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ABSTRACT

The Red Hills area comnrises & small basin range block which

is aligned with the northerly-trending Murricene Cliffs but whieh lies

inmediately west of the Marikagunt Plateau margin in southwestern Utah,

The area is of considerable geologic interest because it lies in the
Colorado Plateaus-Basin and Ranpge transition zone and serves as a_key
to the peolopic relatlonship of the plateaus and basin ranges.

The stratigraphic sectlon of the area is similar to that of the

plateaus and includes 6,000 to 0,000 feet of sedimentary and voleanic

rocks which range in age from Jurassic to (uaternary. Rock unite include

the Navajo sandstone, ‘armel limestone, Entrada, Curtis, and Winsor

iormations of Jurassic age; the Iron Springzs sandstone of Upper Cre-

taceous ages the Claron (Fink Cliffs Wasatch) formation and a sequence

of volcanic—derived sediments and acidlc welded tuffe and lavas of
early to middle Tertiary arej old pediment gravels of late Tertiary-
early aternary age; and olivine basalts of Quaternary age.

In late Cretacecus time, the Tron Springs sandstone and older
rocks were uplifted in an iseolated welt, with northerly trend aleng
the site ol the Ited Mills and lurricane Cliffs, and thrust eastward

“toward the site ol the plateaus. The Laramide fold complex was
bevelled and covered by bundreds of feet of early to middle Tertlary
rocks which éccumulated in inlermontane basgins flanking the uplifted
belt and which ultlmately buried deeply-eroded remnants of the old

welt,




In middle Tertiary lime, the present arrangement of platean end
basin and range structural elerents largely came lnto existence; the
Hurricane fault gone, which was developed approximately coincident
with the old buried fold axis south of the Red llills area, is replaced
nortimard by the easterly-trending Summit maﬁ@cline which transiera
the plateau margin abruptly easstward to the Pavaponah fault zone at
the margin of the Markagunt Plateeu. Because of this Cenowolc mono-
clinal warping, transverse to the Laramide axis, abrupt plunge of the
Laramide fold was imposed long after the fold had been formed, bevelled,
and burled under hundreds of feet of Tertiary rocks. As a result of
the eastward shift of the plateau margin, the Red Hills area and its
segment ol the Laramide fold lie several miles west of the plateau
margine

During mid-Tertiary faulting and warping aleng the platesu marging
the Hed Hills area was broadly upwarped and bevelled at its southern
end as plateau drainage was extended westward to the Great Fasin. Tn
late Tertiary-early Quaternary time, the Red Fills area was upfaulted
between subsiding blocks of Parowan and Cedar City Velleys aleng the
curving plateau rmargin., Quaternary basalts were locally erupted onto
lower ilanks of the rising range block of the Red Wills area, and the
basalt sheets were broken by latest phases of uplift of the range block.

In consequence of upliit of the range block athwart the westsar&;
flowing drainage from the high plateaus, Winn Creek, favored by only
slight rise of the range block, and Parowan Creek, favored by relatively
large discharge, maintained their antecedent positions and cut transe

cerse maps through the rising range bloek, latest phases of uplift of




the range block defeated Parowan Creek, causing abandorment of the gap
and development of the Little S3alt Lake playa in the Parowan Valley

praben,
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ghifts abruptly eastward and contimues northward from Peragonah aleng &
fault scarp at the west margin of the Markagunt Plateau (Thomas and
Taylor, 19L6).

This repeated shifting of the platean margin causes eastern pertions
of the Hasin and Range province to have marked aligmment and egpential
continuity with one segment of the Colorade Platesus margin and to lis
west of & more northerly segment of the plateau margin, These areas
in the platféanabasin range transition zone can be expected to clesely
resemble the plateaus in their pre-bleck faulting geology and the basin
ranges in their post-block faulting geology.

The Red Uills area lies in such a mone, aligned with end nearly
continuous with the Hurricane Clifls segment of the plateau margin but
1ying several miles west of the Warkagunt Plateau margin. The study by
the present writer was undertaken to determine the nature of the platesu~
basin range transition gone in the Red Fills area and to determine to
what extent the structure, stratigraphy, and geomorpholegy of the transi-
tion gone can be related to that of the plateaus and mrby basin ranges.

The only previocus geologic inwestigatien of the Red Wills area was
of a reconnaissance nature in comnnsction with hydrologic studlies of
Cedar City and Parowan Valleys (Themas and Taylor, 1946). Thomas and
Taylor mapped major Cenozoic faulits which cutline the Hed Hills area and
separate it from flanking basins, but the nature of their work prevented
them from making a detailed study of regional geologic !'31&‘5102;81’11?80
In the plateaus immediately east and south of the Red Hills (Gregory,
1949, 1950) and in the ranpes of the Iron Springs district southwest of

the Red Hills area (Mackin, 1947, end personal communication) detailed
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geologic studies have Leen made recently, and these studies have been
referved to extensively by the present writer during preparation of this

papet.

Gensralised geolopy and physiograply of the Red jiills arca
the stratigraphic section includes 6,000 te 8,000 feet of ssdimentary

and veleanic rocks which range in age from Juressic to Quaternary. Followe
ing essentially conformable deposition of Jurassic and Cretaceous fermations,
the rocks wore folded and thrust faulted, Levelled, and covered ty bouldery
late Cretacecus-early Tertiary red beds and overlying pyroclastic and
voleanicederived sediments, With no appreciable hiatus, there follewed

an epoch of vast sccwmlation of early to middle Pertiary acidic volcanics
of lava flow and mees ardentes origin, similar in litholegy and sequence

to Tertiary voleanics which blanket thousends of squave wiles in south~
wostern Uteh. In middle to late Tertiary time end contimming inte Que-
ARG e gi, w E‘QC&

tornary time, broad werping and block fanlting,
extrusion of basaltic lava, separated the rang;é Hock of the Red Hills
arvea "rom the rising plateau Llocks end the subsiding Cedar City and
Parowan Valleys, ultimately defeating drainage mn formerly lowed
westwerd in a canyon cub through the rising Red Iills,

Picure 2 is modified slightly from the only topographic map which
j8 avallable for the Red Jiills arca (Kenab and St George, Utah, re-
connaissance topographic sheets of the Powell survey)s Dosplte a very
small scale of 1 inch to L miles and a contour interval of 250 feet,

the map serves as a uide to major topographlc features of the area,

=}




geology.

The summers of 1950-51 were spent in the field, and geologic
mapping was done directly on 9" x 9" contaet prints of the 5CS aerial
photographs, Focks are excellently exposed in the area, and tracing
of geologie boundaries on the photographs is gensrally limited only by
the alluvium of the basins.

Contacts and structural features wore transferred, by inspection,
from the contact prints to a controlled mosaic base map, from which the
geoclogic boundaries and culture were traced, Drainage was traced from
a 30il Conservation service planimetric map and superimposed on the
tracing of the photomap base. For simplification of discussion of
locations in the text of this paper, the writer also superimposed the
General Land Office grid, adjusted to the few section eorners which
were found durding the course of the field work,

for purposes of construction of structure sections, a limited

nunber of elevetions was determined by anerold and stereometer.
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TABLE OF PORMATIONS
Red fills ares, southwestern Uteh

Formation Thickness Deseription
Unconsolideted sedimente found lecelly in
: small valleye but chiefly es basin £ill; deep
Allueium 0-600'+ | y011s indioate at least several hundred feet of
thickness (Thomas and Teylor, 1948)
Uneconformity
Grey to black olivine beselt derived from
Besalt 6=200° locel vents which ere still marked by ummodi-
fied einder cones
Unconformity?
Fenglomerete material, jneluding fregments of
Qlder 100° acidic voleanie roeks end Tertiery and elder
alluvium 0-10 sedimentary rocks; ceps elevated terreaccs near
south end of area
Uneonformity
Purple deecitie welded tuff eonteining ebun-
sPurple 0=60" dent blotite end hornmblende; generally lies on
Pateh gravels which ere conspicucus as & red soll
belt
Unconformity
Bleck basslt and dolerite, chlefly agglomer=
#Little ate end breecia with minor flowsy covers dogens
Blaek 0-200'4 |of squere miles in Blesck Mountains, north of
Mountain Red Hills area, where bedded breccies ere
hundreds of feet in thiekness
Uneonformity?
#Cane Olive-drab tuff end eross-bedded end leminat~
aﬂs rin 100-5600' | ed tuffeceocus sandstone, with miner emounts of
Pring volesnio mudflow(?) brececia
eGiant Salmon-pink quarts latitie welded tuff eon-
100-200* |taining mumercus red felsite fregments; char-
City .
actoriged by massiveness, cavernous weathering
s(ray 100-300" Chocolate-brown to red endesite flows of
lKountains highly verieble texture
Unconformity?
s3outh Salmon-pink deeitic welded orystal tuff cone-
B 0=180° taining ebundent bilotite and hornblende; platy




STRATICHAPHY

The stratigraphlc section of the Fed Hills area inclndes 6,000
to 6,000 feet of sedimentary and voleanie rocks which range in age from
Jurassic to Quaternary. The rocks are similar in lithology and sequence
to rocks of the Markagunt and Kolob Platcaus (Thomas and Taylor, 19L6;
Gregory, 1950) and the Iren Springs district (Mackin, personal communica-
tion), but fossils are penerally lacking for establishment of biestrati-
grophic correlations. Inasmuch as the Red Hills area is isolated by
alluviated basins, physical correlations with sections of surrcunding
areas must be based on lithologic similarity, similarity of sequence,
and similarity of structural relations, |

The rock units described in the following pages are those which
the prescut writer recognized as mappable lithologie units and
represented on the geologic map (Plate I). Proposed correlstions with
rock units in surrcunding areas and problems of temporal correlations

“will be discussed in descriptions of the individual fermations.

Jurassic sequence

Jeneral statement

Thomas and Taylor (1940) recognized Navajo sandstons in Hieroglyph'
Uanyon at the west end of Parowan Gap. In fault contact with the Navajo
sandstone, they found blue-gray limestone and red beds which they
teutatively designated as Wasatche The present writer found Upper
Jurassic fossils in the blue-gray limestone, and it now appears that the

tavajo sandstone, the fossiliferous limestone, end the red beds constituts




1o
an egsentlally conformable sequence in west-central Parewan Gap and

correspond in general to the Jurassic rocks of the Kolsb Platesu

(Gregory, 1950). Because of late Mesozoic folding and thrust faulting

and limited exposure of the rocks in the Hed Hills area, stratigraphic

relations are not entirely clear, but the Red Hills Jursssic section

differs in detall from that of surrounding areas. The following is a

composite measured section of these rocks in Parowan Gap. The manner

in which the individual unite and the sequence vary from those of
surrounding areas will be treated in a discussion of the individual

formations.

Jurassic rocks e ?{é‘ Sec. 27; T335-R10A; Iron Co., Utah

South wall of Parowan Gap

Iron Springs formation (Cretaceous) — sandstone, conglomeratics
' greenish-gray to buff
limestone and quartzite
pebbles in a caleareocus
sand matrixg thin-bedded

to magsive,

Unconformity? Thickness
Upper Jurassie rocks (undifferentiated) in feet
11.51”&&1@;[31“337.-.tocoeo‘cco.u¢00000-¢ 5

10. Sandstone, medium-grained; whites calcareous, moderately
iriable; massive, with a few thin lenses of buff medium-
grained sandstone; silica sand prospect im this unit . . 70

9. Partly covered; chiefly thin-bedded silty sandstone . . . 35
8. Sandstone, medium-griined; whitey massives moderately
friable; calcareous and somewhat arkesicy stained with
limonite; a few thin-bedded sandstone partings . « « «» 10
7+ Poorly exposed; chiefly sandstone s fine-grained and
friable; caloareous; greenish-gray, but stained with
limonite; contains Lits of coaly material locally; in
beds a few inches o 1 f0ot thicl o o 5 o 6 o 6 0 o » o 25

Unconformity?
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s Limestone; pale greenish-gray; silty, with clay part-
ings, weathers into plates and chips & to 1 inch
thicky edgewise conclonerate of limestone plates snd
lenses in greenish sand matrix, near top + o o « o o

B3

5. Sandstone, fine- to medium-grained; white to pale preens
stained with limonite; calcarcous, bubt gof't and )
friableg in beds up to 1 foob thick o+ ¢ o o 6 « o o o LS

lt, Sandatone, fine- to medium-grained; white to gray, but
mottled dark red; extremely soft and caleareous)
gypsiferous; interbedded with mareon silty shales
and earthy sandstone; poorly cxposed ¢ ¢ s ¢« o« o ¢ o o  LL0

3. Limestone; light gray; dense and massive, with a few
thin intercalated sandstones; weathers into plates
1-6 inches thick; upper few feet extremely platy
” and breaks into wafer-thin chips that are highly
ripple marked . o o ¢ o 0 s s 6 & 0 5 2 ¢ o 6 6 & 6 o SQ

Fault contact with Claren (Tertiary) formation
e Offset to north wall of Parowan Gap and measured west
Fault contact with Iren Springs (Cretaceous) sandstone

2. Limestene; pale blue-gray; massive; numerous joints
that simulate bedding, but which are unrsliable in
determination of attitudes; rare bands of fossil
shells only relible ulde to attitudes—thickness
difficultly determinable; MACE L5k (overturned) . . . 40O

1. Limestone; gray; silty; richly fossilifercus and
ooliticy in thin beds that become silty teward base . 25

Unconfornity?

Havajo formation -- sandstone, {ine- to mediun-grained
buff weathering; maselve and crosse-
bedded, but slabby at top; poorly ex-
posed here, but approximately 1,000
feet thick at Hieroglyph Canyon . o . « 1,000

s

Total thickness of Jurassie rocks 1,800

Mamig sandstone

Thomas and Taylor (1946) desipgnated a massive, cross=hedded sandstons
in liloroglyph Canyon as lavajo sandstone on the basis of lithologie

similarity to the well-known Havajo sandstone of the Colorado Plateaus.
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The present writer has confirmed the correlation Ly noting that an
identical sandatone which crops out in e dry zuleh one<half mile east
of Hieroglyph Canyon is overlain disconformably(?) by Upper Jurassic
limestone that is identical with Upper Jurassic Carmel limestone which
overlies the Navajo sandstone in the Kolob Plateau (Gregory, 1950).
Lxposure of the supposed tep of the Navajo formation in the Red Hills
area is limited to the single locality noted above, and the base of
the Navajo is not exposed in the area, In the hogback through which
Hieroplyph Canyon is cut, the maximum thickness of Navajo exposed is
approximately 1,000 feet. This may represent nearly the entire unit,
on the basis of comparison with a thickness of 1,100 feet reported by
Cregory (1950) in the Cedar City ares.

Bgcause of strong delormation the Havajo sandstone of the Hed Hills
area it intensely jointed or shattered, but its over-all characteristics
of uniform massiveness and complex crosg-bedding are generally recoge
nizable, In detail, the rock making up the bulk of the formation is a
clean, {ine- to medium-grained white sandstone, composed chiefly of
well=sorted, rounded tc sub-anzular quarte grains (some of which are
frosted), weakly cemented by lime, In contrast to the moderately
friable,llimy phases, parts of the llavajo are quartziticy quartsite
pebbles and cobbles of Havajo(?) lithology occeur in the Claron (Tertiary)
conglomerates, Iron-oxide imparts an over-all huff color to weathered
sandstone surfaces, and limonite is concentrated along Join% planes
(Fig, 3).

Irmediately north of Hieroslyph Canyon, where tilted and bewelled
Havajo 1s overlain unconformably by Tertlary acidic voleanic rocks, the

sundstone exhlbits brilliant red, yellow, and purple staining, probably




Fig. 3. Indian petroglyphs chipped into
limonite varnish on joint surfaces of Navajo cand=-
stone at Hieroglyph Canyon, along Utah state highway

due to baking and oxidation or recrystallization of ferruginous cement.
On the other hand, bright red strata in the Havajo sandstone along the
west margin of the Hiereglyph Canyon hegback about a mile south of
Parowan Cap probably owe their red color to primary depeositional environ-
went rather than to baking at a contact with valéanieg because the red
eolor is not limited to a Havajo-Quaternary basalt contact at the crest
of the hogback, In fact the red color is most strongly developed in

the stratipgraphically lowest portion of HNavajo expesed in the Hed KHills

area.
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Like most of the lavajo sandstone of the plateaus, where Gregory
has assipgned it a probable Middle Jurassic age, the formation of the Red
Hills area has yielded no fossils. Because of very limited exposure of
the lavajo in the Hed Hills area, the present writer will not atiempt any

extended discussion of age or depositional history of the formation.

Carmel formation

The blue and gray limestonss in the measured section of Jurassie
rocks (units #1-3) which contain abundant Upper Jurassic fossils in
their basal portion, and are in other respects similar to the Carel
formation of the Holob Plateau (Gregory, 1950) are hore desipnated ae
Carmel. Tre formation is expesed only in the western portion of Parewan
Gap wherc it is in fault contact with Navajo sandstone at the east end
of ieroglyph Canyon and in éuestionable disconformable eontact with
Navajo sandstore in a gmall gulch (SE§, IEj, N&i; See. 273 T335-Ki0W)
one~half mile east of Hiereszlyph Canyon. H¥est of the Curmel formation
of the Hed Uills area consists of massive limestone. The difficulty of
determination of attitudes, couﬁled with intense folding and shearing of
the liweatone, casts some doubt on the validity of thickness messurements.
Certainly the Carmel is no less than 300 feet thicks it may be as much as
500 feet thick. ’

vomplete sections of the Carmel formation of the Koleb Plateau
(Gregory, 1950) and of the Iron Springs district and Pine Valley Yountains
(¥ackin, personal communication) typlcally consist of three memberst (1)
bagal thin=bedded lipestones, with some gypsum; (2) intermediste shales or
thin-bedded limcstones; and (3) upper massive limestores, with a richly

fossiliferous thin-bedded sone in the lewor part and "ribben beds" of
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rippled limestones in the upper part. In the RKed Hills area s only the
upper massive member is present, and e:&pesuma af the&avaja—-csmel 7™
tact are not clear encugh to indieate certainly *%hetffzar the lower thine
bedded and rypsiferous menbers have baeﬁ eliminated by ﬁ%ﬁear"ingﬁ or

whether their sbsence iz explained hy a Nava jo-Carmel disconfority.

