over-pressured shales?
Previous workers suggest conflicting percentages of salt in the
Arapien. If the Arapien contains a low percentage of salt, how
can it behave diapirically?

The title of and discussion in this section should be
rethought. Maybe two sections: "Structural features associated
with diapirism of the Arapien Shale" and "Dissolution collapse
structures associated with the Arapien Shale". Several things to
consider when beginning the discussion are roughed out as
follows:

Based on what I've read, several pieces of circumstantial
evidence suggest the presence of a diapir at Skinner Peaks.
Unusual fault pattern and chaotic arrangement of fault blocks,

2) the presence of highly-deformed evaporitic(?) Arapien Shale,
3) a complex stratigraphic/structural contact between the Arapien
and the younger rocks, 4) a possible onlap configuration of a
condensed late Cretaceous to Early Tertiary stratagraphic section
on the Arapien, and 5) the indication of shallower than normal
lacustrine facies rocks (oncolites, etc...) in strata of the
Green River Fm at Skinner Peaks (However, this last one is a bit
shakey). The combination of these observations suggest the area
at Skinner Peaks may be a diapiric node of Arapien Shale.
However, I'm not convinced that the Flat Canyon Graben may have
been modified by dissolution collapse of that diapir. Your going
to need more evidence than salty well water and some vague Kkarst
features.

15. Include and cite more references throughout the text. At
several locations in the text these are indicated.

16. The Stratigraphy section of the text and the stratigraphy
symbols do not match. Problems extist with the North Horn and
Flagstaff formations and KTu map symbol at Skinner Peak. This
reviewer suggests dropping the KTu designation. Go ahead and map
the formations based on your picks in the measured section. The
section " Interpretation of Stratigraphy at Skinner Peaks" should
be eliminated with the majority of the discussion going to the
North Horn Fm subsection.
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INTERIM GEOLOGIC MAP OF THE
SKINNER PEAKS QUADRANGLE,
JﬁAB AND SANPETE COUNTIES, UTAH
By Tracey J. Felger
Department of Geology

University of Minnesota-Duluth
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[ The Skinner Peaks quadrangle is located in central Utah,

Just—west—of the leading-edge—of-the-Sevier—fold=and=thrust belt,

S with

Aan& in the transition zone between the Colorado Plateau and the
/‘; 37 rev :

Basin and Rangei' The stratlgraphy and structure of the roc 4

quadrangle reflect several tectonic events,-including'the Sevier
dlevele 1
Orogeny,{Iormat&en of the Colorado Plateau, and Ba51n and Range

extens1on ' Local dlaplrlc movement of the Arapien Shale, which
= e A “

probably was 1n1t1ated by[%hese majer- tectonic eventg,»further j
/

modified the structure and affected the stratigraphy. a\“_///

(Exposed) bedrock uniténin the quadrangle include sedimentary,

X Tss t6 e S
pyrocltastie, and intrusivé;rocks that range in age from Middle

Jurassic to Late Oligocene. An unconformity separates Middle
Jurassic marine strata of the Arapien Shale from the overlying
Cretaceous-Tertiary strata. These Cretaceous-Tertiary strata
include, in ascending stratigraphic order, the North Horn,
Flagstaff, Colton, Green River, and Goldens Ranch Formations.

Strata of the North Horn, Flagstaff, and Colton Formations

le
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represent the alluv1al fan and plain, lacustrine, and fluvial

Ly 1 O g, Ts wene \/c‘t en
/conditions] that demtnate@]the,Sev1er foreland ba51n durlng the Late <=
. /_‘ western e / forn
Cretaceous|[and]Early Eocene.  Eocene Green Rlveristratg records Yh. <—

The-

inundation of the basin by Lake Uinta, and the volcanlclastlc Goldens

Ranch Formatloné&s—yepnesentatlve -of | the widespread volcanlsm that/ was

/ /7)) w)e; /,.' fn e
occurr}ngxthroughoutjUtah durlng Oligocene tlme. Two small igneous

DS:’%;&

'

/»‘l"

intrusions Elsomwesewmappedwasﬂwerei%Esgniglldated surf1c1alcé

/qﬂ*xehﬁ lacustrine, fluvial, colluvial, alluvial fan, and landsllde-deposit'é'm
LAy 37 s l‘:; f.t e fﬂ' &yl "f_— ”O[-)Q/,@__ ! T B
ranging—-in-—-age—~from Late Tertlary to-Reeeﬁt —_—

e — ——— ‘\

—

3 /‘\ i
~~ Major structures in the quadrangle are the Sage Valley Fault the\

K Afl z.| Western Juab Valley Fault Zone, the Wasatch Fault Zone, the West %
/

L&’%Z) Gunnison Monocllne, the Juab Valley Graben and Flat Canyon Graben

__/‘—\_____—- re:

Economlctgepoetts}1nclude sand and gravel gypsum, tuff,
carbonate rock, manganese, and water. Earthquakes, mass movements,
karst development, and groundwater contamination are potential

| geologic hazards in the Skinner Peaks quadrangle.
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/4g ulé? INTRODUCTION

?% Sklnner Peaks;7r5»m1nute quadrangle is located approximately

:’nNT )

100 mlles south of Salt Lake C1ty tanuabmaﬂd~SanpeteweountIes,

centraantahT‘Zghe“quadranglewextendswﬁromwa9&MQQJWGO"“to~39&N3?ég
north-latitude;~and~from 111° 527" 30" to 112°”Westtlongitude.d It lies
in the tranSLtlon zone between e Colorado Plateau and Basin and
Range Prov1nce§/fthe_celerado~PlateauwPrQthcewts—represented-byhthe

Gunnison-Plateau; which terminates just-east~owatath1ghway»%84 ?In—
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-addition to the Gunnison—Plateau, the SKinner Peaks-quadrangle also”
includes the southern-end.of the West Hills, Mills Gap,.the-South
Hills, and part of Juab Vallefg Total relief in the quadrangle is

A Ue

_ approximately 1,700 feet; base elevation is 5,000 feet above sea

level.

The-first-geologic-map-of-the-Skinner-Peaks quadrangle-was-made

(1957)
by.James W Vogel ----- of..Ohio-State-University-in—-1957. Vogel mapped the
i

geology at ‘a scale of 1:31,680 on an imprecise planimetric base map

constructed from aerial photos/<@e—sa&%able-%opog£aph&eﬂmap—of~the
por— )\
area existed atthat—time. Wltklnd and others (1987) included the

/'Skinner Peaks quadrangle’ae part of the Manti 30' x 60' quadrangle,
although most of the geology that appears on the Manti Sheet was
compiled from Vogel's original work.

Other early investigations of the structure and stratigraphy of

central Utah were conducted by E. M. Spieker (1946, 1949) and his

. students from Ohio State University_iewgfﬂ Zeller, 1949; Muessigq,

51951 Vogel, 1957). Facultyuand~students“from«@h1omStatem*Brighim

Young, and--Northern- IllanlS Universities have continued-to— -expand and/

| modify-Spieker's-earlier-work.
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STRATIGRAPHY

‘Seglggntazyrhpyroclastlcywand 1gneouswrocks ranging in age

from Mlddle Jura551c to Late Ollgocene are exposed in the Skinner

o

"Peaks quadrangle. These rocks ponsrst of;the Araplen Shale, North

Horn, Flagstaff, Colton, Green River, and Goldens Ranch Formations,

\m“"“’:p—-—:—.lf,,..‘ —



and two igneous intrusions. [ﬁnconsoiida%adalacnst;inea_iluxial¢. ‘.
coltuvial;~alluvial fan, and mgs§Tﬁ80eﬁ§ﬁfwseaimeﬁfgwfaﬁging»inwage

~to~Recent-were~mapped—in-addition-to-the~bedrock -
f”a’; g Sec fw - 6\([/&/{ /’1{54{:_, .

from Late.Tertiar

Precambrian and Paleozoic strata are not exposed as-bedrock in .

the quadrangle, but they are exposed in the nearbny?iLey—M@unsa*ﬁsq

.

Canyon Range, and southern Wasatch Meunta&ns (Hintze, 4915L/ well data

GIre J} ry; _),l»‘J LA Iﬁcc_, -y

indicate these strata‘also underlﬂ_;the study area (Standlee, 1982).
Paleczoicstrata are™ noﬁmexp&sedwrn“tHE“study

‘f
e fen="T"

aseaﬂ clasts of Precambrian and Paleozoic strata are«p@evalent in the
A

conglomerates of the North Horn, Flagstaff, Colton, Green River, and

Goldens Ranch Formatloaﬁ, and in theiva{axmgﬂ5HuaamaaL*daee§j <

2 ar

Tertiary-Quaternary deposits.

JURASSIC

Arapien Shale ' ﬂ p
a9 "oy | }/ M/ .‘.‘(.;'5! e 1§ p

The Araplen Shale, whleﬁﬁwas dep051ted 1n a narrow seaway during

o w‘f‘ of

cfdl [fas

Callovian tlme.ﬁas exposed east oflg;ah~nghway»28Jalong the west

flank of the Gunnison Plateau. E?t_undenlaes—Sklnneereaks*_and“Lt e
also.is exposeGMTn“anﬁ”aﬁjacentweomLittlemSaltmgzggﬁmggpz0?3 -

» L. e

The Arapien is composed of grayish-green, thin@i}bedded miciite £

= /"m' e ff

limestone, [Bierite,—and]calcareous 51ltstoneEf%heniy~beééed:]rlpplefﬁa

calcareous sandstone, and grayish-green or red calcareous mudstone

with locally occurring pods ofL?ypsum. These rock types are
Ho At en Shals- a5 ek, by
1

representative of units B and C of Hardy (1952).
AN ot o



Thini(—bedded siltstone, shale, and rippledfsandstone matching
@
the description of unit C occurs,zﬁ’bothlthe thtle Salt Creek Canyon ¢~
!~‘,)‘ PN k oy
and Skinner Peakséuieini@ﬂ These beds locally contain fessris
4 2 \e { 14494 |

“.tentatively identified as Ostrea sp.,—an_Qbsexyax&ean;ha:_*s_geagmneﬂtﬂLﬂ
with that-of Z€ller-(1949,-p+19) , whHo noted-the—eecurrence~of-Ostrea o
sp.inTunit-c-sandstone—in-upper—hittle-Salt-Creek~Canyon.

“In-outcrep the Arapien shale{ﬁfwugenerally occurs as highly ?ue-

folded, contorted and faulted stratagvm&W(Vﬁﬁ@TMM&9547~pvmaae\that o
Auaxtherh—teeform steep, rugged, sparsely vegetated, gray hills. Most

of thexghits within the Arapien weather into small chips or thin x
plates/;%edges occur locally where more resistant sandstone or Lhra

‘siltstone is present.

I

éﬁ“%@d %ﬁb <j£f§%f§¥§ghléﬁ{elatlonshlps between the Arapien and adjacent
s ‘pe fbbltb
i;t@ﬁ&“ﬁI*units-ar//e6;;I;;} The base of the formation is not exposed within or L
w Uty wsed i

e adjacent-to the study aree/ however, data collected from drill-holes 7
‘o dugedt (’!M\M@i e i
in |SE Juab County indicate that the Arapien is ﬂnﬁeriatn—eenformab&y

m“’(‘,fh A(af:bn

{b\'\\'f 9*{”-}7\' % Y 9 1'
-by the, Tw1n Creek Limestone (Sprinkel, 1982). This relationship can
teim
Hhﬂgwé “"be observed in outcrop in the Mona quadrangle, 15 miles NE of the
Lompley

Skinner Peaks quadrangle. In normal sequences the Arapien is overlain

C{Ah |f|L (,LM’\’A

Lﬂ&-amhﬂ— conformably by the Twist Gulch Formatloqﬁ however, in the Skinner

she .

