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Scales of Geological
Heterogeneity of Pennsylvanian
Jackfork Group, Ouachita
Mountains, Arkansas:
Applications to Field
Development and Exploration
for Deep-Water Sandstones

Douglas W. Jordan
Donald R. Lowe
Roger M. Slatt
Charles G. Stone

Introduction

On this field trip we will be visiting some of
the finest outcrops of turbidites in North
America. These outcrops have been visited
and examined by hundreds of geoscientists
over the past 30 years and have been the focus
of numerous field trips, publications, and
debates on deep-sea sedimentation and facies
by both industry and university scientists. Our
objective on this trip is not simply to repeat or
summarize what is known about these sections
or to review the sedimentology of the Ouachita
flysch sequence, but to explore new aspects of
Early Pennsylvanian Jackfork sedimentation.
We do this by attempting to understand basic
processes and facies of sedimentation and
addressing problems facing petroleum
geologists in discovering and developing
deep-water reservoirs, many of which have
been studied worldwide (see Appendix I).

Anthony D'Agostino
Mark H. Scheihing
Robert H. Gillespie

At each of the outcrops to be visited (Fig. 1),
we will address problems of basic processes
of sedimentation and the implications of these
processes for reservoir heterogeneity, lateral
and vertical sandstone-bed continuity, and
resulting reservoir quality. In order to make
comparisons between outcrop and wireline
data, we have developed techniques for
generating outcrop gamma ray logs and will
present and discuss the results at the major
outcrop sections. Because well logs are one of
the primary subsurface exploration tools in the
petroleum industry, we feel that outcrop logs
will provide a means of demonstrating what
the explorationist can expect to be able to
interpret, and not interpret, from logs in
comparable subsurface depositional systems.
Also, we will explore the outcrop implications
of "thickening and coarsening” and "thinning
and fining" upward log response trends.
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In addition to exploration applications, we
have attempted to describe these turbidite
sequences in term of vertical and lateral
heterogeneity ranging from "single well” to
"interwell" to "field wide" scales of particular
concern to geoscientists involved in oil and
gas field development. We do this through the
use of gamma ray log interpretation exercises
that illustrate log values versus reservoir
quality, by making quantitative as well as
qualitative estimates of the lateral continuity of
individual sandstone units and beds, and by
"scaling up" stratigraphic intervals into grid
blocks and applying some numerical
descriptors to these blocks as might be done in
a reservoir simulation. We will focus in
particular on two types of interwell- and field-
wide-scale depositional units or geometries
common to most turbidite sequences: lenses
and sheets.

We hope that this trip will provide participants
already familiar with the Ouachitas with some
new views of these classic turbidite sequences
and those unfamiliar with the Ouachitas,
Jackfork, or turbidites in general, with an
introduction to submarine depositional
processes and the characteristics and
heterogeneity of their deposits.

Geologic Setting and
Location

General Stratigraphy

The Ouachita Mountains of Arkansas and
Oklahoma (Fig. 2) represent part of a deeply
eroded range of mountains that fringed the
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eastern and southern margins of the North
American craton throughout much of the late
Paleozoic and early Mesozoic. Unlike the
Appalachian Mountains, which form the
eastern segment of this range, the southern
part of the orogen, represented by the Ouachita
Mountains of Arkansas and Oklahoma, the
Marathon Mountains of west Texas, and small
uplifts of Paleozoic rocks in Mexico, is now
largely buried beneath younger sediments of
the Gulf Coastal Plain. As a consequence,
resolution of the geology of this large and
complex orogenic belt must be based on
studies of the small remaining outcrop areas,
subsurface data, and geophysical surveys.

The Ouachita Mountains represent the largest
outcrop segment of the Ouachita orogen.
Exposed strata range from late Cambrian to
middle Pennsylvanian in age (Fig. 3) and form
part of a heavily deformed and locally
metamorphosed fold and thrust belt that was
thrust northward during the late Paleozoic over
the southern margin of the North American
craton (Fig. 4). They have been locally
intruded by Cretaceous alkalic intrusive rocks,
widely represented by deeply weathered
basaltic dikes and locally along the eastern
and southern margins of the belt by larger
syenitic intrusive bodies, as in Magnet Cove
and south of Little Rock.

M
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4000
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Figure 3. Stratigraphic column of Paleozoic

rocks in the Ouachita Trough,
Arkansas.

Paleozoic rocks in the Ouachita Mountains are
generally divided into two principal facies.
The 10,500 foot thick late Cambrian to early
Mississippian sequence, including rocks from
the Collier Shale through the Arkansas
Novaculite, constitutes the pre-flysch or pre-
orogenic facies. These are composed largely
of shale, chert, and a minor amount of coarser
clastic debris and represent a prolonged
interval of mainly deep-water, sediment
starved deposition.

The pre-orogenic succession is overlain by
30,000 to 45,000 feet of deep-water clastic
strata of the flysch or orogenic facies. The
flysch ranges in age from early Mississippian
(Meramecian) to late Middle Pennsylvanian
(mid-Atokan) and is divided regionally into
four major sedimentary units (Fig. 3).

Flysch Sequence

Flysch strata in the Ouachita Trough crop out
on the flanks of the Benton and Broken Bow
geanticlinal uplifts, which exposes the older,
pre-flysch portion of the Ouachita succession.
The flysch marks orogeny and uplift of
sedimentary and metasedimentary sequences,
initially outside of the Ouachita Trough but
later within the basin itself. Debris derived
from these uplifts flooded into the Trough
through fringing alluvial and deltaic systems
and was dispersed from east to west across an
immense predominantly fine-grained axial
submarine complex.

Today, Carboniferous rocks in the Ouachita
Mountains comprise a folded and faulted
clastic succession estimated to be between
30,000 and 45,000 feet thick. Of this
thickness, about 20,000 feet of strata were
deposited from the Meramecian-Chesterian
(Stanley Group) through Morrowan (Jackfork
Group) Epochs, derived largely from extra-
basinal sources. During the Atokan Epoch,
another 25,000 to 30,000 feet of strata (Atoka
Formation) accumulated, mainly along the
northern part of the basin and derived in large
part from uplifted older Ouachita rocks. Near
the middle, the Atoka shallows from deep-
water flysch through deltaic into alluvial
sediments. The sequence thins drastically
when traced northward to shelfal sections
along the southern flank of the Ozark Dome
(Fig. 4).
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This enormously thick flysch section consists
largely of interbedded units of sandstone and
shale deposited by sediment gravity flows.
Their dominant character is the rhythmic
alternation of sandstone and dark gray to black
shale layers. The overall monotony of the
succession and difficulty in dating because of
few fossils have resulted in the naming of
relatively few stratigraphic units. The main
formally defined units that can be traced
throughout the Ouachitas include the Stanley
Group (Mississippian) and the Pennsylvanian
Jackfork Group, Johns Valley Shale, and
Atoka Formation.

