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ABETRACT

The Sen Juan Canyon in the Four Corners region
of southeastern Utah is & relatively new area for
geological study, It is so inaccessible that it
has been, and still is, difficult to accumulate
information systematically, The antecedent San Juan
River has eroded into the Monument upwarp sinee early
Tertiary time and has exposed a considerable thickness
of Permian end Pennsylvanian stratas The Penngylvanian
system is represented by the Rico, Hermosa, Paradox,
Pinkerton Trail and Molas formationsj of which the
Parsdox formation is the subject of this paper.
Representative of shelf sedimentation genetically
related to the Paradox basin, the Peradox seetion
contains evidence of reefing and reef destruetion,

The formation is dominantly limestone, with gypseous
lentils in the eastern end of the area studied,
These lentils wedge out westward in the eight miles
between stratigraphic sections,

The limestone contsins abundant organiec fragmental
and correlative gones of brachiopeds, erinoids, fusuline
ids, gastropods, and pelecypods. These reef calcarenites,
blostromes, and biohermal zones can be correlated through
the three stratigraphic sections studied, even though
the cross sectional length is 21 miles. Bioherms
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discovered by earlier workers in one section can be
traced to correlative bloclestic debris in the other
two sections, and the biostromal lentils which sup-
ported biohermal growth can also be traced.

Photomicrographs taken of selected slides illuste
rete the characteristics of these organic zones. As
a result of enalyses of these stratigraphiec sections
end the characteristics revealed by thineseetion
study, a detailed stretigraphic c¢ross section is
presented to illustrate the correlation of the layers
of reef material,

The conclusion may be drawn that important reef
trends exist in the Peradox formation. These reefs
trend generally northwest-southeast with 1ittle
relation to the present structure along the southwest
wedge-edge of the Paradox basin anhydritee-gypsume
salt facles of the middle member of the Peradox
formations The grester number of reefs appear to be
equivalent to the middle and lower members of the
Paradex formation, although there are significant trends
at the top of the upper member. It is not yet deter-
minable on the basis of surface semples available what
type of reef may be found in the subsurface, but it is
suspected thaot the reefs will be pateh or barrier reefs
with loeal thickening and zones of porosity important
in the search for petroleum,

II






INTRODUCTION

Purpose and Scope

This thesis is a summation of lithologic analyses
of three stratigraphic sections: the Danvers l-X Harris-
Federal test, the Honaker Trail locality, and the
Raplee locality in San Juan Canyon, San Juan County,
Utah (Fig. 1). In these localities, the Paradox forma-
tion as defined by Wengerd and Strickland (195%, p. 2169)
has been studied, inasmuch as the formation is known
to contain limestone bicherms ("reefs”) (Wengerd, 1951)
in conjunction with bilostromal strata. This investigation
is designed to add to the present knowledge of the
Paradox formation by tracing the reef calcarenites
through these three stratigraphic sections. Logs have
been prepared and thin sections studied and photo-
graphed., Acdetailed stratigraphic cross section has
been prepared from this analysis. (Fig. 2)

Location and Size of the Area

The area in which the Paradox formation is studied
lies in the Four Cormers region of San Juan County, Utah
(Index Map, Fig. 1). The three stratigraphic sections
lie along the canyon of the San Juan river for a distance
of 21 miles across the southern end of the Monument
upwarp (Fig. 2). The Slickhorn locality or Danvers 1-X

1.







2.

Harris-Federal test is in the MWHIW{IWE of See. 15,

Te 40 Sey Ry 16 Eo3 13 miles to the southesst is the
Honaker Trail locality in the SWi See, 29, T. 41 8.,
Re 18 Eo.§ the Raplee locality is eight miles farther
east in See, 3334, T, 41 8,4 R, 19 B, HNorth to south
| the area covers about eight miles and the general
orientation of the cross section is west to east,

Deseription of the Area

The San Juan River cuts generally westward
across the southern part of the Monument upwarp.
The river has eut deeply into the strata of the
Colorade Plateau region and is virtuslly inaccessible
except by boat. Two roads serve the region, one
extending westward from Shiprock, New Mexico to
Mexican Hat, Utah, and the other southerly from
Blanding, Utah, through lMexican Hat and Monument
Valley in Uteh and Arizona, The physiography is
one of high mesas, deep canyons tributary to the
San Juan River, arroyos, buttes and other features
typical of a semiearid climate, The aversge annual
rainfall is about seven inches, very little of which
supports the through-flowing San Juan River. Almost
all the water in the river comes from melting snow
in the San Juan Mountains of Colorade. Since the
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river is youthful, of high gradient, and great velocity,
it transports a tremendous amount of material. The
stream i5 antecedent and has entrenched its previous

age pattern as 1t has cut dowmmward through the Perme
ian and Pennsylvenien strata, The paueity of wells

iln the region combined with the relative insccessability
akes the river's deep canyon the major exposure of the
sedimentary rocks on the Mommment upwarp.

The canyon has exposed the sediments from near the
top of the Permian rocks to very mearly the bottom of
the Pennsylvanian system, a thickness of about 2500 feet.
It has been reported (Wengerd, 1955 by pe 1) that dif-
ferential erosion may have removed strata as young as
the early Tertiary and the totsl thickness of Pennsyle-
vanian to early Tertiary strata may have been as grect
as 4500 feeot,

The biochermel trends e exposed by the San Juan
(iver where 1t has entrenchéd the east flank and the
axis of the Cedar lNesa-Halgaito anticline to the west
of the Mexican Hat syneline, Geologieal evidence

indicates that ti

)

present Honument upwarp 4id not exist
as such in Pennsylvanian time (Gregory, 1938, p. 85),
but instead the area was & stable shelf related to the
Paradox evaporite basin, Such conditions appear favore

able for the growth of reefs, and study of the area is

important in the search for oil and gas,
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Previous Work

Little detailed geological work was published on
this relatively inaccessible area prior to 1950, but
general deseriptions have been published by Gregory
(1911, 1916, 1917, 1938), Holmes (1875), Judd (1924),
Longwell gt al. (1923), Miser (1924, 1925), Prommel
(1923), Richardson (1908), and Woodruff (1910),

Some of this esrly work was inspired by the Mexi-
can Hat oil field discovery about 1907, During a
boat trip down the river sponsored by John A Frost
and Frank A, Frost in 1950, biohermal trends were
discovered by Shermen A, Wengerd who has published
several articles on these trends as well as on the
general geology of the region (see selected references).
Since 1951, many oil companies have become interested
in the general region and significant oil discoveries
were made during 1954, 1955 and 1956 in the Blanding
Basin to the east of the Mommment upwerp., Two unsuce
cessful tests for oil have been drilled in the Slicke
horn Canyon area, one of which is used as a strati-
graphie section,

Sample System
The samples used for the analysis of this eross
section through the Monument upwarp were collected by
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Shermen A, Wengerd and the numbering system initiated
by him is continued through the logs and thin sections
used in meking this study, In the cese of the Danvers
Harris test the samples are not designated by a separate
numbering system, but instead the drilling depth is
useds The Honaker Trail and Raplee sections are hand
collected and numbered from the level of the river
upwardse This number is carried over to the thin
section which wes cut from a particular sample. Thus,
a slide which carries the designation HT 13 has been
taken from the collected sample of that number at
Honaker Trail, and the designation R 22 indiestes that
the particular slide came from the Raplee stratigraphic
section. Unfortunately there were no cores available
from the DanverseHarris test which was drilled with
cable tools. In as much as it was impractieal to meke
thin sections of those samples they were carefully
examined with the binocular mieroscope and the best
possible correlation sttempted, ’

Method of Attack

Analysis of the lithologic characteristics of the
Paradox formation, with emphasis on the ealearenite
lentils is the prime purpose of this investigetioh, ALl
the available samples were at hand, as were field logs
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made of the twe hand sempled sections, This basie
informetion end semple collection were made available
for the purpose of obtaining initisl 1ithologic controls
to be used in the solution of the larger problem of
delineating the shelf sediments and subsurface reefs
related to the Paradox basin, Detailed logs were
constructed from binocular and petrogrephic microscopiec
examination of the samples from the Paradox strata,
Sample interveals contasining cslearenite materisl were
picked from these logs, Thin sections were made of
certain samples, Photomierographs were made of all
slides, and some are presented to smplify points of
interest. Utilizing these data the detailed lithologice
stratigraphie cross section was constructed (Fig. 2).
The map (Fige 1) shows the location of the measured
sections as well as the bioherms mapped by Wengerd

(1955 by Figs 10)s The base map is an overlsy of a
photogeologic map prepared as part of a thesis submite
ted by James A, Smith desling with another part of

the general problem involving Paradox shelf strata,

Acknowledgnients:

Appreciation is extended to Sherman A, Wengerd
who served as major professor, advisor and reader, and
who provided the semples used in this work; to A, Rosenzweig,
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and Roger Y., Anderson who also read and corrected the
first drafts and to James A, Smith for permission to
use his map as a base. Special thanks go to the New
Mexico Geological Society which provided funds for
the preparation of thin sections,







Stratigraphy

The rocks exposed in the San Juan Canyon area are
Paleozole in sge, ranging from esrly Pemnsylvanien
to Permian, Cross end Spencer (1900, p. 48) called
a mappable unit between the Devonian system and the
overlying red beds the Hermosa formastion, During later
work further subdivisions were recognized and one of
the latest of these papers on the Pennsylvanian stratie
graphy is that of Wengerd and Strieckland (1954) in
which the Hermosa formetion is subdivided as summarized
belows:

1, At the bottom of the system is the Molas
formation, 2 highly complex transitional shale and
limy siltstone found only where the Mississippian
limestone is or was present beneath the Pennsylvanian
strata, The Molas has been further subdivided into
three members of late Atoka to Des Moines age.