> &

"

i

¢ alaan
|

Peaks quadrangle, the Arapien 1s.mee%—eemmﬁﬂ%zjoverlaln unconformably
by the Green River Formatlon.‘ Locally, it is overlain unconformably
by the North Horn Formation or the Goldens Ranch Formation. These
unconformable relationships are ‘best observed immediately south of

Little Salt Creek Canyon and onmtheisklnner Peaks ¢hemselves. -

————————————— e

S— i . —

Determlnatlon of an accurate thickness for the Araplen has been 5

{



$Z "7{/ Ve / d chelss / Ya pryre f ;e“"f-,f Aisenss o of e _/;,/_'. Sama
hampered by poor exposure (Sprinkel, 1982) and the intense deformation
of the strata (Sprinkel, 1982; Standlee, 1982); estimates range from
3,000 to 11,000 feet throughout the area of its exposure (Eardley,
1933; Spieker, 1946; Hardy, 1952; Standlee; 1982). In this study, a
thickness of approximately 440 feet was calculated from an incomplete,
undeformed section of Arapien south of Little Salt Creek Canyon.

Approximately 2,000 feet of Arapien was logged in a test hole in the

Lfﬁﬁijiiiiﬂéf the quadrangle. /

Thie Liscussion hns strroms oo blms of «)AM [ do nst hwe dhe cxpert
‘%b 5 2L frcal v, COVn e ‘ P *//‘~"""* ”:’ ™" 7 !« 9 ol Leerd & m' . allows e
coque At ovenll problom. CRETACEOU’S-TERTIARY AGRCE )-
(ii:> North Horn Formation
e 6 Large quantities of coarse-grained, clastic sediments were led

from the Sevier Highland during the Late Cretaceous and Early Tertiary
and deposited as a series of alluvial fans in the foreland basin to
the east. These alluvial fans formed a conglomerate sequence that is
represented by the Indianola Group, Price River Formation, and North
Horn Formation. This sequence of conglomerates is almost 10,000 feet
thick on the Gunnison Plateau (Hintze, 1988).

1n the Skinner Peaks quadrangle, lézég—thag—%entat%ve%yuhave“been
identified~a€1North Horn Formation{é;g}exposed in a narrow band on the
NE side of Skinner Peaks. The North Horn Formation is not exposed
anywhere else in the quadrangle, although it does crop out in the West
Hills just north of the NW corner of the quadrangle (in the Juab

' /, i , /’/’vv >y -. £ 3",‘: /‘,{~._,‘ "!’B P

quadrangle) . LIt_also_eecursjln the subsurface (injJuab Valley &Ciark 2=
1987) |

. | | LT é I Y P O
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Outcrops of North Horn Formation in the Skinner Peaks quadrangle

1 r_)/ (o9 ’rﬂ - . .
: rev—eemp‘c'sed of peer-l-y7sertedc11ff- and ledge-forming *

avel S (2 . ,lj -~

conglomerate.}\Clasts are subangular to subrounded pebbles, cobbles, Ak
and boulders of purple and tan quartzite and dark blue-gray carbonate.
Purple clasts were derived from the Precambrian Mutual Formation, and
tan clasts were derived from the Cambrian Tintic Quartzite; dark
blue-gray carbonates represent a variety of Paleozoic formations.

Matrix is poorly-sorted,.medium--to-fine=grained;calcareous

sandstone. e ) ‘

,{_ T E ' ' ne ;
A Clast s1ze decreases up- sectlon/ the top of the section con51sts (B

/\
of interbedded conglomerate and sandstone. There is also an increase

in the quartzite-to-carbonate clast ratio up-section; the lower part
.

of the section has a 0%/100% carbonate/quartzite clast ratio, whereas

the top of the section has a 75//25/ carbonate/quart21te clast ratio.

The color of the unit also/ var1es~1n an.up sect10nﬁ@&reet19n-&t lsﬂ .

7o

fo
gray at the base, red in the middle, and gray at the top. -The é

STraT&.
description—of thls section of Nerth-Hern is similar to Mattox's “ay2

(1986, p. 80) descrlptlon of "high escarpment and inner canyon" North

Horn strata. o
1n most sections, especially farther east, the North Horn *

Va

Formation lies conformably on[lepmeéjthe Price River, Formatlony and‘is

( r/ O L \

'Tﬁ“turéjconformably overla;nepﬁ}the Flagstaff Formatloné npwever, in
the Skinner Peaks quadrangle, the North Horn FormatlonJiles
unconformably onlfepmegﬂthidJuras51c Arapien Shale, and the
relatlonshlpfgetween.;t~a;éjthe overlying strata is unclear.

4 S

The thickness of the North Horn Formatlon is also anomalous. The

A
"



exposed section on Skinner Peaks is only 300 feet thic%/iéeweveﬁTwonly’
. e rth = —_—
Q;;:” 6 mlles to the west in the West HlllSH Clark (1987) reported a

7 ——— B

e —— S T

thickness of approximately 800 feetgfand approximately 1,700 feet of
North Horn Formation was logged in a test hole just south of Chicken
fﬂgreek Reservoi%g:: |
No i%/ The drastic thickness variations and the relationship between the

North Horn Formation and adjacent units is discussed in detail in the

“"Interpretation ef'theﬁstretigfaphy of Skinner Peaks". -
TERTIARY
Flagstaff Formation hage ofF
The Flagstaff Formation represents a major 1acustrine[éhase“oﬁg
deposition that occurred between the alluvial fan and floodplain
{?enditrens~;epresented“bz)the North Horn Formation and the Colton e

Formation. Cﬁtratﬁ“qg;the Flagstaff Formation range\in age from
Paleocene to Eocene§~this”agewrange“iéjbased primarily on
paleontologic evidence5that~has~bee§jgathered by various workers
throughout central Utah (LaRocque, 1951; Newman, 1974; Fouch and
others, 1982).

1n the Skinner Peaks quadrangle, the Flagstaff Formation is
exposed in the east-dipping cuestas of the West Hills in the NW corner '
of the quadrangle. Beds tentatively identified as Flagstaff Formation
alsefare exposed along the NE 51de of Skinner Peaks and are discussed

in the "Interpretatlon of the Stratlgraphy of Sklnner Peaks". X

[ ' £

north of Mills Gap/ gelcareous mudstone, sandstone, sandy limestone,
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/ @

limestone, and conglomerate (listed iﬁ,ordernof“decreaéing~abundancgi
fare the major.rock-types in~thi5wsectiop% These strata are equivalent
to the carbonate-clastic facies defined by Clark (1987) in the Juab
quadrangle to the north.

The color of the stratalvaries from grayish-yellow to pale
reddish-orange, with various hues of yellow being most common. The
calcareous mudstone is massive; it weathers to a slope and ranges from
20-80 feet in thickness. The sandstone is usually calcareous and
composed of medium- to coarse-grained quartz and lithic sand; locally,

it is cross-bedded. Compositionally, the sandstones are quartz

reJelie

arenites, sublitharenites, and lithic arenites (Clark, 1987; Auby, .¢(.

1985). Beds of sandstone form ledges that are 1-4 feet thick, and
commonly are laterally discontinuous. Massive beds of sandy limestone
and limestone form resistant ledges 2-20 feet thick; locally, these
carbonate units are platy, weathering to slopes with local ledges.
Beds of clast-supported conglomerate and conglomeratic sandstone occur
locally throughout the section. These units are laterally

discontinuous, often channel-form in shape, and 1-10 feet thick. o

Clasts are subangular to subrounded, poorly-sorted pebbles and cobbles
of quartzite and sandstone. The matrix is medium- to coarse-grained
calcareous sandstone that is composed of quartz and lithic sand.

The relative abundance of coarse-grained clastic material, the
presence of cross-bedded sandstone, and the lateral discontinuity of
the sandstone and conglomerate beds suggests that the Flagstaff
Formation in the Mills Gap section was deposited in a near-shore,

shallow-water environment. This interpretation is consistent with

[(Nw[ ( 7
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those of Muessig (1951), Lambert (1976), and Clark (1987).

The base of the Flagstaff Formation is not exposed in the West
Hills within the Skinner Peaks quadrangle; however, it is exposed in
the Juab quadrangle to the north, and there the contact with the
underlying North Horn is conformable and gradational (Clark, 1987),. as
is the contact between the Flagstaff and the overlying Colton

Formation. The Flagstaff Formation is approximately 525 feet thick.

Colton Formation \

01
Fluvial and alluvial plain sedimentsj-which-are assigned-to| the

Colton Formatioq/’represent the final infilling of the Sevier foreland
, (red )
basiniwhish—eecu%reqﬂduring the Early Eocene. /

1n the Skinner Peaks quadrangle, the Colton Formation is exposed

in a consplcuous red in the east-dipping cuestas of the West
Hills. »Beds that tentatlvely\have—been identified 1n this- study[as

Colton Formation are exposed on Skinner Peaks/ and are dlscussed in

the "Interpretation of the Stratlgraphy of Skinner Peaks".

[~

1n the West Hills E;LJﬂua-skénner—?eaks—quadrangréj the Colton A

Premed <y 3
Formation is composed of reddish-brown mudstone, sandstone, and

conglomerate”’thin beds of limestone occur locally throughout the

-

section and are cons;dered to be the deposits ofl_pere-%iveqjlocal
/Jdor&_,
lakes. The Colton Formation as a whole ingeE~wei%findurated, and it ¢
weathers to form a saddle between the more resistant Flagstaff
s o/-/a-k f‘:la-q'fl(l_- ¥
<§;§;§§§£§)and Green River Formatlonx 2hé~mudstenewa9wcalcareouSWand -

weathers-to-a-slope. The sandstone—is—friable—-and-weathers-to-a-slope
The somel closno— 1< Pr:ag(q_.
with locally occurring ledgesv\ It—is—ealcareous and is composed of

(o/?éf"( /Eo'/me.%'(«;‘ MaC/s%‘D"‘“— &ﬁ s"rw—o/sﬁ%a_ ') aa’/&«deﬂs 4.»/
7}9\.&(&/&7 N’_d\/&/g 'f) ‘A;/\..— 4,‘54(13&4. u:‘/é oocvss-:wa/ é[sc/s.



subrounded, medium- to coarse-grained quartz, feldspar, lithic
fragments, and mica. Studies by Marcantel and Weiss (1968) and
Stanley and Collinson (1979) show that Colton sandstones are commonly

finer grained and contain greater amounts of mica and feldspar than

the sandstones in the Flagstaff Formation. Beds of limestone are
sandy, and they occur locally as low, discontinuous ledges. ]
“Ttre gonglomerate (figure 1) is clast-supported, moderately (;%2}
bowetic sorted, and clasts are subrounded pebbles of approximately

see. 2. 1
\ equal amounts of purple and tan quartzite (from the Mutual Formation

and Tintic Quartzite), and dark blue-gray Paleozoic limestone. This
M?IO\I&\I\O\/\ G"Mﬂ

suite of clasts indicates |deriveation from the Sevier Highland to the 4~

west. The matrix, which comprises approximately 20 percent of the

rock, is sandstone that—is—eatcite-cemented—and composed of medium- to £

Lementec, 4 cale te

coarse-grained, quartz and lithic sand,. Conglomerate beds are 5 to 10

feet thick, channel-form, and laterally discontinuous; they occur as

ledges and cliffs. Regionally, conglomerate is rare in the Colton and

/ra)(/k««. to I S s e /¢—7 S S

1t oeﬂa;ik?eie only becauﬁeﬂthe area wasEélose~t0”fﬁé*eﬂge~e£~the
starn mnrgra o F basin .

bas&iij

The high percentage of mudstone, laterally discontinuous beds of
conglomerate, sandstone, and limestone, and the red color of the
strata attest to the fluvial (floodplain and channel) origin of the
Colton Formation (Marcantel and Weiss, 1968).

In the West Hills |in—the—Sirinner—Peaxs QUIUTamgre;) the Colton 4~
Formation is underlain conformably by the Flagstaff Formetion, and
overlain conformably by the Green River Formation. The formation is

approximately 300 feet thick.

