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ABSTRACT

The Indianola Group, a coarse-grained clastic wedge at the western margin of the Cretaceous Cordilleran
foreland basin in central Utah, was derived from the unroofing of the Sevier orogenic belt lying to the west.
Compositional trends in Indianola Group conglomerates and sandstones confirm that the clastic detritus
was eroded from an uplifted miogeoclinal and cratonal section of Precambrian to Jurassic age. The
miogeoclinal prism consists of Precambrian to Cambrian quartzite and argillite units and middle to late
Palaeozoic carbonate strata, while the Mesozoic cratonal section is dominated by sandstone. Thrusting
and uplift of the section resulted in deposition of carbonate-rich detritus eroded from the Palaeozoic section
in the lower part of the Indianola Group and quartzose detritus from the Precambrian and Cambrian
section in the upper part. The upsection enrichment in quartz is reflected in both conglomerate-clast
populations and detrital modes of sandstones. Chert grains are an important derivative of the carbonate
provenance and provide durable evidence of a carbonate source even in rocks lacking detrital carbonate
grains.

The combination of compositional trends and Indianola depositional patterns suggest that influxes of
contrasting detritus may be tied to major ramp uplift on two thrust systems. Depos‘ilion of the initial
carbonate-rich wedge occurred during ramping and uplift of the Canyon Range thrust in late Albian time.
Deposition of alluvial-fan deposits in the overlying quartzose wedge resulted from uplift during ramping of
the Pavant thrust. Almost all of the Indianola detritus, however. was derived from the Canyon Range
plate, first during uplift above the active Canvon Range thrust and second as the plate rose passively above
the younger Pavant system in late Santonian to Campanian time. Frontal structures developed during late
Campanian thrusting folded the Indianola Group and terminated subsidence along the basin margin.

INTRODUCTION

The Cretaceous Indianola Group forms the proxi-
mal part of a synorogenic clastic wedge within the
central Utah part of the Cordilleran foreland basin.
The presence of thick sequences of conglomerate in
the Indianola Group led Spieker (1946) to postulate
the presence of an orogenic terrane to the west.
Documented ages within the section range from late
Albian to late Campanian and indicate that deposition
of the Indianola Group occurred during emplacement
of thrust allochthons in the Sevier orogenic belt
(Armstrong, 1968a). An upsection decrease in the
relative abundance of limestone cobbles in Indianola
conglomerates of the Gunnison Plateau (Spieker,
1949) was interpreted by Armstrong (1968a) to

represent an unroofing sequence created as upper
Palaeozoic carbonate clasts were initially stripped
from uplifted thrust plates before lower Palaeozoic
and upper Precambrian quartzites could be eroded.
Similar inverted stratigraphies have been reported
from the northern Utah-Wyoming-Idaho thrust belt
{Armstrong & Oriel, 1965: Royse, Warner & Reese,
1975) and the Alberta foreland basin (Price &
Mountjoy, 1970).

This paper presents compositional data from Indi-
anola conglomerates and sandstones which document
a secular trend in detrital modes within the strati-
graphic section. The compositional trend is inter-
preted to have resulted from the unroofing of a single
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thrust plate in two episodes. The first period of erosion
occurred as the thrust plate initially ramped upward
from deeper structural levels, while the second episode
occurred when the allochthon rose during ramping of
a younger, structurally deeper thrust.

Geological setting

Indianola Group rocks crop out in a region which
lies immediately east of ramp-style thrust faults but
west of undeformed strata within the foreland basin
(Fig. 1). Outcrops generally have homoclinal moderate
to steep dips both to the east and west, although most
major panels dip east. This deformation resulted from
uplift of the section over the easternmost interpreted
thrust ramp immediately west of the Gunnison
Plateau, as well as from folding and faulting above a

triangle zone west of the line indicating easternmost
thrust deformation in Fig. 1 (Lawton, 1985). At the
westernmost exposure of the Indianola Group, the
Canyon Range thrust plate overlies a thick conglom-
eratic section called the Canyon Range fanglomerate
by Armstrong (1968a).

Ramp-style thrust faults which lie to the west of
Indianola outcrops occur in a Precambrian and
Palaeozoic miogeoclinal section and a Triassic
through Jurassic cratonal section. The miogeoclinal
section west of the Gunnison Plateau consists of
Precambrian and lower Cambrian quartzite and
argillite overlain by a Cambrian to Mississippian
carbonate-dominated section (Armstrong, 1968b). A
thin Pennsylvanian to Permian section thickens
dramatically northward within the area of Fig. | and
in the Wasatch Mountains consists of 7925 m of
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Fig. 1. Map of study area in central Utah and geographical names used in this report. [ndianola outcrops occur within the
Sevier orogenic belt, the eastern extent of which is indicated by the dashed line. Other units indicated. the Cedar Mountain
ations, the Mancos Shale, and the Mesaverde Group, are distal equivalents of the Indianola Group in the
olid dots indicate locations of sections studied for this report.
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Juartzite and carbonate strata in the upper plate of
the Nebo thrust (Baker, 1947). The Mesozoic section
consists of sandstone, shale and subordinate lime-
stoneg.

Two thrust plates, the Canyon Range and Pavant
Allochthons, have beenidentified west of the Gunnison
Plateau (Burchfiel & Hickcox, 1972). The structurally
higher Canyon Range thrust emplaced Precambrian
quartzite and argillite on Cambrian to Devonian
carbonate strata. The lower Pavant thrust emplaced
the entire Palaecozoic section on strata as young as
Jurassic. The Canyon Range plate has been exten-
sively stripped away by erosion and forms a large
klippe of Precambrian strata resting on the Pavant
plate (Christiansen, 1952).