Fig. ko Pippled platy limestone at
top of Garnel formation along south wall of
west~central Parowan Gap (Séi; See. 27

&

T335=-R10G ),

Most of the Carmel formation in the Red Hills area congsists of
dense and massive limestone almost barren of fegslila, The lowernmost

exposed strata of the [lormation, however, are thin-bedded and highly




1€
fossiliforous. Some of the shuly limestones afﬁ essentially eccumula-
tions of fragmentary and abraded zastropod and pelecyped shells, erinoid
columnals, and tiny oolites (0.1 to 0.5 mm. diameter). These basal

limestones have ylelded numerous fossils: Pentacrinus astariacus Heel

and Hayden, Trigonia gquadrangularis Hall and @hitfield and T, éontanensia

Meek, Camptonectes bellistriatus Veek, Ostrea n. 8pe, and Lima N, sp.

These penera and species are represented in a more complete fauna from
the type locality of the Jarmel formation (Gregory, 1950, p. L0) and
collectively indicate an Upper Jurassic age. The abundance of tightly-
ﬁaaxed and f{ragmentary marine fossils suggests that basal Carmel of the
Red Hills area was deposited in a near-shore envirerment; the ripple-
marked top of the Carmel and ite apparently conformable succession by
gypsiferous strata strongly suzrest that shallow water conditiens DEG=

valled during deposition of most of the Carmel formation,

Entrada formation

ihe ripple-marked limestone at the top of the Carmel formation is
succeeded abruptly by marcon and white, pypsiferous and limy sandatones
and shales which are so weak that they erep out only in fresh strean
cuts, on both walls ef Parewan Gap, about 3/l mile east of Hieroslyph
Ganyon. These wealk beds, however, form a distinctive red soll belt
between the bluishepray beds of the Carmel belew and the greenish-pray
sandstones and limestones above. The red beds grade upward into some-
what more resistant bedded sandstones which are included with the red beds
to constitute a mappable lithologic unit about 135 feet thick (units ;)
and 5 of the measured section), Fecause of clese gimllarity of these rocks

to the friable ¥ntrada sandstones reating on the Carmel limeatene 1n the
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Kolob Plateau ((iregory, 1950), these beds are here referred to as En-

trada.

No fossils were found, and the entire formation is so poorly ex-
.pased that the writer will not attempt a discussion of depositional

history. The presence of evaporites suggests a restriction of poste

Carmel meas,

Curtis formation

On the south wall of Parowan Cap the Entredas sandstone ls succeeded
by greenishegray argillsceous limestone which has been generally
aiiminﬂt@d by thrust faulting on the north wall of the gap., This lime-
stone resembles limestones of the Curtis formation of the Kolob FPlateau
(Grepory, 1950). On the basis of litholegic similarity, ae well as
atratigraphlc position above probable Entrada, 20 feet of limestone
(unlt #6 of the measured sectlon) are here assigned to the Curtis forma-
tion, The Curtis formation of the hed Hills area does not contain
thick gypsum beds which characterigze the Curtis formation of the Koleb
Plateau, but a disconformity at the tep of the formation in Pareowan Gap,
suggested by the presence of an edgewise conglomerate of limestone chips
in a sandy matrix, may explain poor development of the Curtis formatlon

“in the Red ¥Hills srea,

The furtis limestone of the Ped 11lls area has not ylelded fossils,

but its age is almost certainly Upper Jurassic, by comparison with

fossiliferous and dated Curtis of the Kolob Plateau (Gregory, 1950).

Winsor formation

Avove the distinctlve greenish thin-bedded limestone of the Curtis
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formation are bedded and friable greenish sandstones (units £7-11 of
the measured section) which strongly resemble Cretaceous sandatones that
form most of the loﬁgr walls of Parowan (ap., With reaspect to thelr
stratigraphic position between probable Curtls limestene and a conglomer-
atic sandatone near. the base of the Cretaceous sequence, these friable
sandstores most closely correspond to the Winser (Morrison equivalent?)
formation of the Kolob Plateau and Zion National Park area (Gregory,
1950), Moat of Oregory's detailed work on dei’initidn and regional
studies of the Winsor formation is still awaiting publieation, and it
is difficult to make anything more than a tentative assignment o the
ifriable, greenish sandstones to the Winsor formatien of Upper Jurasaic

or lLower Cretaceocus age.

Cretaceous sequence

General statement

In the lewer walls of Parowan Cap and in the southern Red Hills
there is exposed a thick sequence of coal-bearing and marine fossilifer—
ous sarndstones which are grossly similar to c:rab Cretaceeus rocks that
form a series of rough benches and slopes between the colorful Pink Clifis
(Wasatch) and the brilliant White Cliffe (Navajo) of the Celorado Plateaus.
Similar rocks are also present in the same stratigraphic position in the
Pine Valley Mountains west of the Hurvicane C1iffs (Gardner, 1941) and
northward into the Iron Springs district (Mackin, 1947).

Uregory and Moore (1933) subdivided the Cretaceous rocks of the
felpavowits Plateau into Dakota congloweratic sendstone, Tropic shale,
Straipht Cliffs and kahweap sandstones, and the Kaiparowits formation —

a more or less standard section for southe-central Utah. As Grepory
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traced the Cretaceous rocks weatward to the Hurricane Cliffs and the
western Markapunt Plateau, however,

gtrata o » . characteristic of the Dakota, the Tropic, the
Straipht Cliffs, and the Walwaap formations occupy no per-
pistent position, Laterally they intergrade and in vertl-
cal section they are duplicated. Furthermore, brackish
water and marine deposils seenm (o be capriciously related
and many fossils, including those most common, appear in the
lowest and highest beds, In this assemblage of strata, go
widely variable in composition, texture, bedding, and origin,
attempte to establish tenable subdivisions proved futile.
Reluctartly, the decision was reached to class them as un—
ot fferentinted Uretaces s deposits. (Gregory, 1950, pe 50)

1% is noteworthy that Mackin (personal corrunication) had similar
difficulties in establishing subdivislons of the Cretaceocus Iren lnrings
sandsbone 1n the bagln ranges immediately west of the Hurricane Cliffa,.

The present writer was unable to subdivide the Cretaceous sequence in the

Hed 1111lls area.

Iron Springs formation

Father than designate the undifferentiated Cretaceous rocks of the
Red Hills area simply as undifferentiated Crataéaous," the present
writer has tentatively corrélated them with the Iron Springs formatien
(Mackin, 1947) on the basis of similarity of lithology, sequence, and
structural relations, and has adopted that formational name,

seotion of Iron Springs formation - Sec. 26, 273 T235-R10E3
Tron Goe, Utah

North wall of Parowan Gap

0laron formation - conglomerate; pebbles and cobbles of vari-
colored quartzite and dark limestone, up
to 2 feet in diameter, in a fine to coarse,
arkesic sand matrixy buff in lower part,
pink in upper part; calcareous; lower part
often weathers inte conical pinnacles 10-50
feet high and 5-30 feet broad at base.
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Unconforaity (discordance slizht at east end of Gapy 90° in
central Gap)
Tron Snrings fornation

Q’i.

Sandatone, fine- to coarse-grained, with interbedded
shales and thin iomure lirmestonesy gray to bufly
ealeareong; arkosicy in massive but nen-pereistent
beds =25 feet thick, abundant leaf impressions
locally and tubular limonite concretions that may
represent fossil wood., (beds with gentle eastmard

Gip) ¢ & 6 € o ® s & & ® © & O ¢ ® e & & & & 6 & & o

&

Thicknoss
in feet

o0+

Fault eontact with older Iron Springs rocks with attitude N3DE 708
(overturned)

26,

25,

2k,

1{3 )

-
«1,‘) @

sandstone, medlum-grainedy gray to buffy calcarecuss in

beds 1-5 feet thick, interbedded with gray, calcesrecus

shales and thin-bedded sandston8s o ¢ o o » 6 s &

Shale; grayj caleareous; contains abundant shell frap-

BNLSe o o o © 8 6 v & b 6 & 8 6 ® 6 © 8 & 6 € & & &

Sandstone, mediumegrainedg gray to buffy calcareous;
massive; abundant oyster shells in upper part, with
interiors of shells iilled with sand and occasional
small quartzite pebbles; basal beds ripple-marked .

Ghiale; 1ike 10e 25 ¢ o s o o o o o 0 s 6 6 & 6 6 6 o o
Sardstone; like toe 2hiy In single nassive bed . o . .
Shaley 11ke H0e 25 4 6 s 6 6 6 6 e 6 s 8 e v 6 s 8 6 6
Sondstone; 1ike Hoe 2l 0 6 0 6 o 6 s b s 6 6 s e s s e

Sandstones like Lo. 26, but with interbedded limestones
composged essentially of broken ovster shells . o o o

Sands tone, mediuwm=grained; white; massive, with gome
cross~laxination; calcarveouss forms first rib east
ol coal pfOSp@ct ® e © © & ® ®w © % 8 4 @ ¢ e & e ©° ©

Ghaley gray to blacks gypsiferous and carbonaceous,
with thin stringers of bone and coal (cosl re-
portedly 16-18 inches thick where mined many years
aco in spur on north wall of Parowan ) o o » o o

Limestone, sardys rray to bulfy thin<bedded . o « o+ &
Shale; gray; calcaveous, with thin beds of shaly lime-

stone containing numerous but poorly-preserved
gagtTOPOdS ¢« e & 2 ® & © @ & ® ¢ & o @ & & @ S ¥ @ @

@

L4

135

A¥a 1

270

20

10

16
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1. Sandstone, fine- to medium=grained; white; strongly
calcareous and resistantj pitted weathered surfaces;
moderate cross—=lanmination; occaesional oyster shell
iragrenta; foras first prominent rib west of coal
prospect visible north ol road through FParowan Gap . . 20

13. Limestone, shaly, pray; composed chiefly of shell
{ragments in a chalky matrixj prades upward into
thin-vedded slltstones and chally sandstone . o « o o 10

12, Sandstoney pray to browng stronyly calearecus; in
f%il”l.{'{lemasgiv”@bed..-..«a.n.oa.o.;a.

L

11, shaley grayy calcareousy grades upw:vd through thine
bedded sancstone into sandy limestione, shaly
imestone, and calcareous shales; limestones are
dirty and composed chlefly of shell fragments and
bitzs%oi‘coab«’material..«.......e‘..., 36

104 Sandstoney like Vo, 23; forms second prominent rit
went of ecoal pr‘(’»&ﬂ&i’:t & ¥ @ & & © & 8 & © & v @ ¥ & B 1y

7. Sandstone, fine= to medium-grainedy gray to buflly
stroogly Timoritic and interbedded with mareon
shales and thin yellow sardstones; lerms a Lroad
belt on both walls of Parewan Gop, with ribs of
brown sandstore alternating with marecn soll
clopes on the 8hales + & o 4 e o o o v o s o 0 s » o o N20

'g 8, Sandstone, Iine- to medimm-grained; white, but some-
what stained with limonitey forms a maasive ridge
with rarrow covered intervals on sandy shale . « o o « 60

7o Sandstone, medium-grained; gray to buff calcareous,
in limonite-stained beds 1-20 feet thick, with
minor amounts of thin-bedded f{ine-grained sande
slone and marcon 8hale8 . ¢ o 4 o 0.6 & 6 6 0 0 0 o »  B20

6o Sandstone, mediumerained; gray to bufiy calcareouss
local corcentrations of limonite along jeint planes 3
in single massive DBCE o o 6 o 6 o o 6 ¢ 5 8 5 & o o o 35

Do vandstones like hLo. 6, but in bLods 1-2 feet thick,
with thin silistone p&l‘ting;a T ¢ & 6 © & ¢ @ & & o & @ 15

lte Poorly exposedy chieily maroon shales r~»c thin
interbedded fine~srained sandstones 5 prades upward
1nto Haff, thin=bedded sandstone o v v o v o o o o o » 30

3. Gandstone, fine- to medium—rrained; white to buff;
stronzly stained with limonlte; calcareous; forms
wazglve »ib; some cross=1amination o « o o o 6 6 o o s 10
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2, Sandstone, fine- to medium=grained; gray, but mottled
purpley thin-bedded and interbedded with purple
shales, grading upward into gray and maroon-mottled
calcarecus shalesy sardstone is loeally quarteitic . 2

L

Uifset to south side of Cap
1, Sandstone, medium-— to coarse-grained; white; extremoly
friable excepl where locally tightly cemented with
limonite; differential weathering of cement pives
rise to honeycombed cavernous ledges; in beds 1-5
feet thick, with some cross-laminatlion; numerous
lenses and beds of pebble conglomerate up to 20
feet thick; pebbles of quartzite, limestone, and
black and brown chert up to 3 inches, average
linc’:hindiamﬁter.....a...-..-«.;a..35

Total thickness of Iron Springe fm. 2,250 +
Uneonformity?
dinser formation - sardstone, fine- to medium-graineds
white to greenish-gray; bedded to
magsive.

The formation has yiclded only a few poorly-preserved snd non-
diaznostic lossil leaves at the type locality (Mackin, personal
conmunication), and i4s age is in question, aithough its position be-
tween Upper Jurassic and Tertiary(?) rocks suspests a Cretaceonus a0,
I the Hed Hills, rossils are rare in the formation, bul sandstencs and
sbulcs intercalated with thin cosl beds near the middle of the sequence

have ylelded n few poorly-preserved jastropods (Glauconia coalvillensis

Peelo and Uyrodes depressa Meek) and oysto . Thin oyster shell bioe

stromes, identical witli these described by arcpgory from foseiliferous
strata of Coloradoan age fn the Varbarunt tlateau, are also found
interbedded with the fossilifercus sandstones and shales of the led
iills area. The upperwosl becs in the formation in the soubhern Hed
Hills have ylelded poorly-preserved leaf Impressions and limonitized

wood Iragments like upperost undlifcrentiated Crotaceous (Coloradoan?)




¥ire 5. Coal-bearing and marine fossiliferous
sandstones, shales, and limestones of the Upper
Cretaceous Iron Springs formetion in central Parowan
Gap (units /9-19 of measured section),
rocts ol the ¥arkapunt Plateau. Cn the basis of this meaper faunal
evidence, the Iron Lprings formation of the Hed Hills area appears to
be larpely Upper Uretaceous, probably chiefly Coloradoan, in age.

The lower half ol the lron Springs formmation in the Red Fills area
has yielded no fossils, but it may be basal Upper Cretaceous or lLower
Uretaceous in ape. Althoughk Lower Cretsceous rocks are renerally re-
garded as absent in soutlwmestern Utab (Grepory, 1950),the evidence is of
a nevative eharacter —— no fossils Jound in strata between Coloradnan
faunal zones a few hundred feel above the base of the Cretaceous senuence
and Arcovian faunal zones several hundred feet below the ton of the
Jurassic seqence. Altrourh the Tron Springs formation at its type

locality and in the “ed Mills area is conclomeratic and reste with
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2,

| unconformity on Upper (but not uppermost) Jurassic rocks, the time

value of the unconformity is indeterminable in the absence of fossils,

Ho statement of areal stratigraphic variation will be attempted
here because exposure of the lower four-fifths of the Iron Springe forma-
tion in the Hecd i1lls area is limited te the walls of Parowan Gap and to
a small area about one mile south of the Gap. These lower Jron Springs
strata are vertical or overturned and highly faulied; measured thicke

nesses are only approximate,

late Cretaceous-early Tertiary scquence

General statement

In the Hed Hills area, Iron Springs sandstone and older rocks
were overturned and thrust eastward over nearly flat-lying upper Iren
Springs strata. The entlre sequence was bevelled and covered dise
cordantly by bouldery conglomerate, about 200 feet thick, which grades
upward into red beds that are almost idﬁnticai with Wasatch (Focene)
strata of the Pink Cliffs of the ¥arkagunt and Paunsaugunt Flateaus.
Similar structural and stratisraphic relations are exposed in other
basin ranges immediately west of the Hurricane Cliffg = in the Iron
Springs district (Mackin, 1947) and along the east flank of the Pine
Valley Wountains (Jardner, 1941)., Ixcept along iselated laramide welts -
of the Kanarra fold, Waterpocket flexure » and Fagt Kaibab monocline, the
pre-Tertiary rocks of the plateaus of southwestern Utah are penerally cone
cordant with overlyin; Tertiary rocks (Cregory, 1950);

in the extrenme western portion of the Harkagunt flateau, bouldery
conglomerate at the basc of Pink Cliffs Wasatch red beds rests dige

conforaably on Kaiparowils sandsione of late Cretsceous apc (Gregory, 1950,
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pe 56G)e The Kaiparowits formation includes thick lenses of houldery
conzlomerate that is similar in texture and composition to the overlying
Wasatch basal conglomerate, and an lmportant question arises reparding
the relatianabip of the o conplomerste unlts of the Marlarunt Platean

to the single convlemerate unlt of the basin ranges.

Problem of physical correlations and age relations

Where the halparowits formation is expesed around the margins of
the Markarunt Plateau and eastward into the Paunsaugunt Plateau, it is
disconformable on Cretaceous rocks equivalent to the Iren Springs formu-

tion, and there is an abrupt change from generally marine Coleradoan

faunas of the iron Springs equivalents to tervestrial Laramie or latest
Crataceous floras and {resh-water faunas of the Kaiparewlits formation
(Gregory, 1950, 1951). Thus, an hiatus which invelvesall of Montanan

and perhaps part of Coloradosn time is indicated., Inasmuch as the

Kaiparowits and older Cretaceous rocks are sensibly econcordant in the

Harkagunt Platean, any diastrophism responsible for the hiatus wos

clearly of cpelrorenic nature in the plateaus,

Tn centrel Parowan Gap o conglomerate unit beneath Eocene(?)
red beds rests with 90 appular uncenformity on Iron Springs eandstone
and older rocts. Un the basis of position imediately beneath Focene(?)

1

red beds, the conglomerate would be fegafded & priori as equivalent to
the basal conglomerate of the Wasatch formation of the Markagunt and
Paunsausunt Plateaus (Gregory, 1951). On the other hand, the lower half
ol the conclomerate unit of the led Hills area very closely resembles

Lo g v 5 3 vyew e b £ .
haiparowits conglomerate of the Yarkarunt Plateau with respect to 1ith610gyy

R RTR TS £ . Trgnsad v G - o 4 s -
stvle of weathering into cenieal pinnacles, and expression as barren white
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arveas oa aeriel sholographs. If the tasal portion of the consrlomerate
it off the ded Bills area lg equivalent to the Kaiparowits formation,
orosente movenénts ol late Coloradoan or Yontanan ape are indicated in
the Hed Hille.