2, Above the Molas formation is & limestone forme
ation newly named by the authors of the paper as the
Pinkerton Treil formetion. The formetion wedges to
the west and contains a detrital facies which is best
developed in the Cedar Wesa anticline on the Monument
UpWarpe
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3« The Paradox formetion is 2 cyclie sequence
made up of black shale, dolomite, siltstone and lime-
stone, but whose most significant lithology is thick
salt, with thin enhydrite and gypsum, It is entirely
Cherokee in age and originally may not have been more
than 5000 feet in thickness, although flowage has
increased thicknesses to twelve thousand feet in
certain salt-core anticlines slong the axis of the
basin,

The Peradox formetion is further divided into
three members, The lowermost of thése is mede wp
predominantly of anhydrite, gypsum, black shale, and
dolomite, The middle member is the thick salt member,
The upper member is almost everywhere present over the
Paradox besin and is made up of brown dolomite, lime=
stone and white to gray snhydrite, gypsum and black
shale,

4. The Hermosa formation lies above the Paradox
and has two facies, carbonate at the bottom and clastie
at the tops The carbonate facles is related to the les-
ser prominence of the Uncompahgre uplift during earlier
Hermosa time., Renewed activity during lster time caused
a wedge-gshaped formstion of clasties which flooded in
from the Uncompeghre uplift to the northeast,

5« Uppermost of the Pennsylvanian system 13 the
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Rico formation considered by Wengerd and Steickland

to be transitional between the Hermosa formation below
and the Persan Cutler above, This assumption is dict-
ated by fossil evidence (Woodruff, 1910)s The formmtion
is represented by approximately 400 feet of maroon
erkosic sandstone and some limestone end elaystone,

Strueture and Physiography

The most prominent feature in the region is the
Monument upwarp (iMiser, 1924, p. 131), a large flexure
extending from the northeastern Black Mesa basin in
Arigona northwerd toward the Paradex salt velley in
Utah, and flanked on the east by the Blanding basin amd
on the west hy the Kaiparowits besin, The upwarp is
pre-Tertiary, post-late Cretaceous (Gregory, 1938,

Pe 85) and the regional uplift continued into Tertiary
time csusing entrenchment of the antecedent San Juan
River,

Within the upwarp are several long-north-trending
folds. On the eastern flank are the en echelon Raplee,
Lime Ridge, and Fish Creek antielinal folds, while on
the crest lie the Gypsum Creek, Halgaito-iitten Butte,
Cedar Mesa and Bullet Springs antielines, These erestal
folds are symmetrical although the east limb of the
upwarp is steep as defined by the Comb Ridge hogback,
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The Sen Jusn Canyon shows & méximm depth through the
iitten Butte-Cedar Mess anticline of about 1500 feet,
This added to the approximately 800 feet ot. relief
from the rim of *he canyon $o the top of Cedar Mesa
results in a totel relief of about 2300 feet in the
vieinity of Honaker Trail,

Structural relief of the Momment Upwarp is on
the order of 3000 feet (Kelley, 1955, pe 27)s The
generelly northerly trend of the folds mentioned above
follows the pattern of small structural features on the
Colorado Plateaus It may be noted also that there is

a system of jJoints trending esstewest in the vieinity
of the Raplee anticline and the Mexican Hat syncline,







PARADOX FORMATION

History of Terminology

The rocks of the Paradox formation were ineluded
in the Hermosa formation ag named by Spencer and mapped
by Cross and Spencer (1900, ps 48). This original
formation included all beds from the top of the Rico
member of the Cutler formation down to the top of the
Leadville formation of the Mississippien system, which
was referred to by Spencer as being Devonian in = ge.
The exact loeation was not given for the type section,
Roth (1934, p. 945) suggested that a section of a
composite nature could be measured in See, 26 and 35,
Te 37 Nuy Re 9 W,y Le Plata County, Colorsdo, Roth's
section was re-measured by Wengerd and Strickland
(1954, p. 2162) in the course of their stratigraphie
investigetion of the Pennsylvanian system of the Four
Corners region,

The black shale and anhydrite of the Hermoss at
the type loeality have been proved (Baker, Dene, end
Reeside, 1933, P« 963) to be correlative with the thick

eveporites of the Paradox formation in Gypsum and Paradox

Valleys, and to be Des Moines in sge, In 1944, Bass
reduced the Peradox beds to member status within the
Hermosa formetion and proved the age %o be Des Molnes
and Lampases, This resulted in an wwieldy three-fold

12,







division of the Hermosa forma tiom into upper, middle

(Paradox), and lower members,
The present terminology as suggested by Wengerd
and Strickland (1954, p. 2166) is:

Hermosa formation

clastic faciles Wolfecamp, Virgil,
and Missouri
carbonate facies Wolfcamp, Virgil,
and Missouri, (Marmaton
and locally &-,aroho)
Paradox formation
upper member Marmaton and Cherokee
middle member Cherokee
lower member Cherokee
Pinkerton Traill limestone Cherokee and Atoka
Molas formstion Locally lowsrmost
Cherokee, Atoka and
Horrow.

The newer terminology has been followed throughout
this investigation.

Geologic History
The Paradox formation in general is basinal, with

and salt in the middle member and black shale, limestone,
dolomite and anhydrite in the upper and lower members.

Two significantly different lithologies are present, an

|
|
|
|
l cyclic deposits of black shale, dolomite, gypsum, anhydrite
|
|
i
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euxinie black shale and loeally thickened carbonate
sections indieating influx of normal marine water into
the basin from the Cordilleran geosyneline on the west,
All of these lithologles grade eastward end upward
into fine-grained and coerse-grained arkosiec sediments
of Uncompahgre origin, According to Kelley (1955, p. 76)
broad upwarping and mild tectonies in Devonian time
created east-west arching across the Colorado Plateau's
southern end and developed the broad shelf of the
Cordilleran geosyncline which in Pennsylvenian time
began to show the northwesterly trending positives of
the ancestral Rockies. These are the Front Range,
the UncompahgreeSan Juan, and Zuni pesitive elements,
Further, the deeper basins developed adjacent to these
asymmetrieal highlands, thus we have the Paradox
sag edjoining the Uncompahgre uplift. Strieckland
(Weugerd end Strickland, 1954, p. 2177) is of the
opinion that incearliest Pennsylvenian time the
Uncompabgra bleek rese out of the Pinkerton Trail
seas, whereas Wenzord favors a post-Cherckee maximm
rise of the coarse-clastic producing positive srea.
The area of the San Juan Canyon remsined a stable
shelf and the deep basinal gypsumesalteanhydrite-black
shale facles were not deposited in so greast s thickness
in the section, In foet the gypsum that 1s present at
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the Raplee loeality wedges out east of the Honaker
Trail locality in the vieinity of the Mexiecan Hat

synclines The thick middle member continues shoreward
as a limestone shelf representative.







LOCAL CORRELATIONS

General Stetement

The great distance between stratigraphie sections
analyzged mtbokoptmnlndhwuttqtatcn-
relation, The length of the eross section is twenty-
one milesy thirteen miles between the Danvers leX
Harris-Federal well and the Honaker Treil locality,
and eight miles between the Honsker Trail and Raplee
loealities. Rapid latersl changes of lithology 4in
individual beds are frequent in all shelf strata,
hence no attempt is made to correlate individusl beds
except in rare cases of gross lithologic change, 1,e,
sendstone interspersed in limestone, Faleontologic
correlation, except in a genersl sense, is beyond the
seope of this paper, Changes in texture, chemical
composition, and mineralogie composition are the main
bases for correlation in the limestone section,

Lithology of Correlative Units
The presentation of correlation details will be

accomplished in the following fashion, Strats between
correlation lines on the ¢ross section (Figs 2) are

given numbers and considered as lithologic units for
purposes of correlation, This invelved careful subdivision
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of the stratigraphic section, based on lithologie
charecteristies, The description of each unit in
the test well is given, followed by correlative
characteristies of the seme unit in the two surfsce
sections, Units will be taken in order from top to

bottom, beginning with unit number 15 at the top
of the "Horn Point" limestone,

THICKNESS (IN FEET)

86 82 59 Unit 15 is calearenite at the Raplee
locality and at the Honaker Treil locale
ity (Pige 3)s The limestone is massive,
fractured, and contains chert in two
general zones: at the top and 60 feet
from the top of the unit ot Honaker Trail,
A ssndstone layer 6 to 8 feet thick oceurs
at both Slickhorn and Raplee localities
end may be equivelent to gypseous: limee
stone material in the Honsker Trail section.
The limestone is dolomitiec in the upper
part and also below the lower chert gzone.
Fossll frogments are dolomitized with enly
a few exceptions., Fragmental fossil content
et the Raplee loeality is as high as 50
per cent in some lentils and the sultes

Honaker Trail Beds 73=-82
Raplee Beds 37«41
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Figure 3
Upper: Porous algal and coralline debris from bed
No, 79, Honaker Trail locality. Note the microcrystal-
line dolomite, 62X, Plain polarized light,

Lower: Calcarenite from bed 41, Raplee locality,
containing 30 per cent dolomitized fossil fragments,

foraminifera and spherules, 62X, Plain polarized
1 ixht .
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in¢lude brachiopods, fusulinids, corals and
bryozoans, The bese of this unit is separated
from the subjacent unit by a silty limestone.