Indianola Group stratigraphy

Upper Cretaceous rocks which crop out in the
thrust belt region of central Utah west of the Wasatch
Plateau (Fig. 1) were assigned to the Indianola Group
by Spieker (1946). The most complete Indianola
section in the Cedar Hills is approximately 4000 m
thick (Jefferson, 1982). The equivalent but thinner
section within the little-deformed foreland basin to
the east includes the Cedar Mountain and Dakota
Formations, the Mancos Shale, and the Mesaverde
Group. This distal sequence is dominated by marine
shale and interbedded delta-front sandstones, but

{ma)l

AGE] CHRONOSTRATIGRAPHY UTHOSTRATIGRAPHY DESCRIPTION
va pawa L

Compositional trends, Indianola Group 413

contains fluvial sandstone and siltstone in the Cedar
Mountain Formation and upper partof the Mesaverde
Group (Fisher, Erdman & Reeside, 1960).

The Indianola Group was divided into four forma-
tions by Spieker (1946), with lithotypes in the Sixmile
Canyon area. These formations in ascending order
are the Sanpete Formation, Allen Valley Shale, Funk
Valley Formation, and Sixmile Canyon Formation
(Fig. 2). The lower three units were provisionally
recognized in other parts of the Wasatch Plateau by
Spieker (1946). Correlation of formations within the
Indianola Group in the Gunnison Plateau and Cedar
Hills using new fossil data and physical stratigraphy
has subsequently confirmed Spieker’s stratigraphy
(Jefferson, 1982; Lawton, 1982).

Deposition of the Indianola Group ranged from
late Albian to late Campanian (Fig. 2). Fluvial rocks
near the base of the unit are difficult to date, but
palynomorphs collected 600 m above the base of the
Indianola Group on the Gunnison Plateau are late
Albian (Aspen Shale equivalent) in age (Standlee,
1982). Cenomanian fission-track ages (96-2+ 5-0 Ma;
90-6 +4-8 Ma; 90-3+4-8 Ma; Willis, 1986) on zircon
grains have been acquired from claystone beds in a
conglomeratic section overlying known Middle Jur-
assic (Callovian) strata in Salina Canyon. These dates
appear to corroborate the palynomorph data. The
marine upper part of the Sanpete Formation, the
Allen Valley Shale and the Funk Valley Formation
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Fig. 2. Stratigraphy and age of the Indianola Group.
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are well dated by marine fossils (Fouch er al., 1983).
Palynomorphs collected from the upper part of the
fluvial Sixmile Canyon Formation have yielded a late
Campanian age (Fouch er al., 1983).

The recent age determinations from fluvial rocks of
probable Indianola affinity but very low in the section
have raised a nomenclature problem. These ages
indicate the presence of approximately a 60 Myr
disconformable hiatus between Middle Jurassic strata
and Cretaceous strata. However, Spieker (1946)
tentatively assigned these Albian to Cenomanian beds
to the Morrison(?) Formation of Late Jurassic age
based on stratigraphic position and lithologic similar-
ity to Morrison beds elsewhere. These beds have been
more recently called Cedar Mountain Formation after
the time-equivalent unit on the Colorado Plateau
(Standlee, 1982; Lawton & Willis, 1986), but this
practice mixes nomenclature from the thrust belt and
foreland basin. In this paper, I provisionally include
the Albian strata in the Sanpete Formation pending
further studies and consider them to represent the
initial molasse deposit of the foreland basin.

Depositional trends

The Indianola Group generally comprises an up-
ward-coarsening megasequence at all localities where
significant sections are exposed. The trend appears to
have resulted from an interaction of eustatic and
tectonic factors which affected the western margin of
the foreland basin. The following overview of Indi-
anola depositional environments summarizes more
complete descriptions and interpretations from pre-
viously published work (Lawton, 1982).

The lower half of the Indianola section, encompass-
ing the Sanpete Formation, Allen Valley Shale and
Funk Valley Formation, consists of interfingering
deposits of non-marine and marine origin. The lower
part of the Sanpete Formation is characterized by a
2300 m thick section of conglomeratic sandstone and
conglomerate beds 5-25 m thick, interbedded with
thick variegated shale and siltstone beds. The Cross-
bedded conglomerate and sandstone beds are com-
posed of individual and stacked channelform units,
Each channel unit fines upward and is truncated by
the overlying channel or grades to siltstone. At
localities in the Wasatch Plateau these channelform
beds of fluvial origin decrease in average grain size
upsection. In addition, shale content of the section
increases. Coal is present in some shale sequences and
oyster-bearing lenticular beds of burrowed sandstone
underlie fossiliferous upward-coarsening shoreface

sequences at the top of the Sanpete Formation. The
overlying Allen Valley shale consists of 150-200 m of
grey thin-bedded siltstone, mudstone and sandstone.
These prodelta or marine-shelf deposits represent a
maximum transgression of marine conditions in mid-
Turonian time.

The thickness and environmental diversity of the
Sanpete Formation varies considerably along strike.
In the northern part of Fig. 1 along Lake Fork and in
the Cedar Hills, the Sanpete Formation consists of
fluvial conglomerate and sandstone overlain by a few
metres of transgressive marine sandstone, in contrast
to the thick deltaic and marginal marine deposits
described above and found in Salina and Sixmile
Canyons. This variability is interpreted to be a result
of valley backfilling during transgression. Weimer
(1984) has described similar fluvial and deltaic rocks
of late Albian age deposited in river valleys that were
backfilled as transgression proceeded. Although lo-
cated 500 km to the NE in the foreland basin, the
valley-fill deposits described by Weimer appear to
match the sequence of the lower part of the Indianola
section, which was deposited at the culmination of the
same transgression. Thus, although the Indianola
sediments were deposited within 80 km of the thrust
front, sea-level change appears to have had a strong
effect on patterns of deposition.