Stanley Group

The Stanley Group consists of from 1,000 to
over 10,000 feet of strata composed, in order
of decreasing abundance, of shale, sandstone,
debris flow deposits, tuff, and siliceous shale.
The predominant lithology is shale, commonly
black, fissile, carbonaceous, pyritic, and non-
calcareous. Sandstone occurs throughout the
Stanley Group, becoming more prominent
toward the top. Dry gas shows, some
approaching economic volumes, have been
found in a number of exploration wells in
Oklahoma.

The lowest part of the Stanley in the Broken
Bow uplift and areas immediately to the north
includes a number of silicic tuff beds and
tuffaceous debris flow deposits clearly derived
from a southern source, whereas near Hot
Springs, Arkansas, the basal Stanley includes
the Hot Springs Sandstone and associated
massive non-volcanogenic debris flow
deposits that flooded into the basin from the
northeast (Niem, 1976; Dickerson, 1986). The
intervening basin axis is defined by a series of
bedded barite deposits formed by the flow of

dense barium-rich brines from submarine

springs down the basin slopes and ponding
along the basinal axis (Hanor and Baria,
1977).

Turbiditic sandstones throughout the Stanley
Group are predominantly fine-grained and
matrix-rich (Morris, 1974). They are
composed largely of quartz but include
significant amounts of feldspar and meta-
sedimentary lithic detritus. The source areas
probably consisted of uplifted older

sedimentary and metasedimentary rocks south
and east of the Trough.
Jackfork Group

Stratigraphic Position and Age of the
Jackfork

Overlying the shaley Stanley Group is the
more sandy Jackfork Group. The Jackfork
was first described by Taff (1902) and
included as part of the Chesterian
(Mississippian) Series of the Mid-continent.
White (1937) examined a meager fossil flora
of Lepidodendron, Calamites, and seeds. He
interpreted a post-Mississippian age for the
Jackfork and demonstrated a floral affinity to
the Morrowan (Early Pennsylvanian) Hale and
Bloyd Formations of northwestern Arkansas.
These formations are now interpreted as part
of the Arkoma Basin shelf. Cline (1960),
Morris (1971), and Gordon (1973), among
others, documented and established the
correlation of the Jackfork to the Hale and
lower part of the Bloyd Formations of
Arkansas, and the Sausbee Formation of the
Arkoma Basin shelf of Oklahoma.

The Jackfork Group is divided into five
formations based, in part, on the presence of
distinctive siliceous shale units in Oklahoma.
These are, from oldest to youngest, the
Wildhorse Mountain Formation, the Prairie
Mountain Formation, the Markham Hill
Formation, the Wesley Shale Formation, and
the Game Refuge Formation. Morris (1971)
showed that this five-fold subdivision is not
practical in the central Ouachitas of Arkansas
and established the Irons Fork Mountain
Formation (lower Jackfork used in this
guidebook) and the Brushy Knob Formation
(upper Jackfork). Figure 5 shows the
stratigraphic correlation of the Jackfork from
the deep trough of Arkansas to the Arkoma
Basin shelf of northwest Arkansas and central
Oklahoma. Some workers recognize an
informal middle portion where differentiation
of the units is not always clear. The Jackfork
attains a thickness of about 6700 feet along the
trough axis and is thinner and shalier in
western sections in Oklahoma.

Dating of the Jackfork has been, for the most
part, predicated on the dating of the correlative
units on the shelf. The paleobotanical study by
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White (1937) set the stage for a post-
Mississippian determination. Studies, by
various authors, of fusulinid foraminifera,
brachiopods, algae, bryozoans, ostracods, and
ammonites, were presented in Sutherland and
Manger (1977). These studies clearly
established the Morrowan age for the
correlative shelfal units of the Arkoma Basin.
Gordon and Stone (1969) documented
Morrowan ammonites, brachiopods, and
trilobites in the Jackfork of Oklahoma and
Arkansas.

Paleontologic samples for this study were
collected at a number of points from the
DeGray Lake Spillway (STOP 5), Dierks Lake
Spillway (STOP 8), and 1-430 (STOP 3)
localities. Samples were taken from shales
associated with muddy turbidites, debris
flows, and laminated zones. The samples were
examined for conodonts, radiolarians, forams,
and palynomorphs. No samples contained any
conodonts or radiolarians. Two samples (Jack
27, 31) contained poorly preserved specimens
of the palynomorph Densosporites sp. This
form is restricted to the Morrowan of North
America (Gerhard, pers. comm.). Three
samples (Jack 30, 32, 33) contained rare to
abundant specimens of the arenaceous foram
genera Bathysiphon, Ammodiscus, and
Thuramminoides. Thuramminoides is
restricted to the Morrowan and Atokan of
North America (Loeblich and Tappan, 1988).
The recovery of specimens of
Thuramminoides and Densosporites add to the
very short list of age-diagnostic fossils
recovered from the Jackfork of the central
Ouachitas, and further solidifies the
interpretation of a Morrowan age for the unit.
The paleontologic sampling is summarized in
Table 1.

Paleoenvironmental Interpretations of the
Jackfork

Taff (1902) and other early investigators
interpreted the Jackfork as a shallow-water
deltaic deposit associated with the hypothetical
southern landmass of Llanoria. Their chief
evidence was the rare occurrence of plant
impressions and the sand-rich nature of the
formation. In his study of the paleobotany of
the Jackfork, White (1937) discussed the
recognition of the exotic or transported nature
or those plant fossils. He also was a
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proponent of the idea that the deposition of the
Jackfork was at least in part due to slides and
slumps from shallow water into deep water.

Most investigators of the Jackfork interpreted
a deep-water setting based on the dominance
of turbidites, debris flows, associated
sedimentary structures, and the absence of any
in_situ shallow-water fossils. Chamberlain
(1978) interpreted trace fossil ichnofacies to
reach a mid to lower bathyal (less than 2000
m) interpretation for the Jackfork of the central
Ouachitas of Arkansas. He documented the
presence of the Nereites ichnofacies
association. This ichnofacies is typical of
classic flysch sequences composed of
interbedded dark shales and turbiditic
sandstones. The traces in the Nereites
association are typically complex horizontal
deposit-feeding traces. They reflect the
absence of nutrients in the water column and
their concentration in the first few centimeters
below the sediment-water interface.
Chamberlain documentied the ichnotaxa
Spirophycos, Helminthopsis, Lophoctenium,
Scolicia, Phycosiphon, Scalarituba, and
Chondrites. Members of this association have
been noted at the DeGray, Hollywood Quarry,
and Dierks Lake localities.