19 24 17 Unit 14 is calcarenite, massive bedded,
fine=-grained matrix and medium to coarse fossil
fregments, The unit is cherty at the top and

¥ dolopitic in emounts up to 10 per ecent at

"‘!\‘ Raplee loeality. Feldspar content ranges

i from 25 to 40 per cent at Honaker and Raplee
localitles respectively., Some feldspar

é grains form centers for oolites, Thin section
R 35 falls on e contact between calearenite
end algal reef material (Pig. 4). Orientation
is not known., The limestone contains a signif-
icant number of crinoid columsals, in addition
to fragments of brachiopods, corals, bryozoans,
and possible ostracods (Fige 4). Feldspar
content deereases downward with sccompanying
inerease in fossil content. Dolomite and
feldspar content increasecbasinward (eastward)
beyond greatest abundance of oolitic material
indieating an environmental change from abunde
ant earbonate deposition to one of less caleium
carbonate deposition, and coneurrently, coupled
with sccurmlation of detrital material, This
basinward zone has received fore-reef material

Honaker Trail Bed 72
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Figure &
Upper: Arenaceous calcarenite from bed 72, Honaker
Trall locality, containing fusulinids, corals, and
crinoid columnals., Small white grains are feldspar.
62X, Plain polarized light,

Lower: Arenaceous calcarenite on left, porous reef
material to right of vertical contact., Sample from
bed 35 Raplee locality contains 5 per cent feldspar
which is more abundant in the calcarenite, 62X,
Plain polarized light.
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from an area west of Honsker Trail, This
unit at Slickhorn loeslity is probably
backereef limestone of fairly homogenous
lithology,

Unit 13. The detrital facies at the top of
this unit may represent the bottom of the
unit above, It is sandstone at 8lickhorn,
shale at Honaker Trail, and absent at Raplee
locality, This detrital facies probably
represents inereased detrital sediment from
the west 'inasmuch' as grain size decreases

eastward, At Slickhorn more than 75 per cent

«mmn-m.uehmmmu,
erinoids and echinoid spines, A thin seetion
(H? 70) at Homaker Trail shows 1ithogrsphic
ummmmm.”nmmuu,
5 per eent quartz and o trace of feldspar,
Fossil fragments of algse, brachiopods and
fusulinids meke up the only clastie material,
rmuuomoammmuofomu,
erinoids and pelecypods, The limestone appears
to be of chemical deposition, subjected to
& small amount of weathering after deposition,
No evidence of other diagenetic setivity is
seens In the Raplee section this wunit is the
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Honaker Trail Beds 67-69
Raplee Beds 32-33
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uppermost part of 125 feet of ocolitie limee
stone, Detrital feldspar is present in amounts
up to 3 per eent =nd there is siliea in amounts
up to 7 per cent, A large part of the siliea
is replacement materiel for fossils, The
concentration of reef development probably
shifted eastward in this unit, accompanied

by & slight thinning in the Honsker Trail.
Uni% 12, Eighty-five per cent sandstone with
15 per cent limestone atth.mm.
shows again the influx of detrital material
from the west. Orain size decreases to the
east as inddcated by s1ltstone in the upper
part of the unit st Nombker Trail losality.
The lower 12 feot is dolomitie with from 15

to 20 per cent siltstone, At Raplee uuxw
the unit is a dolomitie colite, iineralogies
ally, the Toek is mbout 20 per cent dolomite
and caleite eement, The remsining 80 per cent
oftherockuoqmllyuﬂ.dod, half ealeareous
oolites and half siliceous oolites. (Fig. 5)
The silieceous oolites appear to be the result
of replacement of caleareous oolites by siliea
in a diagenetic stage prior to cementation,
The upper three feet of the unit 1s a limestone
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Figure 5
Upper: Limestone conglomerate from bed 33, Raplee
locality. Oolites and rounded particles in very
fine-grained matrix. Fossil material is highly
altered and rounded particles are of original lime-
stone. 62X. Plain polarized light.

Lower: Replacement of oolites by silica in Bed 32,
Raplee locality. 135X. Plain polarized light.
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Honaker Trail Beds 64«66

Raplee Beds 31A-31B
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conglomerate (Fige 5), containing foraminifera,
brachiopods and other fragments, as well as
calcareous oolites, The reef zone is laterslly
narrower in the unit and floods of detritel
meterial mey have inhibited reef development
and spread basinward supplying nuclfel for
oolites and siliea for diagenetic processes.
The nerrower zone of reef development continued
to migrate eastward and must have been very
near to the Raplee loeality to cast debris
(such as shown in Fig. 10) onto the top of
the unit,

Unit 11, At the Slickhorn loeality this unit
of sandstone has a wedial 7-foot fossiliferous
limestone beds No thin sections were made

of the fine-grained limestone in the Honaper
deposited under circumstances which restricted
reef growth, Grest abundance of fossils in
the Raplee samples from this unit indicates
that reef development has moved further basine
ward, to or beyond the loestion of the Raplee
locality. The blostromal and calesrenitic
limestone contains ebout 45 per cent quarts
(Plges 6) and feldspar which mey have settled

)
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Pigure 6
Upper: Calcareous oolites with very thick laminations
from bed 31A, Raplee locality. Contains few fossil
fragments. 62X. Plain polarized light.

' Lower: Arenaceous limestone, fossiliferous and
slightly ocolitic, from Bed 31B, Raplee locality.
62X, Plain polarized light.
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out of the detrital influx over the reef,
The top three feet of sample 31A is oolitie
(Fige 6)y possibly formed during detrital
flooding, and lithified by redepesition of
dissolved ealeium carbonates
Unit 10, This unit at the Slickhorn locality
ropresents the last of the intertonguing
sandstone and limestone, and on this basis
is believed to be the bottom of the upper
member of the Paradox formation, In the
Honaker Trail locality the top 12 feet of
this unit 1s cherty and contains wp te 30
per cent shale, The eenter 15 feet is high-
ly fossiliferous limestone; inadvertently
overlooked in collection of chips for thin
sections, Probably this limestone is of baek
reef origin, and traceablo eastward to a
thiek, massive limestone bed overlain by
oolitie limestone as deseribed in thin section
R 30, and pletured in Figure 7, Note the
thinmess of laminations compared to the nesy
reef oolites in Sample 31A (Fig, 6).

At the base of the unit the mode of
deposition changed, Above this point the
depositional sequence is indiecative of a










Figure 7
Oolitic limestone, slightly fossiliferous, from Bed

30 Raplee locality. Laminations are much thinner in
comparison with those on oolites of Figure 6, upper
photo, Sample contains 25 per cent quartz and little-
worn feldspar (euhedral crystals)., 62X, Plain
polarized light,
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Honaker Trail Beds Sle57
Raplee Beds 26«28

normal regressive and transgressive reef
environment forming small pateh reefs,

From this point downward in the section, the
strata appears to be sequential and cyelic,
On the basis of this change the boundary is
drawn between the upper and middle members
of this Paradox shelf facies, Five sequences
of deposition exhibiting similar history are
distinguishable in the middle member end are
discussed below,

Unit 9. The uppermost of the five middle
member units 15 typlesl of the tripartite
nature of each umit, At the top, the lime-
stone 1s highly fossiliferous, calearenitiec,
biostromal or biohermsl, The middle is dolo-
mite or dolomitie limestone, An appreciable
percentage of silt in the carbonate lentils
or a bed of siltstone or sandstone, characte
erizesthe bottom part of the unit, Unit o
contains, as the fossiliferous unit, the upper
bioherm of the Honaker Trall section, To the
west, the top of the unlt at the Slickhorn
locality is calecarenitic, cherty, fine-graimed
linestones Chert and fossil content decrease
downward through fine-grained, gray, gypseous
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limestone into a three-foot layer of dolomite,
in turn undérlein by eleven feet of ealeareous
sandstone econstituting the bottom part of the
sequence, At the Honaker Trail loeslity the
dolomite layer is thicker and the detrital
lower part of the section is represented

by an inereased percentage of silt in the
dolomite, Further east, in the Raplee loecale
ity, the entire unit is massive limestone
showing the sequential deposition by abundant,
diagenetically-altered (Fig. 8) bloeclastics
at the top, which diminish downward accomp=
anied by increasing detrital content. Gee
thin section reports for R 27 and 26 in Appendix
B)e The bottom part of the formation is
stained by brown oil end contains about 15
per cent euhedral erystsls (Fig. 8) which may
reflect dolomite crystallizstion in fluid-
filled cavitles., This unusual eecurrence of
of single erystals of this comparatively
large size was found only in this sample,
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Figure 8
Upper: Dolomitized fossil fragments in very fine
grained calcarente from Bewd 27, Raplee locality.
62X. Plain polarized light..

Lower: Euhedral dolomite c:rmystals in porous limestone,

The large pore a: right is 'heavily stained with brown
oil. Bed 26, Ralee localit;y. 135X. Plain polarized
light.
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53 34 38 Unit 8, The second ecycle is slightly thinner

Honaker Traill Beds 48«50
Raplee Beds 25-26

62 41 18

Honaker Trail Beds 42.47
Raplee Beds 23-24

Slickhorn

westward and the normal sequence is not dis-
tinguishable to the east in the Replee logal-
itye In the eastermmost section this facles
may represent the westernmost edge of a detrital
influx from the Uncomp:zhgre positive area,
Deteiled information probably would show a
lateral facies change boundary between the
Raplee and Honaker Trail localities in this area,
The unit in the Slickhorn exhibits a normesl
sequence excepting that dolomitization eontinues
higher into the fossiliferous part of the unit
than 18 ususl, At Honsker Trail the sequence
is: upper fossiliferous limestone, centrsl
dolomite, and lower siltstone, An uncomformity
in the thinebedded dolomite may be equivalent
to the detrital material in the Raplee section,
Unit 7, Iike most of the other units of the
middle member of the Parsdox formation, unit

7 1s thicker to the west. The uppermost 16
feet of the unit in the Slickhorn loeality

is dolomite or highly dolomitic limestone

which may properly belong to unit 8, but is
below a silty limestone considered the basal
part of unit 8, The next 15 or more feet

is linestonej cherty, slightly dolomitiec and
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abundantly fossiliferous in the center. No
sample was available at the bottom of this
fossiliferous calearenite, hence the true
thickness cannot be determined, The detrital
part of this unit is probably a very thin bed
of sandstone, represented in the well semples
by from 10 to 15 per cent sand in the bottom
10 feet of the section, The intervening 21
feet 1s the unsampled intervel snd fine-graine
ed, gray, nonefossiliferous limestone overe
lying the basal sequence.

In the Honaker Trail, unite 7, like unit
8 shows strata that seem %o be superflous
to the cyelie sequence. A fine-grained, gray,
cherty limestone is equivalent to the uppere
most dolomite of the Slickhorn section. This
equivalent limestone makes up all of unit 7 in the
Raplee locslity and may represent conditions
of limestone precipitetion which restricted
fossil growth, such as unfaverably cold water
or quiet water with no bicelastic influx, The
eyclic sequence at the Honaker Trsil locality
is thin, and not as well defined as the others,
It may be seen only in the lower half of the
unit, The upper 10 feet 1s fossiliferous
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Honaker Trail Beds 38«41

Raplee Bed 22

33

calearenite (Pig., 9) underlain by an arena-
ceous limestone, This unit is separated
from unit 6 by a disconformity.