Un ehe bases discussed¢ ahove, it appears that the single congzlomer-
ate unit of the Red Hills arca is‘equivalent to the Kaiparowits formation
and the basal conglomerate of the wasater formation of the ¥arkarunt
Plateaus The iollowing interpretation of reologlec events seems in best
accord with late Cretaceons-early Tertiary stratizraphie and structural
rolations exposed at scattered localities in castern Iron Gounty, Utah
as a northerly-tranding fold rose near the site of the Red Hills during
late Cretaceons time, marine or brackish water envirorments were replacad
by a terrestrial pledmont enviroimenty streamg were established across
tlilted strate, which are now exposed in Parcwan Gap, bevellinz them and
depositing coarsc and angular gravels on the eroded surfuce; these pravel
deposits overlapped westward on bevelled flanks of the late Cretaccous
lold and interiinrzered eastward with iloodplain sands and gilts of the
baiparowits lormation of the plateaus. Jenticular conglomerates in the
Kalparowits formation of the western Yarkagunt Plateau represent local
channel pravels of shifting streans,

3y latest Cretaceous or early Focene bime » 8treams flowing eastward
away from the mountain Lelt had spread pravels over vast areas, blanket-
ing ralparowits deposits with bouldery gravels which constitute the
upper part of the late Gr&ﬁac&ouawearly‘T@rtiary conglomerate unit of the

Hed Iills and the wasateh basal conglomerate oi the ¥arkagunt Platesi,




Stratirranhic nomenclature

From eviderce presonted previensly, it is supgpested that Bocene(?)
red beds and the uwnderlyine conplomerate undt of the Red Wills area mny
be collectively equivnlent to the Wasatch and Kalparowits formations of
the Markamunt Platsau. In the Red Mills area, it would be questionable
procedire Lo desirnate the red heds g3 Wasatch and the underlying con-
glomerate as Kaiparowlis, for the conglomerate may be equivalent to both
the Kaiparowits formation and the basal conglemerate of the wWasatch forma-
tion of the ¥arkagzunt Plateaun. [urthemmore, the Wasatch of southern Utah
can be referred to the Wasateh type lecality in northern Utah and southe
westarn Wyoning only by way ofvrough comparison but not direct tracing
with "lasateh' of cenbral Utah. lecently, Wiasatch" of central Utah has
been shown to have a iar preater stratigraphic range than type Wasaich,
and the name has beer abandoned (Spileker, 1916), With stratirrarhic
terminolory of dubious valldits and with probable lack of equivalenee
between late Cretacecus—early Tertiary rock units of the Markarunt Plateau
and the Ped Hills area, it is necessary to adopt & new fornational nawe
or to make nse of one that is already in use for equivalent rock units,
cutside thu rlatesus,

In the Lron 3princs district several miles southwest ol the Red
Hills areca, foldec Iron Springs sandstone andvoléﬁr rocks are bevelled
and overlaln uneonformably by conglomerste anﬁ4EGcen@(?) red beds which
are collechively desizpater as the Claron feormation (leith and Harder,
10085 Mackin, 1547). These vncks ol the Slaron formation are identical
with the coplomerate urit and overlying red beds which 13e with angular
uneonformity on bevelled Iron Sprincs sandstone and older rocks in

Parosan dap, he vresent writers has, therefore, adopted the name Clarcn




Unconforaity T’l’) Lokness
Claron formatlon in feet

o8, Poorly exposed; chiefly silty limestone; gray, but
mottled redy; many coarse caleite veinlets; inter- ‘
bedded with red shales and siltstones . o o o o s + b5

ILimestoney pinky ecarthy ard nodulary veined with
coarsely crystalline calelte; upper pert bleached

white s & & s & © © ° © 6 € e ¢ e ® &€ © & & © & & & O

e
-
L

26, loorly expovedj chielly sllty limestone; motiled
yellow, purple, and red; siltstones and shales
intercalated with limestonesy minor non-perasistent
ledees on the mottled limestones and covered slopes
on glltetones and 8hales . o ¢ s ¢ ¢ 6 6 &« o 0 & o & & 160

25, limestone, somewhat silty; mottled pinks massives
abundant small geodes and veinlete filled with
coarse €aleite o o o o o 8 6 5 o 8 @ 5 8 v o 8 0 © ¢ & 10

2li, 3iltstone; calcarecusy reds interbedded with red
shales and thin pray platy 6andstons « ¢ s o « « v o o 25

23, Iimestoney zray to whiteg somewhat siltys roughly
‘hedded in beds =10 feet thicity prayieh alpal or
concretionary astructures locally abundanty veined
vwilth coarse calcitey the upper oi two conspicuous
white limestones in hills north of Winn 3ap o« o o « 25

272, Sandstone, fine teo mediumy pgray, but washed red; in
beds 1-3 feet thick, interbedded with red platy

sandstones s siltatones 9 and 8haleés o ¢« & o ¢ « ¢ s o @ 55
21. Govered; red soil belt; chiefly red siltstones and
SPA1ES o ¢ o o ® o o s s @ 6 8 6 o &8 6 & 5 b s s s o 3’:}

20, Limestone, somewhat silty; white; intricately veined,
with gray matrix enclesing white fragmentaj
nceasional tiny blue chalcedeony veinlsisy no alpal
structures readily apparent, but rock is hipghly
treccisted like many reported algal limestonesg
ifaintly mottled pink and purple; nodular weather-
ingg the lower of two comsplcucus white liwmestones
in hills north of Winn Cap; forme massive caprock
of White Bubtte weat of Sumnit o ¢ ¢ ¢ 6 ¢ 8 0 2 5 o » 351

19, dandstone, fine to medium; gray, but washed redg
ghrongly calcareous prading upward into silty
red limestene which prades upward Inte pinik and
purple 5ilty limestone and ciltstones .« o « o ¢ o o o 25




18,

11,

10.
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factly covereds chiefly thin sllty red limestones
and interbedded pray and red shaleg and siltstones

sandstone, finey pray, but washed pink; in single
rissive bad o o ¢ s e ¢ e ¢ 6 6 0 o 6 8 B 8 6 o @

Sandstone, finej redy thin-bedded and platy o« « « «

Sandstone, mediumy pray; friablej weakly calcareouss
urades upward into mottled yellow, purple, and
sreenish silty &1831 limesion® o o 6 ¢ ¢ v 0 v s &

Fartly coveredy chiefly mottled purple and red silty
limostornBs ¢ ¢ o ¢« 6« » » o 8 8 8 6 ¢ s & @ © & & ©

Sandstones, medium— to coarse-gralned; locally con=
slomeraticy calcareousy gray, but washed redj
magsive, locally cross-laminated; prominent ledre

MAKBT . ¢ o o v 8 0 v 6 6 e ¢ 9 8 © v 6 6 & @ &

Partly covered; chlefly red platy fine-grained sand=-
stones and ecaleareous siltetonesy a few thin non-

nersistert ledpe-molking sandstoneg o + o o o ¢ o o o

Sardstone, wediun- to coarse-grained; gray, but washed

redy calcareous; platy in lower part; massive and
congzlomeratic in upper part, with quartzite and
limestone pebbles up to 6 inches, 2 inches average

d,i"{i!ﬁ%terbogtoob‘oovtiu.‘n.o.v

Limestone, somewhat silty; rray, but washed redj
nodular; numerous "algal biscults® or marl balls
up to 1 inch in dismetery forms prominent ledge .

Giltetone; calcareousy forms deep-rved soil slope o .

Conplomeratey quartzite and black limestone pebbles
up to 1 inch diameter, with lerses of fine- to
mediun~gcrained gray calcarcous sandstone up to
5 feat thicky forms consplcuous ledge o o o o o

Covered red soll beliy c¢hiefly red silislones and red
silty limestones; some thin non-persistent pebhle
conglomerate lersesy forms low rolling hills,
with gmall subdued cuestas on more resistant linme-
gtone and sandstone 1enSCE o o o o o & @ » & 6 o

L‘if}ﬂd@‘t()ﬂf}; like ?\0015 ¢+ ® e 8 e & v 8 B & & @ & @ °

Limestone, silty; wottled yellow, purple, and redy
in beds up to 2 feet thicky forms rough slopes ,

vorly exposed; chiefly red ¢ilty limestones and

Y Y L
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3. 332‘7@5'@011@; like Xo. 15; e & & ¢ © ® © © @ ® 2 5 8 ©° © e o 5
2o FPartly covered; chiefly red siliy limestones and cal-
careous 311sbonGs ¢ o ¢ ¢ ¢ 6 s s 6 6 8 8 s 6 9 & o o o

1. Gonplomerate; with pebbles snd cobbles of white,
purple, pink, yellow, and brown quartzite up to
10 inchesy pebbles and cobbles of pyay, black,
and broan limestone and chert up to 6 inches in
diametersy in a rritiy arkeosic sand matrix weally
cemented with linmey prades upward into pebble
conglomerate in a pinkish matrix of fins- to
madiun-zrained sand tirhtly cemented with limes
minor interbedded medium— to coarsc-grained sand-
Stanegoco.tbicbuoaqooncabbbﬁid lgo

Total thickness of Claren formstion 1,350

Unconformity

fron Springs formation = gritty arkosic buff-weathering sandstones,
locally containing numercus leaf ime-
pressionsj locally motbled and stained

purple.,

section of Claron formation in northern Red liills,
lron Gounty, Utah

Section weasured north of Parowan Gap, alonz cast side of Red !lills

Jackrabblit lermation — extremely poorly exposed; chiefly vol-
canie ash and tuff; pale green to
white,

Unecondornity(?) THickmness
Claron formation in feat,
| =
22 Poorly exposed; chiefly thin conglomeratic sand-
stones, platy red sandstones and siltstones, and
nurple-mottled limestones; thickness estimated
beeause of difficulty of placing contact with
ove?z‘lyim{ formation .« o s o o o s a s » @ @ s ¢ & 6 &® 100
2L, Sandstone, coaglomeraticy variecolored limestone and

quartzite pebbles in about equal amounts, some

chert pebbles, and occasional pebbles of pinke
and-purple-mottled limestone that very closely

resembles that of the underlying Claron red bedsg

pabblez loosely paclked in a medium- to coarse-

yralned arkosic mtrix that is highly calcareousy

in beds 2-10 feet thick . ¢ & % & 6 ® 6 B 6 O e © v 6 65

%
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20. Sandstone; medium= to coarse-irained; caleareouss
rray, but washed light pink to red; interbedded with
hin eartly limestones and red calcareous sllistones;
this unit forms rough benches and slopes with non-
persistent ledres throughout; becomes more calcareous
toward the top and terminates in a purple ecarthy
limestone with sandstone 1enses o ¢ » o s o ¢ ¢ v o o 35

19, Sandstone; silty and extremely platy; gray, but washed )
I"@Ci; weak and fores 510},‘6 ¢« &« ® & & © © o ¥ ¥ @ 6 9 @ 1')

16, Conglomerates abundant gray and black limestone
pebhles and cobbles up to & inches in diameter,
and nome white quartzite pebblesj occasional
pebbles of limestone that closely resembles
gome of the Claron limestones belowy all in a
purple-mottled fine- to medium—pgrained sand
matrix that “Ls hipghly ealcarecus and resistant to
weatherinzg forms cap ol prominent cuesia near
north end of Hed Fills, aleong temperary road that
ieads oft into Jackyebblt o o o o 2 o o s & ¢ 6 o o o

)

1?.3&1}’?{351”;0%;11}%}:0.20’0.oouso:o-c--coo 350

16, Limestones earthy; massive; nodular weatherings inter—
bedded with platy calcareous sandstones; limestiones
arc yellow and washed redj sandstones are ;ray, bub
washed réd o o ¢« ¢« o ¢ s v 6 6 6 o o 8 o 68 6 & 6 0 & 2!0

15, Sandstone, pritty and arkosies caleareousy gray, but
washed light pink; somewhat friable o ¢ o o o 6 s o o 35

1), Partly covereds chiefly silty, mottled limestone with
a few pebble conglomerate 1enses o o o o 5 o o s & o o 50

13, Sardstone, conglomeraticy gray te buffy quite friable;
weakly calecareousy some pehble lenses up to 15 feet
| thick, bult these are non-persistent and form dis-
continuous but prowinent lirht-—ecolored bleolches amongy
t&l@f'@dlﬁ.ﬂéﬂﬁﬁﬁest‘.ﬁp@%acvo-ocvqﬁtonoo Lo

12, lLimestone, silty; mottled purple and red, with
occasional thin lenses of pray friable sandstons
and pebbly conglomeratic sandstonej earthy members
make slopes and sandy members make ledpes about
1 foob thick ¢ ¢ o o ¢ ¢ 2 o o ¢ © ¢ 0 o 6 6 6 ¢ o 6 o SO

11. Conglomerate; black limestone and quartzite pebbles
in about equal quantitiesy with lenses of medium-
to coarse-grained, calcareous sandstone . o o o e o s 1o

10, Limestone, silty; nadular; wobtled purple and reds
lirht pink where not overlain by red bedsy hard
and dormg bGY]C}‘. © 6 © ® ® 6 ¢ © © ¢ € 6 8 & © ¢ & @ & ((10
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Partly coveredy chiefly thin<bedded caleareous sand-

stone and nodulnpr sandy limestore . o ¢ o+ s ¢ « s o o

Jandstone, conrlomeraticy quartzite amd black lime-

stone pebbles np to L inches (about 1/3 of pebbles

are limestone) in medium= to coarse-prained sand
natbrixy gray towerd the top, bul prades dowrward
through hiphly calcareous sandstons into red- and
purple=acttled sandy and gllty limeston® « ¢ o o » ¢ o

sandstone, conglomeraticy gquartzite and black lime-

stone pebbles (about 1/3 of the pebbles are lime-
stone) in medium to coarse arkosic sand matrix

gray, but washed redj upper part is highly cal-
careous and grades upward into yellowish sandy
1imestoni® o ¢ o © o ¢ ¢ & o © & ¢ 68 ¢ @ & o & & ° ¢

bimestone, silty; wottled purple and yellowy nodular

weatteoring, but surlaces of more massive blocks

nre exirenely pltted and roughy thin red arkosic
sandatone parting in the wmiddle of this unity

upper part of the unlt ls yvellow limestonej

numerous alpal balls and coloniea up to 6 inches

in dlameter throuchout most of the unity Lorma
reslstant but hizhly warlable ledpe throughout

much of northern Bad IMlls . ¢ o o o ¢ & o s 5 2 o o @

Sardatone, conglomeratic;y chiefly quartzite pebbles

up to 1 inch, in a medium-to coarse-greined sand
mated § oray, but washed red o ¢« o o ¢ &« s ¢ s ¢ 5 s o

Partly covered; chiefly thin pebble conglomerates

and interbedded red platy sandstones « « ¢ o s » o o »

Conglomeratey quartzite and black limestone pebbles

(in ratio of 10:1) up to 6 inches, in fine- to
nedium-prained sand matrix; highly celcareocusy intere
bedded with thin red sandstones and nodular yellow
and purple-mottled limestones that are non-persistent;
upper few feet of the unit become less conglomeratic
and grade upward Into a pink- and purple-mottled
limestone which ecaps a fairly persistent bench of
varlable thicknessy the limestones contain numercus
greenish algal balls up to 1 foot in diameter,

and the conglomerate locally contains mumerous cal-

cite geodes up to 2 inches In diameter . o o o o ¢ o o o

2. Yoorly exvosedy chiefly thin mandstones and motiled

Te

12 ey b v g
x_,L,w}‘}‘lOE.{e&utvaabtoocdlnibaolé.‘o

Conplomerates vari-colored quartzlite pebbles, cobhlen,

and boulcers up Lo 2 feet in diametoer, and some
black limestone pcbbles and cobbles up to & inches,

35

70

50
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in fire-to coarse-grained sand matrixg minor gritty
sandstone lensesy lower half of this unit has a

buf f-weathering medium- to coarse-grained arkosiec
sand matrix, and weatheras into distinctive cones

and pinnscles 30 to 50 feet high and 10 to 30 feet
broad at the basej upper part is pale pink to red

ond has a fine- to nedium-grained sand matrix tightly
cemented with lime. In the upper part of this unit,
linestone pebbles inercase in relative abundance up
to 10% of pebble fraction; the uppermost few feet

are very biphly caleareous and prads laterally and
sortically through highly calcareous conlomerate

and sllty sandstones into red- and purple-mottled
silty limestone chiefly of algal origing this thick
unit of conglomerate forms the upper part of an
impressive ¢liff north of state highway #127 near

the east end of Parowan Ga;} o 8 & o e v ® v s o & & o 210

Total thickness of Claron formation 1,500

Unconformity ,

Lron Hprings formation -« critty arkosic sandstones with inters
bedded pray shales and thin, impure
li~estones.

2 Ge dorth wall of Parowan Sap alons Utah state
highway 127, lrmmediately west of Little 3alt lake, showing
bedded Tron sprinre sandstones, massive basal conglomerate
nenber ol Claron formatlon, and lower part of red heds
aember of the Claron. '
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Fire 7. Typical texture of Claron basal con-
rlomerateg quartzite and limestone pebbles, cobbles,
and bonlderr, in a limy, arkeosic sand ratrix,

The basal conglomerate member ls well-developed thromghqut the area,
and although lenticular pebbly conglomerates occur in middle and upper
portiens of the formmation, they are never confused with the massive,
pergigtent, coarse convlomerate st the hase of the foma’tion; In the
west=central part of the area, the basal conzlomerate nember vests on
vevelled edpes of folded and faulted Hesozoic strata. Fven thourh the
conglomerate conteins some frajments apparently derived from the under-
Lyiny favajo sandstone mnd Carmel limestore R rﬁcﬁt of the frarments are
oxotic auartzites; densc li"m*oob s and Faleozoic fossiliferons lime-
shones, anlike any rocks now known to be exposed in eastern Tron County,
Utab cf('ére?;?fo?éyz, 1950),  The souros of these rockg le not lnmown to the
oresent vwiltor, olthoaph “ockln (personal communicatlon) hes noted

soasibla source rocks In panren nsear the Mab-MHeavads stole 1ino , Wen?t
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of the Iron Spueinge district. Probably the donge limestones were de-
rived, in large part, from Kaibab limestone which ia now downiaulted

beneath Cedar City Valley but which is known (OGregory, 1950) to have

participated in Laramide folding 1n southwestern Utah,

The suriace on which the bassal conglomerate was deposited appears
to have less than 10 feet of local rellef, when 1t is viewed in verti-
cal section on distant canyon walls, but careful tracing on the walls
of Parewan Gap shows local relief of at least 30 feet on the surface
of unconformity., About a mile north of Parowan Gap (W, ¥lj Sec. 23
T335-110¢) Claron basal conylomerate and overlyiny red beds apparently
overlap an ancient hill of Navajo eandstone, and the surface of uncon-
formity has local relief of about 100 feet. In the extreme western
portion of the fed Hills area (875, SEyy Sec. 213 T335-HIOW and S,
KEy; Sece 203 1333-K10W) immedistely east of Hieroplyph Canyon, nearly
flat~lying upper Claron limestones and sandstones and overlying aclidic
volearics are in apparent depositional contact with steeply-dipping
Mavajo sandstone and Carmel limestone. Although the contaet is ohscurs,
it does not seem to be a fault. If the contact is a depositional con-
tact, local reliel of at least 1,700 feet ie indicated for the croded
surface on which Tertlary roecks were deposited. In view of resistance

oi the massive Navajo sandstone to erosinn and probable nesrness of bthe

wesbtoern Red Hills area to a pledmont portion of laramide uplift in central

Iron County, 1,0@6 fest of local reliel is net surprisiﬁg. The Havajo
sandstone erosion remnant which was overlapped by upper Claren and
neldic voleanic rocks probably extended as & more or less contlnuoue,
north-northeasterly trending ridge along the old piedmont surface,

The bagal congzlomerate member passes rather abruptly upward into
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red earthy limestones, eiltstones, feldspathic sandstones, and lime-
stone pebble conglomerates of the middle Claron red beds member, This
momber 1s the most extensively exposed unit in the area, and it is
responsible for brilliany hues of the ked 1111is. Althouth local verti-
cal sectlons show well-defined subdivisions of this red heds sernuence,
sandslones and limestone-pebble conglemerates grade lat.emlly; throwsh
limy sandstones and siltstones into impure limestones, usually within
distances ol 100 feet.