Fossils recovered as part of this study do not
provide any definitive paleobathymetric
indications. The palynomorphs could be
present in shallow or deep water. Their
concentration depends more on relatively
diminished rate of accumulation of clastic
sediment. The arenaceous forams are
associated with the muddy-bottom
communities of a clastic-dominated shelf
(McKerrow, 1978). Their presence, especially
at Dierks Lake Spillway, serves to document
the transport of sediment derived from shallow
environments along the axis of the Ouachita
trough.

Lithology and General Sedimentological
Characteristics of the Jackfork

Fine-grained, quartz-rich sandstone makes up
the bulk of the coarser part of the Jackfork
Group. The beds range from a few inches to
hundreds of feet thick and were deposited by
west- and north-flowing turbidity currents.
High-velocity flat lamination, ripple cross-
lamination, water-escape structures (dish and



SAMPLE NO.
(AND
LOG DEPTH)

LOCATION

FOSSILS RECOVERED

COMMENTS

Jack 25 Dierks East barren
(32')
Jack 26 Dierks East barren
(48")
Jack 27 Dierks East poorly preserved lam. shale
(105") Densosporites sp. Morrowan
Jack 29 DeGray West organic/woody debris flow
(527') flakes & rods
Jack 30 DeGray West organic/woody debris flow
(330") flakes & rods
arenaceous forams
Jack 31 Dierks West silicified wood muddy
(547") fragments turbidite
Densosporites sp. Morrowan
Jack 32 DeGray East one arenaceous muddy
(32") foram turbidite
Jack 33 Dierks East silicified wood muddy
(147) fragments turbidite
arenaceous forams
Jack 36 DeGray West silicified wood condensed
(378") fragments section?
A48 I-430 arenaceous forams debris flow
Table 1.  Summary of the paleontologic samples collected for this study (palynomorph analysis

performed by J. Gerhard, consulting palynologist; foraminifera by T. D'Agostino).

pillar structures), and convolute lamination
are the most common sedimentary structures.
Grading is present locally, but is difficult to
see because of the uniformly fine grain size of
the beds.

We will examine "typical” Jackfork sandstone
sequences at Stops 4 through 8 in the southern
part of the Ouachita Mountains.

Jackfork sandstones are considerably cleaner
and somewhat more quartzose than Stanley
units. Jackfork sandstones were derived from
fringing alluvial and deltaic systems that

prograded to the edge of the Ouachita Trough
via the Illinois Basin, uplifted sedimentary
sequences in the Appalachian orogen, and
probably from a fringing fold and thrust belt
east and south of present exposure (Figs. 6A-
B), emptying vast quantities of detritus into
the basin. Paleocurrent analysis by Morris
(1974) deduced an overall east-northeast to
west-southwest trend for sandstones in
Arkansas.

Illitic shales and mudstones are interbedded
with the sandstone units and make up
predominantly shale packages up to 75 feet




Figure 6.
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thick. They are dark to medium gray in color
and most represent deposition by dilute, low-
energy turbidity currents. Many mudstones,
when examined closely, contain floating shale
and sandstone clasts, bits of woody material,
and admixed sand grains. These represent
debris flows up to 100 feet thick and the
watery, slurried tails of muddy turbidity
currents that left mudstone deposits a few
inches thick capping underlying turbidites. We
will examine these deposits at Stops 5
(DeGray Lake Spillway), 7 (Hollywood
Quarry), and 8 (Dierks Lake Spillway).

Along the northern front of the Ouachitas,
Morris (1971) has described a zone of chaotic
bedding characterized by contorted bedding,
large displaced sedimentary blocks, mud-
matrix debris flow deposits, and unusual
sand-matrix mudstone-clast breccias.
Although deformation along this belt has been
accentuated by later tectonism, there is little
doubt that the zone marks a major slope
leading into the Jackfork basin. The slope was
the site of mud and sand deposition and
repeated failure and downslope movement of
accumulating sediments as massive slides,
slumps, and incompletely mixed flows. We
will see some of these units at Stops 1 (Big
Rock Quarry), 2 (Interstate 430 roadcut), and
3 (Pinnacle Mountain State Park) on the field
trip.

Johns Valley Shale
The Johns Valley Shale, 400 to 2500 feet

thick, is recognized across the frontal Ouachita
Mountains. It consists of shale and in the

western parts, units containing exotic
redeposited limestone and chert blocks, many
of which can be correlated with carbonate
units on the shelf to the north and west. The
Johns Valley is differentiated from the
Jackfork Group and Atoka Formation in the
southern areas where it contains more
sandstones and exotic boulder beds are absent.

Atoka Formation

The Atoka Formation likely marks uplift along
the southern margin of the Ouachita Trough
itself and migration of the depositional axis to
a position along and just north of the present
frontal Ouachitas. Sandstone and shale occur
in roughly equal proportions. The sandstones
are lithic rich and characterized by abundant
plant matter and plant-produced tool marks on
the bed bases. They were emplaced by
turbidity currents receiving debris from south,
north, and east and flowing east to west down
the Trough axis.

Organic Geochemistry

Twenty seven shale samples from the Jackfork
were collected from 10 localities (not all
locales are included in this field trip) for
analysis of weight % Total Organic Carbon
(TOC) and % Vitrinite Reflectance (VR). Only
20 of the 27 samples were analyzed for VR.
Results are tabulated in Table 2.

The data in the table are arranged vertically as
they would trend from east to west, and are

Figure 6.