To the east at the Raplee loeality,
the fossiliferous calearenite, seen to be
thinner at Honaker Trail, has either wedged
out or undergone a faclies change reflecting
conditions unfevorable to faunal growth,
The top of the unit is thinly bedded gypseous
limestone with a chert layer, The bottom
11 feet is limestone, with shale content wp
to 35 per cents
Unit 6, The seme eastwerd change 1u likhology
and faunal content as shown in unit 7 may be
seen here, perhsps an indication that reef
development has absted or shifted westward,
Fairly normal eyele sequence in the Slickhorn
loeality is shown by fossiliferocus and dolomitie
calecarenite at the topy with delomite and
limestone in the middlej; and at the base, a
l4-foot cherty limestone containing traces of
pyrite and biotite, probably due to an influx
of continental detritus. | |

At the Honaker Trail, fossil material

is very secarce in unit 6, The upper one-third
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Figure 9
Upper: Brachiojod fragmenit in fossiliferous,
arenaceous limeitone from Ibed 44, Honaker Trail
locality. 62X, Plain polwarized light,

Lower: Crinoid columnal amnd coral (?) fragments

in detrital limstone from: Bed 44, Honaker Trail
locality. Limestone contaiins from 25 to 30 per cent
feldspar and a ew guartz grains. 62X. Plain
polarized light
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is cherty, dolomitic limstone and dolomites
the middle onhe-third is a resistant, litho-
graphie to fine-grained, gray to black limee
stones The lower one-third is arensceous limee
stone, MNo samples are svailable where the
pase of the unit should sppear.

At the Raplee anticline this unit is
divisible into two perts, neither of which is
fossilif'erous, The upper 10 feet is a resist-
ant, silty and dolomiti: limestone; separated
by 4 feet of thin-beddel silty limestone
from the less resistant grpseous dolomite
making wp the lower pars of the wnit,

Unit 5. The thickness of this unit is probably
uniform along the length »f the eross section.
The eyelie sequence may b seen only in the
Honaker Trail section wiere the upper part

of the sequence 1s the nlidle bioherm (Wengerd,
1955 by Fig. 7)y and the mubjacent arenacecus
fossiliferous calearenite (Fig. 104).

An example of the cyelic sequence may be
seen in the series of tiia sections, HT 36
through 30 made from samples of this lowermost
unit of the middle member of the Paradox forme-
tion, HYT 36 1s taken fron the part of the unit










Figure 10A
Upper: Highly fosisiliferous calcarenite biloclastics
contains fragmeats: of corals, foraminifera and
unidentified forms:, many of which are kighly altered.
Bed 36, Honaker Trrail locality. 62X. Plain polarized
light.

\
Lower: Probabls f?oranfgora with fragments of other
fossils in calarenite from Bed 35, Horaker Trail
locality. 62X. P’lain polarized light.



















Figure 10B
Upper: Large crinoiid columnal from Bed 35, Honaker
Trail locality, 62X, Plain polarized light.

Lower: Brachispods, ostracods and foraminifera in
sandy calcarenite from Bed 35, Honaker Trail locality.
62X, Plain polarized light,
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containing the middle bioherm; is gray,
fine-crystalline to coarse-granular limee
stone containing corsls, bryozoans, brachio-
pods and algee, Most of the coarse granular
material is fossil fragments; it comprises
cephalopods, corals (Chastetes sp.), bryoe
zoans, brachiopods, erinoids, fusulinids,

and pelecypods, The bioherm sample eontains
about 30 per cent sand, and may have been
flooded by detrital materisl, Most of the
remaining 70 per cent is fossil fragmental,
with a matrix of fine caleite, HT 35 was
made from the limestone part of a sandstone
end limestone beds The limestone is almost
all fragmental shells and caleite; possidly

2 blobreccia from a nearby reef, HT 34 is

& gray dolomitic limestone with a moderate
amount of fossil tnn-m. contains some
cuhedral celeite filling in vugs, HT 33 1s

& gray, lithographiec to fineegrained limestone,
20 per cent fossils, 5 per cent chert, a trace
of zirecon, and the 75 per cent remeining 1s
caleite, HT 31 is an areanceous limestone,
not a ealearenite, equivslent to silty beds
in the Raplee section, 0T 30 is probsbly foree
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reef talus, representing the top of the next
cycle, 8o we see that HT 36 is the ealearenite,
HT 35 through 33 are the central pert of the
sequence and HT 31 represents the detrital base
of the sequence.,

9¢ Gypsum lentil, At this point mention must be
made of an important stratum not designated
as a unit, and present only in the Raplee
section, The westermwst extent of the middle

with lentils of limestine, calearenites and
dolomites The wedge 1is ninety-eight feet
thick at the Raplee lowality and if represented
at all at the Honaker Trail loeality is only

8 thin lentil of' siltstone, The uppermost

bed of this wedge is wiite, fine-grained
gypsum 31.5 feet thick, containing from 10

to 15 per cent dolomites Beds 16 and 17 are
the same except for fram 25 to 30 per cent
8ilt in the gypsum., Below this point, the
gypsum contains limy, fyssiliferous material,
Limestone conglomereste ipparently derived
from a calecerenitte in Wd 14 econtains a moderate
amount of fossils incluling a probablyg

Replee Beds 12-18
:
g
2
:
%
3
B
g
E
g
8







F T TR R S SRR S R T SRR PSSRt R

| 3%

Dictvoclostus sn. Bed 13 is 42,5 feet thick,
and composed of white gypsum with lentils of
limestone (Figs 11); some erinoid fragments,
chert, and brown oil staining are present, |
The lowermost bed of the wedge is silty
gypsum, slightly darker in color, renging
from buff to gray. Some pleces of limestone
in this sample sre e¢rinoidalsy others indicate
mixed fossil assemblages and exhibit lineation
of fragments, (Fig, 11) The limestones in
the last two beds are indicators of entirely
| d1ffvent water composition than that which
| precipitates gypsums These limestones may
be the result of aitemporary influx of fresher 4
marine water into an evaporite-depositing
environment,

The bottom of the gypseous lentil is !
the bottom of the middle member of the Paradox
formetion, Basis for this is found in the
sudden sppearance of gypsum in dominant
quantities in the Raplee section, with correla-

; tive disconformities in the Honaker Trail
section, Additional information from other
areas will be necessary to fix the boundary

unequivoeally,










Figure 11
Uppers Large fusulinid, more thar 1.5 mm, in
diameter. Filled with calcite, from calcarenite in
gypsum lentil, Bed 1%, Raplee loeszlity., 135X. Plain
polarized light.,

Lower: Hijhly al tered unidentified fossil fragments

showing alignment, Sample from Bed 13, Raplee local-
ity, also in the gypsum lentil, ¢é2X. Plain polarized
light.
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Not all of the botiom of the Paradox
formation i3 exposed in the Honaker Trail
and Raplee loealities, nnd although unit
numbering beging at the level of river woter
ot its low stage, unit . may not be the lowere
most im the formation, Wengerd (unpublished
log) has temtatively pliced the bottom of the
formation a 1ittle more then 40 feet above
the riwver,

20 39 37 Unit 4, The uppermost wit of the lower
member is fossiliferous limestone, in places
dolomit:le and sllty, Ir the Slickhorn section
it is e calearenite, with abundant corals,

@ erinoidis, brachiopods, mlecypods, and echinoid

ﬁ spines. In the center mrt it contains 10

i per cent white chert and 15 per cent black
shale with selenite crysials, The top end

E ibomummtmtdnn-huu
per cenft gypsum., Fragmeits of fossils are

g écmn.nﬂmuw In the Honaker Trail

" this uniit 1ies between tro disconformities

and 1s %rensected by a tidrd, so the great
varietion in lithology probably is due to
unusual fluetuation of s«iimentational condie
tions, Although predomliantly limestone,
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the gross lithology is modified by & thin
layer of dolomite in the center and is gyp-
seous, cherty snd fossiliferous downward in
the unit, This lower member was eroded
several times as shown by the several dise
conformities, In the Raplee section, the
dolomitic limestone overlies one disconformity
and contains another only four feet above,
Correlation of these disconformities from
section to section ean be secomplished only
generally with informstion ylelded in this
study, although presence of oolitic material
above the base of this unit is used as a
eriterion in this case,

Unit 3. Westward, in the Slickhorn locality,
this wnit is non-fossiliferous, fine-grained,
gray limestone with 10 per.cent shale and as
mich as 20 per cent hlack chert at the bottom,
At Honaker Trail, the mnit is thinner, with
calearenitic limestore in the top 5 feet and
dolomite in the bottom 6 feet, The calcaren~
ite is largely algsal fragments and some
foraminifera (Fig. 12), The base of the doloe
mite is cherty and non-fossiliferous, and
overlies disconformably the unit below, In the
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Figure 12
Upper: High percentage (from 90 to 95 per cent)
of weathered fossil fragments forming bioclastice
calcarenite in Bed 21, Honaker Trall locality.
62X, Plain polarized light,.

Lower: Possible reef contact in breccia from Bed 7,
Raplee locality. Arenaceous calcarenite is in the
upper part of the photograph and porous algal (?)
reef is in the lower part., 62X. Plain polarized
light.
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Raplee section, unit 3 is at the top of o zone
of a2 downward inerease in fossil abundance
transitional to the griat abundance in wnit

2¢ The upper 6 feet 11 silty and shaly, gray,
and contains only a fev fossils, The remaine
ing 12 feet is limestore; slightly dolomitie
in the central part an¢ shaly at the boftom,
Fossil suites include: ealgae (Fig. 12),
erinolds, brachiopods, fusulinids and other
foraminifera,

Unit 2, This unit 1s taickest in the Homsker
Treil locality and thims both esstward and
vwestward, The unit is represented 1n the
Slickhorn loeality by limy, cherty dolomite,
with fram 10 to 15 per tent siltstone. The
bottom four feet is silistone contalning some
limestome and send, and traces of selenite snd
miscovitie, and mey be fand as far eastwerd

as the Honsker Trail lomlity, but is equivalent
to & disconformity in tle Raplee loecality, The
greatest fossil content (Fig, 13) corresponds
with gremtest thickness In the Honsker Trail,
The unit conteins an abmdsnece of whole and
frogmentml specimens of wrachiopods, corals,
foraminifera, fusulinids, peleeypods, bryozoans,










Figure 13
Upper: Fusulinids (Wedekindellina sp.) and other
fossil fragments from Bed 16, Honaker Trail locality.