The red beds member is characterized by extreme irregularity of
bedding, with many diastems. Such irregularities of bedding, textures,
and composition are characteristic of fluviatile sediments but incom-
patible with classical ideas ol lacustrine oripin of the Pink C1iffs

Hasatch and its equivalents (Lutton, 1080),

£ige 8¢ Typlcal, irregular conglomerate unilb
In Muviatile, widdle Claron rocks in east fork of
khitney Canyon, south of Parowan Uap,
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Un the other hand, great quantitles of marlstone and conecentriecslly-
laminatod spheroidal "marl balls" up to 1 foot in diameter, sinllar to
those comonly assoclated with fresh-water lake depoaits, occur in the
limy siltatones and sllty limestones and present a speclal problem,
dawson (1929) has described "algal balls" from intermittently flooded
depressions in southwestern Australiag the "halls® report.édly rarge up
to @ inches in dismeter and locally form "algal ball® pavements, The
supposed alyal structures which are letally developed in the red beds
member of the Claron formation probably were formed in this manrer in
intormlttent floodplain lakes. Brecciated structures in the assoclated
Jimestones may repregent intermittent desiccation and s%minkagé fractur-
ing of almal marls,

Although the red beds member appears to consiat entirely of red and
orange rocks, only the finer-grained, earthy sediments are red, and their
brilliant colors are washed over drab pray sandstones and conglomerates,
A major provlem of the red beds wmember 1s the origin of alternating red
and drab beds. Wuch has been written on the subject of oripgin of red
beds, but a recent summary which is of particular significance in the
present problem is found in a paper by Van Houten (1948) in which color-
banded Cenozoic deposits of the Hocky Mountain region are interpreted as
deposits in a seasonally humld savannab enviromment in intermontane
basins assoclated with rising mountains of late Cretaceous-early Tertliary
time., The color is due to hematite in varions concentratiens or states
ol agpgrepation, and Van Houten concludes that ferruginous clastics were
derived from red rocks or red soils of well-drained hwmld uplands at

the margins of the baslns. The initially red sedimente retained their red

color, 1i they were deposited in open country, and lest their red color,
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by reduction of ferpic iron and partial leaching of the resultlng
Pferronu ivon, ii deposited in a forest enviromment. Shifting environ-
ments oi sediventabion and vepetation caused lateral and vertical varia-
tions in colors of the sediments, larpely independent of grain gize of
the sediments.

In the Red Hills area, no lirnites or other indexes of swampy and
Jorest envirorments are present in the red beds member of the Claron,

A
and 1t is likely that the basin of deposition of the Claron red beds

=3

had a very spavse vegetative cover. Initially red fine-grained sedi-
ments derived irom red finewﬁraiﬁed rocks and/or red soils of uplands
flanking the basin were locally deposited on fleondplaine at the site

nf the Hed "11ls arca and suffered little reductlon of ferric pigments,
Cosrge claastics deposited in chanrels of ghifting streams were apparently
derived from nomered roclw, because they are free of orpanic débria
which could have reduced them and are red only where they grads into the
allty and marly portions of the Claron.

Tu the northern ked Hills, deposition of fluviatile sediments con~
tinved on into the upper part of the Claron, buv in the southern Red
Hills the fluviatile enviromment waa temporarily modified by inter-
mittent development ol a shallow lake, in which two pure, white lime-
gtone beds were depogited. IFvidence for a lacustrine enviromment is
not conclusive, but the writer belleves that the following features of
white limestones of the upper newber of the Claren formation point to a
lacuatrine orisin, The’limeztones are persigtent beds of nesrly pure
Himesgtone, each about 30 feet thick, without interbedded elastic material.
Probable algal structures, in the form of Iimy granules and concentrically-

laminated Mmestone "balle" up to 3 inches in diamcter, are sbundant,
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espeetally 1n the upper bed of white limestone, Hoth limestones are
now compact but show clear evidence ol brecciation of porous structures
followed by recrystallization and filling of fractures with seeondary
calcite and minor amounts of chalcedony. Older fine—gmined conere-
tionary structures are crushed or broken, and vuge are filled by coarsely
crystalline calcite., It ls 11!:’@];/7 that the limestones originated as
spongy alwal depesits which suffered compactlon and recrystallization
under load oi overlying rocks. All of the features described above
are si-ilar to features pmsen‘b%in lacustrine algal limestone of the
Wasatch formation of nerth-cenml Uteh (Eardley, 1931) and the #lag-
ataff (Paleocene) lacustrine limestone of central Utah (Spleker, 1946).

Per:istence, purity, and pfobabie algai origin of these white |
limestones in the upper part of the Claron formation of the eauthem
ed Hille indlcate that the limestones accumulated in a lake. The lake
was probably shalleow for it was abruptly replamd by & fluviatile
enviroment followin: deposition of each pure, white limestons bed.
urthermore, limestone is not likely to form in deep lakes (Pardley,
1931) beecause cold bottonm wa*oefs » rich in €0p, hold accumulating
caleiwn carbonate in solutlon. |

The lower of the two white limestones of the upper Claron is
identical, in litholory and position in sequence, with & white limestonn
near the nuseum ot Cedar Breaka National Monument, even to the extent
of development of distinctive, rainbhomi-hued marlstones immediately
beneath the massive limestone ledge. Similar white limestones extend
along the south vims of the Harwarunt and Paunsaugunt Platesus and
probably record the existence ol a vast, early Tertiary lake which

covered thousands ol square miles in soutbwestern Utah. The postulated
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, : Fire Ye HNassive white algal limestone in upper part of Claron
. foraation (unit 420 of measured section in southern Red Hills), cap-
ping vhite Sutte west ol Suwit, Utah,
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lake extended at least as far southwestward ac the Ireon Springs district,
where similar white limestones are extensively developed in the upper
part of the Claren formation (Macidn, personal communication). It
extended into only the southern part of the Red Hills area; for upper
Claron rocks of the northern hed Hills are pebbly conglomerates.

In the southern Red Hills, upper Claron liwestenes are penerally
overlasin dizconformably by Tertiery acldic volecanic rocks, and ﬁeaiegic
record of the postulated Focene lake of early Tertiary ase is ahgsent.
In the Iron Sprinzs district (Mackin, personal communication) and east-
ward into the southern Wirh Plateaus (CGregory, 1950), uprer Clarcn or
wesateh limestones grade upward into beds of chaleedony and volcanie
ash which immedletely underlie Tertiary aeidic voleanics. These ex-
tengive beds of chalcedony mey indicate abundance of dlatoms which
{lourished in the postulated Focene lake with increasing availability

of silica during beginning phases of extensive Tertiary volcanism.

dJackrabbit formation

In the northern fled Hills and southern Gray Wountains, nonpyroclastic
upper Glaron red beds grade ﬁpﬁarﬂ inte a thick sequence of white vol-
canic ash and green volsanic—derived sediments., The entire sequsnce
generally conformably underlies thick sheets of resistant acldic vol-
canics. The voleanic—derived sediments are wesk and very poorly exposed
in a dissected pediment, locally known as Jackrabbit, aleng the west
flank of the Gray Yountaina., Although the actual centact between uppor
Claron red beds and the pale preen sediments ie not sharply defined, the
sequence ol velcanic sediments consti ulzs a distinetive unit for which

the nane Jackrabblt formntion ie proposed, The basal boundary of the
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formation must be drawn arbitrarily along the top of stratigraphically
highest exposed non-pyroclastic Claron sediments, for lack of pood
exposures and because of possible interfingering relationszhips between
the Claron and Jacirehbit formations. The upper houndary may be
generally drawn at the base of the stratigraphically lowest, resistant
felsite unit oi the Tertiary acidic voleanic aeqﬁéhca, a dacitiec welded
crystol tuff. Tre Jackrabbit formation is at least 550 feet thick at
the type locslity on the western flank of the (Gray Yountains and cone
gists chicfly el voorly-consolidated gritty and conglomeratic sediments
derived from a voleanic terrain.

torth oif Cedar Oreaks National Yonument, at the base of Brian Head
peak, white limestones of the Claron or Wasatch formation are overlain
by approximately 500 feet of volcanic ash, silicecus limestone, chale
cedorny, tufifaceous sandstone, vitrophyric lavas, and andesitic agglomer-
ate which Grepory (1950) collectively designated as the Brian Head
formation., DLespite extreme variation in compesition, texture, and
thickness, lower members of the drian Head formation generally constitute
a distinctive unit lying between the marlstones of the Wasateh formation
below and the thick sheets of resistant volcanie rocks above, throushout
ereat areag ol the southern ¥arkapunt Plateau, It secems unfortunate s
however, that Gregory chese irian Head peak as the type locality for the
formation, for the present writer cbserved that andesite agplomerate
upper members ol the Brian llead formation prade laterally inte thick
andesite flows which are elsewbere rogarded as part of the supposedly
overlying acidic volcanic units of flowg and welded tuffs,

Mackin (personal commnication) and the writer studied MANY GX-

posures ol lrepory's Urlan Head fermation and acldic veleanics 1in the
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Mute Hiphlands and in the “arkazunt 7lateau north of Brian Dead pealk,
nd independently came to the conclusion that so much confusion of
stratigraphle relations is encountered in use of the term Briasn Head
formation that it is no longer appropriate., Iigure 10 shows interpre=-
tations by the present writer concerning stratigraphic relationships

of volecaric-derived sediments which generally lie between Claron or
Wasateh marlatones and Tertiary acldic lavas and welded tuffs in eastern
Iron County, Utah. It appears that the Jackrabbit formatien of the Red
Hills area is apvroximately equivalent to only the lower portion of
the type Srian lead formation of the southern Warkagunt Plateau,

regory (19L5) noted that as the Brian Head and Viasatch formations

are traced from the southern ¥arkagunt; northward into volecanic source
areas of the Tushar and Sevier Plateaus of central Utah, the Drian Head
fornation is rather conalstently overlain by andesite lavas., At the
type locality, however, the HBrian Head foraation is overlain by
rhyolite "lava" or welded tuff, perhaps because of confusion of the
upper part of type Drian Vead formation with agglomerate phases of
andesite lavas which ordinarily overlie the lirisn Head formation., If
tndls should be the case, only the lewer portion of type Brian Yead
formation, equivalent to the Jackrabbit formation of Red Hills area, is
the "Brian lead formation" which Gregery has napped throughout larpge
areas of the eastern and northern Yarkazunt Plateau (CGregory, 19L9),
Only detailed tracing of units will supply decisive information for
this problem, bul on the basis of reconnaissance in the scuthern
HMarkagant Plateau and in upper Sevier Valley, the present writer
believes that the term Brian Head formation should be restricted or

abandoned,
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1.6
The 1ollewing ies a measured section of the Jackrabbit Lormation
at its type locality. BHecause of penerally poor exposures of these weal:
sediments in the Hed Hills arca, the measured section will serve as a

peneral degscription of the rock types present.

Measured section of Jackrabbit formation — Sec, 83 T333-RGW
Iron Lounty, Utab

South knd lormation —— galmon-pink, biotite- and hornblende-rich
felslte with ebundant feldspar pheno-
orysts and sone red felsite fragrents,
Thickness

Jackrabbit fomation ig feet

6. Gonglomerate; well-rounded cobbles of gray felsite up
w1 fool in dlameter, in a red sandy matrlxs occasion-
al lenses of hard shales and s11tstones ¢ » ¢ o o o « » o 75

5¢ Bandstone; conglomeratic; felsite fragments and pebbles
up to 1 inch in diameter, with an occasional well-
rounded quartzite pebbley in regular beds about 1 foot

thick; eolor varies from pale to bright green . « « « « » b5
e Altered tuff(?); poorly exposed, but makes a conspicuous
m@*ﬂmrl&'@s@ilﬁlmoeoc.t&ocgctccua:o 15

Je sandstone; conglomcraticy felsite pebbles and cobbles up
ta 1 foot in diameter, in /ritty sand matrixy alternating
sandstone and conglomerate beds up to 5 feet thick, with
bright green (chloritic clay) partings and filme around
censtituent roclk and minersl framments o ¢ ¢ o o 2 ¢ o o 12

RS

2. Sandstone, tuffaceons, medium~ to coarse-grained, many
blobite flaves; 1n maseive to paper-thin beds, with
conglomerate lenses up to 20 feet thicky pebbles and
cobbles are exclusively andesitic, perfectly rounded
and nearly spherieal o o v o v 6 e 6 o 5 s 0 o v e o s s 150

L. Poorly exposed; chielly white to pale green ashy tulf

and tulizceous sediments that make light-colored soil

slopes bLetween outerops ol uppermost Claron limestones

and upper menmbire of Jackrabbit formation « o ¢ o s o o o 100

Total thickness of Jackrabhit formation 550

Uncontoraity(?)

Glaron formation — thin conrlomeratic sandstones, platy sand-
stones and giltstones, and purple-and=white
mottled marlgtones,

e
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Fire 1l. ., ,ucii volcanic conglomerate of
upper part of Jaclrabbit formation. Well-rounded and
nearly spherical pebbles and cobbles of andesite In e
tuftaceous sand matrixy rather poorly indurated and
stron-ly contrasted with reslstant welded tuff of
overlying South End formation.

L.

lio foassils were found in the Jackrabbit formation, but because it
conformably succeeds the Eocene(?) Claron formatien, the Jackrabbit
formation is probably Bocene or Ulipocene in age. Uregory (1950) states
that the srian lead formation of the Markapunt Plateau is probably
¥iocene in ape, because it overlies the Eocene(?) wasatch formation and
underlies the thick acidic voleanic sequence which unconformably under-
Ties the Pliocene-Pleistocene Sevier Miver formation of central Utah.
The dating is very crade, and the 3rian Fead formation may range in age
iron bocens to rliocene,

Vetropraphically tyoicel specimens Irom the variouws rock types
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repregentod in the formation show a wide variety of textures and com=
position. Wost of the [ine-grained sediments contain abundant andesine,
with minor amounts ol quartz and chloritized biotite, imbedded in &
cnloritic clay matrix. Jotash f{eldopar is remarkably rare, which sug-
pests that these i‘ine«-graiﬁed sedimente were derived {rom andesites or
related rocks, rather than from wmore acidic rocks. Most of the coarse-
sralned sediments, especlally common in the upper part of the formation,
contaln andeslte Ifrapments almost exclusively, although ececasional
quarteite and limestone [ragrents are present. In the coarse-grainsd
sedinents, fragments arve ﬁenemzliy surrounded by Iilms of chloritic
raterial and imbedded in & sandy and clayey matrix,

Abuwidance of coarse clastics indicates that any lakes which may
have been present in the Hed 1lills and surrounding eress during
deposition ’oi‘ upper Ularon limestones were rapidly filled by voleanic
debris and converted to fluviatile plains over which were spread ex-
tengive gheets ol acldic valéanics.

The dominance ol andesite debris in rocks of the Jackrabbit forma-
tlon is puzzling, ior no older felsite sources are known in the
immediate area of eastern Iron County (uregory, 1950). Apparently this
andesite d&‘brig was derived from early Tertiary or older felsites in

arveas Lo the weel or north,

Tertiary acidic velcanic senuence

Genevel statement

Interfingering with the uppermost portion of the Jackrabbit forma-
tion in the Gray Mountains and resting disconformably on upper Claron

limostones in western Parowan Gap and in the southern Red Bills are
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extensive sheets of rhyo-dacite welded tufls, andesite flows, volcanic—
derived arkogic sandstone, and dolerlte [lows and apglomerate, This
serquence hag a total thickness of at least 1,500 feets the younrest
units are not completely exnosed in the hed Uills aren.

Similar voleanic sequences of comparable thickness are present in
the Iron Springs district (ifackin, personal communication) and in the
southern Markagunt Plateau (Grevory, 1949, 1950). On the basis of ex=
tensive fleld and petrographic study by Hackin and Nelson (1950) and
Chrigtman (1951) in the Iron Springs district and by the present writer
in the Hed H1lls area, as well as reconnalssance by Yackin and the
present writer in the goutlwestern Varkapunt Plateau s the follewing
volcanic sequence was found to be remarkably consistent throuchout
hundreds of square miles in southwestern Utah:

(L) pink welde¢ tulf of rhyo-dacitic composition (the
resistant eap of lirian Head Peak, north of Cedar Breaks

Hational Yornument)

(3) chozolate-brown ancesite {lows and agrlemerate (the

Black Ledpe of the arkasunt Plateau)

(2) pink welded crystal tuff of quartz latitic or dacitic

corposition (absent in Markagunt Plateau and southern Fed Hills)
(1) white and pale preen volcanie—derived saedlments of

i

the Jackrabbit and lewer Brian fead formations
Voleenic units above the rhyo-dacitic welded tuff are variable — red
and black vitreous welded tuff of muarts latitie and rhyolitic composition
in the Iron Springs distriet; bhlack andesite [lows and apgeglemarates in
the southorn “arkarunt Platean: tuffaceous arkose and doleritic fiows
and a:lomerate in the lied Hille area.
It is noteworthy that the voleanic sequence of southwestern Utah
is widely different frem that of central ltah (Gallaghan, 1945) which
inoludug early Tertiary latitic tulfs and breacclas, overlain unconform-

ably by late Tertiary rhyolite and tuffs, This sequence ol simple
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groune of chemically relaved rocks is markedly different from the
soquerice of rocks oi mixed composition in southwestern Utah. Perhaps
the differences between the voleanic sequences of central Utah and
southwestern Uteh are a reflection of the proximity to voleanlc centers
in the Tushar, sevier, and Fish lake Plateaus of cantral Utah (Dutton,
1680)3 mére likely, however, these differences in volcanic sequence are
relgteé to mixing or interiingering, in southwestern Utah, of volecanics
from central Ubab sources with voleanles from more weasterly or south-
westerly sources. Hecently, as Callaghan extended his reconnaissance
southward and westward from the Varysvale area, he found that tremendous
quantities of basaltlic breccias,; in the Black Mountains nerth of the Hed
Hills area, interfinger with almost the entire velcanle sequence of the
Marysvele area (Christman, personal communication).