11
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Green River Formatlon *),
Sediments that were dep051ted in Lake Ulnta from the Early *
LEh@eug,jLate Eocene formedmthewstrata‘cf the Green River Formation.
In the Skinner Peaks quadrangle, strata of the Green River Formation

/c /u(sq':(’ [&k(', aﬁu’ .w MD?: «.(I-/q/ en\h/anmhﬂ‘f's. . N
[fE1eck—tim—raxen ocation—of-the-quadzangter=amd four (e

distinct lithofacies are recognized/ from the base of the unit upward, "
they are the mudstone, clastic, and mudstone-micrite lithofacies of
Clark (1987), and the Tawny facies of Zeller (1949).

out ceoppings
The best expesu&es—eézst@atgjof the mudstone, clastic, and S

mudstone-micrite lithofacies of the Green River Formation are in the
cuestas of the West Hills, while the best exposures of the Tawny
facies are found in the vicinity of Skinner Peaks.

{,

7

; ) E
~@£g§;;gg§=£ggzggf' The mudstone lithofacies is composed mostly of (i:)
thinly bedded, grayish-yellow mudstone that 1sLy;;;11nc6ﬁé£éﬁ£/and S
subsequently weathers to a slope. Thin, laterally discontinuous beds
of quartzite pebble conglomerate and sandy limestonezgiSE‘occur L
locally throughout the unit. The unit is capped by a resistant bed of
stromatolitic limestone that contains brown and gray chert nodules.

The stromatolites occur as laterally-linked hemispheroids up to 2 feet

in diameter.

XClasEie~£aeies+g The clastic facies consists of conglomerate,

conglomeratic sandstone, mudstone, and sandstone. The conglomerate

and conglomeratic sandstone is reddish-brown or grayish—yellow/ it 45 >

ith poorly-sorted pebbles and cobbles of quartzite and S

12



carbonate in a medium- to coarse-grained sandstere matrix. These gees

conglomerate and conglomeratic sandstone units are poorly indurated

and laterally discontinuous. Mudstones are reddish brown, thinly

44/ca/c¢rws

laminated slope-formers. Sandstones are gray, calcite=cemented, and arc
7/‘0&.)\5 N

composed of quartz and lithic fragments; compositionally, these

sandstones are sublitharenites, lithic arenites, and lithic wackes

(Clark, 1987). Sandstone beds form low ledges that are laterally

discontinuous. Beds of oolitic limestone that have been replaced by

silica also occur locally throughout the clastic facies; ripple marks

commonly are preserved on the tops of these oolitic beds.

| Mudstone=micrite facies:| Al}ernating beds of red or yellow mudstone,
' = [ imestone
and yellow or gray micriteﬂdominate the mudstone-micrite lithofacies. x

The mudstones are very thinly-bedded, poorly indurated, and
(JM/r [+ 9 ree /Am

m
consequently,—they weather toAslopeQX‘yudstoneﬁ tetal—ewver 50 percent G;D

of the mudstone-micrite facies (Clark, 1987). The micrite beds are
well - /M(&M‘N’ﬁe/

relativelyxé?ﬁé%éﬁi? and, consequentlyjthey| form a resistant cap over 4

the easily-eroded mudstones. These micrite beds are commonly platy A
and fossiliferous; fossils include plant fragments, gastropods, and
Clark (1987) noted pelecypods and ostracodes as well.

A thickness of 1,200 feet was calculated from outcrop width and

bedding attitude for the Green River Formation in the West Hills of
lS/“fmk e¢

the Skinner Peaks quadrangle. ThisAthickness is approximately 300

7hose
feet greater than thicknesses calculated by Vogel (1957) and Clark
TAL openter Huicbress
(1987) for the same general area. @hIsAsuggests the presence of a

Founel

fault in the section, but no evidence for a fault was -seen in the

Vpob o
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M’f Tawny ds consist of green, red, and variegated

mudstone, and yellowish-tan coarse-grained sandstone, conglomerate,

conglomeratic sandstone, and limestone. ¥he sandstone is very 6;2)

well swdirat: (4[0&,&”) =

eehexent | it—is- usually eemented-with calcite, and composed of quartz
/9/&«."»&

and minor amounts of lithic fragmente. Sandstone beds form ledges
L P i /

that are several feet thick and laterally discontinuous/’gpmerous((a o
vertebrate fossils are contained in sandstone beds near the top of the
section. Channel-form beds of conglomerate and conglomeratic

MIG// rne&,( /a'fé¢/ )
sandstone also are very ceherent. Clasts are subrounded to rounded el
pebbles of dark blue-gray carbonate (>75%), and tan and purple

Fhe
quartzite (<25%) ;nmatrix is similar to that described above.

Limestone is very dense and commonly fossiliferous, containing teeth
and bone fragments, as well as gastropods of the ;%éeées Australorbis
(LaRocque, 1960). Strata of the Tawny facies match the description of
strata in Millen's (1982) alluvial facies, which represents an
alluvial or delta plain environment of deposition.

Complex stratigraphic relationships separate the Tawny Beds from
adjacent units. With the exception of Hunt (1950), all workers
(Vogel, 1957; Millen, 1982; Norton, 1986) agree that the contact
between the Tawny Beds and the underlying Green River Formation is
conformable and gradationgl: this relationship was confirmed in this
study as well. Tawny(ggéé also unconformably overlie the Arapien

Shale south of Little Salt Creek Canyon. They are, in turn, overlain

conformably by strata of the Goldens Ranch Formation.

14
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Interpretation of the Stratigraphy of Skinner Peaks ‘“"”{ﬁﬂf”

. The stratlgraphy on Sklnner Peaks is complex and(@baerma&mmand
thus*“pooriy-understeo@} ApprOX1mately 550 feet of conglomerate,

conglomeratic sandstone, sandstone, sandy limestone, and oncolitic

A\

limestone grade vertically into strata of the Tawny facies of the
Green River Formation. Vggel (1957L/ and Witkind and others (1987)

mapped these strata as*pad?of the Tawny facies of thefGreen River
M o rocles 5*77(; /’
Formation. A closer evaluatlon of these;u - =
1 4 7z
more accurately represent Late CretaceouSrEarly Tertiary stratafas—
LD A, SP(’-VIku\ \)(7\9 ) \qu"u-l Cagpamq In’ ga‘hon 1‘1__)

Evidence to support this interpretation isféitearthreﬁéheutwthe

fe%&ewing—sectien‘ Unit numbers (e g., unit 4) correspond to the unit
numbers found in the Sklnner Peaks Sectlon in the Appendlx."

A section of poorly sorted conglomerate and conglomeratlc
sandstone, t?h&eh—&5~apprex*mateaywsOowfeetMthrcg) l&es unconformably
on the Arapien Shale. These conglomerates were described in detail in
the section on the North Horn Formation; only a summary description is
presented here.

The conglomerate in the lower 220 feet of the section (unit 4) is
g@é%éibé; clast-supported, poorly-sorted, and(ﬁimictic) Clasts include
subangular 10 subrounded pebbles, cobbles, and boulders of purple and
tan quartzite, and a small percentage of dark blue;gray carbonate;
matrix is poorly-sorted, medium- to fine-grained lithic sandstone.
Clast size, and quartzite/carbonate clast ratio decreases up-section.
The color of the unit also changes from gray to red up-section. This

f*\\\ unit, which represents an alluvial fan deposit, is overlain by 55 feet
A

)

O ) ,

1 : L 15
i / | [/‘ - y |
< i //’ { _//'/ ,"’ // AJ 174 cn )
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of interbedded conglomerate and sandstone (unit 5).

The conglomerate of unit 5 is gray, clast-supported,
moderately-sorted, and Clasts are subangular to subrounded
cobbles of carbonate (75%) and quartzite (25%). The sandstone is
composed of quartz; it is light-gray, medium-grained, well-sorted, and

locally cross-bedded. This unit is indicative of an alluvial plain
1// oo / /. e ,"/v. ‘;/, P ‘{.) / e A y K, /1

. / . z
The conglomerate sequence is overlaln by approx1mately 100 feet

environment. 947

of limestone (unit 6) and oncolitic limestone (unit 8; figure 2). The
limestone is light-gray, massive, and finely-crystalline; it forms a
ledge that is 1Bifeet thick. The oncolitic limestone, which contains
oncolites up to three inches in diameter, forms cliffs and 15/88/feet
thick.

The oncolitic limestone is overlain by 110 feet of interbedded
Sandy limestone and sandstone (unit 9) and interbedded sandstone and
conglomerate (unit 10). The interbedded sandstone and sandy limestone
is reddish-brown. The sandstone in this unit is calcareous and is
composed of medium-grained quartz and minor amounts of lithic
fragments; it forms local ledges throughout the slope-forming sandy
limestone. This sequence is overlain by interbedded sandstone and
conglomerate. The sandstone in this unit is also calcareous and is
composed dominantly of medium-gréined, well-sorted quartz sand. It
also contains algal mat pieces and oncolites that may have been
derived partially from the underlying oncolitic limestone. The

conglomerate is clast-supported, moderately-sorted, and. ¥ i~

is composed of approximately equal amounts of subrounded pebbles of

16



dark-blue-gray carbonate and purple and tan quartzite. Approximately
20 percent of the rock is matrix which is composed of quartz
sandstone. Strata of these units represent a lake-marginal and
fluvial environment which was typical of both the Flagstaff Formation
and Colton Formation in this area; these strata grade vertically into
the overlying Tawny Beds. The contacts between the lower units appear
to be conformable.

The‘section is a fining—upwgrd sequence that represents a
transition through the following;gnvironments: alluvial fan (unit 4),
alluvial plain (unlt 5), lake-marglnal and shallow—water lacustrine
(units 6-10). The«&athe&egymandmstratlgraphymof the units- describedf

tabogéiare characteristic of the North Horn, Flagstaff, and Colton 2
Formations. It is difficult, however, to assign each unit to a
specific formation. The conglomerates of units 4 and 5 match the
regional description of North Horn strata. The limestone and
oncolitic limestone of units 6-8 could be placed in either the North
Horn Formation or the Flagstaff Formation. The sandy limestone,
sandstone, and conglomerate of units 9 and 10 could be placed in
either the Flagstaff Formation or Colton Formation, although the lack
of a distinctive red color and abundant mudstone suggests that these
Forwatesng

strata are more representative of the Flagstaff/Limestenme/than they S
are—of-the Colto;?miR:;ardless of which formation each unit is x S
assigned to, thisﬂsection is far more representative of the regional
sequence of Late Cretaceous-Early Tertiary strata than it is

Lo Ho. Tsny Bofs = Boasl wina .Z

representative of Tawny(:kds. =g = /

Based on this interpretation of the stratigraphy, very

te %1; 7.
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sections of North Horn Formation and Flagstaff Formation are present
on Skinner Peaks. The North Horn Formation is 300-400 feet thick
depending on where the North Horn/Flagstaff contact is~éﬁ§§§i a
Likewise, the Flagstaff Formation is 110-220 feet thick. These
thickness values are significantly less than values from the West
Hills to the west and from the Gunnison Plateau to the east. The most
logical explanation for the drastic thickness variations that occur
over such a short distance is that welts of Arapien Shale formed local
topographic highs in the basin during Late Cretaceous-Middle Tertiary
time. This conclusion is supported by the presence of an unconformity
between the Arapien Shale and Late Cretaceous-Early Tertiary strata
and the presence of the oncolitic limestone. Oncolites, which are
concretions of algae and sediment, form in shallow water, near-shore
lacustrine environments. Weiss (1969) has shown that oncolites within
the North Horn and Flagstaff Formations occur preferentially along
what were actively-rising tectonic ridges.

Because the units described above were identified only

tentatively, the strata of ;his section were mapped as

{

4§ T,
Cretaceous-Tertiary und1v1de%<

Goldens Ranch Formation

aC CZ%£2

The—onset—of wide-spread volcanism in Utah eecurred during the

(fb&fwu—k Vo[Cﬁmtc/&;'/"l.o ‘;: volipm e
-Early Oligocenea This—veleanism produceq”deposits, such as the b
yolcanictastie Goldens Ranch Formation, which—occurs—threougheut il
approxXimately one=third—of the areaofthe-Skinner Peaks—guadrangle. =2~
/s /)fasm—v‘{‘

~In_the_wea%efn—ha;é—e@—éhe—qaadrangie,‘{he formation cam—Pe—traced—- =
=
1 3£ 3 e : %R WP ht} ] 33 ;
Lo /A;_ [L‘[/S i1g] éu/{ /’AQ. wa,—fc;,, 5.,6/ Lﬂ;/“cyl,, 9‘16;‘ 07[ J‘,44 Vq[&?‘
8



R

r?