62X, Plain polarized light,

Lower: Brachiopods and bryozoan fragments from

Bed 5, Raplee locality, 62X. Plain polarized light.,
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and erinoids, These are present in varying
amounts throughout the unit, with the exception
of bryozoans, which occcur prineipally in a
zone in bed 14,

The upper eight feet of the unit is
gray to buff caleareous shale and limestone
lentils,, Thin seections in the limy parts
reveal thet fossils are distorted, suggesting
strong compaction of lime muds during lithifi-
cation, The next four feet is a calearenite,
and conteins the bryozoan gone mentioned
above, In this bed (lio, 14) 70 per cent of
the rock is whole end fregmental fossils,
S1licification in minor smounts probebly
occurred during early diagenisis. One of
the upper half of the unit from the lower
half end marks = change in fossil content,
The 8,5 foot section immedistely below this
sendstone i1s much less fissiliferous then the
upper half of the unitj; it is a cherty,
gypseous, dolomite, The remainder of the
unit is eburdently fossiliferous, with fusule
inids and other foraminifera and erinoids. The
second of the twe sendstone lentils, in the
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center of this unit, does not have any
aepperent relation to the abundance of fossils
beneath., The bottom of the unit is marked
by & l=foot bed of black siltstone (bed No. 10)
underlying 5 feet of shale containing 10 per
cent limestone and from 10 to 15 per cent
siltstone,

At the Raplee locelity unit 2 thins
to only 14 feet and the detrital bottom layer
1s represented by a disconformity. Again the
unit shows an abundance of fossils, ineluding
fusulinids and other foraminifera, brachiopods,
pelecypods, bryozosns and possibly stromatoe
poreid hydrozosns (Fige. 13)s The upper eight
feet is limestone, slightly shely and cherty,
abundently fossiliferous as above, and stained
at the bottom by brown oil, The lower six
feet 1s siltstone and limestone, buff and gray,
fine-grained, with only a few fossils and some
brown oil staining, The unconformity at
the base is probably equivalent in time
to the detrital material to the west and
northwest,







|
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3249 & Unit 1, This unit is not correlative at the

Honaker Trail Beds 1-9

Raplee Beds le2

bottom through all three sections, and is
ineluded in the discussion because it is of
significance at the Slickhorn and Honsker
Trail localities, and contains the lower
bicherm of the Honaker Trail section, In
all three sections the unit is limestone with
minor modifying lithology. At the Slicke-
horn locality fossils and a small (5 per
cent) amount of chert distinguish this lime-
stone unit, Thin sections of the Honaker
Trail samples show that fossils are abundant
in bed 63 mostly bryosoans with a few
brachiopodss Bed 6 is probably a blostrome.
Bed 3 is that of the lower bioherm, containe
ing algal limestone with brechiopods and
ostracods, This limestone has been fractured,
filled with caleite and pertially recrystal-
lized, Only a few feet of dolomitic limestone
represent the upper part of the unit in the
Raplee section. The top 18 inches is porous
beneath the disconformity, probably due to
submarine solution, Brown oil stains the lime=
stone near the river, The bottom of this
unit is not exposed at the Raplee loeality.







CORCLUSIONS

Genersl Statement

Certsin minor eoliclusions involving lithology
have necessarily been stated in the correlstion of
lithologic units, Influx of détrital materials from
various directions indicates changed eonditions of
sediment source, transportation and deposition, Minor
changes in chemical composition involve dolomitizetion
of limestone, replacement of fossils by silica and
dolomite and replacement of silica by caleite, These
minor changes reflect the change in environment during
end efter lithification, @ross lithologle festures
sueh as texture, grain size, stable minerals, and sedi-
mentary structures are those which provide elues to
original depositional conditions,

lembers of the Paradox formation exposed in
the Nonument upwarp by the San Jusn River sre charsctere
1zed wammmammum
These environments have prevailed, at separate tines,
in the generel structural framework of a shelf ed jacent
to a geosynelinal Pemnsylvanian basin, As pointed out
by Wengerd (1951) the shelf sedimentation was fevorable
for the formation of reefs by lime-secreting orgenisms,

This work end later work by Wengerd and others proved

49,
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the existence of reefs (bicherms) in the strete
exposed by the San Juan River, Even casual exame
ination of samples from the strata shows intervels of
tremendous abundance of fossils and fossil fregments
in particular, These intervals are calcarenitie and
in pleces biohermal or biostromal, according to
structure,

Source and Relation of Allogenie Detrital Material
Presence of allogenic detritael material is
not in itself an indieation of baek-reef godimentation,
even when associated with sediments of great reef |
potentisl, At least two directions of derivation of
detrital material complicate the picture in the
Paradox formation, liost of the thinner, more or
less "pure" quertzose fecies (that is notmixed in
limestone) are derived from the landward or weste
werd side of the reef zone at the southwest edge of
the Paradox basin, A large part of the detrital mate
erial that dilutes the reef limestone, especially that
on the besinward side may have comépeross the Paradox
basin from Uncompahgre and San Luis sources, The
large wedges of siltstone end silty gypsum in the
middle member must have come from the highlands which
stood on the northeest side of the Peradeox basin,
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This is the nesrest source most often cited in litere
eture dealing with Pennsylvanian positive aress
(Kelley, 1955, pe 76)s

Basis for Division into Members

The upper member of the Paradox formation
represents a fairly eontinuous trend of reef develop=
ments At the top and bottom of the member the maximum
reef development is near the Honaker Trail locality
and the central part of the upper member sppesrs to
lie ustofthollpl.olmnty,uwutdhm
maximum aceumulstion 6f fossils and fossil breecels
amwmmummmuud
detrital material, prineipally sandstone, to the west
or beck-reef side of the zone of reef growth,

Mode of deposition determines the divisien
of strata of the Peradox formation into three members.
ruwmmquWamulm
continuous trend of barrier reefs which shift easte
ward in the centrsl part of the member as discussed
eboves In the middle member, five zones of fossile
iferous, calearenitic limestone, unevenly distributed
vertieally through the member indicate that deposition
of these strate was eyclie, and that these are five
cyelie 1lithologic sequences, comprising detrital meterisl
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at the bottom and dolomitic limestone at the top of
each cyeles The upper part of the sequénce is the
fossiliferous, ealearenitie limestone, which in places
is biohermsl or blostromal, The five cycles of
deposition are represented in the cross section by
units 5, 6y 7y 8 and 9, The sequence is best exhibited
in the Slickhorn end Homsker Trail sections, and is
complicated by allogenic silt invasion and the deposie
tion of evaporites in the Raplee section,

The lower member contains an abundence of
fossils in almost all beds and may represent slow
deposition with frequent interruption, as indicated
by the several disconformities observed in the fiela,
uotanorth.mumom,mmmm
may be somewhat different,

Stratal Relationships of Reef Calearenites

Fossiliferous eslearenites are horigzontally
widespread and can be correlated through many miles
os denonstrated on the cross section, General character
istics are used in correlation and the importance of
specific characteristies subdued, Lack of information
prevents detailed discussion of continuity of individual
characteristics except where expressed by beds below or
above; that is, in instances where it is evident that
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the depositionsl mode of the bed direetly above or
below has shifted horizentally,

A second lateral change im thickening or thine
ning of ealesrer ‘te beds, and & third is veriation in
concentration of fossil breceia, The first of these
is cause and evidence of biohermal development; fectors
of development of faunal zones and erosionsl effects
on these zones control the second. Detailed analysis
of these lateral changes will not be possible until
more sections are measured and nearby drilled tests
are analyszed,

Age of the Parsdox Formation

No attempt has been made to identify genus or
specles ummmmwmmm«,
probebly Wedekindelling and Fusulins which oceur
prineipally in the lower part of the strata, These
fusulinids are of Cherokee age and probably are equi-
valeuuamotmmmhmlomm
of the Magdalena group east of Albuguerque, New Mexico
(Needham, 1937, pa 15)«

Sumary of Coneclusions
Correlation of reef calearenites and accompany-
ing strata helps to reveal the depositional history
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of the Peradox formation, Structurally situated
high on the southwest sedimentational shelf of the
Paradox Basin, the scene of deposition was subject
to shifts in sea level, shore line, and break in
slope., Disconformities in the limestone section,
indicated by solution porosity and traces of weathere
ing at the tops of beds, may represent only relatively
short interuptions of deposition, as products of
severe weathering are not often found in the geetion,
This lack of evidence of severe weathering masy be
an indieation that the disconformities are of sube
marine origin, Such surfaces could result from slowed
deposition and subses erosion on the shallow shelf,
fo evidence of mctive subaerial erosion was found,
end some surfaces are marked by the presence of oolites,
which are formed in shallow water, At lesst pert
of these disconformities are due to submarine erosion.
The lower member is exposed only in its upper
part, and thet part is abundently fossiliferous, This
could be accounted for by continued slow deposition
near ses level, bornme out by the appearance of seversl
disconformities which indicate 2 lowering of sea level
in relation to limestone deposition, Relatively little
detrital material 1s present in the lower member of
the Paradox formation exposed in the Sen Juan Canyon,
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The middle member represents a changed mode
of deposition, The most significant feature is the
introduction of a thick, silty gypsum wedge from the esst,
related to the southern part of the Paradox sedimentational
basin, This thick wedge is the southwesternmost extension
of the gypsumesalte-anhydrite-black shale sequence of the
middle member in the Paradox basin, Not enough evidence
is presently aveilable to show the relationships of
the gypsum wedge to the high-shelf limestones farther
to the southwest, However, the wedge contains cale
carenitie limestone and the relstionship is probebly
an intertonguing one, The presence of calearenite in
a gypsum section is proof enough that depositional
environment ean change by the amount necesssry to
meintain an intertonguing relationship, or that mixing
of yrodutammwmm“n
take place near the break-in-slope which controls :
distribution of reefs,