(A) Paleogeographic map showing the probable source areas and distribution systems
for early Morrowan Jackfork sediments in the Ouachita Trough. In the Morrowan,
most clastic sediments bypassed the Illinois Basin, moving down through the Reelfoot
Rift and passing over the shelf edge into the Ouachita Trough. The Trough was clearly
confined to the south and additional major sediment sources probably included
overflow from the Black Warrior Basin to the east and uplifted areas to the south
(diagram from Link and Roberts, 1986). (B) Diagrammatic paleogeography during
deposition of the Jackfork Group (from Link and Roberts, 1986). Location of Big
Rock quarry (B), DeGray Lake (DG), and the Dierks Lake (DK) areas are shown.
The section at Big Rock Quarry (North Little Rock) was presumably deposited on or
near the slope that fed a submarine deep-water system, and the DeGray section was
deposited in the middle part of a system, but not necessarily the same system that was
present at Big Rock Quarry. The Dierks Lake section (DK), some 60 miles to the west
of DeGray, was deposited in the outer portion (?) of the middle part of a deep-water
system.
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VITRINITE TOTAL EST. LOSS

REFLECTANCE ORGANIC CARBON OF KEROGEN
(WEIGHT %) (WEIGHT %)

LOCATION n Range Mean n Range Mean
North Little Rock
Quarry, Ark.
upper Jackfork 2 2.1-4.3 3.2 2 0.9-1.8 1.0 0.1
lower Jackfork 1 4.2 1 1.0 0.1
I-430 Roadcut
upper Jackfork 2 5.1-5.5 5.3 2 0.8-1.3 1.1
lower Jackfork 2 4.6-4.7 4.7 2 1.0-1.1 1.0
Food-4-Less

Grocery (upper
Jackfork) 1 5.1 2 0.6-1.5 1.1
Pinnacle Mountain
State Park (lower
Jackfork) 1 4.8 1 1.3
Maumelle Section
(lower Jackfork?) 1 4.4 1 1.0
DeGray Dam
Spillway (upper
Jackfork) 4 1.7-2.6 2.1 8 0.8-6.0 1.8 0.1
Hollywood Quarry
(upper Jackfork) 1 1.7 1 1.2
Dierks Dam
Spillway (lower
Jackfork) 3 1.4-1.5 1.5 7 0.7-1.7 1.2 0.0
Rich Mountain, Okla.
(lower Jackfork) 1 0.7 1 0.9 0.2
Kiamichi Mountain,
Okla. (upper
Jackfork) 1 1.2 1 0.7
TOTAL 20 1.4-5.5 3.8 29 0.6-6.0 1.3

(For calculating TOTAL averages, equal weight was given to each location).

Table 2.  Organic geochemistry of Jackfork samples, Arkansas and Oklahoma.
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separated into lower and upper Jackfork units:
Big Rock Quarry in North Little Rock,
Arkansas occurs farthest to the east, and
Kiamichi Mountain occurs farthest to the west
in eastern Oklahoma. There is a clear trend of
decreasing VR from the east toward the west,
possibly reflecting greater prior tectonic burial
and thermal maturity in eastern Arkansas
(Houseknecht and Matthews, 1985).

TOC's generally average about 1.0% in
Jackfork shales throughout the area, with
suggestions of slightly lower values in the
more basinal facies at Kiamichi and Rich
Mountains. The anomalously high range and
higher average TOC values at DeGray Lake
Spillway result from two samples of shale
(2.2 and 6.0 % TOC) that are very coaly and
contain pyrite and abundant plant fragments.

Original (pre-burial) TOC values were
estimated from nine samples subjected to
Rock-Eval analysis. The estimated carbon lost
during burial is calculated as a function of both
the original organic matter composition
(kerogen type as defined by Rock-Eval
hydrogen index) and the maturation level of
the kerogen (as defined by the Rock-Eval
transformation ratio). Since the shales are
within a turbidite sequence, the assumption
was made that the original type was Type Il
Calculations were compared with analyses of
other mature and partially mature source
rocks. The results (Table 2) indicate that 0.0-
0.2% TOC has been lost during maturation,
which translates to a loss of 0-20% for these
shales.

TOC values of about 0.5% in shales are
generally considered the minimum for
hydrocarbon source rock potential. Thus, the
~ Jackfork shales may have been potential
source rocks when buried through the oil-
generative window, even though they are now
"overcooked". By analogy, shales inter-
bedded with turbidite reservoir sandstones
should not be overlooked as potential
hydrocarbon source rocks in other areas.

13-

Petrography

Provenance of the Jackfork and
Previous Studies

Some of the earliest studies of the Jackfork
concerned stratigraphic position and age and
are discussed elsewhere in this guidebook.
Bookman (1953) and Goldstein (1959)
produced some of the first basic petrographic
and petrologic analyses of the Jackfork.
Bookman interpreted the heavy mineral suite
and inferred a southern tectonic source for the
Jackfork, basically Miser's (1921) Llanoria.
Goldstein's study resulted in the proposal of a
source from the west or "Texas craton" which
since then, has never been proposed or
supported. Klein (1966) studied the petrology
and dispersal patterns and proposed that the
Jackfork derived most of its quartzose material
from the Illinois Basin but much of the
feldspathic and lithic constituents were derived
from the south. Morris (1971) argued against
a southern source but was the first to suggest a
source from the Black Warrior Basin or
Appalachia. Danielson et al. (1988) used
petrographic analysis and mapping to reach the
conclusions that the Jackfork contained
contributions from northeastern (Illinois
Basin), eastern (Black Warrior Basin) and
southern (tectonic highland) sources. Owen
(1984), Owen and Carozzi (1986), and Miller
(1985) all used petrography and
cathodoluminescence analysis of quartz to
refine this tripartite interpretation and conclude
that most of the Jackfork sandstones were
derived from a southern source with a stage of
residence in shallow-water facies of the Black
Warrior Basin, namely the Parkwood
Formation, before being cycled into the deep
Ouachita Trough. The Illinois Basin and
northern Quachita shelf were minor source
arzas.

A summary of significant mineralogic
components in the Jackfork samples analyzed



Average
Dierks DeGray
Quartz 90.8 86.3
Feldspar 1.8 1.9
Lithics 6.1 7.3
Matrix 9.9 7.1
Cement 33.7 32.0
P Porosity 0.1 0.8
S Porosity 1.6 2.4
Total Porosity 1.8 4.0
MGS (microns) 199.1 190.9

Minimum Maximum
Dierks DeGray Dierks DeGray
86.5 82.5 94.2 96.6

0.6 0.0 3.7 6.0
4.0 2.5 10.7 16.2
0.5 0.5 29.8 20.6
17.7 20.1 45.7 42.3
0.0 0.0 1.5 15.0
0.0 0.0 7.0 8.5
0.0 0.0 7.0 16.0
109.1 73.7 312.1 728.4

Table 3:

Summary of major mineralogic components and textural data for 16 samples from the

Dierks Lake Spillway west and 43 samples from the DeGray Lake Spillway east and
west localities. P = primary, S = secondary, MGS = mean grain size.

for this study is shown in Table 3. The values
are similar to the previous studies. The data
show that the upper Jackfork Sandstone at
DeGray Lake Spillway (STOP 5) is slightly
richer in feldspar, lithic fragments, and is
more porous than samples from the lower
Jackfork Sandstone at the Dierks Lake
Spillway locality (STOP 8). The samples at
Dierks have slightly more quartz, matrix,
cement, and are less porous. Additional data
for these localities are presented in the Field
Trip Itinerary and Description section for the
individual stops as well as in Appendix II.