Potassium-argon dates ranging from 38.5-29.9 m.y (Evernden and James,

1964; Witkind and Marvin, 1989) were obtained from samples collected
from various units within the Chicken Creek Tuff Member. These dates

confirm the Oligocene age of the formation.

'For ~/A,‘$ re .ol"f—

=he pher—Pesks—eiiadrangte, the Goldens Ranch Formation is

ucﬂm /'LC 7&4':("«4 5?_-«
separated into five distinct, mappable unlts;antts—i—¥——%h&s—g%udy%.

7/,‘ 46000"6""‘1 Of("bf 7 are /aﬁ& f-a»f% [ %o .
Units i‘through Tﬁ,correspond to the Chicken Creek Tuff Member of
Merber €
Meibos (1983), and unlt W is the Hall Canyon Conglomerate or its
retef e

L’equlvalenﬁd
needed €
I
Unit £: Unit I is an epiclastic)conglomeratic sandstone (figure 3) -
@?d( é "f""? Mocémss

The-thieckness—of—this—unitis variable( ranging from 100 to

approximately 500 feet thick. The contact between it and the
ju”&MLq underlying Eocene Green River Formation is gradational wherever it is
9" exposed, as in the NE 1/4 of section 27, T. 16 S., R. 1 W.

Unit I forms slopes, ledges, and cliffs, and is either blue, gray

or green in color. It contains a variety of sedimentary structures,

\ 1
N
X including(laminae) trough and tabular cross-beddlng

, \ Ser-. /ar e re Mnc(w'r—
\@aﬁb\ pebble/cobble lenses, scour-and-fill structures, and normally and
\CZ '
qQR %' reversely graded beds.
“\‘(‘i\\}\-—‘a o — M&fg/'s V@/ﬁ—a./ Asﬁ»«.&. ?

Fast above the contact with the Green River Formation, Unit I is <&~

composed of bentonitic shales interbedded with thin, platy limestone.
SR Ly WASAnCL,

This grades upward into sandstone, and finally into conglomeratic <~

19
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sandstone, forming a coarsening-upward sequence.
The upper three-quarters of Unit I are composed of sandstone and
conglomeratic sandstone. The sandstone and matrix of the
conglomeratic sandstone is most commonly a poorly-sorted lithic or
arkosic sandstone. Grains are subangular, and range in size from
0.5-10 mm, with an average of 1 mm. The cement is typicall
calcareous, and the rock is friable to moderately ecﬁﬁ%éﬁ;r e
Clasts in the conglomeratic sandstone are angular to subrounded,
and poorly sorted, ranging in size from 1.5-7.0 cm, with an average
size of 5 cm. Approximately 90 percent of these clasts are volcanic

051

yocdes
fmorigin and were probably derived from ash and lava flows of the A&
abot . m.les o fhe MW, A
§§€f§ Tintic DistricE{ The other 10 percent are quartzite clasts that
were derived from the Precambrian Mutual Formation and the Cambrian
- 0&;40«.0—-
Tintic Quartzite, or from pre—existing conglomerates. L
The coarsening-upward sequence of Unit I represents a shallow
lacustrine/marginal lacustrine/fluvial environment of deposition that
marks the end of Lake Uinta (De Vries and others, 1988).
2 VArLe> ﬁrm
Unit N : Unit II is a crystal vitric tuff that is 40-70 feet thick.
The contact between Unit I and Unit II is concordant and sharp. Tnﬁg 2
tuff is slightly welded, pink (weathered and fresh), and usually forms
- slopes. It is composéd of 30-35 percent crystals and 65-70 percent
/b(vi(u-(, /% i“—T ,7/;1557
_g;;ssy'matrix. The crystals are euhedral and average 1 mm in size.
Approximately 60 percent of these crystals are biotite, 40 percent are
bipyramidal quartz, and sanidine occurs in trace amounts. The matrix
as (70-75%) onel
is composed of pumice fragments (25%-30%), which range in size from »
7
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0.5-20 mm, and (ash (70%-75%)). Bubble wall shards are visible in thin

section.

9 neteleod 7
- , : : . Ay b
Unit III: Unit III is coarse-grained (epiclastic)sandstone that -is

/ 50-90 feet thick. This unit is red or gray in color, forms resistant
Sconr 9 foll
ledges and cliffs, and displays cross-bedding andAchannels. It is

composed of approximately 60 percent bipyramidal quartz crystals, 5-15

“lpercent lithic fragments, 15 percent sanidine, and traces of hematite.

j;}& Léhlev.

[t The lithic fragments are subrounded and range in size from 2-15 mm.
{ L

“  The quartz crystals, hematite, and sanidine are subhedral to euhedral

!\f‘ A
N b\U’J ‘ Stnelstera
and average 2 mm in size. This uri€ is cemented by both silica and =
nu&« /'a/'Le-/

calcite, and is moderately to very eceherent.

Unit II and Unit III are separated by aghiifsional contact. The

et re
nature of the contact and the presence of clasts oi&?git ITI within
1nee v

Unit III suggest that Unit III was derived)égziggég)in part from the
top of Unit II. Unit III represents a period of volcanic quiescence
that occurred between the eruptive episodes that deposited Unit II and
Unit IV.

. §
Unit IW: Unit IV is an orange- or tan-colored vitric lithic tuff that
is approximately 70-100 feet thick. The contact between it and Unit
III is sharp and concordant. This tuff is less welded at the base
where it weathers to form slopes; the upper part of the unit is better
welded and it weathers to form vertical cliffs that commonly are

cavernous.

The tuff of Unit IV is composed of 75 percent matrix, 20 percent

21



lithic fragments, and 5 percent crystals. The matrix is composed of

/
So/percent ash and 50 percent pumice %hat range“sZ in size from 1-10 cm 2-

- rsplags
andlié'commonly flattened4§§—the—bedééngmp&an€j The pumice ﬁbrég Z

coarsening-upward sequence within the tuff. The lithic fragments are
subangular to round, range in size from 0.5-2 cm and are composed

of volcanic rocks and quartzite. Biotite, bipyramidal quartz, and a
trace of sanidine constitute the crystal fraction of the tuff. These

crystals are euhedral, and range in size from 0.5-2 mm.

5 a somdstona mdd LUL7LK7'1'/{‘»)LAL sanelc farae :a(?w’/mu,, e7m‘ valed 1= 4
Unit ¥: Unit v isnthe Hall Canyon Conglomerateléyﬂits—equéva}eﬁe. e -~

K-

- A 1
thrtckrmres®T In the Skinner Peaks quadrangle, the base of thé'unit is _2—
wlul\-c.— i‘/’: cn./-au‘f" &t/r7l/1 (/hrf .’—7 (s t/of.m.‘i[ lvr( ;A‘,lg o

exposed in only one place, the tongs+2€t exposed at all, E?e-ta ol
:_; of /¥ ¢ Cevnre— @

erosion, and the—seetion—fs—fur%he£~complicatégzby faulting. Clark

(1987) reports that the thickness of the Hal&usiFyon;Conglomerate
Hor

varies from 0-400 feet in the Juab quadranglif E%Ercontactrbetween

.|
e

The basal part of Unit V is an sandstone that is very

similar to Unit III; however, it is thin (rarely greater than 10 feet
[ema ,mér
thick), and contains sand-sized grains of Unit IV. The xresf of Unit Vv &

is very similar to Unit I in-eerms—of texture and composition. The

principal difference between Units I and V is the presence of angular

-/—&f/aww- N . . . ) a
Aclasts of Unit IV within Unit V. Unit V also con&ai%f more sandstone
M-

oyl
and less conglomeratic sandstone than Unit I. . The sandstone ié& *b
‘.' < (ﬂcdi“"\""’ (phnu-ﬁllv\m(“ (C(”"”#ﬂlfx b\ »
relatively homogeneous im—terms—ofr grain—sizeAand compositionAhmathmr-
The sards¥one

tu—coarse—graéaad—%é%hie—sandstone}X-it contains very large-scale,
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tabular cross-bedding. The sedimentary structures, thickness, and
overall stratigraphy of this unit suggest that it is an alluvial fan

or a fan-delta deposit.

" //4:4 WU N>n2 . e ‘l‘,.’ Leqr
Igneous_lntruSAOns ! '

Two small intrusions of hornblende monzonite porphyry occur
in the Arapien Shale. One is located in the NW 1/4, NE 1/4 of section

36, T. 15 S., R. 1 W., and the other is located in the SW 1/4, SE 1/4

t '\:.;""»
of section 25, T. 15 S., R. 1 W. These] intrusions are neﬁmvery

re51stant/ and f£hey] weather to aLgrus-llke talus—that-is|black or o

<

dark—gray due -to-the-abundance-of-hornblende., These and other <

intrusions in the v101n1ty were classified as dikes by Zeller (1949),

'/ .. 'y Aou B '{ . :J 1 S 0 a7 slede f
Hunt (1950), and Vogel (1957).. what ;‘__L‘ Hanle - their m phol YE
Loinnitee [aZe ol 41 \/o/\/ s e bk 18

emmq thin sectloqg of the(Entrus&en5~were—examaned~under~a <
/l of N A . {e € Vi

petregraph1eum1eroscopew[f@pproximatelzjss percent of the rock is ===

composed of phenocrysts/ and the other 35 percent is a light-colored, -

aphanitic groundmass of highly altered plagioclase and orthoclase.
»\Ilt

Approximately 75 percent of the phenocrysts are hornblende/ feldspar

7:"

and magnetlte/makewugjthe remalnlngfsaipercent. 1Iheggprnblende o

phenocrysts occur as euhedral to subhedral laths that range from 0.01
to 2.5 cm 1rg}ength Mostifeidepa_jphenocrysts are'bleeky,/subgedral
to euhedra1¢(irghiy~aitered~p&agrecLasenerystais)

Thesg]lntru51ons are post-Jurassic in age based on the

cross-cutting relatlonshlps in the Skinner Peaks quadrangle. Witkind

Sue ot lade Tocane f O A7) cen ?)
a0
and others (1987) cate an Ollgocenee%- O“Uppeerocene age for similar
SenTonca S e et LreJe- [ (W
intrusions in the v1c1n1ty/ hnweverr-thewrelat1onshkp~eﬁ~%hese
/”1/7’1/5'-({':« S are. /{ /’
7
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imtrusions—to Tertiary units is not exposed in the S Cinfer Peaks

quadrangleT

—

TERTIARY—QUATERNARY

{ A variety of alluvial, colluv1al and lacustrine deposits blanket'\
l \

extensive areas of the Skinner Peaks quadrangle. These sediments

Holoe Seelrion 13 .
range in age from Late Tertlary to_Reeentp They were deposited in = /

o | s

& : the Gunnison Plateau{and West Gunnlson Monocllne\ the onset and }

Q%/’ continuation of §a51n and Range faulting, and the advance and retreat/
of Lake Bonneville.
A l/ gos 13 i Mant e {{Q‘;_,.; )
Older Alluvial Fans n(/Pedlment Alluv1um — K”&v‘-/«l

/

[Sedlment that wa;]eroded from the Gunnison Plateaufand—West ‘

Gunntsen”Monocllneras shed | eff to the west in a series of alluvial

fans muchml&ke those that—haveﬂformed in present-day Juab Valley. The
1o o é e /’ /1
upllﬁtedlremnants of the old alluv1al fans are lexposed- alongwthewflank

foe e

wef~themWestmGunnlsoanoneel&neg1n an- areawthat -extends—from—Broad s
Ganynn_&g_thewsQuthern“endmofsthe«quadranglea Thelhaterialwthat formsjf&
these*dep051ts ls\semlconsolldated massive to poorly-stratified,- il
poorly—sortederanglng in 51?e from sand to boulder@\wiand__

~¥el£9g;§Q;gxayminwcolonﬂ {itwis;eempgsegipredominantly[bf{sandstone,

-

“includes clasts of pebbly sandstone from the Crazy Hollow Formation f'

and volcanic clasts derived from the Goldens Ranch Formation.