In the hed Hills area, the present study of the volecanic rocks was
primarily to determine the volcanic sequence and ites stratipgraphic
relations with volcanic sequences of neighboring areas. The sequence
hag been subdivided on bases ol color, texture, style of weathering, and
other properties that are useful for field mapping purposesy each map unit
docs not necessarily represent the deposit of a single procesa. All of
the formatlons described helow and representad on the geologic map
(Plate 1), except the massive rhyo-dacitic welded tuff, show local
taxtural variations, both laterally and vertically, which suzgest
multiple voleanic outbursts, but field exposures are too limited for
dificrentiation of mombers within the map units.

e rocks of the volcaric sequonee, ineluding intercslated sedi-
menis, arve entirely unfossiliferous and may range in age from early to

middle Pertinry, becansse they overlie late Cretaceous-early Tertiary
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sedimentary rocks, with essential conformity, and underlie late
Tertlary(?) gravels and Juaternary(?) basalt sheets, with marked angular
wnconiomity. The Tertiary acidic volecanic units are concordant and

vrobably represent a conformable sequence,

General petrography

With the exception of sandy sedinente and dolerite flowe and
agglomerate in the upper part of the velecanic sequence ol the Red Fills
area, the Tertiary volcanic rocks are extremely fine-grained or glassy,
with minor amounts oi felsitic rock end mineral fragments. Matrices
which were formerly glassy have been devitrified to porcellaneous
textures.

Peatrogmp}'zieally; the rocks are simpley feldspars, quartsz, biotits,
hornblende, suzite, and olivine constitute the bulk of the mineral
Iraction. Magnetite; hematite, sircon, andsphene are comwmon accessory
minerals, Undevitrified portions of the matrix of most of 'the rocks is
dominantly slass which has an index of refraction sliphtly belew balsan,

indicating an intermediate composition. In most of the rocks, however,

~the glagsy matrix has been devitrified to fine-grained agrregates of

tridymite and feldspar or to feathery and plumose agprepates of
tridymite and feldspar or chaleedony.

Feldspars are present in thin sections of all the rocke, and
plagioclase is, by far, the most abundant. Sanidine is present in
sections ol the rhyo-dacitic welded tuff unit, but orthoclase is very
rare, The abundant plagioclase usually shows some crystal faces, but
many of the crystals are brolten and shatitered. Although a few plagio-

clage crystals show exbremely complex twinning and zoning, albite
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twinning or combinption carlgbad-albite twinning is most common and
incicates a composition of Anye_ge. Christman (personal communication)
round that index oils indicate a comosition of An3n.gpe.

‘uartz occurs in small anounts in all but the most basic rockg.
411ica also occurs in the form of chialeedony and opal(?) end as fine-
prained tridymite —-— alteration or davitrification producta af the
senerally vitreous matriz of the rocks, Uuartz, when present &s a
primary mineral, usually occurs as erystals, 1=3 m1. in diameter,
with ecorrodes and ewbayed faces.

Matite occurs sparingly in most of the rocks, but it is so abundant
in the quartz latitic-dacitic wilded cryaial tuffs, that they were
desirmated as "blotite tnffe" in the fleld. The bilotite 1s usually iron-
rich and stronyly nlecchroicsy it Irequently contains inclusions of
magnebite and zircon. The blotite crystals are usually euhedral, but
they are occasionally bent and broken, especlally in the rhye=dacitic
welded tulf,

feriolende oceurs primarily as euhedra in the “"biotite taffse"

JSoda-rich augite and rare olivine oceur chiefly in the dolerlte lavas

and hasalt breccia at the top ol the volecanlc sequences

South End Lformatlon

lmﬁgﬁiately overlying the éackrab’bitv formation and underlying ande-
site lavas at the south end oi the iray Mounbtalne are two salmon-pink
folsite units, each approximately 50 feet thick, which the writer has
gesipnated, collectively, as the South Erd formation. Around the cast
flank: of #lat Top peak the rornstion distinetly congiate of two

tdentical wassive and resistant felsites, separated stratipraphically
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by aboub 30 feeb of weak voleanic-derived sediments that are identlcal

with Jackrabbit sediments which lrmedlately underlie the lower felsite
wmember, An interfingering relationship with the uppermog® portion of
the dackrabbit formation is sumrested, bub areal exposure of the

Jackrabblt-south Ind contach iz too limited for decisive information.

Tn the vicinity of Parcwan Gap only one of the felsite rembers is
developed, and it rests with anpular unconformity on Havajo sandstone.
Tn the southern led 11i1ls and eastward into the Markapunt Plateau, the
South Lod formation 1s absaht, although 1ts equivalent (Macking per-
sonal cormunication) occurs extensively in the northern part of the Iron
Sprinss distriet, a few miles west of the gsouthern Red Wills, South=
ward and eastward thinning and disappearance of the formation surpests
depositional thinning with increasing distance irom a westerly or
nortiwes terly source of tre felsites, because the Brian Head fomatlon,
rouzhly equivalent to the Jackrabbit formation, of the Farkaunt Plateau
secms to prade upward into and interfinger with endesite lavas which
noreally comvormahbly overlic the South End forration and its equivalent
in the OGray Mountains and in the Iron Springs district. No additional
information coneernine location of the source of the South Fad forma-
Lion was discovered,

“epascorically, the rock wmirht be wmistaken for a fine-;rained
biotite pranite porplyry; senerclly, however, an asbundance 5£ felsite
aned mmic;e(' ?) inclusions beiravs the volcanle character., There are no
flow atructures, columnar jointing, or tubular vesicles of a typlcal
lavag a high degroe of consolidatlion and complete lack of bedding indi-
cate that the rock wunit is not an ordinary tuff. Although ledres of the

felsite appear tabulsr from a distance, close examination shows no




5k

textural or mineralogical sorting or stratification, other than a crude
gheeting, which is relisble rlor determination of attitudes.

in thin section, the rock has a composition of about 50% zlassy
or vory {inc-grained matrix, 255 caleic andesine, about 5 quartsz,
10;° hornhlende, 10 blotite, and occagional felslte fragmente.
Petropraphleally, the rock 1s & dacite, but a whelly fragmental
charactor of the glassy matrix and included mineral grzins indicates

that the rock is pyroclastic in origin. In splte of widespread growth

Fipe 12. Uresecentic and cuspate [lorms resuliing
iron competitive growth of gpherulites in glassy
natrix of South Ind felsite., Ii spherulites were
less well-developed or less obvious, the cugspate
interstices misht be confused with glass shards,
spherulites in this case apparently have no relation-
stip to shard boundaries and are not, therefore, ex~
amples of axiolitic structure,
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of spherulites and granular aggregates of devitrification products 1in
the rormerly plassy groundmass, vague cuspate relicts show that glass
ahards once con Lituted a rather large part of the matrix. Cleariy,

the rock ig elther & tuff which was welded by its own heat of depesition

(nuee ardente deposit) or en air-fall tuff which was consolidated by

post-depositional devitriiication of its glassy matrix or by cementation.
Thore is ne evidence of sorting or textural grading throughout
the entire thickness, 50 feet, of either felsite umits and although
the intercalated sediments are well=bedded, there is no bedding within
either unit., Both units are highly indurated, in contrast to the weakly
consolidated pyroclastic sediments separating them, and their superior
hardness surely came aboubt through internal processes rather than through
reneral cementation.
Ipnamuch as field relations and thin sectiens fall to provide a
hasis for distinction between a turbulent, hot ash fall which was con-
solidated by devitrification of its heated glassy constituents and a

turbulent, hot ash fall which was consolidated by welding of its glassy

'constituents, ant, in which, the forms of the compacted and welded

glass shards have been largely effaced by later devitrification, the
writer was unable to definitely establish the mode of origin of the
indurated tulis of the South End formation. In the Iron Springs district
(Christman, 1951, unpublished manuscript) relicts of compacted and |
welded plass shards are sufliciently preserved in the equivalent of

‘the South Frd Formatlor to indicate that the unit is e welded tuff or

nuee ardente deposite
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Gray Mountains formation

Tn the central Gray Mountains massive, chocolate-brown andesite
flows, which Lhove an aggrepate thickness of 100-300 feet, essentially
conformably overlie the upper indurated tuff member of the South End
formation and underlle a massive rhyo-dacitic welded tuff. The sequence
of andesite [lows is here desirnated as the Uray Mountalns formation.
Tn the southern Red Fills, where the Socuth }‘:”Jnd formation is absent,
the Oray Mountains lavas rest disconformably on upper Claron lime-
stones, separated from the limestones by a few feet of gritty and
wealily consolidated tuffacecus sediments,

e formatlon is breadly divisible into a lower chippy or platy
chocolate~brown member which ranges up to 50 feet in thickness and
contains abundant tubular vesicles filled with chaleedony and calcite,
and an upper massive red member, 50-250 feet thick, with rude columnar
jointing, Local occurrence ol slaggy zones beman the two members
indlcates the presence of at least two {low units, bul exposures are &o
poor that the writer was unable to map the flows separately.

Wegagcopically, the rock is dark red to brm; with a uniformly
norcellaneous texture; phenocrysts are rare. The basal member of the
formation is commenly amymdaloidal. The rock appears homogeneous, and
althoush the basal wember and local portions of the upper member are
chippy or platy, the remsinder of the formation is blecky.

In thin sections, phenocrysts of ecalelc andesine are sparingly
developed; the crystals are unbroken and unaltered but highly resorbed
at the marpings. Quartz is nobt vresent, except as a fineegrained [illing
of vesicles; auplite ig rarely present. The matrix is partly-devitrified

plass with unitformly disseminated hematite and mapgnetlite which spparently
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control the color of the rock in hand specimen. The glassy matrix
contulng mmmerous spherical vesicles about 0.1 mm. in diameter, with
marpinal alters.ion and quartz £illing, but the rtrix contains no rlass
shards or rock fragments. The rocks of the formation are clearly flow

vocks, and although the thin sectlons supply 1ittle information about

Five 12. Gray ¥ountains andesite flow. lNote
complete lack of shards and f{ragments, although the
matrix ls composed entirely of glass with uniformly
digseninated megnetite.

composition, thesc [low rocks probably are andesitic, on the basis of
rare phenocrysts ol andesine.

I the Red Hills, only flow récks were noted in the Gray Yountains
formation, but along the Flack Ledge which extends northward from Brian

Head Peal just beneath the rim of the Yarkapunt Plateau, andesite {lous
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which occupy the sa=e strati,raphic position as the Grey Yountains

formablon urade laterally inte andesite flow brecclas and apglomerates.
Phe Uray Vountains fermetion and equivalent flows and aprlomerates

are found throughout the southern Gray Mountains, central and southern

led 11ills, Markagunt Plateau, and the Iron Springs dlstricts no sources
for the andesite have been found, although local accumulation of
agtlomerate and ilow breccla, with ne obvious veleanic vent or cone,
suzrests local derivation from numerous f{issures which ére probably

concealed boneath the vast sheets of lava,

Jlant City Lormation

Tn the northern hall of the Gray Yountains, and in scattered ox-

pogures at the gouth end of the led Hills, a pink, massive lelslte
unit, which is here designated as the Glant Clty formation, overlies
1 the andesite lavas and s generally separated from the lavas by a few
ieet of olive-drab sandstone, At the type locality in the northern Gray
Hountains, this massive unit is about 200 feet thick and weathers into
tremendous prismatic joint blecks which resemble skyscrapers of a plant
city, hence the name,

The formation consists of a single unit, presumably the deposit
of a ain-le voleanic outburst, which is characterized by a uniform
thickress ol apout 200 feet throuchout several square miles of cutcrop,
iy As far as the writer could determine, the surface on which the relsite
was deposlited was one of low relief — essentially the inttlal surlace
of the wppermost 1-w of Lhe lray Hountaing formaticr, locally covered

thinly with tuffaceouns arkose, The sctual contaet betwean the (Hant

City felsite and the fray Yountalns lavas is not exposed, but the contact

f
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¥ire 1lhe Vassive joint blocks of Giant City
formation in north-central Gray Yountainsy figure
in circle gives scale. lNote the complete lack of
beddirg and lack of flow structures or well-
developed columnar joilnting.

ol intervening arkosic sediments and the CGlant City felsite is sharp
and without mingling of the two rock types or developmen® of a slagry
wone at the basc of the felsite. The most signifleant festure of the
sediment-felsite contact is a corplete lack of baking effects or
reddening of the greenish sediments.

HMegascopically, the rock consists of numerous red and brown fel-

site fragments, large quartz prains, and scattered feldspar, blotite,

and hormblende rains in an indurated porcellaneous matrix. The rock
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wvarles 1it5le in agnecrance from expogure to exposure, or from top o
bottom of the unit, with the exception ol red and black vitrophyres,
upte}@i@m;ﬁdﬁg<%wﬂmmﬁlmnﬂyattﬁimme.lkmdméﬂa
pregence ol numerous rocy irayments, the rock would probably be
designated as a rhyolite lava, iun hand specimen., At the ouboropn,

hewever, the unit shows no flow structures or other features of lavasj

e o

laree mmbers of sub-parallel, lenticular cavities (up to a few inches
in length) due to weathering out of glassy or puniceous inclusions might

he mistaken for flow structures, On the other hand, despite the
numerous rock frapments, one would hesitate to desiynate the rock as &

tuff, becanse of the hlgh degrec of induration and a complete lack of

sorting or bedding throughout the entire 200-foot thickness.
In thin sections a frasmental character is expressed throurhout
the unit, and the formation is clearly not a lava flow. In acddition to
" numerous rock iragments, there are broken grains of sanidine, sodic
sndesine, quartz, and bornblende and bent [lakes of hiotite seattered

ﬁwm%MMtafmﬂmXWM£hcmmmmskwm&gofmmyﬂ%gkm33Mw&;mm

slasey volcanic dust(?) which is extensively devitrified. Sanidine is

_usually less abundant than plarioclase in thin sections; the composition
is that ol a quartz latite, although correlative rocks in surrounding
areas have been deseribed as rhyolite (Christman, 1951) and dacite
(Grepory, 1950, pe 104). fThe vock is obviously of pyroclastic origin,
but the reason ifor its hich desrece of conscolidation is not readily
apparent in thin sections of devitrified portions of the unit,

In thin sections of basal vitrophyres of the formation, the
orizinal plassy matrix ls not devitrified and clearly conglsts of

elonrate crescentic shards which are hirhly conto;t@d but generally
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alizned parallel to the base of the formation. The shards show evi-
dence of intrmne deformation — warping around mineral grains, packing
into enbayments of corroded mineral gralns, interpenstration and cosles-
cence with adjolning shards ;~ with no fracturlng or shattering, in-
dicating that they were deformed while in a highly plastic state. These

intensely conpacted and welded shavds clearly indlcate a nuee ardente

oricin for the unit.

The basal vitrophyres cive way rather abruptly to the upper portion
of the unit, in which devitrification of the glassy portion is so com-
plete that any welded or compacted shard structures which may have been
present have been cbscured. In some exposures, especlally in the
southern Red Hills and eastward in the mouth of Summit Canyon at the
margin of the Marlapunt Flateau, the transition between undevitrified
basal vitrophyres and devitrified upper portions of the (Hant City
formation is marked by e zone of dévitrified rock which includes lenses
of undevitrified black vitrophyre., These lenses of vitrophyre are
several inches in diameter but;generally less than an inch thick, and
thelr long dimensions are parallel te the base of the fomation. In
\bhin section, the lenses are seen to contain nuwmerous welded and com-
pacted glass shards which are elongeted parallel to the marging of the
lenses, hence also aligned parallel to the base of the formation like
the welded shavds in the basal vitrophyres. Such remariable parallel
orientatlon of the lenses and congtituent slass shards with rlass shards
in the basal vitrophyres, as well as restriction of the plnss lenses
to a zamb Intermediate between undevitrified basal vitrophyres and
devitrified upper portiens of the unit, could hardly be expected if the

lenses ropresent accidentsl inclusions. Surely these lenses represent
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locally fused wmasses of initially discrete rlass shardé whose shard
outlines havo veen preserved as cdusty [ilms or optlcal discontinui-
ties. The mamses of insed shards probably escaped devitrification be-
cause of a reduction of reactive surface area by coaleseencs, Tnasmuch
as the zone of glassy lenses grades dowmward into continuous sheets
of glasses at the base of the unit, the basal vitrophyres probably
represent widespread fusion or coalescence (Fige. 15) of glass shards
under high pressures and/or temperatures at or near the base of the
unit., The preceding statement implies that, for & given welded tuff
unit, bagal ;lasses are most likely to form only under thicker portions
of the deposlt or under hotter or less viscous portions of the unlt.
The former hypothesis accords with observations by Gilbert (1938); the
latter hypothesis is partly supported by negative evidence, a lack of
baking effects where non-vitreous basal portions of the Giant City
welded tuff rest directly on tuifaceous arkose, diacuaséd in the second
paragraph of this section on the CGiant City formation.