The strata equivalent to and above the gypsum
wedge are set off from the rest of the formstion by a
cyelie character of deposition, A eyelie sequence has
been discussed earlier, and briefly is made up of
en upper fossiliferous calearentte (biostrome or bio-
herm), a eentral limestone which may be dolomitie, and
2 lower detrital bed or incrdased percentage of detritsl
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material in the carbonates, This sequence probably
represents periodie subsidence, causing initisl deposi-
tion of clastics such as sand and silt below effective
wesr bese, followed by a rapid building of limestone
which may be changed to dolomite during lithification.
Finally, during still-stand of the sea, orgenisms
unhindered by great detritel influx, are given the
opportunity to spread and develop, Five such cyeles
ere represented in the middle member,

The upper member mey have been developed when
a balance between subsidence and deposition was an
effective control on bottom conditions, The zone of
maximun development of organisms can be seen to have
shifted slightly eastward as the member built up, then
as the middle of the member 1s passed, to return to
the west. This 1s borne out by an incressed sbundence
of send, silt and shale in the central part of the unit
ot the westernmost stratigraphiec seetion, Orgsnic
development is relatively constant and is fairly
continuous upward through the member, No typical backe
reef lithology is present among the reefs ss Link
(1950, pe 276) has sdid will appear in the case of a
regressive sea, snd the extension eastward refutes the
possibility of a contimmously wransgressive sea.
Continuous eonstant quantity of a relatively narrow







57

reef zone necessitates approximate balance with sube
sidences This narrow reef zone marks the boundary
between two shifting environments, the saline environ-
ment of the Paradox basin on one side, and the environe
ment of detrital influx on the other, The eastward
end upward trend in the lower part of the upper member
reflects the encroachment of the detritel environment,
Reversal of the eastward trend in the upper half of
the upper member reflects the shifting of the boundary
away from the basin, probably due to slowed subsidence
in the basin,

Enown reefs of the Parsdox formastion are not
large, sre mounded in outline (Wengerd, 1951, p. 1046),
and oceur in linear trends, Whether or not these reef
trends are larger or smeller in certain directions
awey from this area of loecalized investigation is not
knowny the chief importsnce is in their presence, and
in the loealized sedimentational environments which
they ereste by their existence, If the reef trends
thicken or enlarge, they may be important to the oil
industry, Significant discoveries of oil have been
made in correlative strota to the eest near Desert
Creekk and Aneth, Utsh, in the u, per member of the
Paredox formatien, With the incentive of ecomomic
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importance of these strata much more will be known

about the Paradox formation in a relatively short time,

It 1is hoped that this investigation will have contri-

buted to inereased knowledge of the Paradox formetion,

and will provide a frame of reference to the sedimentatione
al complexities which chsracterize one section of the

shelf of an evaporite-depositional embayment, the

Paradox basin,
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AFPPENDIX A
Lithologic Deseription of Measured Sections

Two of the three stratigraphiec sections used
in this study were measured on the wall of the San
Juan River canyon, The loeation of the Raplee and
Honaker Trall gections are previously deseribed;
the first section deseribed is the easternmost and
1s measured through the Replee anticline as cut by
the San Juan River, Footage on the log is messured
from the river level upwards and is the summation
of the thicknesses of individual beds, Beds are
numbered from the river level upwards and the uppere
most in the Paradox formation is numbered 41,
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Raplee Section
Thickness (feet) Description
2l.5 Bed 41, CGray to black limestone mnnH
g 4 foss

14

21

bedded, fine to medium

B
fragments of medium grain size, Porosity is
cavernous, Fragments of onnniu, huﬂopou,
and corals are abundent in the upper part

and present in the middle and lower N
Shale predominates in the lowermost

feet and 1s interbedded with limestone,

Bed 40, limestone and grayebuff doloe
mite m%m layer of chert,

Bed 39, Gray to buff limestone, silty at
the fine um-mdn ossils
'ﬂm downward, sultes

inelude
: ] .
erinoids, end many This
stofe overlies disconformity.

Disconformity -

i0

3.5

13

Bed 38, Grey, lithogr W
um-u:g-iv ,
a.:':fus, mpng“ mo:gé‘ﬁ..

. ‘ £ moderate
ok R B e B g ARt g

no chert, .

Bed Gray, fine-gralned lithographie
uu‘::im ¢ nnln:’cmt ﬁ 2
moderate amount of opod, coral, and
erinoid fregments,

Bed 35, Gray, lithographic to fine-grained
lime con abundant corals and
bqe:mmlafuo:mnu Messive bed-

o

ded limestone, cherty at the exhibit-
mmutunanahtmmumt « This
is a biostrome.

A2







18,5 Bed G lithographic to medi
0 o ’g%au. for the abundence of fusule

inids, si gv. in the ermost
gart. r.t::ypn naeonwoftb
ostromal layer above.
Disconformity

° medium to
4,5 ﬁmeray un to coarse-grained

conglomerate, con m%m
ooutuandnmumtof

Porosity 1s inereased by solution cavities.
7 Bed 32, fine to medi lime=
5 - 32 ony! un-grarulsr

6.5 Bed fine to mediun-crystalline
{dishey Tllgie s e e et
ments

11, . mes
g - %“"m‘“ |
13,5 Bed 30, m fine to med 1

28,5 Bed 29, V thick limestone of fine-
s Very ‘w

chert ses 10 per cent of
the top six feet and to dark
chert is almost as abundant in the
six feet,







25.5

Bed 28, Grsy to black fine-grsined lime=
stone, The 10 feet contains to 10
per cent silt, has siliceous interbeds and a
few buehiopola, possi and
Derbie sp. The lower con in
amounts up to 10 per cent, while at the
bottom afe coarse grains and pebbles of limee
stone conglomerate,

Disconformity
7 Bed 27, Brown to interbedded lime-
stone and shale, ined and abundantly
fossiliferous, l' dle third of the bed

95

3745

is shale and the upper and lower thirds are
limestone, Fossil suites include Ilnomo-

of vﬂim mmk Jasper .khtien-

ship of the
intertonguing,

Bed 26 limestone
i Gray, . con~
tho fosst 'nru correlative with the
upper mm 1 section,
Bed 2 Buff siltstons with 40 per cent
11. shale, Pine-grained, no fossils,

Disconformity
9«5 Bed 24, to blaek, » caleareous,
with brown staining
oy 8 & Gosahiss: % fossils,
24,5 Bed 23, Buff nnou-u .m-

12,5

stone in th- 10 feet
cent buf'f shale, suiy,

and yellow
mim cxmon:ltc. lmn Mnl-
grainql; no fonm.

o N5 S,

o roul

ke







10. 5

2145

31.5

2.5

13

3.5

12

42,5

15

Disconformity

Bed 21, Gypsum, very fine-grained, white,
no fossils,

Bed 20, Upper three feet is dolomite lwu'
7.5 feet is siltstone with 25 per ecn{
Gray to buff, no fossils,

Bed 19, Buff to um shale u 4 foot
unevenly badded dolomite

with 2 few foss rrmm next 3 feet
The bottem 1455 foet 15 70 per ceus shite
stone and 30 per cent gypsum, No fossils,

Bed 18, White 10 per
cent g;ay f 14 m:.odg!n.;’o roum.

Bed 17 ﬁno-cu:l.nd siltstone centun-
lo.m ocﬁt

Sy e R T

Bed 16, Buff to -gum«nu :
n!.to!.:%:‘ds. Mfu’oﬁfum. |

bottom hl.f
Fosall .
There are

Bed 13, m“'miw_ :
£ in mnm:}
no fossils mml
and interbeds, Some chert and brown oil stain,

Bed 12 siltstone; a few foum
mcldint a spﬂdg’ rz)h

jasper, m show
crinoidal umtom with mwepd and corsl
frogments in abundance, Some brown oil stain,

A5
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7«5 Bed 1l, Dark ¥y 11 aphic to finee
2n1nad., unovunxym ‘ddomm. &m
0 10 per cent, dolomite shale inte s
end a very few brachiopod fragments,

9 Bed 10, Gr fin limestone, shaly
et the.tep :Zl dolomitic and oolitie ln the
bottom four feets A few deformed snd altered
ostracods wmay be present,

Disconformity

6 Bed 9, Gray, silty limestone with shale
D1 Rogaiia ol Joe oaut ot the
tering of oolites, :

7 Bed 7. wmm.mtoux y 14tho=

hie to fine-grained limestone, in

&p:gw part and unmwu,
brachiopod snd other fossil :

Disconformity
3.5 Bed 5, Gray, fine to med ¥ ralesr
i in the E; ol
tc! thort:u Mw hﬂlﬂl brown
hydroid
. to med!
2 Bed 3 A M:.i:igq, Pine lium erystal-

line 1 very few

@herty to about 10 per cent, Brown color due
to brown oll mm.zf

Disconfornity







6 Bed 2, Gray, fine-grained limestone in the
top half, silty delomite in the bottom helf,

no fossils, Upper 18 inches porous due to
solution,

4 Bed 1. Gray, fineegrained limestone with
some brown oh std n,

River at low water

522 feet of Paradox formation exposed in the Raplee
antieline,
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Honaker Trail Sectlon
Thickness (feet) Degeription

11

17

75

255

Bed 82, er‘o:i.n. to udiu-mtm:hh i
’

ive limes ightly cherty
?::.w:chiowd and cﬂuh colum-

nalse HNear top of "Horn Point" limestone,

Bed 81, Buff, fine-grained limestone and
dologite in a equal proportions, no

fossila,

A8







12

95

11.5

14

Ge4

11.8

green materisl in eslecarenite zones may be

glauconite,
Ded 71, Buff, thin<bedded fine-grs
sandstone snﬂnngular, fair sorting, no
fossils,
Bed 70 G!uy! lithographic to fine-grained
the :t;n. ts of :E.:hiopod 1

op a 8y pelecy~-
pods, 8hd & few fusnlinids, ;
Bed 69. cent buff, fine-grained
sandstone and ‘8" cent grny fine-grained
limestone, 2::. to sub-

rounded and fair to '.11 .
Bed 68, 8Sixty per cent gray limestone as

above, and 40 per cent buff sandstone as
ubovo. No fossil materisl,

Bed 67, Buff, fine-grained aanastonn
«mkm! ! sibangular to subrounded, "fatr

Bed 66 arenaceous lime-
.m, .-w

R S

fine-grained limestone taine
it 64.15: cc&t nediumegrained buff ..:S:Ean.
no tbls