[ —

/ The remnants of the old'alluvial fans overlie the Goldens Ranch

[

/ Formation, Green River Formation and Arapien Shale at various
;

|
i
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elevations and reflectﬂéeposition over irregular|paleptopography.
Thisfﬁa&eétopography may have been due in part to episodic Basin and
Range faulting which began in the Miocene shortly after development of

({*
the plateau. and monoclinem The thickness of these older alluvial fans
AN

varies from a few feet to 300 feet (Vogel, 1957). E;%his_possib&e"that

these-drastic_thickness-variations also reflect deposition-over ,

irregular.-paleotopography, with the-thickest deposits representing

paleo-lows and the thinner depos1ts representing paleo-highs.

‘,, 4

Pediment alluVium,{Which -caps—the- Goldens Ranch Formation-im the
appene, an erosienal Suclhce diveloged o tha Golelons @

Seu%hﬁHills;~ref1ectswanwoldmerQSLOnal surfacemthat -developed during

/’/M o 1»1([ ey earilic 2 ved f ey u/." , &7 el (// x f,?«, t/} /"

/
¢

I
|
{

and’aftér”uplift“oflfhe South Hllls area. The pediment alluv1um/
,Qnich-is | 0-20 feet thicg;f{s very similar in texture and composition
to the material that forms the old alluvial fans to the east. The
most noticeable difference is the increased abundance of volcanic
clasts and the local occurrence of red, semi- to moderately-
consolidated, pebbly sandstone and sandy limestone. The red, pebbly
sandstone and sandy limestone which occur locally as pods between the
Goldens Ranch Formation and the poorly consolidated upper pediment
alluvium may represent local ponds that formed on the erosional
surface (Oviatt, personal communication, 1989). Like the olde~
alluv1a1 fa%:,.ihe pedimenfyalluv1um occurs at relatively higher
elevations,\reflecting'the uplift and-dissection—-that-occurred—-after
dep051tionﬁ

—The distribution of the pediment alluvium and the alluvial fans

reflects Lustig's (1969) prediction-that-areas with larger highlands

favor alluvial fan development, and areas with lower highlands favor
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pe&lmentd%‘i%nlgpiﬂen\,j\\ _wmarto_

The afe of the older allu i§l fans and the pediment alluvium is «
unlrown md Herr correlation toudntie. |
not<kpowrnr—for-certain. They are nolo&dér»than Early Miocene because -<#—

Gun
they formed after the ﬁevelopment of thgqplateau and the onset of
Preferoc ) // 78 / 4

Basin and Range faultihq{ They are no-younger-than Earliest-

e

Pleistocene because Lake Bonneville 6 sediments locally surround the

A4 4 y V7 ';/ /; Coem D{A
bases of hills that these—edd-alluvial deposits_ cap-

Y

A NS At LN A i O

51 [ ' A solitary alluvial fan (ﬁappéd-aséﬁéfﬁiﬂiiﬁiéﬁstudy) \\
]

corresponding to Qaf; of Clark (1987) was mapped in the NW corner of
4 £e. cI ¥3 ‘F&ml“"tc’(
bw‘a\ oumc'g»( M Onn s K
the quadrangle. This fan is very dissected, faulted;—and-higher-in
” s 0547"6"/»9.\4 co lores( ﬁéf“'f
etevation than a younger-fan-which-surrounds-it. ;{kis composed of
)?Aéa.u)u./:-r -.ﬁ cﬂéiaan‘:{c‘&ﬁ‘iﬁs_
Jdight=brown, poorly-sorted, clay- to boulder-size mnaterial-that—-is
/M"‘"I .sf /(l/ é"—r?u’ c&sf? e carbone fe ﬂ’cé /,.é. 4&7 dtrn/lgc/ fram YA F/a;sﬁﬁ/ fu,.((/c,kl&?)
subangular-to-subrounded: The-poorly=-sorted nature of the deposit,

.

plus—its—proximity—-to-the-mouth-of-a-deeply incised—canyon-that—cuts-
through .the~FPlagstaff Formation;—indicatethat this~fan—is—a—-debris

flow-as~Clark-(1987)-suggested. Clark (1987) estimates that the fan

IS

is at least 50 feet thick. Based on its relatively high elevation and

P

on the very dissected and faulted nature of the fan, it formed either
K in the Latest Tertiary or Earliest Quaternary.
i shotd he Lbelef Qafp
Y; { QUATERNARY
. Giéerbeoa&eseéné Alluvial Fang ;;Ya<lf; (Qaﬁ)
Afésg“ﬁBVETéa“by~oidmalluviéi”faﬁS“andwpedimentmalluviummwene
differentially-uplifted-by-Basinand Range faulting—and-then—eroded,
leaving only-remnants..of -these-old-alluvial~deposits-capping-~the-~hills

. . . p&*’i‘/‘ks
along-the. flank-of-the-monocline-and—in-the-South-Hills.
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wuaqu wg&é%s /%
that-was eroded from theS€~uplifted-areas~was deposited as a series of
(Q"\ el Qucke )

coalescing alluvial fansAFhat flll present-day Juab Valley. Material

-“that-was- derived from the South and West Hills yas’shed primarily to

the east, although some was deposited in the low spots to the west of

7’5
the South Hills. Material derived from the Gunnison Plateau was shed -~

e stusn /f/
)into Juab Valley, to—the~west. As Clark (1987) noted, the fans from

the Gunnison Plateau are significantly larger than those emanating
from the West and South Hillsj gpnsequently, the convergence line of (rae

the two fan syste?s lies wesF of the center of Juab Valley.
yd. 7/;, e [,7« St / w7 As ¢ 7 arl
GeaLeseengsfanfa}%uvsam—&s reddish-brown to yellowish-gray, -

unconsolidated, poorly-sorted, and massive to crudely bedded; local
el forlf :
channels suggest a fluvial environment of deposition. Material is

clay- toAboulder-51ze, although sand- and pebble-size material is most
o & """"7‘

commo&}xgraln size decreases in a down-fan direction. Quartzite,
limestone, sandstone, and volcanic rocks form the majority of the
pebble- and cobble-size clasts. Data from a gravity survey (Zoback,
1983) across northern Juab Valley indicates that alluvial fan deposits

are approximately 3,900 feet thick in that _portion of the valley

referenca /4 //;:., -l

Since Juab valley shallows to the south the equlvalent depos1ts in
the Skinner Peaks area te—the-south are probably thinner than—these—to

the—rorteh. ) ) el
Qat depposi s
’The youngest sediment contained in the eea%eseing-fanésﬁ%k L
/5 ‘L // 72 >
/1depos1ted on the fan surfaces durlng recent time/ the oldest sediment /-
b ‘: —-._-*» . +
co?;alned7}n these fans\was»pnobably-dep031ted in the Late\Tertlaryfﬂ-
Certl ffi/,' s /oCrne—.
ald —there—is—no—observable-evidence=to-confirm this. Lake

Qaf

Bonneville sediments overlap ecealeseing. fan deposits in the southwest
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corner of the quadrangle, 1nd1cat1ng that the deposits must be at-
olds, 7 Vs -
Least~as~e%d~as*Eanllest—BleLstocene.

\
gy .

Lake Bonneville Sedinents

During the hlgh stand of Lake Bonneville, which occurred
approximately( 16 ooo- 17 000 yeat;«aaa, water from the lake spilled
through Leamington Canyon, drowning the Sevier River and forming a
fresh-water estuary Eéyiatt, personal communication, 1989)%that
extended almost as farvsouth as Redmond (Currey, 1982). Tne eastern
shore of this estuary cut across the southwestern corner of the
Skinner Peaks quadrangle. Sediments deposited in the estuary are
exposed in the low, gently-sloping, dissected, fan-shaped patches in
the Washboard and in wave-cut cliffs along the Sevier Bridge
Reservoir. These sediments occur up to an elevation of 5,090 feet,
which was the overflow elevation of the lake during the Bonneville
Stage (Currey, 1982). A change in vegetation pattern that is best
observed on aerial photos also occurs between 5,090-5,100 feet. It is
presumed, based on this elevation, that this change in vegetation

marks the shoreline of Lake Bonneville. It also is presumed, on the

basis of elevation, that water from Lake Bonneville spilled through

7

Mills Gap and flooded the Chicken Creek Reservoir area://There are no

deposits or shoreline features to substantiate this, but it is
possible that Lake Bonneville sediments and shoreline features were
there once but have been obliterated since by present-day Chicken
Creek Reservoir.

Although exposureaﬂare poor}except along the Sevier Bridge
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Reservoir, the sediments are fairly distinctive (especially on aerial
photos) and-can-be-distinguished from the surrounding alluvium, without
much—di-ffieulty. Poor exposures obscure the nature of the contact
between the Lake Bonneville sediments and the surrounding alluvium,
but at one location (section 30, T. 16 S., R. 1 W.), the lake
- M et s

sediments clearly overlap the Quaternary-Tertiary pedimenﬁlalluvium.
Elsewhere (e.g., on the Washboard), the Bonneville sediments are
slightly higher than the adjacent alluvium which suggests deposition
of the Lake Bonneville sediménts on top of the adjacent alluvium.
This observation is consistent with the relationships observed by
Mattox (1986) in the Hells Kitchen Canyon SE quadrangle, 10 miles
southeast of the present study area.

The Bonneville sediments are light brown, unconsolidated, coarse-
to fine-grained sand, silt, and mud. These sediments form a
fining-upward sequence that is 30-60 feet thick and are composed¥
mostly of silt and mud. Deposits are finely laminated and
cross-laminated; soft-sediment deformation structures and ripple
cross-lamination are common near the base of the exposed section.
These characteristics, combined with the lack of foreset and bottomset

beds, fit Oviatt's (1984) description of underflow fan deposits, which

are similar to deltaic deposits.

Q:f

— A ¥eunge;;CQaleeetng—%%iuv:ui-Fan‘§Qa€{>
-~
‘A—seriesof younger coaleseing alluvial fans rest# on top of ﬁ/‘/J

P older coalteseing alluv1al fans north of Little Salt Creek Canyon. The 2

younger fans are very similar to their older counterpartg/ however,
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toward-the-valley.

angular, pebble-size fragments of limestone that-were derived from the

Araplen

7

Little salt Creek Canyon,

changes that lower base level (Pazzaglia and Wells, 1989;

!(

=l

Shale.
4(1" O {!
Younger alluvial fans,

/1‘( Tr g[ﬂ)

-

These deposits are only 50-100 feet thick.

r‘\x’l /ﬂLA TI}
/Afhey are considerably smaller in size, and they'slope mexe steeply

oL
€A

The ecompeositien of thefe younger fans is also
(n 1na
different from their older counterparte/ most of the material is

such as those that are found north of

form in response to climatic or tectonic

Bull,

1990) .

In the Skinner Peaks area, base level could have been lowered by the

/,‘4)& 1A :y{’

retreat of Lake Bonneville, continuéed Basin and Range faulting, or a

combination of beth—ef these events.

The v

local occurrence of the younger alluvial fans suggests

that they formed in response to renewed uplift along a fault segment

and not in response to the regional lowering of base level that would

have resulted from the retreat of Lake Bonneville.

This hypothesis is

supported by the presenbe"ofﬁﬁeeenglfault scarps that cut the older

Eéea%esciqé]alluvial fansy however, the older eealesecing alluvial fans

in Juab Valley and/hhé/Lake Bonneville sediments are incised by
: [2 4"'\/'}
/2}/

gullies that are ‘as much as 15 feet deep, which suggests-a regional

lowering of base level.

Bonnev1lle, and the younger alluvial fans reflect[;eeeQE}Bas;n_and

Perhaps the deep gullies are an expression of

Range™ act1v1ty~en a local fault segment.

alluvial fans are related to the Basin and'Range faulting that-

f&
a regional lowerlng of base level tha%—w&s—&ﬁe—tevthe'retreat of Lake

re e.',’;-‘f

-

Assuming that thes€ younger

produced the fault scarps, the age of these fans is Late Pleistocene

to Recent.