Deep-sea
Sedimentation
Processes and Facies

During this field trip, you will have the
opportunity to examine the products of the
spectrum of deep marine sedimentation
processes, so a brief discussion of processes
and resultant facies is presented here.

Most submarine sediment gravity flows
originate as slope failures, such as slumps or
slides, but mix, entrain fluid from the
surrounding water mass, and evolve into
turbulent flows downslope. As a
consequence, most sediment flows begin as
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high-density mixtures (particle concentration
greater than 40%) and gradually decrease in
density as water is added to the flow and
sediment is deposited. In contrast, fluid
gravity flows originate as sediment-free water
and gradually erode sediment from the bed
over which they move. They tend to begin
with and maintain a relatively low density (less
than 10%) throughout their existence.

Submarine sediment gravity flows are named
and classified on the basis of end-member
processes that keep larger grains suspended
within the flows. Based on their response to
an applied shear stress, such as gravity,
sediment and fluid mixtures exhibit either fluid
or plastic behavior. Four end-members are:
turbidity currents, fluidized and liquified
flows, and cohesive or debris flows.

In natural deep-sea systems, two of these
processes, turbidity currents and debris flows,
are of quantitative importance. Liquefied flows
may be important locally, especially in
systems dominated by fine- to very fine-
grained sandy sediments. Fluidized and grain
flows occur, but are not relevant to the
deposition of major submarine deposits.
However, dispersive pressure, in concert with
flow turbulence or flow cohesion, is important
in influencing the textural development of
some turbidity current and debris flow
deposits.




Turbidity Currents

Turbidity currents are responsible for the
transport and deposition of over 90% of sandy
deep-sea deposits and probably for more than
50% of muddy sediments. Our basic
knowledge of the structure and motion of
turbidity currents derives from a series of
flume experiments conducted by Middleton
(1966, 1967). These and subsequent studies
have demonstrated that turbidity currents,
when fully developed, can be divided into a
number of discrete zones. These include (a) an

energetic head, (b) the body, and (c) a tail.

The head is a thickened region at the front of
the flow. The geometry is related to shear and
displacement of ambient sea water beneath
which the flow is moving as well as to the
properties of the flow itself. On steep slopes,
the head is energetic and commonly erosive,

and large sediment-charged vortices are shed
from the rear. On lower slopes, turbulence
within the head declines, and deposition
begins toward the rear. The idealized turbidity
current deposit (Fig. 7) was first outlined by
Bouma (1962) and explained dynamically by
Walker (1965). The Bouma Sequence includes
five divisions, Ta through Te, representing
successive stages in flow evolution and
decline.

It is apparent, however, that many deep-sea
sands show structures that do not fit within the
Bouma Sequence, especially massive
sandstone units that are common in deep-sea
channels. The deposition of these thick-
bedded, coarse-grained sandstones was, for
many years, attributed to a variety of poorly
understood processes such as "fluxoturbidity
currents”, grain flows, and sandy debris
flows. Today, it is thought that they represent

BOUMA SEQUENCE

SUSPENSION

.......

-7\ SUSPENSION

Figure 7. The Bouma sequence and style of sedimentation represented by each division. Ta
represents the waning stages of high-density sedimentation whereas Tb-e represents

deposition from low-density currents.
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high-density turbidity currents or
hyperconcentrated flows in which grain
concentration plays a critical role in grain
support.

Lowe (1982) has argued that submarine
failures of sediment having a wide range of
particle sizes, from cobbles and pebble down
to fine silt and clay, will move as high-density
turbidity currents in which the particles move
together but as dynamically discrete grain
populations that are maintained in motion or
'suspension’ by three different combinations
of processes: (1) The finest grains, less than
about 0.5 mm in diameter, will be fully
suspended, individually or collectively, by
flow turbulence; (2) Larger grains, 0.5 to

about 10 mm in diameter, cannot be fully
suspended by fluid turbulence alone. They can
be suspended in dense sediment clouds,
however, where the buoyancy provided by
finer grain sizes and the high concentration of
the grains themselves effectively reduce their
settling velocity to that of much finer grains;
(3) Pebbles and cobbles cannot be fully
suspended in most flows, but tend to move
along the bed as dense bed-load layers called
traction carpets in which grain collisions
dominate transport.

Because each of these three grain populations
is supported by different processes, they tend
to be deposited independently as the flow
declines. The ideal composite model of a high-
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Deposits of high- and low-density turbidity currents. Left: Ideal sequence of
subdivisions deposited by a single high-density turbidity current declining through
discrete gravelly (R2 and R3) and sandy (S1, S2, and S3) sedimentation intervals.
Right: Ideal deposit of a sandy high-density turbidity current showing both sandy
high-density (S1, S2, and S3) and later low-density (T) turbidite divisions. Both from
Lowe (1982).
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density turbidity current deposit is shown in
Figure 8. Generally, the coarsest material is
deposited first to form gravelly inversely
graded, traction carpet (R2) or normally
graded, suspension deposited (R3) layers. The
remaining high-density sandy flow may move
as a relatively steady, non-depositing current,
laying down thin units of current-structured
sandstone (S1), develop traction carpets as
fallout from the suspended load begins (S2),
and eventually collapse with wholesale rainout
of the entire coarse-grained suspended load,
which accumulates by direct suspension
sedimentation (S3). The remaining finer grains
generally constitute a low-density flow that
may move further downslope before
deposition begins.

Because different particle populations within a
flow are supported by somewhat different
processes, they tend to be deposited at
different times as the flow declines and to
accumulate at different positions downslope.
Generally, pebble- and cobble-sized material is
deposited within submarine canyons and
proximal deep-sea fan channels. The coarser
sand and granule-sized sediment moves
further downslope and is abruptly dropped out
along upper and mid-fan channels, to form

coarse-grained, thick-bedded channel sands,
and on the upper portions of mid-fan
depositional lobes. The finest grains move
downslope as low-density flows and out onto
mid-fan depositional lobes, the outer fan, and
basin plain.

In the Ouachitas, we will see a variety of
deposits representing both high- and low-
density turbidity currents.