The overlying Funk Valley Formation is character-
ized by a lower 350 m sequence of sandstone and
siltstone deposited in shoreface, delta-plain, and
fluvial environments and an upper 600 m marine
sequence of prograding shoreface deposits. In north-
ern locations, cobble conglomerates were deposited
above strata of possible lagoonal origin in the lower
partof the Sanpete Formation suggesting the possibil-
ity of fan-delta development east of the thrust front.

The upper half of the Indianola section in Sixmile
Canyon, included in the Sixmile Canyon Formation,
iscomposed of 1350 mof sandstone, pebbly sandstone,
and conglomerate deposited in meandering-fluvial
and braided-fluvial environments. In more western
outcrops, strata equivalent to the Sixmile Canyon
Formation are composed of cobble and boulder
conglomerates deposited in an alluvial-fan environ-
ment. The Sixmile Canyon Formation, while contain-
ing significant grain-size and environmental
variability, represents an overall coarsening of grain
size within the section as depositional environments
proximal to the orogenic terrane migrated eastward
ahead of the thrust front. Thus, Orogenic processes
appear to have dominated sedimentation within the
upper part of the Indianola section.
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PETROGRAPHY OF THE INDIANOLA
GROUP

Methods

Compositional data were collected from two Indi-
Lnola sections, one at Chicken Creek in the Gunnison
Plateau and the other at Sixmile Canyon in the
Wasatch Plateau (Fig. 1). The Chicken Creek section
is dominated by conglomerate, while the Sixmile
Canyon section, located farther from the major thrust
plates, is dominated by sandstone. Clast data were
obtained by counting all pebble and cobble-sized
clasts within a delineated rectangle on conglomeratic
outcrop faces and recording each lithic type, usually
1o yield a minimum population of 300 clasts. The data
thus obtained are frequency, rather than volumetric,
counts. Sandstone samples were thin sectioned, and a
minimum of 400 framework grains counted for each
sample on a 0-6 x 0-6 mm grid. A total count of 400
modal points ensures a two-sigma confidence range of
5°; or less of the whole rock for any calculated modal
percentage (Van der Plas & Tobi, 1965). Standard
QtFL (Dickinson, 1970) and QmFLt (Graham, Inger-
soll & Dickinson, 1976) triangular diagrams were
plotted to illustrate compositional characteristics of
Indianola Group sandstones. Data from both thin-
section and conglomerate counts were plotted strati-
graphically to determine compositional trends within
the stratigraphic section.

Definition of grain types

Clast and grain types for conglomerates and
sandstones were defined operationally at the outset of
the study to insure counting consistency. Brief descrip-
tions of the lithologic groupings are outlined in Table
{ for conglomerates and Table 2 for sandstones. Clast-
count data and point-count results are shown in Tables
3 and 4, respectively.

Conglomerate clast types

The following clast types were distinguished during
clast counts at conglomeratic outcrops:

(1) Quartzite. Quartzite clasts are compositional
quartz arenites with quartz cement. Plain and banded,
red, pink and purple quartzites were discriminated
from white, tan and grey quartzites because the red,
pink and purple clasts may be tied to a specific source

Table 1. Lithic types discriminated in clast counts of
Indianola Group conglomerates, and calculated conglomer-
ate parameters plotted in Fig. 5

(a) Clasttypes
(1) Quartzite (Qz}
(a) Red, pink and purple quartzite (Qzrp)
(b) Quartzite of other colours (Qzo)
(2) Carbonate (CO,)
(a) Limestone (Ls)
(b) Dolomite (Dol)
(3) Chert (Ch)
(4) Other clastic
(a) Sandstone (Ss)
(b) Mudstone, siltstone (Ms)
(5) Miscellaneous
(a) Vein quartz
(b) Silicified bone and plant fragments
(b) Calculated conglomerate parameters
(1) Qz=Qazrp+Qzo= total percentage quartzite
(2) CC=CO;+Ch=percentage (carbonate + chert)

Table 2. Sandstone grain categories used in calculating QtFL
and QmFLt plots

(1) Qt: Total framework quartz (Qt=Qm+Qp)
(a) Qm: Monocrystalline quartz
(b) Qp: Polycrystalline quartz
(1) Chert
(2) Polycrystalline quartz of sedimentary,
igneous, metamorphic origin
(3) Aggregate quartz of indeterminate origin
(2) F:Total framework feldspar (F=K + P)
(a) K:Potassium feldspar
(b) P: Plagioclase feldspar
(3) L:Framework lithic fragments (for QtFL plot:
L=Ls+Lv)
(a) Ls: Sedimentary lithic fragments
(1) Argillite—shale
(2) Very fine grained feldspathic sandstone
(3) Detrital carbonate
(b) Lv: Volcanic and hypabyssal lithic fragments
(4) Lt: Total framework lithic fragments (for QmFLt plot:
Lt=L+Qp)

lithology, the Upper Precambrian Mutual Formation
presently exposed in the upper plate of the Canyon
Range thrust to the west (Christie-Blick, 1982,
Sprinkel & Baer, 1982).