Bed 6 chl!t{f:;:%:=§ttu lillcton. and
limestone dolomite 1n
55;5: 95 = % th' bed fi::;g:‘in"
cen
sanﬂntan.’::. other 5 to 10 :

Bed 62, Black, earbonaceous shale, calearesus
with u:.»m Ped of fine-grained limestone
a °

A9







1.3

5e5

55

16

19.5

Ilaesione siilviionceie artt I 0.
ruff, 1910),

Bed 60y GOray, fine to medium-grained
-:dimi. rzigi.u»% oﬁ.urmh.' Fos=
sil mater udes chiopoda, pelecy-
pods and fragments of these. -

Bed Buff, fine to mediume
et

calearenitic limestone with a moder-
ate amount of fossil fragmentasl meterial,

Bed 57, Lit hie to gray
uult;m, m“ no fossils,

:dﬁ;umm;‘:::“w. Shale

55 the Sther 25 pes’ conby T oo, sond nakes

Bed to buff, finesgrained, argil-
hno’:; aclemise. 5oty

Bed bioherm, Buff to fine-
R T R
fossil mater in this sample, Chert
it L o
(Wengerd, 1955 b) correlative with bi .
Bed Buff, fine to medium-grained shaly
Mgzm and

’ A poorly m’
containing sbout 15 cent limestone, and
caleareous cement, p‘r p

:d ns. .Orq, lithographic to fine-grained
Bed ained limestone, Chert
gt Wi s & fow erinoid

Al0







columnals and unidentified fragments, Bote
;on lrut is dolomite with no chert and no
ossils,

Disconformity
4.5 Bed 49, Buff to gray, fine-grained dolomite,

5 Bed 48, Dark 1ithographic to finew
grained, silty 33&«-. St

16.4 Bed 47, Buff to Klack

fine-grained lime-
stone; dolomitic at the top and

up to 10 per cent chert in the remaining
f“to

4.4 Bed 46, Gray, lithographic to mediumegrained
limestone and with a2 moderate
amount d'm fossil fragments,

Bed 4 'y fine-grained limestone and
d m-f's. mux parts, mxﬁrm.

10

2 ,u:«c' Gray, fine-grained limestone, few
4 Bed 42, Gray, fine-grained limestone, very

5«5  Bed 41, Gray, fine-grained, cherty limestone,

4.5  Bed 40, Gray, ntbg:mo to fine-grained
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S Black, lithogrsphie to rm«mm
cho unutono. Chert in amounts up to
9 per cent

Bed 38, Buff undnem y Sub-
fnn-;;h::? st nu ‘i‘f-’.':i e

on erous one
with erinoid u].duc and brachiopod frage-
ments, Slightly calearenitic,

No semple
Bed limestone, fine to litho-
pﬂc, mgg. fow fossil fragments,

Bed 36, Mddle biohon. W" kb

8‘""’ r$er
E;:Eﬁbot ﬂh“&:"

‘&2:..’.‘:.”.8‘:.. - e e s
stone, texture due to
calearenitic na Fossil sul

ds, and a mubh
Bed 34, Gray, 11 OgT: to fine-greined
limestone bundant and
o a brachiopod

Disconformity

10

Bed to
33- "“}hcwm
' .mlibh

Bed
n-us:;g: g bﬂ{ﬂnﬂfx&o "::- to facies
41 e vod Ring & modeate amount

ml. Buff, fine-grained, arenaceous lime-
s °

Al2







2.5 Bed 30, Gray limestone and ealearenite
with gypseous soil, Abundant brachiopods,
pelecypods and corals,

grained,
28a, Buff to red, fin sub-
’ ::gm, pmlytmd, u:;guh‘mu
sandstone, .
. medi lime=
2¢5 :dz"h:uw neoummw A
ing to field log.
Disconformity
2.5 Bed « Dark gray Mnmg-pm
and medi caleareni
o & few brac fragments,
2, 26, Dark 11 hie to fine-grained
d Mﬁlﬁn}u vehio fragments,
Gray : d to coarsely
: 'i-:-’!uu.ho sed caleareous
dolomite,
T R R
stone,

No
1.5 Bed fine to coarsesgrained dolo=
; R o4 Sy o Calearenitic,

- ‘ 22' Gray, coarse to velly caleareous
o %x- tealatratite, vith b aeteny
amno ‘

of pe ; ' corals
and bra
Disconformity
4 Bed 21 lithographic to fine-grained
nmtzm':nuouu. Coarse fragments of







4.5
1

Bed 20, Gray, fine-grained dolomite, arene
aeooul'and ar}uhbm. "

Bed 19, Light gray, fine-grained dolomite.

Bed 18, Grasy, lithographic to fine-grained
unutano', with as much as 15 per cent chert.

Disconformity

4

8.5

749

6e5

Bed 17, Gﬂ{nshnlo with conrsely calearenitic
noduler snd interbedded limestone, some

brown oil sta o Abundent spiriferoid
brachiopods, y orinoids, and _

ifera in limestone, "Lower Des Moines,"

Bed 16, Gray calearenite, fine to coarse-
ined, Abundant fa =n. brachi
gl.nnod.aau al N

mx.s:”mtrw, calearenite

m‘f'xmtdemm erous,
ww.«m::m ‘%.
‘ fossils, ’
feir with fine-
angular, -:::m 25 per
Bed 12, y cherty up to_ 10 per chét,
up per iha?huu
m:nuh{dm" u&mm

as in Bed 14, are sabundant
chert,

ealearenite with send 1 tom of upper
helf, Bed contains mm:a erinoid c:!n-
nals end foreminifera, (Poss the identie
fication is rmg or misread, may be another
sample from Bed 16),

Bed 10, Blaek siltstone, somewhat sandy,

Bed 9, 0’.” nmmﬂh“ to Mm.

H

Al4







11.5

2.5

%5

1

7

calearenitic limestone, Coarser material
conteins g:-tut abundenge of coral, fusule

inid and chiopod fragments,
Bed 8, Gray siltstone.

Bed 7. Gray, 11 rephie to fine-grained
ohort; A %a.ﬂ uustom. Chert 4
in wunu up to 5 per cent,

fine-grained limestone,
ot tuﬁungem'ud bryogzoans in moderate ahmdmo.

.fi Gray, limestone, Few
fracmto a trace of pyrite.

Bed 4, uvtom,ﬂno-gnmodmm
limestone

fﬁ-” un::u %cm

A moderate amount of fragments are
present,

2 thographie ed
ms%mhxﬁh a few mmu“?rg:ﬂ'..

Bed 1, Buff, fine-grained anchuydeu-
uucan!u-:num

558 feet of Paradox formetion exposed at Honaker Trail,
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APPENDIX B

Deseription of Thin Sections

In the sizes of particles or fossils
in the :l‘u the following f should be
used, the use &' a stage mier numbey
of divisions nillimeter in the ocular seale were

determined the actusl size in millimeters can be
determined from the photos,

All pietures are taken with lowepower objective

unless ot designated, For these, 4,05 large

giviggmmﬂnmmhu cqul.‘omln-
e o

For hs taken with the mediumepower
obJoctivo: «0 ueuuu in the ocular seale are
equal to one millimeter.

P taken with the high-power

objective, 35,8 dlvisions are squel forone mii1s~
ar

seals 48 Wmm-hm of & millineter,

The low nm.‘%&aﬂ and the ten |

" :

FiinetEre, saa"bha cediun pover soo0s 15,
These tions
graphs in the figures.
[ -
r“::en. {hth dn-n’zu
se¢ ' .
the seetion . and also

slide obtained, The Raplee section
and the Honaker Trail with HT 79,







|
l’ Raplee Section
|

R 41, Hand 2 Gray to bleck limestone
y bedded, fine to medium c:{.mxix_.,
fossil fragments of medium grain o Porosity
is eavernous, Fragments of crtuomus, brachio=

int.ﬂ::::d with limestone,
H m:g-emnm

?
very fosailiferous
in the upper five feat., Brachiopod fragments

abound and there are corals hunlmds, and a
Shin geattering of gastropals, lost ofthe
os S £

total of about y booh

R 39

_ to ain
: iferous, l‘uﬂ suites inelude: corals
i and gastropods, About 20 per cent the materiel &
is caleite, the rest, including the fossils
' is dolomite. Diagenesis of fossiliferous ll‘tho-
ﬁgzu limestone to produce dolomite with some
; tion of greain,

R 3. | ,nouonhnnaa
» and erinoid fragments,

’
fragments, most of which are somewhs
olomitization,







R 36,

of diagenetiec s
with a lithographie
cemented by calcite,

B3







R 33.

R 32,

R 315

Some of the silica is chert replacement of
fossils and some is evhedral quarts.
1am1nations on the oolites are thicker in this
g layer of oolitie limestone, indi-
ing that the reef has ro'n or that
;:.lll;o seas have increased capac:lty to deposit
o

il gaecinen’ g = ‘&.‘.,:ﬁ"‘
ne oonglomra‘c conta
oolites and a nodnlto smount of .