Debris Flows

Cohesive debris flows encompass a broad
spectrum of rheological behavior and
sediment-fluid mixtures. Within many flows,
large cobbles and blocks of exotic rock and
intrabasinal sedimentary clasts are fully
supported and suspended within a cohesive
mud matrix. As these flows slow, they tend to
freeze abruptly, locking in the matrix-
supported texture that existed during flowage
(Fig. 9A).

In many debris flows, the largest clasts are not
actually suspended within the mud-water
matrix but remain more or less in contact with

Figure 9.
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Cohesive debris flow deposits. (A) Massive, structureless, matrix-supported diamictite

or pebbly mudstone deposited by a debris flow in which the clasts were fully
supported by the muddy matrix. (B) Massive, structureless, clast-supported muddy
conglomerate deposited by a debris flow in which the clasts were lubricated but not
fully supported by the muddy matrix. (C) Stratified deposit formed by deposition
from a watery debris flow. The coarsest, densest sediment has settled to the base of
the flow as turbulence declined. Only in the uppermost part of the flow was coarse
sediment locked in before settling by the presence of a cohesive matrix. The largest,
but low density clasts floated at the top of the flow. From Lowe (1982).



one another while rolling, sliding, and
intermittently bouncing downslope. The clay-
water matrix lubricates their movement and
aids in their support because of buoyant
effects. The deposits of such flows are largely
clast supported (Fig. 9B) and may include a
relatively small proportion of clay. Some
debris flows are turbulent at some stage in
their evolution and support clasts larger than
might otherwise be maintained by buoyancy
and matrix cohesion alone. During
deceleration, initial deposition may involve the
fallout of the coarsest grains forming a
relatively clean, basal layer (Fig. 9C). Later
freezing of the remaining laminar flow
produces a muddy matrix-supported cap to the
initial deposit (Fig. 9C).

In the Ouachitas, we wiil see a variety of
debris flow deposits. Small matrix-supported
debris flow deposits fill channels at STOP 1
and large, massive units up to 30 feet thick
occur at STOPS 5 and 6. STOP 8 shows
deposits resulting from dilute, turbulent debris
flows representing the tails of muddy turbidity
currents.

Liquefied Flows

Liquefaction is the process whereby loosely
packed, water saturated sediments are
disturbed, the grain-supported framework
temporarily broken down, the grains settle
through their own upward-moving pore
fluids, and a more tightly packed, more stable
grain framework is re-established. Liquefied
flows originate when masses of already
deposited sediment liquefy and move
downslope as thick, non-turbulent flows,
resedimenting through the expulsion of excess
pore water and the settling of grains to the
base of the flow where they accumulate by
direct suspension sedimentation without
significant tractive movement along the bed.
The resulting single flow deposits may be
massive to crudely graded and commonly
show water escape structures (Fig. 10).

Current structures produced by bed-load
movement of grains are absent. Liquefied
flows that become turbulent downslope and
entrain additional water evolve into high-
density turbidity currents.
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Liquefaction and the development of liquified
flows is favored by the deposition of fine-
grained, non-cohesive sediments on slopes.
Rapidly deposited fine-grained sands and silts
have been shown to be particularly susceptible
to liquefaction and to be capable of moving
long distances as simple, laminar liquefied
flows before resedimenting (Lowe, 1976).

A

Figure 10. Liquefied flow deposits. (A)
Sandy flow characterized by
massive to crudely graded sand
lacking current and water-escape
structures. (B) Sandy to gravelly
deposit showing dish and pillar
structures formed by water
escape.

Liquefaction may be triggered by pressure
fluctuations within unstable sediments
accompanying deposition, by earthquakes, or
by waves. Most liquefaction occurs within the
upper 50 m of the sediment pile. More deeply
buried sediments bear a considerable load
resulting from the accumulation of overlying
layers and are less susceptible to framework
breakdown and liquefaction. The setting of the
Carboniferous Ouachita Trough, in which
large volumes of predominantly fine-grained
sediment was poured onto steep fringing
slopes and delta fronts, would have been
particularly conducive to the development of
liquified flows.

Liquefied flows commonly originate by
retrogressive failure in which an initial failure
produces a scarp that migrates upslope
through continued loss of support and failure
of sediments along the scarp (Fig. 11). The
resulting deposit consists of a sand package
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Figure 11. (Caption on following page).
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made up of numerous individual flow layers
or sedimentation units that were deposited in
quick succession. In the Ouachitas, many
sandstone packages 3 to over 15 feet thick are
made up of many individual beds, commonly
5 to 15 inches thick, that are generally flat-
laminated toward the base of the package and
show extensive soft-sediment foundering and
water-escape structures toward the middle and
top of the package (Fig. 11). These packages
may represent retrogressive flow sequences
(Lowe, 1989).

Outcrop Gamma-ray
Logging
Introduction

Interpretations of gamma-ray log shapes have
been a principal tool in the analysis of
subsurface depositional environments, from
which variables that are important to reservoir
description (such as lateral and vertical bed
continuity), net pay definition, and reservoir
quality can be interpreted. For example, an
upward increase in API values or gamma-ray
counts over a given stratigraphic interval on a

gamma-ray log is often taken to indicate a
vertically fining/"dirtying"-upward sandstone-
shale sequence, probably laterally
discontinuous and having a lenticular
geometry (Selley, 1979; Shanmugam and
Moiola, 1988). Conversely, an upward
decrease in API values or counts over a given
stratigraphic interval is often taken to indicate a
vertically coarsening/"cleaning"-upward
sandstone-shale sequence, probably laterally
continuous and having a lobate or sheet-like
geometry (Selley, 1979; Shanmugan and
Moiola, 1988). Unfortunately, gamma-ray log
shapes may be affected by a number of
geological variables other than grain-size and
clay content, so that interpretations given in
the examples above may be erroneous (Rider,

1990).

Two technigues were utilized to generate
gamma-ray logs of outcrops viewed on this
field trip. These techniques allow the direct
observation and measurement of
characteristics of the strata responsible for a
particular gamma-ray log response.

These techniques have been successfully
utilized in order to demonstrate to geologists,
engineers, and geophysicists the applications
and potential pitfalls of gamma-ray log

Figure 11. Retrogressive flows (top) and retrogressive flow deposits (bottom).

Top. Retrogressive flows form when an initial failure forms a scarp. Successive failures

along the scarp result in scarp retreat and the generation of a series af flows that move
downslope, accelerate, become turbulent, and evolve into turbidity currents.