(2) Carbonate. Carbonate clasts consist of a wide
range of colours and textures. They are most commonly
grey and tan, and range from micritic limestone to
coarse saccharoidal dolomite. Limestone and dolomite
were discriminated during counts using a stain
prepared with alizarin red-S solution (Dickson. 1966).
The carbonate category includes clasts partly replaced
by chert (Fig. 3).
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Table 3. Conglomerate clast data, Chicken Creek, Gunnison Plateau, with counts listed in stratigraphic
order above the base of the Indianola Group shown in Fig. 5. Clast size is listed in centimetres for
nts. Clast type fractions are listed as percentages of the
in Table |

Interval Clast size (cm) Quartzite Carbonate Chert  Otherclastic Misc #
(m) Max Average Qzrp  Qzo Ls Dol Ss Ms
2220 40 30-40 12 79-6 0 0 -5 6-8 0 0 264
2010 IS 1-5-2:0 8-6 70-7 0 0 7-7 11-9 0-8 0-3 362
1775 30 40-60 106 72-1 0 0 50 10-6 -8 0 283
1655 100 2:5-40 123 72-2 0 0 1-4 11-6 2:5 0 277
1595 15 2-0-30 5-2 372 336 33 88 10-0 1-8 0 330
1380 10 10 12:6 43-5 214 12-2 0-7 2:2 74 0 271
1380 10 [-5-20 9-5 53-1 187 82 39 6-2 03 0 305
1320 5 1-0 0 5-4 0-5 89-7 - 09 36 0 0 223
1275 10 1-5-3-0 4.7 204 60-4 10-2 -8 1-8 0-7 0 275
1080 10 08-10 03 19-9 43-4 8-3 16-2 -8 10-1 0 327
1005 26 80 5-1 66-7 0 1-1 37 11-4 11-7 03 351
730 45 50 1-7 16-4 32-8 456 2-6 0-6 0-3 0 353
610 60 50 1-2 7-6 239 624 23 1-8 06 0-3 343
525 60 2:5-40 1-7 5-4 18-6 723 1-0 1-0 0 0 296
370 27 n.d. 39 18-9 12-8 60-2 09 1-6 1-6 0 312
315 12 n.d. 4-8 33 2.7 869 2-1 0-3 0 0 335
180 15 n.d. 30 512 35-6 2:6 1-7 56 0 0-3 303
120 n.d. n.d. 2:4 373 39-7 15-5 2-1 09 0 21 330
75 25 n.d. 0-3 41-3 41-7 9-7 1-3 [-3 0 43 300

Table 4. Mean modal compositions of Indianola Group sandstones. Numbers in parentheses are standard deviations

Detrital
Unit ~ n Qt F L Qm Lt K P Qp Ls Lv Co;,
Indianola Group 8 74-7 0-3 250 715 282 0-3 0-1 32 250 0 20-7
Undifferentiated (194)  (0-3) (196) (19-8) (20:00 (03 (1) @ -5)  (19:6) (22:9)
Sanpete Formation 5 77-1 2-8 20-2 75-5 21-7 2-7 0-1 1-5 20-1 0 17-4
. (10:3)  (1-6) (11:8) (9-2) (10-7y  (1-:5) (02 (-4 (11-8) (11-5)
Funk Valley 10 71-3 34 253 690 276 34 0 23 252 0 247
Formation &4 37 ury @7 103y (37 (2200 (11 (11-5)
Sixmile Canyon 9 84-9 0-1 150 80-3 19-6 0-1 0 46 150 0 139
Formation (I57)  (02) (156) (142 (14-1)  (0-2) (4-7)  (156) (16-5)

(3) Chert. This category includes cryptocrystalline
siliceous pebbles that are tan, grey, white, red, and
rarely, black. The chert occasionally contains thin
laminationsorsilicified invertebrate fossils, indicating
an origin by replacement of limestone or dolomite
rather than deep-basin deposition.

(4) Other clastic. The clastic category includes a wide
range of detrital rock types including red to tan
feldspathic and sublitharenitic sandstone and white,

" brown, and grey mudstone and siitstone.

Miscellaneous categories include white vein or bull
quartz, silicified wood fragments, and bone material.

Sandstone grain types

Grain parameters discriminated in point counts iare
summarized in Table 2. Lithic grain types are in

general defined following the descriptions of Graham
et al. (1976). However, there are some differences in
the classification used here; hence, a brief description
of the dominant grain types follows

(1) Argillite-shale: murky, fine-grained siliceous or
argillaceous fragments, many containing silt-sized
quartz and feldspar grains.

(2) Chert: microcrystalline aggregates of equant silica
grains, with most domains less than 0-03 mm.

(3) Detrital carbonate: limeclasts of variable texture,
ranging from micrite through mosaic microspar and
pseudospar to coarse-grained or monocrystalline spar.
(4) Volcanic-hypabyssal: fine-grained felsitic frag-
ments with aphanitic to microporphyritic or mosaic
textures and rare microlitic and Aow-banded siliceous
grains.

(5) Aggregate quartz; fine-grained polycrystalline
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Fig. 3. Laminated dolomite clast partly replaced by chert, Indianola Group,

quartz, including chalcedony, probably chiefly of vein
origin.

(6) Feldspathic sandstone: detrital quartzofeldspathic
aggregates of silt to very fine sand grains.