—
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?cases, it is unconsolldated (gray or brown,1n~co&or and ma551ve to

\
k .-
A o M ode Jras f
e WS LA LA A

Colluv1um,\Alluv1uﬁ\ and Landsltide Deposits
Holo

The youngest sediments in the quadrangle are colluv1um, alluvium,

and landslide dep051ts which—are—all—-Recent—in—age- TIhe gplluv1um e

forms steeply-sloping, cone-shaped dep051ts along the base of the

slopes_ from-which-it-was- derlved. /}t is unconsolldated very angular,

i ‘/' /;/

very poorly—sorted clay‘ to boulderms&aemmateptalw The color and
composition of these deposits reflect the formatlon or formations from

whlch they were derived. Thesé dep051ts are 0~ 15 feet thick.

AR i L T —

L
s 7\%’ AN
‘;mmé alluv1um occurs along most dralnageg/ at higher elevations,

such as Flat Canyon and the South Hills, it forms broad, even surface
of low relief. Like/;he colluvium, the composition and color of the

alluvium reflect the local bedrock from which it was derived. In mos:

..I

e,

poorly stratified. Alluvial material is clay- to cobb1e~51ze,

subangular to subrounded, and poorly- to well-sorted. These deposits

S

are generally less than 30 feet thick, /S , Vi)
\

sefed o5 (anclsb o /
Two/landslrdes~are»the only»maSSEmovemant depos;tswthat “were

ebservedbln the Skinner Peaks quadrangle. One of the landslides
oésﬁét:é-on the north side of Chriss Canyon in the SE 1/4 of section
11, T. 16 S., R. 1 W., the other is located south of Skinner Peaks in
the SE 1/4 of section 22, T. 16 S., R. 1 W. Both of these landslides
occurred in et:ata—of the Green River Formation and consequently are
composed of very angular, poorly-sorted blocks of carbonate and
sandstone in a matrix of mudstone. The Chriss Canyon landslide

occurred in 1984 (Weiss, personal communication, 1989) after a period

of heavy rain. Presumably the Skinner Peaks landslide, which is as

31
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fresh as the Chriss Canyon landslide, also occurred in 1984.

STRUCTURE (2oL 00 ¥
Yocks v +hoo ln)lw’pmﬁc{ o b
ral geology of theASkinner Peaks quadrangle isﬂthe

result of Sevier thrusting, formation of the Colorado Plateau, Basin
/e ﬁ’/@m @s )
and Range faulting, and local diapirism of the Arapien Shale;'i The A

ﬁl {tn‘/i-lfts
structures that were produced during one tectonic event were

B

" The stru

superimposed on the structures that formed during the previous

tectonic event. This resulted in complex and confusing geologic

relationships.
Sevier Thrusting

The Sevier Orogeny, which began in the Late Jurassic and
continued into the Paleocene (Armstrong, 1968), was the first tectonic
event that‘affected the Skinner Peaks quadrangle. It was
characterized by eastward—direct;AAfﬂf;;ting which placed Precambrian,
upper Paleozoic, and lower Mesozoic strata over strata as young as
Middle Jurassic. Middle Jurassic marine shales such as the Arapien
are structurally incompetent and consequently acted as glide planes
for the thrusting,that-built-the-Sevier-Highland.

There is‘very'littlé sJ;face evidence of Sevier thrusting in the
Skinner Peaks‘quadranglej}howevéf, substantial subsurface evidence
(Standlee, 1982; Lawton, i985; Clark, 1987) indicates that some
surface features can be attributed to the event. D%ta collected from

PP =

drill-holes in and adjacent to the study area ré&éa&-several

stratigraphic repetitions. These repetitidnsﬁindicate thrust faults
g B 32
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that formed during Sevier thrusting (Standlee, 1982; Lawton, 1985).

Drastic variations of the thickness of the Arapien Shale and adjacent

(retefon e )
units are also attributed to thrustlng y
frsm swriace SWrLd
The only[§urfaeeﬂev1dence that can be aFtrlbuted direetly. to e
j V‘r({ A 1
Sevier thrusting 1s the highly contortedl§prata-of the Araplen Shale. .o~

P —— N RT-Y. ¥ b <757 Y . R N
fL:bwis»pess&b&e“*however&—%ha_]the unconformlty(%hat—eesurejbetween the)

H
¥
{ Arapien Shale and strata of the North Horn, Green Rlver, and Goldens }

ole for S ry
Ranch Formatlons may be related to the Sev1er erogenaeﬂevent. el

iy
g,
mmmican o

P% It (f‘ A recent study by Slms and Morris (1989) indicates that thrustlng‘
of a competent unit over an incompetent unit (e.g., the Sevier
/7 fold-and-thrust belt) will cause the incompetent unit to shorten and

thicken close to the hinterland, and uplift will occur over the

thickened region. As a result, the incompetent unit should be highly

e e

\ deformed, as is the Arapien Shale.’ﬂégggherwpossib%ehresu}t~0f~this

process~is—the-formation-of- topographlc_hlghs in the area.of
e iR N st
thlckenrigajﬁétandlee (1985 personal communlcatlon to S Mattox) |

suggested that thrusting and folding indirectly may have caused the

! local 1lndianola highs observed by Weiss (1969) and Mattox (1986)

T WV P P v S—

Arsthed -
Lt_;s*alsoepossableathat the paleo—hlghs are the result of

diapiric movement of the Arapien Shale. Differential loading or

tectonic activity is often necessary to initiate diapirism (Lemon,

1985; Jackson and Talbot, 1986)} the influx of coarse-grained clastic: -
oy (;(/:‘l 71 € = ==

Casd
material- from theAhighland to the west and the eastward directed ’

thrusting that-was-—occurring-at-this time would have provided both of =

these mechanisms. The presence of a thick section of oncolitic

,/L, ,/’/ F
limestone on Skinner Peaks supports theiéheery that this area was =
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actively rising durlng dep051tlon. : ;
cther Cfocmatro 1574 i ma e T o~

Regardless of wh&eh—exp&anat&ea is correct 1t is eertainty- =2

reasonable to conclude that the unconformity that-eeeurs between the
Arapien Shale and strata of the North Horn, Green River, and Goldens
Ranch Formations is related to Sevier thrusting.

Formation of the Gunnison Plateau

west-Gunnison-Monocline

71”&;§;;2i In the Skinner Peaks" quadrangle, the. Colorado Plateau Province. is
7Qw}li’ ~ repreésented by- fhe;G%Pnlson Pfatea Bi“a") L:Uﬂ bt ghelae;t
:ﬂfd§‘:”” Gunnison-Monocline.. lnslfe the.east. idge of..the.qguadrangle. “mheT?fSt
ovf fé_ Gunnison. Monocllne;£e 2pprox1mately “18-miles-long, and-it extends-from
' - Fayette Wash in the Hells Kitchen Canyon SE quadrangle to-Buck‘Canyon,
o “T”%V#north of Little salt Creek Canyon "(Mattox; 1986). NERZD / E
o) 1dmec /;/ﬁi"%Q RS : . . . /
nﬂnﬁ%w/ /Léé;lnﬂt?e Skinner—Peaks quadrangle, the West Gunnison Monocline bl

ﬂ“bcéi consists—of Green River Formatien and Goldens Ranch Formation:strata e

‘jéf{. whéﬁ%—dlp;;g te 30 degrees to the west or southwest. Dips of 55
degrees and greater were observed in Green River strata on Skinner
Peaks, but these values are anomalously high and may reflect diapiric

modification by the underlylng Araplen Shale.

o e s

2? A thick section of Araplen Shale cores the monocline and extend )
=1 7

eastward under the synclinal structure of the plateau M/In general,

e

the Arapien is highly deformed, and attitudes are quite variable.
Attitudes measured in a relatively undeformed section below the

Arapien-Green River unconformity south of Little Salt Creek Canyon dip

consistently 40 to 45 degrees S%/ these attitudes are consistent with

2 [ 34
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those observed by Zeller (1949) in Arapien strata east of the Skinner
Peaks quadrangle.

Based on the %nterpretations of Standlee (1982) and Lawton
(1985), the Arapiegiégre of the monocline represents a ramp structure
that formed during Sevier thrusting; it is likely that the variable
attitudes of the Arapien strata reflect deformation due to the
thrusting event, as well as later modification by tectonically

activated diapirism.

The West Gunnison Monocline and the Gunnlson Plateau formed

Tt of Soldne o

during Late Oligocene or Early Miocene time.' The—timing of“thts—event £

is constrained by the Oligocene Goldens Ranch Formatlon which s
represents the youngest strata’\canwtﬁewmonocllne.l The conformable
contact between the Green River Formation and overlying Goldens Ranch
Formation indicates that monoclinal warping had not begun prior to

deposition of the Goldens Ranch Formation.

T 3 it 1 4 %ff i Not el

Basin and Range, Extension

Wi thig

The structural geoltegy-of the Skinner Peaks quadrangle is-
L/\i Mmex o
‘demrna%ed—by north -south trending, high-angle normal faults, ineluding

the Sage Valley Fault, the Western Juab Valley Fault Zone (W&V?Z), and

the Wasatch Fault Zone (WFZ). Smaller normal faults also dzssect\the
/

area. L“"‘M #b% E{HZ '[“*“2’7 e s 2 W“Eb - mele udb af LQ(LM_.,,{(,)@W
wlmq l/“uj ere  Bif- {

Sage Valley Fault e

The Sage Valley Fault is a high-angle, down-to-the-west fault

which bounds the west side of the West Hills and the east side of Sage
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estimates
Valley. pEpe fault trends approximately N 10 %ﬁ Clark (1987) states

that the fault has at least 2,900 feet of throw. Triangular facets
on fhe

Lphat»havewiormed—alcng—the]western side of the West Hills define the

fault scarp. The fault does not cut any Quaternary units within the

Skinner Peaks quadrangle.

Western Juab Valley Fault Zone

The Western Juab Valley Fault Zone {(WJVFZ) bounds the West Hills
on the east and Juab Valley on the west. Th}é’faultzig‘thought to/be
Jxéﬁéze;;a—aeaé]of concealed down—tfzjre east, high-angle normal
faults. Surface evidence for the WIVFZ 1s sparse. Southeast of “
A

Chicken Creek Reservoir the fault -appears—to placé;upper Goldens Ranch “
Formation against Green River Formation and lower Goldens Ranch
Ve x/

Formation. The faulEELwhqu]trends roughly N 40° g,'has an estimated =&

throw of 1,000 feet.

Wasatch Fault Zone

The Wasatch Fault Zone (WFZ) bounds the west edge of the West
Gunnison monocline and the east edge of Juab Valley. It is a Zone- of
high-angle normal faul%?and—is characterized by down-to-the-west
movement. Triangular facets or faceted spurs of Arapien Shale south
of Little Salt Creek Canyon Fault and fault scarps in Pleistocene
alluvial fans attest to the presence of the faulé; The fault scarps,
which can be seen just west of Skinner Peaks, show approximately 5 to

10 feet of displacement. The Wasatch Fault trends approximately N 20°

& (YT
E and has an estimated throw of approximately 5,000 feé;. *’)
A\
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Recent gravity and seismic data presented by Zoback (1983)
indicate that Juab Val1eYh;whiehfiS”Bﬁﬁﬁaéa“ﬁn“thewwestMbywtheWWestern

Juab-Valley Fault- Zone and on-the“east by the Wasatch Fault ZongJ is

~an asymmetric graben that contalns up to 3,000 feet of alluvial fill.

Other Faults

Other faults that occur threughout‘the quadrangle include
high-angle cross-faults such as those in the West Hills and the fault

Wthh parallels 0l1ld Botham Road in the South Hills area. These

o S T e S B ——

structures are possibly related to local strain accommodation that

occurred during Basin and Range extension.

Other Structures

Basin and RangejndfﬁEI‘fau}tinqgnot only produced the structures—
= . A

g described above, it also affected the structure of the West Gunnison
/ .

Monocline by diééecting the west-dipping strata into a series of
west-dipping fault-blocks that are bounded by north-south-trending
normal faults. Strata—in—the—-southern-end-of-the-quadrangle~have-been
affected most -noticeably.