A problem which is of even greater importence than origin of the

basal vitrophyres is the mechanism of distribution of this nuee ardente

depesit over large areas. Of clesely similar lithelogy and position
in the voleanic sequence, this welded tuff unit is found throughout
the northern Gray ¥ountains, the southern Red Hills, the Iron Springs
district, and the southern Yarkasunt Plateau§ it 1s literally every-
where, There are no consplcucus texbural variations whieh would
sugpest local derivation frow numerous vents or flssures, except for
pacude~dikes of tahular, opalized fault zones in the formation in
3ec. 23; T325-RG; yet it is difficult to conceive of this remarkable

uniformity oif lithology and position in siratigraphic sequence over
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¥ige 15 Thin sections of
various portions of the Giant
GCity tuff, showing degrees of de-
vitrifications A~-completely de-~
vitrified matrizx of upper por-
tions of the unity Be—lenses of
zlass (light) in devitrified
matrix of intermediate portions
ol the unity Ce—undevitrified
welded and compacted plass shards .
ol basal portions of the unit, O
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hundreds of square miles s duc to a single blast of nuees ardentes

"~ which seccumulated deposits at least 200 feet thick. Certainly we do not

. yet have sulficient experience or information about mechanisms of nuees

ardentes of the past, which seem to have been far more extensive than

modern nuees ardentes which leave deposits only on volcanic slopes and

nearby lowlands. P@rhapé & knowledge of heat tramsfer or of the role

ol exothermlc reactions in supplying heat to rapldly expanding clouds

of incandescent material (Gilbert, 1938) would offer an avenue of attack
on the problem, although intense heat is apparently not necessary in the
formation of some portlons Gf welded tufis, as shown by lack of baking

eifects on tuffaceous arkose immediately beneath the Glant City welded

tllff °

vare Spring formation

South and east of Cane Spring, at the northern tip of the Gray
Houutains, are extensive exposures of a drab preen, well-laminated,
cross-bedded sandstone which Thomas and Taylor (19L6, geologic map in
pocket) mapped as "undifferentiated Cretaceous.” The present writer
traced the sandstone southward and eastward from Cane opring and found
that, despite lateral and vertical interpradation with preenish tufls,
these sandstones and relsted tulfs constitute a distinctive mappable
unit that lies conformably between the Giant City formation and doleritic
agi;lomerate and flow rocls which crop out discontinucusly alonz the east
HNankc of the Gray Younteins, These distinctive greenish rocks are here
cdegiimetaed as the Cane Spriny formation.

There is no correspondin: unif in the voleceriec sequence of the Tron

Spriugs distrlet (Mackin, personal communication) and there apparently




Pi:e 16. Uniformly-laminated tuffaceous Bandastone
of tle lower part of the Cane upring formation, near
sheep corral along road from Parowan to Cane 8pring.

is no corresponding unit in the volcanic sequence of the southern Harka-
cunt Plateau, on the basis of preconnaissance by the present writer.

This formation ol sandstones and/or tulfs may extend northward into the
larrely unexplored Black Wountains north of the Hed Hills area, but the
ianinated sandstones which are well-developed in the vicinity of Cane
Sprin probably represent accumulation in & local basin of standing
water related bto dralnage ohsbraction by accumulating volcanic rocke in

survrounding areas.

The epeentsh laminated sardstones at Care Spring grade laterally,
sontheastward, into an olive—drab tuff which closely reserbles the sanc-
stone, except for lack of lamination or other stratification. "he tuff

ig visibly gramilar and only moderately consolidated; i1t iz wholly

dliferent Crom the porcellareous and highly consolldated vielded tuffs
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eluewhere in the volecanic sequence of the Red Hills area. The sand-
stone and intergrading tuff have similar composition and contain well-
sorted, rounded and angular srains, O.1 = 1 mm, in diameter, of feld-
spar, quarts, awite, hornblende, qarteite, red felsite, and black
}@bsidiam. The ferromagnesian minerals are responsible for the green-
ish color of the rocks, especially where they are concentrated in
{inererrained laminae of the sandstone.

In thin sectlon, the m'ite‘r wes unable to identify positively the
cenenting material of the sandstone and tuff, but he believes that it
is opaline silica because of 1ts extremely low birefringence in thin
section and glassy luster on fresh surfaces of hand specimens. The most
abrilking feature of the sardstone and tuff in thin section 18 a close
paclinr of wineral and rock grains and a complete lack of ¢lass shards
or dust -~ features which sugrest considerable air or water sorting of
voleanic material, with deposition of the finer fragments elsewhere,
in contrast with poor sorting of pyrecclastic waterizal in turbulent

mees ardentes.

Although the previously described sandstone and #nff comprise the
bullke of the lormation, greenish, thin, highly consolidated tuffs and
drab, hydrothermally altered rocks which appear to be volcaric mudilow
breccias are interbedded with the sandstone and tuff near the top of
the i‘cs_z*matiozz along the nort?rteast margin of the Ovay Mountains, Fxe
posures ol these exotic rock types are too limited to indicate their

atratigraphic significance,

Little dlack ¥ountain formatien

At Little Black Yountain and also extending aiong the east gide

i
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of the northern Gray Wountains into foothills of the Black Hountains
north of the Red lills area (Thomas and Taylor, 19Lk6), there are dig=
continuous and rather poor exposures of doleritic and basaltic f1ows(?)
and breccia which generally rest sonformably on the drab rocks of the

Cane Spring formation. At the type locality, agpglomerate and thin {lows

. 17. Basalitic agglomerate at type locality
E of the Little Black ¥ountain formation near Parowaie—
N Cane Spring road.

appregate at least 200 feet thick, and the top oi the unit is not

exposeds apparently equivaleant agolonerates which are exposed in bold
escarpments of the 3lack Vourtains irmediately north of the Hed Hills
apes have a thickness of several hundred feeat.

At little Flack Vountain the beds of agglomerate show a southwesterly
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daip of 259, strikingly dlscordant wity an easterly dip of 10° in nearby
exposures of Cane opring sancstones. Since there is no apparent fault
contact betweern the two unite and since they are ordinarily concordant
elsewherc, these locally high dipa of the apglomeraie, as well as
tremendons sives of blocks in the agplomerate, probably represent
proximity %o a voleanic source. Little Black Yountain is roughly coni-
eal in form and might be mistaken ‘or a volecanlc cone or rermant of a
cone, but the nerthwesterly strike of the beds of agglomerate is con-
sistent throughout the mountaing there are no radial dips as one might
expect on the flanks of a voleanic cone, The lack of radial dipse
gugpests a linear (fissure) source rather than a polnt {vent) source for
the agplomerate.

Away froam the type locality, only massive dolerite is exposed on a
pediment, which flanks the eastern side of the ncrtherakGray'ﬁountains'
and only basalt breccia is exposed in low rolling hills west of the
northern Uray Hountains and northward into the fcothills of the Black
Yountains. Lxposures are 80 poor that the wrlter wné unable to relate
the massive dolerite to the basaltic brecciasy the dolerite may repreéent
dile feeder(s) lor the agrlomerate and agsociated basaltic f{lows.

Yegascopically, the rocks of the Little Black ¥ountain formation.

are dolerite and basalt which contain phenocrysts of augite up to 2 mme

in diameter. e dolerite is dark gray and massive, but basaltle

blocks in agglomerate phases of the {ermation are glossy black and
veslcalar. 2locks in the agrlomerate are imbedded in a weakly-consoli=
dated, white tuilace. s matrix.

In thin éaction, the rocks of the formation are similar mineralogi-

cally, differing only in texture and structure, Soda-rich auglte and
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}aborédefita phanocrysts 0.1 = 0,5 mm. in diameter are imbedded in a
matrix of euhedral placioclase (Fipe. 18), VYagnetite is scattered
sparingly throughout the rock, Inciplent hydrothsrmal alteration hasg
converted thu margins of mugite crystals to chlorite aend faldapar

erystals to epldote.

I'ig. 18 Wassive dolerite phase of ILittle
Black Mountain formation. Typical texture of
augite and sodic labgradorite phenocryste in
plapgioclase matrix,

Petrograpbically, the rocks of the Little Black Yountaln formation
are basaltice. Agglomerates which 1lie on the Giant Clty welded tuff at
the rim of the Markagunt Plateau, at the Pareowan Canyon lockout cone-
structed by the U, !, Forest Service on the Sydney Valley-Yankee

Regervolr reoad, are stratigrapvhically equivalent to the Llttle Black




71
hasalts., The gravels are poorly sorted and contain angular pebbles,
cobbles, and boulders up to several feet in diameter.

These fanplomerate gravels are here desirnated simply as "older
alluviuwn,” although Gregory (1950, pp. 60-69) believes that these gravels
are equivalent to the Parunuweap formation of the Zion Park reglon, on
the basis of simllarity in structural and geconorphic relations. Gregory
(1945) has also tentatively correlated the Parunuseap formation with
the fossiliferous upper Plioccene-~lower Pleistocene Sevier River forma-
tion of central Utah on the same basis. However, until more detailed

vepional geomorphology has been studied in the southern plateaus, the

present writer prefers to eall the deposits "older alluvium,® of probable

Pliocene-Pleistocene age.

Jecause this unit serves as a datum in recognition of late Tertiary-
early Quaternary diastrophism which is partly responsible for present
form of the upland block of the Fed Hills area, this older alluviom will
be disenssed in connection with structure and geomorphology of the Red

Hills ares.

wusternary(?) basalts

Areal extent and dating of the basalts

In strong contrast with the very extensive Tertiary acidic vol=
canics with their apparent lack of vent sources, the youngest volcarnics
in the ked Hills area eécur as localized basalt flows which are assocl-
ated with obvious vents marked by lava domes and cinder cones. The
basalt has only & poorly-developed soil on its surface and still retains
14 ttle-modified scoriaceous surfeces, pressure domes and ridges, and

associated cinder conmes, Traditionally (Gregory, 1950, pp. 97~101),
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these younz basalts throughout the southwestern Colorado Plateaus and
adjoining areas are regparded as Qnaternary in spe. Their freshnesg in
the Red Hills area sugresis a middle to late Qualernary age.

The Quaternary(?) basalts of the Red Mills area are confined to
the southern Red Hills, where they occur in two isolated areas of
several square miles extert, one east of Rush Lake and the other wes?
of Summit in the vicinity of Winn Gap, The Rush Lake basalt area,
although somewhat faulted, is appsrently little modified from 1ts
original extent and obviously oripinated {rom centrelly-located cirder

cones and a lava dome east of Rush Lake. At least two successive {lows
can be dilferentiated in some vertical sections, but it is not possible
to map the Ilows separately. The present margins of the outerop ares
probably represcnt essentially the initial marglns of the flows at the
north and east marzins ol the outerop area, but the {lows extend an
wnknown diglance southward under valley alluvium north of Enoeh and

at least a mile west of Rush lake (Thomas and Taylor, 19L6).

The Winn (ap basalt area 1s net associated with an obvieus vent or
source in the Ked ¥ills, = fact which caused Thomas and Taylor (19L6)
and Orvegory (1950) much conecern. The present writer noted the apparent
source in a little-modified cinder cone near where Winn Creek lssues
tfrom the Markagunt Flateau., The conical form and variegated cinder
beds are visible from nearby U, S. highway #91, and the radially-dipping
layers oi cinders are strikingly shown in a fresh stream cu® by Winn
Creek. The cinder cone is the only cne in the vicinity and is definitely
the source of nearby small areas of basalt along the plateau margin.
Altlhourh the basalt sheets assocliated with the cinder cone are dowrmarped

or downfaulted anml covared by a mile-broad strip of alluvium which
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sntervenes between the plateau wargin and winn Gap through the southern
lled Hills, the cone surely marks the source of the Winn Jap basalte

The basslts from both the Rush lake and Winn Gep areas are equally
fresh, and the two bhosalt sheets were Qrabahly'E@gaﬁtially contemporan=
eous, on the basis of similar sequence and structural :elationa. Both
1ie on Tertiary=ouaternary alluvium which Gregory (1950, p. 60) regarded
as equivalent to the Parunuweap (Pliocene?) formation of the Zion
National Park regiang both sheets are broken by late Qquaternary(?)
movenents on faults in the Red i11ls ares. Significance of these age

v
relations will be discussed in the chapter on peonorpholorys

Petyography of the hasalts

The rock is gray to black and ranges in texture from aphanitic
to intermediate or doleritic, with consplcuous phenocrysts of olivine up
to 2 mm. in diameter. In thin section, the matrix iy a felted mass of
iasbradorite microlites with phenocrysts of olivine and some angite.
Magnetite is present as an accessory mineral, The wrlter did not note
any rlassy material in the matrix.

No volcanic pipes or dike feeders are exposed, but they probably
anderlie the associated small cinder cones, about 200-500 feet high,
which are built up of red and black elnders, blocks, and occasional ropy

bombs .




STRICTURAL GEOLOGY

Gensral considerations

In late Cretaceous time, the Lron Springs sandstone and older rocks
were uplifted in a north-nsrtheasterly trending antielinal or monoclinal
welt, along the site of the Red Hills and the Hurricane Cliffs, and
thrust eastward toward tﬁe site of the plateaus (Gregory, 1950). The
fold was subsequently bevelled and buried beneath hundreds of feet of
early Tertiary sedimentary and voicanic rocks, In a general way, the
orogenic movement may be designated as laramide, in the sense that it was
approximately coeval with late Cretaceous-early Tertiary (Laramide)
orogenic pulses reported from the Colorade Plateaus and Rocky ¥ountain
region.

In middle Tertiary and Quaternary time, the present plateau margin
and adjacent basins and ranzes were being developed by broad warping
and block faultinge In general, the fault zone margin of the plateaus
was developed parallel to the axis of the old leramide fold, but repeated
easterly shift of the plateau margin caused some ségments of the Laramide
fold to lie west of the plateaus.

In northern Arizona (Fig, 1), the Grand Wash fault scarp forns the
west boundary of the Shivwits Plateau, westernmost of the Colorade
Plateaus. HNear the Arizona-Utaeh boundary, the north end of the Shivwits
Plateau block is sharply dowmarped (Gardner, 1941) and the plateau
margin is shifted abruptly eastward to the Hurricane fault along the west
marrin of the Kolob Platean (Fenneman, 1931). In southwestern Utah, the

Hurricane fault sone was superimposed on the gone of the old Leramide
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fold, but $rmediately north of Cedar City, near the south end of the

Hed Hills area, the plateau margin shiftse abruptly eastward for several
miles, and a segment of the Laramlde fold lies several miles west of the
Markagunt Plateau margin, in the Red Hills area.

Since the days of Dutton (Cregory, 1950) the Markagunt Plateau
marcin north of Cedar Clty has been generally rigardzd as dus to
continuation of the great Hurricane fault zonej eastward shift of the
plateau margin has been regarded simply as & change in trend of the
Hurricane fault gzone. On the other hand, the present writer noted that
precisely where the plateau #argin ghifts sbruptly eastward, the Lara-
mide fold along the base of the Hurricane Cliffs plunges abruptly northe
war@vheﬁeath alluvium of Cedar City Valley. This remarkable coincidence
of abrupt shift of the plateaw margin and abrﬁpt plunge of the larsnmide
fold sugpests a major problem of the nature aﬁdlrelaticn of old laramide
structures and more recent structures of the plateau margin and the Red
Hills area.

For convenience of presentation of structural interpretations, the
following toples will be discussed separately: (1) Laremide structure
of the Red Hills area, (2) Cenozoic atructures‘responaiblg for eastward
shift of the plateau marzin and warping or fragmentation of the old
laramide folded structures, (3) Cenogoic structures of the Red Hills
area, and (L) structural interrelations of the Hurricene favlt gzone,
Summit monoeline, Ked Hills range block, and Cedar City and Parowan

basin blocks.
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laramide structure 2{ the fed Hills erea

In the central part of Parcwan Oap (Plate I1), the Iren Springs
sandstone and older rocks are overlain in marked angular unconformity
by the Claron basal conglomerate. The present study of continuous ex-
posures along the walls of the Cap shows that the Irom Springs formation
and older rocks were overturned and thrust westward over nearly flat-
lying upper Iron Springs rocksj basal Iron Springs rocks were locally
overridden by the massive Garmslliimemtons. This entire structural
complex was bevelled by erosion and mantled by boulder conglemerates

of the Claron formation.

Fige 19, South wall of central Parowan Gap, showing
overturned Upper Cretaceous Iron 3prings sandstones in
thrust fault contact (center) with flat-lying, upper
Iron Springs sandstones., The structure is Yevelled and
overlain unconformably by Claron basal conglomerate (late
Cretaceous-early Tertiary).

Barren slope in upper center is essentially the
stripped sole of the thrustj tree-covered slopes to the
right are overturned beds in upthrown block.
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Orogeny which produced the folded and thrust faulted structure

clearly post-dates the youngest portion of the Iren Springs formation
exposed in the folded complex and pre-dates the (laron basal conglomer—
ate which overlies the folded rocks with angular unconformity., Ae
jndicated in previous discussion of stratigraphy, only the middle

portion of the Iron Springs fermation is definitely dated as Coloradoanj
the upper portion of the formation may be Coloradesn also, on the basis

of similarity to Uoloradoan vundifferentiated Cretacecus" rocks of the
Markacunt Plateau. Only the upper part of the Claren formation is

dated as Bocene, on the basis of equivalence with fossiliferous lime-
stones in the Pink Cliffs Wasatch of the southern High Plateausj the
bagal conglomerate of the Claron may be as old as the Kaliparowlts (Lararie)
formation of the Varkagunt Plateau. Therefore, orogeny which pro-

duced the folded and faulted structure in the Red Hills area is probably

of Montanan, post-Coloradoan—pre-Laramie, age; it may range from

Coloradoan to Focene in age. Although the orogeny can not be dated
precisely, it clearly is included in the plexus of late Cretacecus-
 early Tertiary orogenic pulses which have generally been recognized in
the Hocky Mountain and Colerado Plateau regions (ef‘ Spieker, 1946,
pp. 1h2-156, for review and criticism of use of the term Laremide).
The Laramide folded structure which is well exposed on the walls
of Parowan Gap is here designated as the Parowan Gap fold; the structure
is represented elsewhere in the Red llills area by two small exposures
aboub a nlle north of the Gap and by a square mile of continuous
exposures about one milc south of the Gap. The feld axis trends
approximately N20°E, and a soutlward projection of this trend almost

exactly coincides with the axis of the lLaramide Kanarra fold (Gregory,
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1950) along the bage of the Hurricane Cliffs south of Cedar City. As
Thomas and Taylor (1946) pointed out, several miles of exposure of

dowewarped Cenozoic rocks intervene between Cedar City and the Parowan

Gap area, and it is not possible to show that the Parowan Gap fold and
the Kanarra fold were continuous. Certainly, the remarkable near- %
coincidence of axial trends strongly sugrests continulty or an en |
echelon relationship of the Parowan Gap fold and Kanarra folde

In both the Parowan Gap fold and Kanarra fold, only the eastern

half of the structure is exposed; the western half of each has been

downfaulted beneath Cedar City Valley. The writer concurs with Gregory
(19§O} in belief that the Kanarra-Parcowan Gap fold may be restored as a
monocline or asymetrical anticline overturned eastward. Flate III shows
a structure section through Parowan Gap and a suggested restoration of
the Laramide structure, based on ohserved attitudes corrected for
Cenozoic tilbting and faulting, as & somewhat faulted, overturned anti-
cline or menocline modified to & double=3 férm by a subsidiary fold.
One might inguire as to whether the folded structure is one of a
series of Appalachlen-type folds or an lsolated welt., lNHear the west
end of Parowan (Gap, the structure is larpely obscured by younger roclksj
west of lierozlyph Canyon, the structure is dewnfaulted and burled
beneath alluvium of Cedar City Valley. InAthe Iron Springs district
soutlwest of the Ped I1lls, hewever (Yackin, personal communication),
the Claron formation and older rocka are concordant threughéut tona of
square miles west of a moutherly projection of trend of the Farowan Gap
folde The Claron and older rocks are concordant (Fig, 6) in the eastern
part of Parowan Gap and in the Yerkagunt Plateau to the east. Although

the platesu ls gpeparated from the Parowan Gap area by the alluviated
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Parewon Valley, the plateau margln curves westward along the south end
of Parowan Valley, effectively givinz a transverse structure section
of the valley. A study of exposures of concordant Cretaceous and
Tertiary rocks along the curving plateau margin shows that Laramide
folds probably do not underlie Parewan Valley. Thus, it appears that
the Parowan Cap fold and its probable soutlward continuation, the
Kanarra fold, constitute an isolated welt, similar in tectonles and in

age to tightly-folded welts along the plateau margin in central Ttah

(Spieker, 1949),

Cenozolc structures respensible for easstward shift
of the plataau rgin and warping or Iragmentation
Lmram e lTolded strﬁ“%hras

Although areal pgeolopic maps and accompanying texts by Thomas and
Taylor (1946), Gregory and Williars (19h7), and Gregory (19°0) clearly
indicate that the axis of the Kanarra fold is essentially horlzontal
for at least 20 miles south of Cedar City (Fig. 1), none of the authors
made reference to the remarkably abrupt plunge of the Kanarre fold axis,
shown by outcrop patterns on the geologic maps by Gregory and Thomas.
The plunge is about L5°, in a northerly difecticn, and is shown on the
peologic maps by hall of a blunt anticiinal nose or an abropt westward
ghift in strike of the east {lank of the fold.