Discrimination of the above lithic types is some-
times difficult and in some rocks occasionally subjec-
tive. Extraformational argillite grains cannot always
be discriminated texturally from intraformational
mudstone clasts, which rarely exceed 1% in the
samples counted and must be recognized by their
anomalously large grain sizes. Fine-grained argillites
and chert compose end members of a range of siliceous
mudstones with variable amounts of included argilla-
ceous and opaque material. Most, if not all, chert
originated by diagenetic replacement of limestone
and dolomite prior to erosion of the clastic grains. The
replacement of micrite frequently resulted in the
inclusion in impure chert grains of very fine detrital
material, including occasional silt grains, generally
quartz but rarely feldspar, and aphanitic material that
imparts a dark grey smoky texture to the chert.
Moreover, silicified invertebrate fossils are common
in chert grains. In general, grains containing more

Compositional trends, Indianola Group

Chicken Creek. Markson staff are 10 cm long.

than 10%, argillaceous or opaque inclusions were
counted as argillite, although pebbles of the same
material in conglomerates would undoubtedly be
counted as chert. In general, high confidence is
attributed to the relative proportions of the major
grain types, (Qm, Qp, F,Ls,and Lv)the subcategories
of which are listed in Table 2. The potentiaily greatest
source of inconsistency rests in the discrimination of
chert and argillite, which may affect the relative
proportions of Qp and Ls, respectively.

Detrital mineralogy of Indianola Group

Indianola sandstones ar¢ compositional litharen-
ites, sublitharenites, and quartz arenites, using the
classification system and nomenclature proposed by
MecBride (1963). QtFL and QmFLt compositions are
plotted in Fig. 4. The dominant lithic grain type in
Indianola sandstones is detrital carbonate, which
ranges in abundance from 0 to 52%, with a mean of
19-5%, (Table 4). Argillite-shale grains are next in
abundance, ranging from 0 to 16%, with a mean of
2:5%,. Chert grains range from 0 to 13%%, with a mean
of 2%,
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Fig. 4. QtFL and QmFLt plots for Indianola Group sandstones from Chicken Creek (triangles A,B) and Sixmile Canyon
(triangles C, D). Open symbols indicate samples from marine facies. Numerals adjacent to symbols indicate multiple coincident

observations.

Diagenetic effects

The major diagenetic effect noted in Indianola
sandstones is development of sparry calcite cement
and the recrystallization of detrital carbonate grains
to form coarse mosaic spar. Consequently, detrital
carbonate grains often occur as relicts, recognizable
by the presence of impurities in tracts of sparry calcite.
In sandstone samples that do not contain detrital
carbonate grains, calcite cement is not present. The
observed relationships suggest that calcite cement in
the Indianola sandstones was formed in part from
dissolution of detrital carbonate grains. In addition,
sandstones of the Indianola section at Chicken Creek
contain an average of 5-4% less total carbonate
(cement plus grains) than the conglomerates, suggest-
ing that loss of carbonate occurs during grain-size
reduction and diagenesis. Thin rims of haematite
cement often occur on detrital carbonate grains, but
are poorly developed to absent on siliciclastic grains.

Compositional trends

For comparison of conglomerate and sandstone
compositional trends through the Indianola section,
frequencydata are plotted with respect to stratigraphic
position at both Chicken Creek (Fig. 5) and Sixmile
Canyon (Fig. 6). Parameters plotted for conglomerates
include pink and purple quartzite (Qzrp), total

quartzite (Qz), and carbonate plus chert (CC). Sand-
stone grain parameters plotted are Qm (in place of
Qz), carbonate plus chert (CC), and total feldspar (F)
at Sixmile Canyon only. The textural evidence in both
conglomerate clasts and sandstone grains for forma-
tion of chert through carbonate silicification indicates
that a single compositional parameter of combined
chert and carbonate should be a sensitive indicator of
the Palaeozoic carbonate sequence in the thrust
terrane. The combined parameter has the additional
advantage in the sandstone analyses of recording the
presence of mechanically and chemically durable
chert grains even when carbonate grains were lost
through transport and dissolution. Thus, the carbonate
provenance may be interpreted even in the absence of
detrital carbonate grains.

Least squares curves fitted to the data indicate
important compositional trends in both conglomerates
and sandstones for several parameters:

(1) Quartzite (Qz) and monocrystalline quartz (Qm).
The monocrystalline quartz and quartzite content
clearly increases upsection in both the Chicken Creek
and Sixmile Canyon sections. A dramatic increase in
quartz content occurs at the top of the Chicken Creek
section in the proximal alluvial-fan deposits.

(2) Pink and purple quartzite (Qzrp). Banded quartzite
clasts derived from the Precambrian Mutual Forma-
tion increase in frequency upsection. A small popula-
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tion of distinctive red and purple quartzite clasts is
present in the stratigraphically lowest conglomerate
beds.

(3) Carbonate and chert (CC). Clast and grain types
derived from carbonate source rocks decrease in
frequency upsection. A rapid decrease in the percent-
age of carbonate and chert clasts occurs at metre 1325
of the Chicken Creek section (Fig. 5), coincident with
the base of boulder and cobble conglomerates equiv-
alent to the Sixmile Canyon Foundation in Sixmile
Canyon.

(4) Feldspar (F). The total feldspar frequency in the
Sixmile Canyon section does not display a character-
istic stratigraphic trend. Measurable feldspar percent-
ages are restricted to marine units of the Sanpete and
Funk Valley Formations. The marine sandstones tend
to be very fine grained. while associated non-marine
sandstones range from fine grained to coarse-grained
(Lawton, 1982).