Vertical joints, which trend approximately 30 degrees west and
east of north, are prevalent in Green River and Goldens Ranch strata.
The joints probably represént shear fractures that formed due to

east-west extension.

N Diapirism of the Arapien Shale

. Evidence [threughout the quadrangle| indicates that diapiric
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has ) e
movement of the Arapien Shale modified the structurg |of-the-area

llocally. This Tocal, episodic|diapirism was probably initiated by “7*

tectonic events such as Sevier thrusting, development of the West

,fxgunnison Monocline, and Basin and Range extension.

| \&
aﬁﬁiﬁx\f// :
’ - Flat Canyon Graben and Skinner Peaks
Flat Canyon Graben‘rs—afstructurE"thaE}mayxkepresentian

15y

exten51onal graben that has been modified by diapiric collapse. ﬁ?his ;
i seructurewlsmapprox1mate1y one-mile-wide.| It beglns near Timber
|
g Canyon in the Hells Kitchen Canyon SE quadringle and extends north to

170

Chriss Creek where it bends to the west. ‘This graben is bounded on

““the east by the high-angle, down-to-the-west normal fault which

parallelsrthe southwest front of- the”Gunn1sen—Platea&T——}t places Hall
rv'v "‘1‘\:

Canyon Conglomerate against Flagstaff and Green River [strata. The
west edge of the graben is bounded by a down-to-the-east normal fault
which places the Hall Canyon Conglomerate against Green River and

Arapien stfata. . ok :
Thet?ehdhgn the graben parallels the northwest trend of‘Sklnner ,
Peaks which cutsvacross the etherw;se north-south trendlng(strueturee,
/that are]related~tgjthe Basin and Range-Colorado Plateau] prev;ﬂees
ot ’LThe graben, llke Sklnneﬂ ?eaks, is underlain by Araplen Shale. [Ehe
Al

;p;esencemeﬁ—thngraplen in the subsurface beneath the Flat Canyon

I~
‘,\\

// A

graben 1s manafestm;n’salty well water and, 51nk _holes (W. Jay Dalley,
landowner, personal communication, 1989). hIt seems reasonable to
assume from this evidence that the structure of the Flat Canyon Graben

and the adjacent Skinner Peaks is controlled in part by diapiric

38 / 7
J ;



collapse of the Arapien. It also seems reasonable to assume, based on
the timing of the event, that the mobility of the Arapien was

triggered by Basin and Range faulting.

Other Diapir Related Structures

Rootless fault blocks of Green River formation can be observed
"floating" in Arapien Shale on the flanks of Skinner Peaks in the NE
1/4 of section 22 and the SW 1/4 of section 15 T. 15 S., R. 1 W.
These?blocks are similar to the detached blocks of Colton and Green
River Formqtioq;described by Willis (1986) approximately 30 miles to
the southxgﬁ the Salina quadrangle. I concur with Willis' ¢3986)
interpretation that these detached blocks are slump blocks which, in
this case, slid off of the Skinner Peaks block. | '+ /et = surbinl

A small syncline in Green River strata that unconformably overlie
the Arapien Shale in the NE corner of the Skinner Peaks quadrangle is
also thought to have formed by diapiric movement of the Arapien
[Kgbrinkel, personal communication, 1989). Contacts between the
Arapien and overlying units are often sheared, with slickensides and
well-foliated clays similar to those described by Willis (1986) 1n the
Salina quadrangle. These contacts are also }ﬁdieaﬁive of movement.

\.
/J /
Iad |

Y 4 ,/ 8 ; ~ 4 : ‘ |
1’ . _\,{.',r;‘

ECONOMIC GEOLOGY -~ .y
feSounrQ foanedaat Qo

Economic depes&tsjln the Skinner Peaks quadrangle and yicinity :

include sand and gravel, gypsum, tuff, cafﬁ‘““tg:ggck manganese,\

P i e e —
‘ petroleum/products —aad—wa%er—\LThe sand and gravel ‘occurs—as]
?C s J g | AL/
alluv1al colluv1al and lacustrine deposits.' Material ranges in size
/\ . A AN
(A , 1< ! (i
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fromlciafﬁto boulder53 Most materlal is sand and gravel composed of

e —— “'«mw

quartzite and carbonate clasts, with local concentrations of volcanic
—— sy ‘\

clasts. bmheﬂgand and gravel) [Ehtch—es-use@_gg&mg;;;xmas road-ballast,

— Z

//Qii“quarrled from numerous gravel plts throughout the quadrangle\

 —

\
x
1
{
i
{
i
H

i
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Active quarrylng of gypsum from the Araplen Shale on the NE side
of Skinner Peaks began in 1989. Eﬁhiﬁﬁgypsum can be used in the eopo
production of dry-wall or as a bondlng agent 1n cement.

Tuff from Unit IV (ngﬁ\of the Goldens Ranch Formation’ formerlyl
was quarried south of Skinner Peaks and in the Painted Rocks area for
use as poultry grits, and soil mineralizer and conditioner (Vogel,
1957). This operation was run by the Azome Utah Mining Company of
Sterling, Utah, and the products were marketed under the trade name
"Azomite" (Vogel, 1957).

Carbonate rock that is found in the Flagstaff Limestone and Green |
e

~ i
‘" River Formaf*oneposs1bly could be used as bulldlng DL dlmen51on stone.

\\\\

Unfortunately, in the SklnnerwReaks quadrangle, neither of these

———
e

formations contaln suff1c1ent amounts of llmestone .or dolomite to make

ot g

\\Egntaln anomalously high amounts of coarse—gralned clastic material. |

/; ) rese +
Small amounts of manganese eeccur in fault zones within the

volcaniclastic Goldens Ranch Formation. The manganese occurs as
dendritic pyrolusite in a calcite matrix. Pyrolusite is a secondary
mineral that results from the alteration of manganese minerals

(Edwards and Atkinson, 1986),which _are present in-small-—amounts_in

most crystall1ne~rockSMTHuribut“and “Klein;1971). “Fhe manganese that «

forms the pyrolusite was probably leached from the surrounding Goldens

40
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Ranch Formation and deposited with calcite along the fault zones.

0il and gas exploration has taken place throughout central Utah

roye

because of the structural 51m11ar1t1es between it and the producing &/:2°

. overthrust belt cf Wyomlng (Clark 1987) Several oil companies have

drilled test wells in Juab Valley and on the Gunnison Plateau %n SE

Juab Countyg, no productive reservoirs have been discovered to éﬁéél"*{;
. = N ‘

WATER RESOURCES
Water resources are somewhat limited in the Skinner Peaks

quadrangle. JSurfase water occurs in the Chicken Creek and Sevier

Bridge Reservoirs, in Chicken Creek, and as small springs in the

vicinity of the Skinner Peaks. Depth to the.tep-ef the water table is

more than 100 feet (Bjorklund and Robinson, 1968) in the area of Juab

Valley,that—lies—between—the-South-Hills—and-the-west-margin.of.the <~

- Gunndi-son—Plateau.

Arabasz, 1982)/ the potential for ea%as%fophic earthquakes is hlgh. =

GEOLOGIC HAZARDS‘//
Earthquakes, mass movements, karst development, and groundwater
contamination are“tﬁe poéential geologic hazards in the Skinner Peaks
quadrangle and vicinity.

The Skinner Peaks quadrangle is centered roughly on the Wasatch

Fault Zone which is part of the Intermountaln seismic belt (McKee and

—p }A;

lgarthquakes may result in destructive ground shaking, surface rupture

of—a%%uveum, soil llquefactlon, and differential settling (Clark,

1987),,they also may trigger mass movements such as snow avalanches
A’

L <2
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and landslides. Landslides also may occur smmply—because strata are
incompetent or poorly consolldated.F Heavy rain or large volumes of

melt-water moving over steep, sparsely-vegetated mudstone slopes may

i ¢

TIAN

result in mass wasting. | * neten ‘
The development of karst topography and;gontamination of f{fesh
groundwater are both related to the Arapien Shale. The evaporite-rich
Arapien underlies much of the Skinner Peaks quadrangle. Groundwater
moving through the Arapien dissolves the evaporates causing surface
collapse and subsequent formation of sink-holes; evaporite dissolution
also results in the contamination of the groundwater. Land-owner W.
Jay Dailey reported the development of sink-holes and collapse
structures in hay fields in Flat Canyon; he also reported salty water
in a stock well in Flat Canyon. Vogel (1957) and Hunt (1950) cite
similar reports from local residents concerning the quality of well

water. 9 O riad (N
\ RO\ LIKRL e AR -

Yra STRUC

,T/‘ .

\
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GEOLOGIC HISTORY AND-INTERPRETATIONS |
Aspects of the geologic history of the Skinner Peaks quadrangle

were discussed throughout the stratlgraphy and structural geology

Th thg drscn

sections of this manuscript. ﬂ brlef synop51s of the geologicat R

history {eseﬁ%eawhere“aiong w1th~1nterpretat10as-eoneern1n§]the il

structure and stratlgraphy of the quadrangle. I T
The Precagﬁiian througe4?af}y Jurassac 1nte£?alﬂﬁasldoa£natea b%&;

deposition of ,marine and[gent}nental~sed%ments—;§jthe Cordilleran
‘i"' crem “ /"I L Str
mlogeocllneA These rocks are not exposed‘as_bed;ock 1n the
are resenT
quadrangle, but thedeo~occug in the subsurface and as clasts in
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conglomerate)of the North Horn, Flagstaff, Colton, Green River, and

hedrocke

Goldens Ranch Formations. The oldest exposed strata are the marine

shales of the Middle Jurassic Arapien Shale. The sedlmentsgthgt-
in
comprise-these. strata7were dep051ted1bxja shallow arm of the sea which

advanced from Canada, through central Utah, and into northern Arizona.
le - l

By the Late Jurassic this sea had retreated to the north. Compre551on /

\ /\ Pt : 4 -{\(
CU\(' caused by the subduction of the Pacific Plate under the North Amerlcan

-~

/{ ey \
Plate also started to aﬁfect central Utah areund thls time. /

‘,-"‘, \' ! N j
Eastward- dlrected»thruitlng[Piaeed~Precambr¢anT_PaLeozozﬁ““and
I ’\ 1 A N (et s
Mesezo4ﬂ strata-over—the. -incompetent- Araplen -Shale~which acted as™a
COANT L5516 \"1.‘1.'::/1‘ O pisd «d proqiy
g&iéemp$ane /[ This thrusttnq-bux&t the Sevier Klghland and
edeg ~1t

correspondlng foreland ba51n S | (/
N

2 )

M&ddle and Late Cretaceous timey, the Skinner Peaks quadrangley
which was located in the foreland basin just—east—of-the“Sevier
Highland, beganE@@,rece1v¢Zeeé;;eht~that~was belngleroded from the
hlghland and dep051ted ln.the~ba5123as alluv1al fans Continued
thrust1ng[to~the“eas§ and the dlfferentlal loadlng that ;a5mcaused ~by
theWlnfluxMofmsedtmentwfrom“the»westhlnltlatedhdlaplrlc movement of
the evaporite-rich Arapien Shale. This-loeal,—episodic giapirism
produced local topographic highs of Arapien Shale within“the basin.
Consequently, unconformities developed between the Arapien and various
Cretaceous-Tertiary units that were;beéng}deposited in the foreland
basin. Based on the stratigraphic relationships and the abundance of
oncolitic limestone on Skinner Peaks, this area was the site of an
actively rising topographic high of Arapien Shale.