Bottom. As seen in the Jackfork Group, many sandstone units are composite layers made up

of a number, commonly 3 to 12, of individual sandstone beds, each probably
representing an individual flow. Individual flow units in the Quachitas are between 5
and 15 inches thick; thicker flow packages range from about 3 to over 15 feet thick.
"A" shows a generalized flow package in a proximal setting. It consists of several
discrete flow units. In the Quachitas, flow units toward the middle of thicker flow
packages show undulating contacts representing zones of liquefaction and soft-
sediment loading and foundering. Downslope, flow behavior depends on the amount
of entrained mud. Purely mud flows would evolve as a series of debris flows (not
shown). Mud-poor flows tend to leave packages that pass upward into cross-
laminated units in intermediate (mid-fan ?) regions ("B") and into thin flat- (Tb) and
cross-laminated (Tc) turbidites at their distal extents ("C"). Muddy flows develop tails
that are watery, mobile debris flows. These deposit slurried muddy sand beds above
the current deposits in intermediate ("D") and distal ("E") regions. Some distal
deposits consist largely of sandy debris flows scparated by fine, organic-rich,
laminated, hemipelagic shales.
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interpretation of vertical sequences,
depositional environments, and reservoir
quality from a single well, as well as lateral
correlation and continuity of beds between
wells. Also, by generating gamma-ray logs of
outcrop strata that are analogous to subsurface
oil and gas fields or exploration prospects,
reservoir geologists/engineers and
explorationists can obtain a much better
understanding of their field or prospect from
gamma-ray logs in surrounding outcrops and
wells. Geologists in the past have sometimes
measured gamma radiation of outcrops with a
hand-held scintillometer in order to evaluate
lithology and organic content of beds, as well
as to correlate strata between outcrop sections
and subsurface wells (Provo et al., 1977;
Howe, 1989). The purpose of logging
outcrops in the Jackfork Group is to expand
upon these efforts.

The two different techniques utilized for
outcrop gamma-ray logging are used under
different conditions. The first technique
employs a standard scintillometer tool (sonde)
run from a typical logging truck. This
technique is used to log cliff or quarry faces
that are inaccessible by foot. The second
technique uses a commercial, hand-held
gamma-ray scintillometer to log readily-
accessible outcrops.

These techniques measure the characteristics
of the strata responsible for a particular
gamma-ray log response and demonstrate
applications and potential pitfalls of
interpreting vertical sequences, depositional
environments, lateral continuity, and reservoir
quality from gamma-ray logs. Analysis of
outcrop gamma-ray logs from a locality
considered to be analogous to an oil field or
exploration prospect can help reservoir
geologists/engineers and explorationists obtain
a much better understanding of their field or
prospect.

Most subsurface logs represent data at a single
line or point in space, but these data may
change rapidly in a very short distance away
from a borehole. It is therefore important to
have a knowledge of the depositional system
in order to reduce risk in interpreting log
patterns for resource prediction and
evaluation. Logging of strata exposed in
outcrops where the geometry and stratification
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character of the deposit can be observed is the
focus of this portion of the guidebook. '

Truck-Mounted Gamma-Ray Sonde

The gamma-ray sonde that is used in this
study is about 7 feet long and weighs
approximately 100 pounds. This sonde is
sufficiently sturdy so that the source crystal
can withstand the impacts it receives as the
tool is lowered and raised along the rock face.

A standard logging truck is driven to the top of
the quarry or cliff to a pre-selected logging
site, which is typically a smooth, vertical cliff
with few obstructions. A small tripod with a
sheave-wheel on top is positioned at the cliff
edge to guide the logging cable over the edge.
The sonde is lowered down the vertical face
by cable to the base of the cliff (Fig. 12). The
sonde is then raised at a constant rate (10
ft/min) and gamma-ray measurements are
continuously recorded. The logging rate is
slower than conventional (borehole) rates
since, on a cliff face, the gamma-ray tool is
exposed to less than half of the rock mass
normally encountered in a borehole.

A rope is attached to the base of the sonde and
is used to guide the sonde past protuberances
as it is drawn upward (Fig. 12). This
technique is also necessary to ensure that the
tool is kept in close proximity to the cliff face.

Gamma-ray measurements in subsurface logs
can be affected by minor borehole washouts
(especially when used with a heavy mud);
however, extraordinarily large cave-ins or
solution caves can significantly decrease the
count rate. Tests at the outcrop were
performed to determine the maximum distance
away from a cliff face that the gamma-ray tool
could be positioned before the count rate is
adversely effected. Repeated measurements of
a single sample site show that the sonde may
be up to 2 feet away from the face and have
little effect on the count rate. However, the
variance in count rate significantly increases
beyond this distance.

Other steps useful to ensure quality outcrop
logs include: (1) having photographs of the
cliff available during logging, (2) hanging a
scale marked at one-foot increments over the



cliff during photographing and logging (Fig.
12), (3) providing walkie-talkie communi-
cation between the logging truck and the
ground observer, and (4) marking on the
sonde the exact gamma-ray recording point
(mid-way down the length of the sonde) so
that the observer on the ground can mark on

the photographs, and/or relay to the logging
truck via walkie-talkie, the exact location on
the cliff of any key measurement site.

Upon completion of logging, the data can be
displayed in a standard depth format (Fig.
12);

GAMMA (GR)
? AP| 60

% E““““;
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Figure 12. One method of gamma-ray outcrop logging used in this guidebook. Sonde (large
arrow) is raised from the base of the west wall of Hollywood Quarry (STOP 7) by a
cable (small arrow) attached to the logging truck (not in view). The person at the base
of the quarry wall is using a rope attached to the sonde to guide it past rock
protuberances as it is drawn upward. This logging run produced the gamma-ray log
that is superimposed upon the quarry wall in the photograph. Note the scale marked in

one foot increments.



Hand-Held Gamma-Ray Scintillometer

For this type of logging, a lightweight,
portable ScintrexTM GIS-5 Integrating Gamma
Spectrometer is used. This instrument has the
capability of measuring elemental or total
radiation. The instrument is allowed to warm
up and, after calibration, the "Total Count"
mode is selected. Background radiation is
considered to be relatively constant. Further
details on the mechanics and specifications of
the instrument are found in the ScintrexTM
manual.

The method of obtaining values at the outcrop
is to simply lay the edge of the scintillometer
that contains the sodium iodide detector on the
rock surface (Fig. 13), select the appropriate
count time (the method is described below),
and push the reset button to begin gathering
data. Typically, measurements are made at
two-foot sample intervals. Caution is
exercised to ensure that true vertical thickness
is measured to define each sample increment.
Selected stratigraphic sections are also logged
at half-foot intervals, which provides more
detail. This aspect is discussed in a later
section of this guidebook.