DISCUSSION

Interpretation of compositional data

The compositional data from Indianola sandstones
and conglomerates provide insight into the structural
evolution and palaeogeography of the thrust belt.
Sandstone modal plots and ciast compositions simply
corroborate the assumption that the thrust belt served
as a source of Indianola clastic debris. Indianola
sandstones plot within the field for recycled orogenic
provinces (Dickinson & Suczek, 1979) on the QtFL
and QmFLt triangular plots of Fig. 4. The almost
exclusive presence of sedimentary lithic grains indi-
cates that the detritus was derived from the thrusted
sedimentary strata of the Sevier orogenic belt. This
observation is further substantiated by the presence
of only sedimentary lithic clasts in Indianola conglom-

erates.
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However, the stratigraphic’compositional trends of
Figs 5 and 6 permit more detailed interpretation of
the nature of the source terrane than do the standard
compositional plots. Several aspects of the trends
pertain to detailed structural development within the
thrust belt. Stratigraphic piots for both sandstones
and conglomerates indicate a secular evolution from
carbonate-rich compositions to quartzose composi-
tions. Thus, the Indianola section does contain a
simple record of unroofing of the miogeoclinal
Séquence to the west as suggested by Armstrong
(1968a). Moreover, although significant scatter exists

in the stratigraphic plots, it appears that the carbonate
to quartzite cycle occurs only once in the Gunnison
Plateau area. Thus, apparently only one miogeoclinal
section was stripped by erosion, indicating that the
section was not repeated several times by numerous
thrust faults. The mapped relations of the Pavant and
Canyon Ranges (Christiansen, 1952; Burchfiel &
Hickcox, 1972) support this interpretation. The
Canyon Range plate, eroded to Precambrian rocks,
rests on the Pavant plate which carries an uneroded
section ranging in age from presumed Precambrian to
Jurassic.
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Although an inverted clast stratigraphy is present
.n Indianola conglomerates, clasts from the Precam-
nrinn Mutual Formation (Qzrp category of Table 1)
occur in the lowermost part of the section. This
\ndicates that drainage systems in the thrust terrane
had early access to strata low in the miogeoclinal
section. This may have occurred by rapid downcutting
of canyons transverse to what was probably a strike-
Jominated drainage network within the thrust belt.
Alternatively, early exposure of Precambrian strata
may have occurred at positions of along-strike
structural relief formed by tear faults or lateral ramps.
Such a feature, the Leamington Canyon Fault, exists
immediately north of the Canyon Range (Sprinkel &
Baer, 1982), but it is unclear if clasts shed from that
area would have been deposited as far south as
Chicken Creek. In either case, the early appearance
of Precambrian clasts suggests that structural relief
sufficient to expose Precambrian strata to erosion was
developed synchronously with uplift. Because folds
with several kilometres of amplitude are absent in the
area, [ suggest that both structural and erosional relief

were developed by ramping and duplexing of the
exposed thrust plates. This is probably the most
common uplift mechanism associated with thrust-
fault tectonics (Boyer & Elliott, 1982).

Interaction of basin-margin tectonics and basin fill

A comparison of regional stratigraphic and struc-
tural relations with the compositional data discussed
earlier indicates that the structural geology of the
thrust belt may be tied to depositional and composi-
tional trends in the basin to form a unified tectonic
scenario for basin development. The basin may be
considered to consist of two major compositional
wedges, a lower carbonate-rich wedge and an upper
quartzose wedge (Fig. 7). The quartzose wedge is
displaced eastwards with respect to the carbonate-
rich wedge, and is overlain in turn by a smaller, more
eastern clastic wedge (Price River Formation).

The lower carbonate-rich wedge encompasses the
*Canyon Range fanglomerate’ of Armstrong (1968a),
and the Sanpete, Allen Valley and Funk Valley
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Fig. 7. Reconstructed east-west basin cross-section from the Canyon Range to the Castl
the foreland basin forms three offlapping wedges, each tied westward to the major thrust event
the clastic detritus. The lowermost wedge is richin detrital carbonate in the conglomerate and san

e Valley (Fig. 1). The western part of
which provided a source for
dstone fractions. The middle

wedge (indicated by light stipple) is dominated by quartzite-clast conglomerate and quartzarenite. The upper wedge (Price

River Formation), not discussed in this paper, consists of lith

arenite and sublitharenite (Lawton, 1983).
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Formations and their equivalents. The most distal
deposits of the lower wedge in Utah are dominated by
the Mancos Shale. Because thrust deformation and
basin subsidence were only incipiently developed in
the west, possibly coupled with rising sea-level
beginning in late Albian time (Vail, Mitchum &
Thompson, 1977), the depositional systems were
strongly influenced by fluctuating shoreline condi-
tions. The lower wedge is structurally bounded on the
west by the Canyon Range thrust, from which the
clastic material was derived and which ultimately
overrode the basin margin. The Jjuxtaposition of thrust
plate and conglomerates suggests that the late thrust
deformation occurred close to, or at, the synorogenic
erosion surface.

The upper quartzose wedge encompasses the Six-
mile Canyon Formation and its more proximal
equivalents in the Gunnison Plateau, The upper
wedge grades eastward into quartzarenites of the
Castlegate Sandstone (Lawton, 1983) which extend
200 km from the thrust front before pinching out into
marine siltstone (Van de Graaff, 1972). The quartzose
wedge is not bounded by a thrust fault on the west in
present exposures, but deposition occurred prior to
thrust ramping which folded the Indianola outcrops
concomitant with the development of easternmost
thrust structures (Lawton, 1985). I suggest that the
uplift which provided the source of the quartzose
detritus was created by ramping of the Pavant thrust
beneath the Canyon Range piate. The Canyon Range
plate was then eroded more deeply and removed over
most of the area. The appearance of large numbers of
sandstone clasts (other clastic category, Table 3)
contemporaneously with the flood of. quartzose detritus
indicates that the Mesozoic sandstone units beneath
the Canyon Range thrust also contributed clastic
material. The abrupt shift from pebbly braided-fluvial
deposits to cobble and boulder conglomerates of
alluvial-fan origin in the Chicken Creek section
coincides with the base of the quartzose wedge and
further documents the proximal uplift related to
ramping of the Pavant thrust.