The unconformity between the Arapienjaﬁa the Green River
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Formation indicates thatE%a:bcniea}%y—ae%évateé)diapirism continued e

4 *D
E;ﬁumxﬂg'the Early Tertiary,|during.which-time-the-foreland-basin-was <
deminated by alternating lacustrine—and-£fluvial conditions which L

produced the strata of thHe Flagstatf;-Colten,—and~Gfeen River e

ey

fcrmattvns:j Ia—th6"5k1nner Peaks quadrangle, these formations have an

anomalously highclastic-fraction~because~the“guadrangle-was—ltocated -
along.-the western margin~of“the basin.~ | . -
Gaeed JOE( zaclesh e Y(.fh &\‘ % LAV W"‘;{'f/'/?‘ and uiesk —

Wide-spread volcanism dominated the landscape of central Utah in

(-(/)I ¢ v,ﬂ“‘fl&“ 7 b A /\ Yhe

the Oligocenef— ‘ ~ve&caniciastﬁgaGoldens
in thg aree M4 ve /lute SN ce- s

Ranch Formatlon. EplSOdlC dlaplrlsm waS‘stlll occurr1nd~_based~on“the

( >//f Z}"- :"i"; /.Hx //// LN eonfrrn by f« ot 'f'}]& ‘», ‘h /v/\. Vi /».} S, «-‘f( ¢ 304 /

tansed

uncenie;mab&e—eentaet~between~the Araplen ané-the—Ge;dans—Raaeh 2

Formation.

The Gunnison Plateau and the West Gunnison Monocline formed -in
,'/"/;,»»/,..-., &bt inm ,"l{,‘.,., lofe

the Late Oligocene after deposition of the Goldens Ranch Forma ionc Ol gocsen.

coalescing-alluvial-fans~in“the basin~to“the~west

1 [ VI’L / %;/(&’1»«
Basin and Range exten51on began shexrtly after the_formatben of
roctu ,~/ Aupleroas

the monocline. The extension &tssected-the_axea_wath north-south

trending normal faults such as the Sage Valley and Wasatch faults and
"9+ 442 s Lec - /,
produced east- and west-dipping fiult blocks. Uplifted areas were by
Aetrifus
éésseeted~and eroded, and the sediment was deposited as alluvial fans

+o the aff,\ ’(,t?//~> qva benb 5 such &5
1n present day Juab Valley. o
/Af’ //5 Z1 /\ / vel

1n the Pleistocene, Lake Bonneville reached the Bonneville Stage, # of
- va[”u /1 ’-‘,,//Ar(__ ‘'n /AL Skinnes /’:
flooding the Sevier Rlver-aﬁd-dep051t1ng underflow-fan sedlments. ey
“%"“7( leved dv- Pfec d
2,000 years later the lake retreated catastrophically,
4’/ [27%'N

lowering the regional base level. [Eetive down-cutting through the
7
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alluuial—éaﬁs in Juab Vailey and in stream gullies attests to the
change in base level; continued Basin and Range extension also
steepened the average regional gradient. Fault scarps that cut
alluvial fan deposits, and the formation of secondary alluvial fans
are evidence of Recent Basin and Range faulting.h’I *7fjﬁ\ [ e
—
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FIGURE CAPTIONS
Figure 1: Clasts of Paleozoic quartzite and carbonate in conglomerate

of the Colton Formation in the West Hills north of Mills Gap.

Figure 2: Oncolitic limestone in North Horn or Flagstaff strata on

Skinner Peaks. (Photo by S.R. Mattox)

Figure 3: Outcrop of epiclastic conglomeratic sandstone of Unit 1 of
the Goldens Ranch Formation. Note the cross-bedding, pebble lenses,
and typical blue-gray color. Hammer for scale in center of photo.

Photo taken in the Painted Rocks area. (Photo by S.R. Mattox)
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SKINNER PEAKS SECTION
This section was measured on a southwest traverse beginning on
the 5700 ft contour, just south of the jeep trail in the SE 1/4 of

section 15, T. 16 S., R. 1 W.; strata dip approximately 30 degrees SW.

UNIT # UNIT CUMULATIVE
(SAMPLE3) THICKNESS THICKNESS DESCRIPTION

13 17.0 745.0 Sandy limestone, grayish-
yellow (5Y 8/4); slope-
forming.

12 15.0 728.0 Calcareous sandstone, pinkish-
gray (5YR 8/1), weathered and
fresh; massive, ledge-
forming;sand is 80% quartz,
subangular to subrounded,
moderately-sorted.

11 95.0 713.0 Sandy limestone, variable

color; weathers into plates;
sand is medium-grained,

subrounded quartz.

GREEN RIVER FORMATION
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10

FLAGSTAFF LIMESTONE OR NORTH HORN FORMATION

50.0

60.0

81.0

15.0

10.0

618.0

568.0

508.0

427.0

412.0

54

Interbedded pebble
conglomerate and sandstone
lenses; sandstone contains
algal mat pieces (up to 5
inches) and oncolites;
composed of medium-grained,
well-sorted, subangular to
subrounded quartz;
conglomerate clasts are 50%
quartzite (rounded tan and
purple from the Cambrian
Tintic Quartzite, and the
Precambrian Mutual Formation)
and 50% carbonate (Paleozoic).
Sandy‘limestone and sandstone,
pale-reddish-brown (10R 5/4);
forms a slope with local
ledges; sand is medium-grained
quartz.

Oncolitic limestone,
vellowish~gray (5Y 7/2): -
cliff-forming; oncolites up to
3 inches in diameter.

Covered slope.

Limestone, finely-crystalline,



light-gray (N7); massive,

ledge-forming.

FLAGSTAFF LIMESTONE OR NORTH HORN FORMATION

55.0

220.0

NORTH HORN FORMATION(?)

402.0

347.0

55

Conglomerate interbedded with
sandstone; cliff and ledge-
forming; sandstone is light-
gray (N7); composed of medium-
grained, subangular to
subrounded, well-sorted
quartz; locally cross-bedded;
conglomerate is clast-
supported; 80% of the clasts
are subangular to subrounded
cobbles composed of Paleozoic
carbonates (75%) and
Precambrian/Cambrian quartzite
(25%) ; matrix is medium-
grained, well-sorted, rounded
quartz sand.

Conglomerate; cliff and ledge-
forming; clasts are subangular

to subrounded pebbles,



90.0

127.0

cobbles, and boulders of
purple and tan quartzite

derived from the Precambrian

- Mutual Formation and Cambrian

Tintic Quartzite respectively;
matrix is coarse-grained
quartz sand; unit is gray at
base and changes to red up-
section.

Slope covered with rubble of
quartzite boulders and
cobbles; derived from the

conglomerate that is up-slope.

NORTH HORN FORMATION (?)

35.0

ARAPIEN SHALE

37.0

35.0

56

Limestone, finely-crystalline,
grayish-green (10GY 5/2);
ledge-forming; separated from
unit 3 by a fault.

Calcareous mudstone, grayish-

green (10GY 5/2).



Clasts of Paleozoic quartzite and carbonate in

conglomerate of the Colton Formationin the West Hills north of

ure 1:
Mills Gap.
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Figure 2:

Oncalitic limestone in North Horn or Flagstaff strata

Skinner Peaks. (Photo by S. R. Mattox.)
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Figure 3: Outcrop of epiclastic conglomeratic sandstone of Unit |
of the Goldens Ranch Formation. Note the cross-bedding, pebble
lenses, and typical blue-gray color. Hammer for scale in center of
photo. Photo taken in the Painted Rocks area. (Photo by S. R.
Mattox.)
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Qal

Qc

Qls

Qdf

o Plade de

DESCRIPTION OF MAP UNITS

Alluvium - Clay- to boulder sized material; locally derived;

occurs along most drainages.

Colluvium - Steeply-sloping, cone-shaped deposits; material
is unconsolidated, very angular, very poorly-sorted; color
and composition reflect the formation from which the

deposits were derived.

Landslide deposits - Angular, poorly-sorted blocks of
carbonate and sandstone in a mudstone matrix; material was

derived from the Green River Formation.

Younger coalescing alluvial fans - Small alluvial fans
located north of Little Salt Creek Canyon; composed of

angular, pebble-sized fragments of Arapien Shale.

Older coalescing alluvial fans - Reddish-brown to
yellowish-gray, unconsolidated, poorly-sorted clay, sand,
pebbles, cobbles, and boulders; deposits are massive to
crudely bedded; clasts:are composed of quartzite, limestone,

sandstone, and volcanic rocks.

Fine-grained deltaic sediments - Light brown,

unconsolidated, coarse- to fine-grained sand, silt, and mud
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deposited by Lake Bonneville; deposits are finely laminated
and cross-laminated; soft-sediment deformation structures
and ripple cross-lamination are common near the base of the

exposed section.

Qaf Solitary alluvial fan - Solitary alluvial fan located in the
- NW corner of the quadrangle; composed of debris from the

Flagstaff Formation; very dissected and faulted.

QTaf " 01d alluvial fans - Poorly-sorted sand, pebbles, cobbles,
and boulders; forms distinctive yellow caps in the hills

north of Skinner Peaks.

QTap Pediment alluvium - Poorly sorted sand, pebbles, cobbles,
and boulders; also contains red pebbly sandstone and sandy

limestone; alluvium occurs as dissected caps in the South

Hills.
Tvgu Goldens Ranch Formation (undifferentiated)
Tvg5 Unit V of the Goldens Ranch Formation - Equals the Hall

Canyon Conglomerate of Meibos (1983); blue-gray epiclastic
conglomerate and conglomeratic sandstone; contains clasts of
it TV.

Tvg4 Unit IV of the Goldens Ranch Formation - Orange or tan
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Tvg3

Tvg2

Tvgl

Ti

Tgr

vitric lithic tuff; contains flattened pumice up to six
inches in length; weathers to vertical cliff that are

commonly cavernous.

Unit III of the Goldens Ranch Formation - Coarse-grained red
or gray epiclastic sandstone that contains cross-bedding and
channels; composed of approximately 60% bipyramidal quartz

crystals; forms resistant ledges.

Unit II of the Goldens Ranch Formation - Pink crystal vitric
tuff containing biotite, bipyramidal quartz, sanidine, and

pumice; weathers to form slopes.

Unit I of the Goldens Ranch Formation - Blue-gray or green
epiclastic conglomerate and conglomeratic sandstone; forms

cliff and ledges that display cross-bedding and channels.

Igneous Intrusions - Intrusions of hornblende monzonite
porphyry; less than 30 feet in width, weather to a grus-like

talus.

Green River Formation - Interbedded grayish-yellow to brown
mudstone, limestone, sandstone, and conglomeratic sandstone;
limestone is commonly fossiliferous or oolitic; a
conspicuous bed of stromatolitic limestone occurs in the

bottom part of the section; sandstone near top of section
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TKu

Tc

i

TKnh

contains vertebrate fossils.

Cretaceous and Tertiary strat (undifferentiated) - Includes
Tc (Colton Formation), Tf (Flagstaff Formation), and TKnh

(North Horn Formation).

Colton Formation - Reddish-brown mudstone, sandstone, and
conglomerate; conglomerate is clast-supported, and
moderately-sorted; clasts are composed of Precambrian
quartzite and Paleozoic carbonate; thin beds of limestone

occur locally throughout the section.

Flagstaff Formation - Grayish-yellow to pale reddish-orange
calcareous mudstone, sandstone, sandy limestone, limestone,

and conglomerate.

North Horn Formation - Red to gray, poorly-sorted cliff and
ledge-forming conglomerate; clasts are composed of quartzite
and carbonate that was derived from a variety of Precambrian

and Paleozoic formations. Shown only in cross-sections.

Jurassic and Cretaceous strata (undifferentiated) - Includes
Kpr (Price River Formation), Ki (Indianola Group), Kcm
(Cedar Mountain Formation), and Jtg (Twist Gulch Formation).

These units are shown only in cross-sections.
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Ja

Jtc

Arapien Shale - Grayish-green thinly-bedded limestone,
micrite, calcareous siltstone, rippled sandstone, and
grayish-green or red mudstone; pods of gypsum occur locally

throughout the section.

Twin Creek Formation - Shown only in cross-sections.
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MAP SYMBOLS

CONTACT
Dashed where inferred; dotted where concealed

e B e W ) 6
FAULT

Dashed where inferred, dotted where concealed;
bar and ball on downthrown side

..Q.

Test well

‘f—7

Tie-line (connects areas of like lithology)

X

Gravel pit

<10

Open -pit gypsum mine

STRIKE and DIP of BEDS
. 15 ®
Inclined Horizontal

Vertical
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