An abrapt plunge of L5° of a fold axis which is otherwise horlzontal
ifor a distance of at least 20 miles is hardly expectable in primary
develorment of a simple fold like the Kanarra fold. Evidence will be
presented in subsequent paragraphs which demonstrates that abrupt
northward plunge of the larsamide Kararra fold is cdue to subsequent

development of an easterly-trending mid-Cenogolic monocline along the




ia:wbi »eﬁ%%«

& T ame

TR CrNe IR

B

80
plateau maégin north of Cedar City, downthrown to the nerth, trans-
verse to the north-northeasterly trend of the Kenarra fold.

Abrupt plunge of the late Cretaceous Kenarra fold takes place pre-
cisely where the plateau margin departs from the mid-Tertiary Hurrlcense
fault gone and shifts abruptly eastward along the south end of Parowan
Valley, It appears, therefore, that plunge of the Laramide fold is re-
1ated to & much later structural feature which is responsible for abrupt
shift of trend of the plateau margin. Gregory (1950, p. 115) figured
uCretaceous deposits at the mouth of Fiddler Canyon curved dowrmard to
thelr contact with the Hurrleane fault" near this point of ehift in
trend of the plateau margin. Maps and sections by Uregory, as well as
the map by Thomas, show consistent attitudes of approximately HE0CE
450N4 in concordant Tertiary and Cretaceous rocks exposed diseontinuously
along the nortiwestern margin of the Piute Highlands section of the
Markagunt Plateau, although neither author appsrently regarded these
unususl attitudes es anything more then drap effects in the vieinity
of a supposed Hurricane fault zone along the pla%eéu margine The dips
are consistently high nearly a mile back of the plateau margin and are
clearly not a matter of simple drag along a fault sonej the attitudes
represent an easterly-trending monocline,

Neither the map by Gregory nor the map by Thomas actually shows
the Hurricane fault or any other continuous fault zone along the
plateau marging in fact, the numerous faults of the Piute Highlands
transect the plateau margin, which is fundamentally a monoclinal scarp
betwean Parowan and Cedsr City. It is this northeasterly-trending
Cenozoic monocline, essentially contemporaneous with but transverse

to the north-northeasterly-trend of the Hurricane fault, waich is
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responsible for shift in trend of the plateau margin. Likewise, the
monocline is transverse to the old Laramide fold axis, and downthrow on
the monorline is responsible for abrupt plunge of the lLaramide fold.

This is rather clearly a case in whiech the plunge of & fold waes developed
by an independent transverse warping, long after the fold had been pro-
duced, bevelled, and buried under hundreds of feet of younger rocks.

The monocline, hereafter roferred to as the Sumit monocline be-
cause of excellent exposures south of Summit, Utsh, is obviocusly younger
than ardunrelated to development of the laremide Kenarra fold, because
the monocline involves Tertiary and thtamary roeks, A Quaternary(?)
basalt sheet which originated from a cone at the mouth of Winn Canyen,
south of Summit, and flewed castward is now tilted 10-20° westward by
geologically recent displacements en the Summit monocline. Hajer
development of the monocline, however, took place in mid-Tertiary(?)
time, post-Tertiary acidic voleanicse—pre-Juaternary basalt, essentially
contemporanecus with the first wajor movements in the Hurricane fault
zone (Gregory, 1950). Strongly tilted (30°-45° dips) Cretaceous and
Tertiary sedimentary rocks and Tertlary acidic voleanies in the mone-
clinal zone are bevelled and overlain, in angular unconformity, by the
quaternary basalt which participeted in late Quatemnry folding on the
monocliney strong tilting of the older rocks beneath the basalt wes
surely due to mid-Tertiary development of the monocline, On the shoulder
of the wmonoecline, L miles northeast of Cedar City, the geologlc map
and sectlons by Gregory (1950) show Tertiary acidic voleanic rocks
resting with angular unconfornity on Cretaceous rocks, suggesting to-
the present writer that slight initial folding of the monocline, with

local stripping awey of the wasatch, begen in post-tiasatch—-pre-Tertiary
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acidic voleanics times

The {ollowing diagrams (Fig. 20) summarize the sequence of events
along the Summit monocline in the vicinity of Summlt and Winn Cresk, as
interpreted by the present writer. A nearly identical and contemporan-
eous sequence of events along the Hurricane fault zone has been reported
by Gardner (1941), although faulting rather than flexing was responsible
tor major displacements. The erosion surface developed at the base of
the monocline in Stase 1 roughly corresponds to the "ichave peneplain®
of Cardner,

Farly movement on the Summit monocline probably sscurred somewhat
earlier than most of the late Cennzoic favlte of the Piute Hiphlands,
because the monoclinal structure is largely transected and fragmented
by the faults., Gregory (1950) regarded most of the faults of the Plute
Highlands as Quaternary in ege because they ééearﬁ much less displace-~
ment than master faults like the Hurricene feult and are probably re-

lated to ultimate development of the present Parowan Valley bloek.

Cenozole structures of the Red Hills area

Nature gg the structures

Tn the central and northern Red Hills and in the Gray Wountains,
carly lertiary sedimentary and acldie voleanie rocks have a regional
easterly dip of about 10° and are broken by numercus high-angle faults.
The penerally uniform dip was produced by broad warping rather than by
£11ting of fault hlocks because attitudes of the Tertlary recks in
unfaulted portions of the northwestern Red Fills area, indicate that
the eastward dip in the Red Hills and Gray Mountains was developec on

the east flank of a broad anticlinal structure whose axis parallels
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of Summit and Winn Crecks at the west margin of the Warkagunt Plateau.

Shage 1—id-Tertiary dewnwarping, followed by pedimentation of
£1lank and toe of fold during late Tertiary-early Quaternary time.

Stage 2——Burial of pediment by Quaternary(?) basalt which originated
from vent at mouth ef ¥Winn Canyon.

Stage 3--further tilting and minor faulting in late~Juaternary(?) tine.
Ae=yecent alluvlium T—-Claron or Wasatch formation
Bewuaternary (%) basalt Ke—=Iron Springs formation
Ve—carly to middle Tertiary acidic voleaniecs
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and lles near the weatern edpe of the range block approximately coinei-
dent with the old laramide axis. furthermore, as will be shown later,
most of the faulting of the Red Hills area appears to have been post-
suaternary(?) basalt, and little or no +ilting of the basalt sheets
accompanied the faulting.

Southward toward Parowan Cap, the anticlinal structure becomes
more and more obscured in numerous fault blocks immediately east of
Hieroglyph Canyon, although the general reversal of dip is recognizable.
~ Gouth of Parawan Gap, the faulted anticline is buried bensath the
extensive area of ouaternary(?) basalt which lies immediately east of
Rush Take, The anticlinal warping, accompanied by only minor faulting,
took place prior to or duringvearly Quaternary time, because the warped
Tertiary strata are bevelled and overlain by flat-lying Quaternary(?)
basalt.

The Quaternary(?) basalt sheets and tilted Tertiary strata are
broken by mumerous high-angle faults which have a nerth-northeasterly
trend, parallel to the old lapamide trend. In the Gray Mountains a few
minor faults have a northeasterly trend. Most of the fault planes
seem to dip nearly vertically, as shown by straight and eimple traces,
independent of topographys the few planes for which reliable dips were
obtained suggest that the tendency ls toward normal rather than revorse
faults, The range boundary fault gone, south of the easst end of Parowan
Gap, is exposed in a shallow prospect pit (W%, W%y Sec, 233 T3LS-
R10W), and shear planes dip 70° eaaterly, toward the downthrown side
of the fault. dowth of central Parowan Gap (4, S#%; Sec. 3l T338-
H10¢), a high-angle fault traoee shows faint vestward displacement

whera the fault line croasnes stroans and lewlands. On the basis of
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equally fresh and continues a straight course to the south end of the Gray
Vountains. Because of dowrwarp of the scuth end of the (Gray Hountains be-
neath Parowan Valley and Little ZJalt Lake, the range block marpin jogs
sharply eastward and continues nortlward slong one or more fault ecarps
at the east margin of the CGray ¥Wountains. For the most part, the faulted
east margin of the Gray Mountains ls much less well-defined and much more
deeply eroded than the simple east margin of the Red Hills, sugresting that
elevation of the Red 31115 segmégiiof the eastern peortion of the range
block has taken place somewhat mere recently than elevation of the Gray
Yountaing portion,

Faults which break the Rush lake basalt sheet along the west margin
of the range bleock and at the latersl margins of the Enoch graben appear to
have been developed very recently, perhaps no more than a few thousand
years ago. Talus frem the scarps is extremely limited, and margins of the
upthrown block are barely notched by stream erosion end weathering. Along
the east side of the Enoch praben the faullt searp is & esimpls and straipght
scarp about 150 feet highy along the west side of the Enoch graben, the
scary is gbout the same height but is complex and irregular because of
widespread development of fault splinters and small hinge blecks. Along
the west margin of the range block, the fault pattern is strikingly en
echelon, but the individual fault secarps are straight and simple, with
little development of talus or erosicnal re-entrants.

Because of the Ireshness and general lack of ercsional medifica-
tion of the fault scarps whieh bound the range and the horat-graben-horat
elements within the range, the writer believes that major development of
the range block cccurred in middle to late Quaternary time. This limitation

of faulting essentially to the Quaternary Period in the Red Hills area
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strikingly contrasts with the record of dominantly mid-Tertiary die-
placement along the Hurricane fault zone of the Koleb Plateau margin

(Gardner, 1941; Gregory, 1950).

Struchbural interrelations of the Hurricane faull zone,

Summlt monocline, Red Hills FE%&& biock, end Cedar City and
Parowan basin bloc Te

Although Cenozoic faults of the-Red Hills area are aligned with the
north-northeasterly trend of the Hurricane fault sone south of Cedar
City, the Red Hills faults can hardly be regarded as an extension of
the Hurricane fault zone, Although downthrow on most of the faulis in

both areas is to the west, small displacements of & few tens or hundreds

of fe6t in the Red Hills area are, by no means, comparable to thousands
of feet of displacement reported frum the Hurricans fault sons (Gregory,
1950). The faults of the Red Hills area represent a rapid dying out

of the Hurricane fault gone northward, as the zone of displacement is
shifted eastward to the Markagunt Plateau mergin,

Although it has been g@mmily thought, sinece the days of Dutton
(1880), that the Hurricane fault shifts abruptly eastward, north of
Cedar City, and contimes nortlward along a bold escarpment at the west
margin of the Markasunt Plateau, Thomas and Taylor (19L6) and Gregory
(1950) noted that the Hurricane fault, as a narrow zone of fracture,
| might be said to end at Kanarraville several miles south of Cedar City.
The present writer noted that the Suwmit wonocline, rather than the
Hurricanc fault, extends along the plateau margin north of Cedar City.
It appears that most of the displacement In the Hurricane fault zone

south of Cedar City is taken up by the 3Susmlit monoecline which transfers




Fipge 22, Diagrammatic representation of fundamental
Cenozolc structural elements of eastern Iron Comnty, Uteh,
The deformed surface is arbitrary but corresponds approxi-
mately to the top of the Tertiary acidic voleanic sequence.
Blocks are ghown as wmodified by erosions blocks are split
and hypothetical basin fil1l is added for clarity.

Awemid-Tertiary(?) deformation: chiefly post-
acldic volcanics-—pre-Juaternary(?) basalt.

Bewlate Tertisry-Juaternary deiormations
doninantly post~luaternary(?) hasalt,
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the gone of downthrow eastward to the master fault that forms the west
marpin of the Markagunt Plateau north of Paragonah (Thomas and Taylor,
19L6)s This fault, which is here designated as the Paragonah feult,
bears an en echelon relatienship to the Hurricene fault, end he Sumlt
monocline serves as the structural bridge between the two master faulis.
The Red Hills area bears little more than incidental relationship to
the great zone of downthrow along the plateau margin during Cenozols
times the Red liills arca represents & locally upwarped portion of the
otherwlse uniformly depressed basin block immediately west of the up-

1lifted plateau block.




GEMORPHOLOGY

Ceneyral cohsidarations

The most outstanding geamorphic problems of the Red H41ls area are
concerned with the role of Cenozolc displacements in delineation of the
range block from flanking basins, coupled with development of Parowan

Gap through the rising range blocl gad ultimate defeat of the stream

which cut the gap.
The first attack on geomerphic problems of the Red Hills ares was

made by Douglas Johnson (1918, pp. 232-23L) who stated:

in the summer of 1906 I passed through the Parowan Valley
at the weastern base of the high plateaus of Utah, This de-
pregsion » . o i8 well shown on the Karab topographic quade
rangle, and was interpreted as a graben. . . o The great
fault which bounds the valley on the southeast is abundantly
attested by both physiographic and stratigraphic evidence, as
I proved by several traverses across the fault southeast of
Summit, Parowan, Paragoonah, and e¢lsewhere, On the nortlwest
the valley floor terminates abruptly at the base of a pro-
nounced secarp, which is more or less dissected, but which shows
occasional wellemarked triangular facets such as characterize
the fault faces of certain block mountains, The topography
strongly suggests that Parowan Valley is a deim-dropped block,
bounded on the sontheaest by a fault-block plateau and on the
northwest by a fault-block mountain whose more gentls back-
slope is toward the northwest.

Cutting transversely through the bleock mountain just
mentioned is & remarkable gorge directly in line with the
extended lower course of a stream which rises in the block
plateau and flows nerthwest through the town of Parowan.
According to the -ap, however, the stream does not continue
through the porge at the present time, but terminates in e
galt lake at the base of the fault scarp. The topographic
relations suggested the possibility that a recent upfaulting
of the block mountain had ehstructed the Parowan stream and
left the antecedent sorge deserted. » . » the deserted valley
has not yet been raised much above its former level, and the
lake initlated by the rising obstruction has found no new out-
let, It is pessible that heavy rains might so ralse the lake~
level as to eause Lt to spill out through the gorge itself
before mnother outlet was found. Unfortunztely, I wae not able
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stereometric measurements on the serial photos, the fault plane has a
westerly dip of about 60°, toward the downthrown block, Similar
relations' ips are shown north of Parowan Cap (3B}, sbi, SE4p Jece 223
T235RI0H )

Displacements along sndividual faults within the range block are
relatively slight and range from e few feet to a few hundred feet,
Displacements on the master faults which ocutlins the range bleck and
separate it from flanking valleys generslly can not be accurately de-
termined bocause of oxtensive alluviation of dewnthrown blocks.
Imnediately nortlwest of White Butte along the east margin of the range
bloeck, throw of the range boundary fault is at least 1,000 feet bscause
middle Claron limestone on the downthrown block abuts against upper
Iron Yprings sandstones about 00 feet below the base of the Claron
formation. Aleng the west margin of the range at Rush lake, a
Quaternary(?) basalt sheet, at the base of a little-modified fault
searp, lies about 300 feet below a portion of the same basalt sheet on
the upthrown block., It appears, therefore, that the range beundary
faults penerally record major displacement of several hundred feet.

As shown by Thomas and Taylor (1946) the mnge bleck (Red Nills
area of the present paper) which separates Parowan and Cedar City
Valleys owes its form to Cenozoic block faulting. Studies by the
present writer indicate that at least two cycles of displacement,

(1) post-scidie voleanics——pre-Tuaternary basalt and (2) post=Quaternary
hasalt, have been important in ehaping of the range block, but much of
the outlining and separating of the range from {lanking basin blocks

was accomplished by the more recenl cycle of faulting., BEvidence support-

ing these statements will be presented subsequently, but the statements
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Lave been introduced here to help clarify the follewlng discussion of

structural elements of the Red Hills area.

Structural elements

Thomas and Taylor (19W6) described the range block as & horst with
an interna) praben. The high eastern bélf of the range block, the Red
1111ls and Gray Yountains of the present paper, was dssignated as the
hed Hills horst, The lone strip of upland, Hieroglyph Caryon hogback,
aleng the west margin of the south part of the range block was desgignated
as an extension of the Hamilton's Fort horet of the Cedar City area,

The lewland, Enoch Valley and its nortiward extension into the range
block, botween the two horsts was designated as the Enoch pgraben.

When the area is mapped in detail (Plate I) and aﬁaly%nd (Plate IV),
the simple concept of horstegraben-horst is adequate for only the
gouthern part of the area, and then chiefly with respect to the mosl
recent movement along faults. In :act, identity of the Enoch graben ls
largely lost north of the extensive area of Quaternary(?) basalt because
the east boundary fault of the Fnoch graben branches into several
faults and the east boundary fault of the Hieroglyph.herst dies out
rapidly toward the east end of Yieroglyph Canyon,

ror the southern one-third of the range bleck éepartting Cedar
City and Parowan Valleys, the names of Red Hills horst and Enoch graben
are pretained in & restricted sense {(Plate IV). Inasmuch as Thomas and
Taylor inferred the positions of boundary faults of the narrow Hamilton's
Fort horst beneath 7 miles of alluvium of Cedar City Valley and into the
Red Wills area, the present writer prefers to substitute & local name,

Hierozlyph horst, for the horst which is situated along the west eide of

g
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the southern Hed Hllls area. In the northern two-thirds of the range

block which separates Cedar City and Parowan Valleys, fault block
distribution and fault patterns are so complex that the writer has not

attempted to assipgn names to the various structural elements.