The third clastic wedge, although not discussed
here, consists of the Price River Formation (Fig. 7).
This clastic wedge is displaced eastward with respect
to the quartzose wedge and consists of litharenites
higher in sedimentary lithic fragments than the
quartzose wedge. It was probably deposited during
the formation of the easternmost structures of the
thrust terrane (Lawton, 1985).

In the Cedar Hills, north of the sections studied for
this report, the Indianola Group does not show an

increased quartz content upsection (Jefferson, 1982),
Instead, quartzite clasts are abundant throughout the
section. This contrast with the results reported here is
interpreted to reflect a difference in the stratigraphic
section of the source area. As mentioned earlier, the
Pennsylvanian to Permian section thickens dramati-
cally northward and contains abundant quartzite
(Baker,  1947). Detritus shed from the initial uplift
would thus have been rich in upper Palaeozoic
quartzite, and a trend reflecting later contributions of
Precambrian quartzite would be masked. Jefferson’s
data do not include a separate red quartzite category
toallow interpretation of possible trends in clast types
derived from known Precambrian strata.

CONCLUSIONS

The Indianola Group forms a coarsening-upward
megasequence whose detrital compositions record
unroofing of the Sevier orogenic belt immediately to
the west. The sequence consists of two offlapping
clastic wedges, the lower one relatively enriched in
detrital carbonate in both conglomeratic and sandy
facies, the upper one relatively rich in quartzite clasts
and quartzose sandstone. Each clastic wedge s
interpreted to have resulted from major uplift related
to thrust ramping. Although the two major ramping
episodes may be attributed to two different thrust
systems, the Canyon Range and Pavant thrusts, the
dominant source of basin clastics was the Canyon
Range plate, first as it actively ramped upsection and
second as it underwent passive uplift above the Pavant
thrust system. Ages of the synorogenic wedge indicate
that uplift above the Canyon Range thrust occurred
in late Albian time, followed by major uplift above
the Pavant thrust probably in early Santonian time.
Indianola deposition terminated in late Campanian
time as thrust deformation affected the foreland basin
margin, folding Indianola strata above a triangle zone
at the eastern limit of thrusting. The record of this
late-stage deformation is found in the Price River
Formation, which lies immediately east of the frontal
structural belt.

ACKNOWLEDGMENTS

[ gratefully acknowledge discussions of this topic
with J. W. Collinson, W. R. Dickinson, and W. S.
Jefferson and a review by S. A. Graham. The research
reported here was supported by Earth Sciences

Division.
7926379.
vided by
Smith ang
Reedand

ARMSTRONG
and Utah
ARMSTRONG
in Nevad:
pp.
ARMSTRONG
ment of t
Petrol. Ge
BAKER. A.A
in the vic
Invest. Pre
BOYER, S.E.
Ass. Petro
BURCHFIEL.
developmu
Transition
Callaghan
CHRISTIANSE
CanyonR.
740.
CHRISTIE-BL!
Lower Ca
Utah: reg
Soc. Am. 9.
DICKINSON.
graywuckf
DICKINSON. ¥
sandstone
2164 -2182,
DicksoN. J.A
as revealed
FisHer. D.J .
ceousand !
Emery. anc
coun(ics. ¢
FoucH. T.D-.
& COBBAN.
sedimental.
northeast
Central Un.
Doily). pp
and Miner.:
GRAHAM. -\
Common {*
sandstones
basin. J. ‘e



- A R o s

Compositional trends, Indianola Group 423

Duision. National Science Foundation Grant EAR-

-926379. Drafting and manuscript support was pro-
vwded by Sohio Petroleum Company. I thank Leta
smith and Peggy Montgomery for drafting and Judy
Reed and Maggie Olmstead for typing the manuscript.

REFERENCES

ARMSTRONG. R.L. (1968a) Sevier orogenic belt in Nevada
and Utah. Bull. geol. Soc. Am. 79, 429-458.

\RMSTRONG. R.L. (1968b) The Cordilleran miogeosyncline
in Nevada and Utah. Bull. Utah geol. mineral. Surc. 78, 58

PP

ARMSTRONG, F.C. & ORIEL, S.S. (1965) Tectonic develop-
ment of the Idaho-Wyoming thrust belt. Bull. Am. Ass.
Putrol. Geol. 49, 1847-1886.

BAKER. A.A. (1947) Stratigraphy of the Wasatch Mountains
i the vicinity of Provo, Utah. U.S. geol. Surv. Oil Gas
Invest. Prelim. Chart 30.

BOYER, S.E. & ELLIOTT, D. (1982) Thrust systems. Bull. Am.
Ass. Petrol. Geol. 66, 1196-1230.

BurcHFiEL. B.C. & Hickcox, C.W. (1972) Structural
development of central Utah. In: Plateau-Basin and Range
Transition Zone, central Utah (Ed. by J. L. Baer and E.
Cullaghan), pp. 55-73. Utah geol. Ass. Publ. 2.

CHRISTIANSEN, F.W. (1952) Structure and stratigraphy of the
Canyon Range, central Utah. Bull. geol. Soc. Am. 63,717
740.