Porosity is lmmol solution ea

% of a fossiliferous,lithoe-
mphu ”tcu mmtodhﬂu, :
celeite, In addifion to the grains of

original limestone tw.aﬂnnﬁlththﬂ!

frogments of fossil materizl as
fossils in the older meterial
alteration, either before or

ation,

g:ulmootlm
tgn:dnmnthhdtho
are due silieca replecement .
oonm m:&mmm :
&s 1te :

limtmor
o:u tm-ruth d of
uea-&wm
oontuandnm cent
nu sible that
icles derived from lagenesis of
mmumlmm, silicified end later
weathered, acted Vrnmmﬂ edeposition
of caleite and s

: G £ ined linestone
S8, pesiam, o .w.z*“*:: ihe dottone "
?nzmtc of corals, erinoids and

ebundance towsrd the  The
g:ttuhof..tofthtbodial and
t Gilty, cherty, grey
Rt oo SR et o

B4







R 970

moderate quantity, inereasing towsrd the bottom.
Abundant corals }usulinids and erinoids, GSome
corals may be gﬁﬁggggfg sna About 55 per cent
of the material is calcitve, about 25 per cent

feldspar and about 20 per cent guartz, An
occasional ealesreous polite appears,

¥$9g'§§591%93' Gray, fine to mediumecrystol-
ne limestone, oolitiec in the top three feet,
containing a moderate amount of fossil fragments,

Ihin igfﬁégg: Gray, fine to mediumecrystalline,
conta 8 few fossll fragments, very oolitiec

in the top three foot, Hineraloglcally, the
material 1s 95 per cent calcite, of which the
thin section shows almost all to be in the
oolites, not more than 10 to 15 per cent cement,
The other 5 per cent is gquartz and feldspar in
about equal amounts.

enggimfgz Gray, fine to medium-ecrystslline
mestone with siliceous interbeds, Fusulinids

and gastropods are present in moderste amounts

and one form is probably!.foraminifera,

: 0Oolitic limestone, generslly
about the same as the sample Jus% above, but
containing up to 2% per cent quartz and feld-
spare Also the oolitesz exhibit thinner layers
of ecaleite,

?ﬁgd ggggigﬁgz Brown to gray, interbedded
mestone and shale fine—grained end abundantly

fossiliferous contalning brachiopodsy crinoids
and fusulinids, some of which are replaced by
Jasper,

Ihin ;ﬁfgign: Brown-gray, lithographic limestome
containing }

an abundance of crinoids, corsis,
brachiopeds, end fusulinids, Some of the fossils
are dolomitized and silieified, some are replaced
by jasper and most of the fossils appear to have
been washed into eracks in & chemically deposited,
fractured and weathered limestone, and were
possibly accompanied by some brown oil,

jgg%Aggigiggg: Gray, fine-grained limestone
containing medium granular fragments of corals
and erinoids, whiech decrease in abundance down-
warde, This %ed and the last one are correlstive
in the fogsiliferous parts with the upper bichern

in the Honaker Trail.

BS







R 14,

R 13.

¢ This ned lime=-
Xy (PR e per cent of brown oilj

the other 95 cent is equal parts of quartsz
and ealeite with trace amounts of feldspar and
hematite, The brown oil oceurs in the caleite
and with it we find euhedral crystals of calcite
on the order of one-fourth to one-half millimeter
in size in a2 normally fine-grained limestone,

H 3 Gnymutminthth{nhulf,
fossiliferous dolonmite

the bottom half, with 20 per cent gypsum in both,

Organic remeins may be Dictvoclostus sp., also

: "This thin seetion comes from a
% limestone that is associated
with siltstone and gypsum and shows a moderate

o s S gty

IZhin gection: Nsde from the ealeareous material

B6
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P S

R 7

R 6.

R 5.

in a siltstone, this ecalesrenite contains

abundgnt fossiis mainly crinoids with some
brachiopods and corals algae and a few gastropods,
The mineral eomposition is 85 per eent ulci.h,

10 per cent dolonite and 3 to § cent brown
0il., This 1s an excellent example of a reef
calearenite, The fossils and m are

encrusted with caleite and dolomite mineral-
%ztiﬁn, and show very definite lineation, see
- -

ﬂﬂ : Umnnly bedded, buff ie m;i
B?OP v to ﬁ.n - hini.u. fﬂ erino
and con a
mehiopﬁ nnd othu rou:u
3

of hnchio ull m!.l wi

amoun' or erinoe

is very porous nM tho

caleite and doludto \u

This is a biobreccia
of algel reef ma

”"’u “ﬂ

etm“mehiopods, poiuypod. and a

Probe a fore-reef
e oy onetine
containing algae, bmchiopods rinolds,

fusulinids peloeypodl 8 m
echinoid n’)lnu. Bro'ﬁ

oil s and structures
resembling strometoporoids sre alse present, Aside
from celeite, there is 5 percent dolomfit
aboutzpereonttold:nrwhuh“ ie and
largely found inside ‘

oil occurs largely in fractures and was
post-lithification,

B7.







Honaker Trail Section

" P B b et -

Abundant oorah‘ mf

! with m’ .
of :ghio shells, mmumu
either as originzl coral Iltll
uud or as later brachio

filling material, The lime

porousj a few pores sre filled, !honnntem
can be definitely clessed as blostromal reef
development.,

HT 72, s Gray, massive, lith hie

of oldqur
fossil fra m s is non-clastic,
This is not a eslearenite e chemiecal lime-

in elves for ehnifym this as a true
calesrenite,







HT 53, 3 r bioherm, Buff to gray
%‘% b ol o glaueonite, No
foss utulﬂ this semples Chert in

ampunts of 5 to 10 per cent. lounded struc-
ture is s fieant and this bed is correla-

tive with bicherms (Wengerd, 1 b)
L Am(: hnzzzom.m
per cent feldspar and 5 per cent

IM:Z s 1s a very porous limestone and

s equivalent to the upper bicherm (Wengerd,
1955!:,?%:. 7)s Only a few fossils are present,
However this

sample was not collected from the
bioherm, but from an equivalent r across

the A chemiecally @& limestone
u%a and the frectures filled with
eca .

HT 46, |
e, e b rt
1 A m'ﬁmmm'u

almost no other than a few d
caleite-filled ostracods, Composition is
3!:2‘-:« whi Mnmnmn-un:
m.:&c-&mm

an ' was
with sand, Mineral tion 1s 70 per cent
calcite and 30 per m“"?‘m o

™ DL I
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T

HT 34,

HT 33.

HT 31.

sandstone, Coarse-grained texture is due to
calearenitic nature, Fossils ares brachiopods,

Eolomodn and : possible nautiloid eephslopod.

Tatind hare, | Fovtars 1} metioner iy 1
3 » 3

end the limestone contains abundent hnchiop‘ds,
moderate erinoids, fusvlinids and pelecypods
and thinly distributed cephalopods end eorals.
This 1s 2 blobreccia of near reef origin, The
mineral composition is almost entirely ealeite
with 2 trace of hematite,

3 Gray, lithogrea to fine=-
ww i R prres e B brachio-

fragnents
oo Es dolomitie 1imestone

only & naderste amount of m& -
in in with stri-

section
mmmw No minerals other
than 1ume.::hd tln’:htgnmgn
celel m]. ‘ mm slide
inclusions or fillings of vugs.

LR, ey

bout 20 er oant of the

. opods being the most
numbrous. The reef calcarenite is probably the
result of the 11 eation of &
lime mud conte nuvrnmz ils,
later subjected to some diagenesis and
by esleite, .

¢ Buff, fine-grained, arenaceous

. e s o 3't§-’°s:1ty
es. : roug
section in 1!. upper part the Raplee strati-
nr'as.lluo section, m:iiiu::tom may boltht result
0 stant trensports very fine limestone
mud, perhaps ecarried in suspension,

Bl0O







HT 30,

HT 24,

Em Speciment: Grey limestone and eslcarenite
gypseous aoll. Abundant bnchi.opmo
elecypods and corals,
%m t This umutonc is ga

erous fore-reef talus pro
portodon].yachoredutmm-thc

with 2 layer of soil at lg :x
The hmtono mmu"mn
io ,mm-um.mnma

le -. ‘!l:‘o roumlm for 1:3: l:::‘vm
whole and rela unaltered ca
"li,m;.. far

that they have not .

m‘.an-;;m bnerty, ‘calcorenttic 1im
,ulunu ¢ lime-
onih.







HT 17,

HT 15

%: Gray lithotraphze to fine-
gra estone nieanm e, Coarse fragments
of algee and foraminifera,
1 A limestone, As many of

L ca tes and reefs, it shows two
mxﬁim, coarse gramular fossil material
and lithographie to : ined caleite tiﬁ:
ing the pores, This e shows congidera
strain, and may have been subject to distortion
after 1t had 1ithified, Tt 18 nlgal reef
nm%:l. whose vugs and pores are filled with
“1‘1 £

t Oray shale with coarsely
o e and interbedded limestone
and some brown . 8tein, Abundent spirif. mld
brachiopods, corals, erinoids, and foraminifera
in limestone,

i

is equivalent to Girty (Woodruff, 1910) and
has been identified as being lower Cherokee in
age, An.mmn«-mxaormuhmm
fusulinids ods pelecypods, with a
Mmtoo{oma ‘ e No '

then caleite are observed m'
is in the form of fossil me " This bio-
elestiec has und 1ittle dlagenetic chenge
except for some silicifiecation,

Hand Buf'f e¢alesreous shale, cal-
uanuanh:
This thin sectlon was cut from

: ected from a buff, ecalesreous
shalee The meterial ig ebout per cent

fossils, meny fragments of elgae and brachiopods
vi“tt.n sc.ﬂo bryozosns and corsls, !hhmmunﬁ:

Bl12







HT 14,

nd fastropodl are present in moderate amounts.
imestone in the shale prob-bly had its

ori{m as fossil material and lime collected
entils in the shale,

W li:o’xonc and chert are toun-

iferous, Same suites as bed 16 with the addi-
tion of bryozoan., The chert effervesces in

mlmummlutmotcm:rt:omtougs
cherty limestone, fine

with abu rummu‘;:ncuo-

podl and MC‘{:«II in hand samples
amoun Ton

moderate ae, pdm and tor-
aminifers in thin sect
than ealecite are observed, and the umm

is oclitic and contains uuy vugs, lined with
end filled with caleite. 0

nnﬁtornim i identifieation

1.‘.‘1 ’.,“h’m fe

w nmtm,m.m:m
thtunnyd buted

fragments,
con; rummu:n:mui?:o w::hro
e ]

aere Shumiant 48 the’ SOAPONE BE

thothnnctm-thm
bryogzosns and a v 8B«
coral, u-m-uumu uumum

of feldspar and quarts,

f ined limestone,
§and Spspipept W.Wm-m in voderate
abundance, C enitie,

Bl3







HT 3.

ZQLB s Gray, finely crystalline lime-
) onomhu an'ulmndanco of tubuliporoid
bryozoens and a few braechiopod fragments.
Occasgionally a fragment of a bryozoan colony
be observed and the interstices are filled
with ealeite, This is 2 blostromal layer and
the last semples have contained bryozoans of
the same y 80 that the biostrome be

dominantly result of bryozoan
3 Lower bi to
%n%mm.s from 11 .51'1 to m.
A moderate amount of fossil ts are
resent,
fi iy, 4 rvcamem, gy st ppcees
a

g:‘lh : a c: b{:un g:ua..

¢ s poss LY] fragments
are ent, The limestone is dominantly
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