Lating of Cenozoic displacements in the Red lills area

As indlicated previously, early movement on the Hurricane fault-
Summit monocline gone may have begun in late Eocene time, but major
displacement did not ocour along the gone until ¥iocene(?) time, post-
acidic volcanics—pre-Quaternary basalty initial antlelinal warping in
the Red [fills area accompanied this major displacement along the forming
plateau margin.

Apparently only limited faulting occurred in the southern led Hills
area prior to extrusion of Quaternary basalts, because most of the faultse
of the southern Red Hills area break the basalt sheets or are continuous
with faults which break the basalt sheets, and total displacement on a
given fault is approximately equal to displacement of an initial surfacse
ol a basalt sheet along that fault. In the northern part of the Red
Hills area the basalt sheet datum is absent, and the writer can date
movenent on the various faults no more closely than post-acidie vol-
canics. As will be shown subsequently, ecarly stages of upfaulting of
the central part of the Red Hills area began in late Pliocene-early
Pleistocene(?) time, irmediately prior to extrusion of Quaternary basalts
and continued after extrusion of the basaltsg the poorly-dated faulte
along the wargin of and within the northern part of the Red Hills area
probably had a similar history. .

The writer noted only two faults which definitely had pre-<bagalt
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movement, although as indicated above, the faults of the northern part
of the Red ¥ills area can not be dated precisely. A fault (W, sec. 27
P335-R10# ) which abruptly terninates exposure of folded Yesozolc rocks
in wesi-contral Parowan Gap, by downthrew of middle and upper Claron
red beds apgainst the Carmel limestone, had displacement of at least 500
feet; all of the movement was pre-basalt because the fault passes be-
neath the Rush Lake basalt sheet without displacement of the basalt,
This fault was the major mid-Testiary(?) fault associated with anticlinal
warping of the Hed Nills area, and it broke the anticline approximately
alonz the crest. The fault -extends only about one mile north of Parowan
Gap, but it presumably extends for several miles southward beneath the
basalt and may have later served as the avenus of asémnt for the Rush
Lake basalt flows.

A fault which extends southward from Whitney Canyon (WH, Wi
Sec, 35; T33S-HIOW) has a total threw of about 1,000 feet, but only
200-300 feet can be ascribed to post-basalt faulting; the difference of
700-000 feet is a measure of dlsplacement along the fault prior to ex-
trusion of the lush Lake basalt, A short sepment of fanlt line (Wl
Sec, 213 T3LS-HILOW) emerping from beneath the southeast edge of the
hagall sheet pedords only pre~basalt movement and may represent the
southern terminus of pre-basalt displacement on the Whitney Canyon fault.

It is noteworthy that linear extent of the Whitmsy Canyon fault is
rouzhly limited to the structurally highest portion of the Red Hills
horst (Plates I, IV) supgesting that displacement along the #hitney
Canyon fault accompanied upward bulging of the Red H1lls horst. This
bulzing or upwarping of the central part of the Red Hills herst took

place entirely in pre-basalt time, because post-basalt movement on the
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whitney Cenyon fault produced no appreciable upward bulge in the portion
of the basalt sheet on the upthrown block. A complementary fault

along the east margin of the Red Hills horat, the east boundary fault
of the range block of the hed Hills area, probably alse had early move-
ment prior to Quaternary(?) basalt outpouring, to facilitete uplift of
the Red Hills horst above the subsiding bleek of Parowan Valley., The
entire eastern portion of the range block probably began to rise above
the subsiding Parowan Valley bléek in late Tertiary-sarly Quaternary
time, but the writer was unable to find conclusive evidence for precise
dating of faults beyond the margins of Cuaternary basalt sheets,

For the moast part, the fault scarps which bound the range bloek
and the horst-greben<horst structural elements are remarkably fresh and
unmodified by erosion. A little-eroded feult scarp which rises as much
as a thousand feet above Parewan Valley, from Parcmen Gap te Winn Gap,
at the east marpin of the range block, shows large faeceted spurs and an

extrenely straizht base line which is independent of internal structure

o

Fige ‘le Triangularefaceted spurs v L oo
‘uatemary(?) i‘aaltinh along the eest margin of the
Red Hills due west of Parowan, near the Boxzheads.

of the range block. Northward from Parowan Gap, a fault scarp, which

bears an en echelon relatlienship to the previously mentioned scarp, is




to visit the entrance to the gorge, nor otherwise to test

the validity of my tentative interpretation. C(bservations
based on & reconnaissance map with contour interval of 250
feet, supplemented by visual inspection frem a distance of
four or five miles, must not be accorded too high a value.

While the above observations attest Johnson's skill in map inter-
pretation, the highly simplified concepts based on reconnalssance neglect
certaln outstanding geomorphic problems - complexity in history of up=
1ift of the range block of the Red Hills area and origin of the trens-
verge stream which was defeated by "recent upfaulting of the block

mountain.”

Tertiary geomorphic events in the Red Hills area (Fig. 23)

Une of the gignificant facts discovered in detalled study of the
Quaternary(?) basalt sheets is that these lavas, which are broken by
geologically recent faults, lle on bevelled edges of tilted Tertiary
strata throughout extensive areas of the southern Red Hills, Ae
suggested in previous dlscussion of Cenozolc stpucture of the Red Hills
area, these tilted Tertiary strata of the southern Red Hills probably
represent the ecast {lank of a broad anticline which was rising at the
site of the Red Hills area while the plateau margin and major basins
to the weat were developing in mid-Tertlary time, Presumably, this
enticline served as & effective drainage barrier between subsiding
Parowan and Cedar City basins, at least until the anticline had been
bevelled by drainage which was consequent on its flanks and/or until
the anticline had been overwhelmed by alluvium which was being deposited
in Parowan basin, thereby effecting drainape integration and extension
of plateau drainage across the site of the Red Hills ares.

In the gouthern lied i{ills, there 18 no doubt that pre-basalt
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drainage integmtién took place, because extensive pediment remnants,
mantled by coarse gravels of late Tertiary(?) age, ("fanglomerate
terraces® of Thomas and Taylor, 19.6) define a broad erosion surface
which bevelled tilted Tertiary rocks at the toe of the Swmit monocline
and westward to Cedar City Vallsy. These remnants of the old pediment,
locally covered by Quaternary(?) basalt in the viecinity of Winn Cap,
extend northward to the scuth end of the Whitney Camyon fault gone and
westward beneath the Rush lLake basalt sheets. A similar erosion surface
on tilted Tertiary and older rocke is exposed beneath the eroded northern
edge of the Rush lake basalt sheet; two miles south of Parowan Gap, and
seems to represent the extensive pediment of the southern Red Hills,
Because of recent dissection of weak Tertiary'struﬁa north of the area
of Iugh Lake basalt, the writer was unable to determine the northern
Iimit of the pediment.

The prominent upwarped portion of the Red Hills horst flanks
these pediment remnants on the north and east, and one is led to wender
how the upwarped block fits into the development or restriction of the
extensive late Tertiary pediment of the southern Red Hills. As indicated
in the discussion of dating of Cenogoic displacements in the Red Hills
area, initial upwarp of the structurally higheat portion of the Red
Hills horst took place entirely in pre-Quaternary(?) basalt timej how-
ever, as the pediment i’ the seuthern Red Hills is traced toward the
upwarped portion of the Red Wills horst and t&é Whitney Canyon fault
zéne, the pediment ends ebruptly and seems to bear ne genetie relation
to the Hed Hills horst., Near the south end of the Whitney Canvon fault
zone, the pediment gravels are well preserved on the éawnthiawn bleck

immediately adjacent to the fault 1ine, but the gravels are totally
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absent from the slightly upthrown block. Furthermore, immediately

north of Winn Uap on the sonth flank of the up~bulped portion of the
Hed I1ills horst, the uaternary(?) basalt, which elsewhere lies on the
late Tertiary pediment gravels, lies direetly on en irregulsr surface
developed on the upper Claron limestones and early Tertiary acidic
voleanic rocks.

All of these relations suggest that, by late Tertlary time, the
mide-Tertiary anticline was extensim“iy pedimented and traversed by
platesu drainage in the entire southern Red Hills areaj only in late
Tertlary or eerly Guaternary time, immediately prior to extrusien of
Quaternary(?) basalt, did the central and northern(?) portien of the
present Red Hills horst begin to rise sbove the pedimented basin west
of the plateaus, with consequent stripping of the late Tertiary gravels
from the upthrown block. Shortly after uplift and stripping of the
gravels, Quaternary basalts poured across uneroded, relatively dewn-
thrown portions of the old pediment and overlapped the flanks of the
newly uplifted portion of the Red Wills,

In the central and northern Red Hills area, the writer was unable
to find remnants of the late Tertiary pediment, or ite capping gravels,
which extended from the Markagunt Plateau to Codar City Valley, across
the site of at least the southern Red Hills area, Instead, in the Jack-
rabbit area west of the Gray Yountains, accordant swmits of low, rolling
hills define an extensive pediment which is contimous feamrd with
Cadar City Valley and is continuous eastward with the foot of & retreat-
ing escarpment of resistant acidic voleanic rocks which cap the Oray
Mountains. This erosion surface is obvlously independent of Harkazunt
Plateau drainage and is clearly due teo bevelling of the nid-Tertiary
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anticline oif the Red Hills area, by drainage on the west flank of the

rising anticline,

It might be argued that the site of the northern Hed Hills ares
was once part of a vast pediment, continucus with the one preserved in
the southern lied Hills, which extended from the plateaus to Cedar City
Valley, and that the present local erosion surfaes of the Jackrabbit
ares was developed during and since late Tertiary(?) upfaulting of the

A
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range block and destruction of the late Tertiary pediment. The writer
believes, however, that in view of the general limitatien of ercsienal
modification of fault blocks associated with late Tertiary=Quaternary
upfaulting of the range bleck, the extensive pediment of the Jackrabbit
area can be explained best by continued erecsion singe initisl enticlinal
upwarping ol the Red Hills area in mid-Tertiary(?) time. In the
northern lled Hills area, therefore, drainage from the Harkagunt Plateau
probably never procecded across the site of the area but was forced to
fill a broad basin which intervened between the Red Jiills anticline

and the Paragonah fault scarp, Farther south, because of a convergence
of trends of the Red Fills anticline and the Summit monocline, the
subsiding intervening basin was narrow and was filled rapidly, causing
burial of the Red Hills antic}_im and establishment of through-flewing
drainage to Cedar City Valley, as recorded by remnants of a late
Tertiary pediment. At some indeteraminable point, intermediate between
the site of the northern and southern Hed ’Hillvs area, on the ked Hills
axis and extending eastward to the base of the rising plateau, there
probably was a drainage divide, probably thé aliuvial fan of Parewan
Greelr discharging from the Varkagunt Plateau, between the through-flowing

drainage which was bevelling the southern part of the Red Hills anticline
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¥io, 23, Liagrammatlc representation of Tertiary peomorpLolog; of
castern Iron County. A--Immediately following mid-Tertiary(?) displace-
ments. D—Integration of drainage and bevelling of southern Red Hills
during late Tertiary time. Dots outline areas with thin alluvial cover
as opposed to areas wlth thick basin fill,
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and interior drainage which was burying the east flank of the northern

part of the Red Hills anticlins.

Quaternary geomorphic events in the Red Hills area

With initiation of upfaulting of the range block of the Red Hills
area in late Tertiary-early Quaternary time, immediately prior to and
continulng aiter extrusion of Quaternary(?) basalt sheets, development
of the range procseded rapidly until-®he present form was attained.
Tumerous recent fault scarps in the alluvium of Cedar City and Parowan
Valleys near the margins of the range suggest that faulting is still in
Progress.

Although uplift of the central and northern{?) Red Hills area
probably began immediately prior to extrusion of Quaternary(?) basalts,
development of the Parowan Valley grabene-Red Hills horst-Enoch graben-

Hieroglyph horst-Cedar City Valley graben structural elements of the

gouthern Hed Hills area did not take place until some time after emplace-

ment of the basalt sheets. As indicated earlier, all of the feult
scarps in the basalt sheets are remarkably fresh and unmodified by
ercsion of the upthrown block or deposition of talus ai the base of the
acarps

At the extreme southern aﬁd of the Red I'ills, the east boundary
fault of the range block diea out and the range merges easteard with |
the alluvium of Parosan Valley. This limited development of the range
block and upfeulting above the Parowan Valley basin bleck took place
entirely in posi-basalt time, beecause Tertiary rocks beneath the basalt
are essentially continuous, stratigraphically, and record no pre-basalt

uwpifeulting of the range blocki as indlcated earlier, north of Winn Cap,
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upfaulting of the range block was immediately pre-basalt,

The record of faulting described in preceding paragraphs indlcates
a progressive southward yrowth or extension of the range bleck during
late Tertiary-Quaternary time. As a result, the northern portions of
the range are maturely eroded; the southern portiens are youthful. The
clear—cut development of Winn Jap through the southern Red Hills, by
superposition from late Tertiary-(uaternary gravels and basalt sheets

and by maintenance of an antecsdent pcéiiian to cut the shallow gap

it

¥ige 2le Winn Gap throurh the southern Red Hillge
Cedar City Valley and ranges of Escalante Desert beyend.

Winn Creek, which heads in the Marlagunt Plateau,
was superimposed from Quaternary(?) basalt (preserved
near east end of gap) and late Tertiary-early Quater-
nary(?) rrevels (pre<basalt) which cap the flat-~topped
uplands flanking the pap. In addition, Winn Creek
maintained its antecedent position, cutting Winn Gap,
as the southern Red Hills relatively rose about 50
feet ahove Parowan Valley and about 250 feet above
Cedar City Valley in post-basalt time. Inclsion of
"inner valley" in alluvium is related to post=1860
arroyo cubling which is common in arid regions of
gsouthwestern United States,.
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with glight rise ol the range block above flanking baasins, should
provide an underetanding of development of the deep Parowan Uap throughl
the structurally-higher and slightly older central Red Hills,

Parowan Gap is strikingly aligned with the extended lower course
oi Parcowan Creek; the gap was surely cut by the antecedent Parewan
Greek during upfaulting of the range block., As supgested earlier,
prior to upfanlting of the central and southern Red Hills area, the
site of Parowan Uap was part of a é;;; alluviel plain or pediment,
across which Parowan, Summit, and Winn Creeks flewed westward to Cedar
City Valley., Winn Creek has been able to maintain its antecedent
poaitlon to the present time hecsuse of only slight rise of the range
block above southern Parowan Valleys Parowan Creek was able to maintain
its antecedent position, at least until geolerically recent time, be-
cause 1t is the major stream which discharges from the Markapunt Plateau
north of Cedar Cityy Summit Creek is one of the miner streame of ths
plateau and also encountered the greatest degree of upthrow of the
range block, resulting in early defeat of Summit Creel: and the building
of an alluvial fan divide across the subsiding Parowan Valley between
- winn Creek and P&rowan’Crﬁe% (Thomas and Taylor, 196).

The marrow tloor of Parowan Gap,_which ls very flat in longitudinal
profile, lies only a few feet above the flat floor of Little Salt lLake,
and defeat of Parowan Creek has obviously taken place very recently,

It is & moot question whether defeat ﬁag by continued uplift of the
range block or by the generally-recoimized increasing aridity during
recent millenia; elther factor couls have caused abandonnent of the Gap

and development of the Little Salt Lake playa.




Flie 2he uabternary pecmorphology of hec I'ills arvea.

lewsloprent of treraverse gape through riging renge
block of ied 1ills ares Uy antooedent Parowan and Wimm
Croeeksy defleat of Jureslt Treck, latest wplilt of range
Ulock ultimataly defeated jorowan Ureek and lelt lerowan
Jan abandormd.

feoauss of rear colncidencs of the lale fleor and the flat lonple-
vwiinel orefils of the Oar, 1t 12 suppested that Tittle %elt Iske moy
Tave dlachurped Intormittently through the Gap during more humid nlimalic
shases of letes Juaternsry time; it is douwbtful thet en expanded iitle
Salt lave exinted fos lons onourh nerdads of time Yo develop shoreline
foatres, ag did the walor Melawerne pluvial lakes of the Grest Dasine
Creenent {1040, pe 271) found IAttle alt lake e be %about seven miles
Tons and one bread,® bul becsuse of subsequent wge ol water of Parousn

Oresh for treization of the fars of Yeramm settlsrve, the dhesler guiner
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(1389, vol. 1, p. UB) found that the lake had evaporated to alkaline

flats. Thomas and Taylor (1946, p. 30) described an "indistinet strand
lire" about 12 feet above the present {loor of Little Sa2lt Lake, but the
present writer was unable to locate the supposed shoreline feature., The
writer did note that some poorly-preserved terrace remnants a few feetb
above the present iloor of Parowan Uap (Sec. 27, 283 T33S-HI0K) suggest
that the upfaulted [loor of Parowan Uap has been lowered several feet,
to ita present near—equality of elevation with the floor of Iittle

Salt Lake, by expansion of the lake and spilling out through the Gap

to Gedar Clity Valley.

Thomas and Taylor (19h6,2§. 13) describe a "delta formed at the
mouth of the small canyon just south of Parowan Gap"., The present
writer examined the supposed delta and found that its flat upper
surface merges soutlward with one of the numerous stream terraces,
called Rush Lake Benches by local inhabitants, in Cedar City Valley
north of iush Lake. The supposed delta is probably a lobate remnant of
onc of the terraces which are related to southward-flowing parallel
drainage of northern Cedar City Valley, The "delta” was used as evi-
dence, by Thomas and Taylor, that Rush Lake had once expanded widely
to a level of about 5,520 feet, attaining a depth of at least 130 feet.
Such a lake would have covered nearly the entire Cedar City Valley and
should have left distinct shoreline features, in addition to the "delta®
south of Parowan Gap. Mackin (personal communication) hae not noted
avidence of the inferred vast lake, in Cedar City Valley east of the
Iron Springs district; the present writer has not noted evidence of the
inferred lake, in Gedar City Valley south and west of the Red Hills

area. Although no detalled study of the geomorphelozy of Cedar City

P




Yalley was made, it appears that the supposed shoreline features de-

seribed by Thomas and Taylor can be related to dissection of Cedar City
Valley alluvium following Guaternary basin capture and extension of

Cedar City Valley drainage westward to the Fecalanie Desert.,
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