CHRISTIE-BLICK, NicHotas (1982) Upper Proterozoic and
Lower Cambrian rocks of the Sheeprock Mountains,
Utah: regional correlation and significance. Bull. geol.
Soc. Am. 93, 735-750.

DickINsON, W.R. (1970) Interpreting detrital modes of
graywacke and arkose. J. sedim. Petrol. 40, 695-707.

DICcKINSON, W.R. & Suczex, C.A. (1979) Plate tectonics and
sandstone compositions. Bull. Am. Ass. Petrol. Geol. 63,
2164-2182.

Dickson, J.A.D. (1966) Carbonate identification and genesis
as revealed by staining. J. sedim. Petrol. 36, 491-505.

FisHER, D.J., ERDMAN, C.E. & REESIDE, J.B. (1960) Creta-
ceous and Tertiary Formations of the Book Cliffs, Carbon,
Emery, and Grand counties, Utah, and Garfield and Mesa
counties, Colorado. Prof. Pap. U.S. geol. Surc. 332,80 pp.

Fouch, T.D., LawToN, T.F., NicHoLs, D.J., CasHION, W B.
& CoBBAN, W.A. (1983) Patterns and timing of synorogenic
sedimentation in Upper Cretaceous rocks of central and
northeast Utah. In: Mesozoic Paleogeography of West-
Central United States (Ed. by M. W. Reynolds & E. D.
Dolly), pp. 305-336. Society of Economic Palaeontologists
and Mineralogists, Rocky Mountain Section.

GRAHAM, S.A., INGERSOLL, R.V. & DICKINSON, W.R. (1976)
Common provenance for lithic grains in Carboniferous
sandstones from Ouachita Mountains and Black Warrior
basin. J. sedim. Petrol. 46, 620-632.

JEFFERSON, W.S. (1982) Structural and stratigraphic relations
of Upper Cretaceous to lower Tertiary orogenic sediments
of the Cedar Hills, Utah. In: Overthrust Belt of Utah (Ed.
by D. L. Nielson), pp. 65-80. Utah geol. Ass. Publ. 10.

LawTon, T.F. (1982) Lithofacies correlations within the
Upper Cretaceous Indianola Group, central Utah. In:
Overthrust Belt of Utah (Ed. by D.L. Nielson), pp. 199-
213. Utah geol. Ass. Publ. 10.

LawToN, T.F. (1983) Late Cretaceous fluvial systems and
the age of foreland uplifts in central Utah. In: Rocky
Mountain Foreland Basins and Uplifts (Ed. by J. D. Lowell),
pp. 181-199, Rocky Mountain Association of Geologists.

LawTon, T.F. (1985) Style and timing of frontal structures,
thrust belt, central Utah. Bull. Am. Ass. Petrol. Geol. 69,
1145-1159.

LawToN, T.F. & WILLIs, G.C. (1986) The geology of Salina
Canyon. In: Centennial Field Guide—Rocky Mountain
Section, DNAG Guidebook Series (Ed. by J. K. Rigby).
Geological Society of America.

McBRIDE, E.F. (1963) A classification of common sand-
stones. J. sedim. Petrol. 33, 664-669.

PrICE, R.A. & MounTioY, E.W. (1970) Geologic structure
of the Canadian Rocky Mountains between Bow and
Athabasca Rivers—a progress report. Spec. Pap. geol. Ass.
Can. 6,7-25.

RoOYsE, F., JR, WARNER, M.A. & REESE, D.L. (1975) Thrust
belt structural geometry and related stratigraphic prob-
lems, Wyoming-Idaho-northern Utah. Rocky Mountain
Ass. Geol. Guidebook, pp. 479-486.

SPIEKER, E.M. (1946) Late Mesozoic and early Cenozoic
history of central Utah. Prof. Pap. U.S. geol. Surc. 205-D,
117-161.

SPIEKER, E.M. (1949) The transition between the Colorado
Plateaus and the Great Basin in central Utah. Utah geol.
Soc. Guidebook to the Geology of Utah, no. 4, 106 pp.

SPRINKEL, D.A. & BaEr, J.L. (1982) Overthrusts in the
Canyon and Pavant ranges. In: Overthrust Belt of Utah
(Ed. by D. L. Nielsen), pp. 303-313. Urah Geol. Ass. Publ.

10.

STANDLEE, L.A. (1982) Structure and stratigraphy of Jurassic
rocks in central Utah: their influence on tectonic devel-
opment of the Cordilleran fold and thrust belt. In: Geologic
Studies of the Cordilleran Thrust Belt (Ed. by R. B. Powers),
pp. 357-382. Rocky Mountain Associaton of Geologists.

VaIL, P.R., MITCHUM, R.M., JR, & THOMPSON, S., LIT (1977)
Seismic stratigraphy and global changes of sea level, part
4 global cycles of relative changes of sea level. Mem. Am.
Ass. Petrol. Geol. 26, 83-97.

VaN DE GRAAFF, F.R. (1972) Fluvial-deitaic facies of the
Castlegate Sandstone (Cretaceous), east-central Utah. J.
sedim. Petrol. 42, 558-571.

VAN DER PLas, L. & ToB1, A.C. (1965) A chart for judging
the reliability of point counting results. Am. J. Sci. 263,
87-90.

WEIMER, R.J. (1984) Relation of unconformities, tectonics,
and sea-level changes, Cretaceous of Western Interior,

U.S.A. Mem. Am. Ass. Petrol. Geol. 36, 7-35.

WiLLIs, G.C. (1986) Geologic map of the Salina Quadrangle,
Sevier County, Utah. Utah geol. mineral. Surv. Map Series,
83, 16 pp. 1:24,000.