Tests in the field were conducted to determine
the optimal sampling rate and number. Three,
5, and 10 measurements with sampling rates
of 1, 3, 10, and 100 seconds (the only rates
available on the ScintrexTM model that was
used) at each station were compared. For
example, a gamma-ray reading at a 10 second
sampling rate was found to be almost exactly
the same as a 3 second reading multiplied by
3.33. It was concluded that the most efficient
method of obtaining data is to take five total
count readings for three seconds each. The
highest and lowest values are discarded, and
the other three readings are averaged to give
the gamma-ray value at that station. The data
can then be displayed in standard well log
curves as a function of stratigraphic depth,
utilizing a scale calibrated in "counts per
second". But since the original data are
collected at 3 second sampling rates, it is
recognized that the scale is actually displaying
"counts per 3 seconds".

A typical example of gamma-ray logs obtained
with the hand-held scintillometer is shown in
Figure 14, superimposed on an outcrop face.

Figure 13. Another method of sampling outcrop face with hand-held, gamma-ray spectrometer.
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Field Trip Itinerary and
Description (Day 1)

Laterally Discontinuous, Lenticular Facies

Stop 1

Big Rock Quarry, North Little Rock, Arkansas

Purpose:

The purpose of this first stop of the field trip is
to investigate sedimentary processes, reservoir
and field-scale heterogeneities, and methods of
modelling in a "proximal" deep-water
depositional setting.

Description of Locality

Big Rock Quarry, located along the north bank
of the Arkansas River in North Little Rock,
Arkansas (Fig. 15), provides perhaps the
largest continuous exposure of proximal deep-
sea flysch deposits in North America. The
quarry was a source of crushed stone in the
1950's but is used today mainly for storage of
sand dredged from the Arkansas River.

The vertical faces of Big Rock Quarry expose
a two-dimensional view of the lower part of
the upper Jackfork Group that is up to 200 feet
high and nearly 3000 feet long. Lower
Jackfork shales are exposed in the floor of the
northern part of the quarry. Regional
paleocurrent analysis (Morris, 1977) and
facies studies (Link and Roberts, 1986)

suggest that this area lay close to the
northeastern edge of the deep-water Ouachita
Trough during Jackfork deposition. Sediments
from sources in the Appalachian Mountains,
more southern orogens, and possibly the
Canadian Shield, moved across alluvial and
deltaic plains, poured onto the fringing slopes
leading into the deep-water trough, and flowed
generally westward within the basin. Rocks
exposed within the quarry are thought to
represent some of the most proximal Jackfork
units in the Ouachita Mountains.

Previous interpretations have suggested that
this quarry contained fourteen upper
submarine fan channel deposits (and the
sequence pinches out about 2.5 miles away)
(Stone and McFarland, 1981); at least fourteen
coalescing and stacked channelized packages
of an inner (upper) fan valley (Moiola and
Shanmugam, 1984); and channel-fill and levee
deposits in a submarine canyon or upper part
of a submarine fan channel system (inner fan
valley system) (Link and Stone, 1986a; Link
and Roberts, 1986). The lateral dimensions of
the major sandstone bodies are unknown but
may have reached several miles (Fig. 16; see
discussion under 'Interpretation’ heading).

Figure 15. (figure shown on page 26). Topographic map (courtesy of the Arkansas Geological
Commission) of the Big Rock Quarry and surrounding area. Very small arrows
starting at southwest end of bridge spanning the Arkansas River over Murray Lake
traces route of field trip from hotel to Big Rock Quarry (STOP 1). 'Gloops and
glumps' are local terms referring to large sandstone olistoliths comprising parts of the
Jackfork Group. Jackfork sections at Oak Grove Quarry and Jeffrey Quarry depict the
lateral extent of the sandy deposits exposed at Big Rock Quarry. Levy Cut, located
south of Interstate 40 on State Route 365, is briefly discussed in the text.
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Stratigraphy and Sedimentation

The quarry section can be divided into three
main lithologic units (Fig. 17) : (1) a basal
unit, representing the upper portion of the
lower Jackfork Group, (2) a section of
sandstone and shale, 75 to 150 feet thick, at
the base of the upper Jackfork Group, and (3)
a capping unit of interbedded shale-clast
breccia and sandstone.

The lower Jackfork mudstone underlies much
of the quarry floor, but is well exposed only
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toward the northwestern end of the quarry.
The erosive nature of the lower to upper
Jackfork contact is well exposed at the Levy
outcrop section (Fig. 18) and at the 1-430
outcrop (STOP 2). At the Levy outcrop, about
3 miles northwest of Big Rock Quarry, upper
Jackfork sandstones fill a large channel cut
into underlying lower Jackfork mudstone.
The mixing and deformation exhibited by the
basal shale here and in adjacent outcrops
suggest that it may constitute either a large
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Weathered maroon beds comprising
breccias. These beds are more
common in the northwestern part
of the quarry and decrease in
thickness and abundance in the
southeastern part. The amount of
the breccias increase upsection. Beds
are composed of mudstone-clast
conglomerates (see text for discussion).

Dark gray, fine to very fine-grained,
quartzose Ss interbedded with deformed
to laminated shale and siltstone that typically
fills depressions. These depressions were
initially filled by thin mudstone and sandstone
clast debris flows. Individual sandstone units
vary from a few inches to over 50 feet thick.
Units greater than two feet thick consist of
individual beds that are generally less than

15 inches thick. The beds are mostly massive-
appearing and structureless, but a few show
fiat lamination, cross lamination, or water escape
structures. Very minor amounts of plant material,

invertebrate remains, and traces of quartz granules.

Trace fossils locally abundant in shales. 'Clean’
sandsiones alternate with 'dirty’ sandstones.
Most paleocurrents suggest a south or southwest
flow direction.

Basal shale (poorly exposed) exhibiting deformation.
LOWER JACKFORK.

Figure 16. (Caption on following page).
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slump sheet, emplaced before deposition of
the upper Jackfork sandstone and shale, or
that the upper Jackfork is a large soft-sediment
glide or tectonic sheet emplaced by shearing
along the contact.

Within the sandstone and shale section
exposed in Big Rock Quarry, virtually every
major and minor lithologic unit is
discontinuous. Individual units vary from a
few inches to over 50 feet thick. Units greater
than two feet thick invariably consist of
individual beds or layers that are generally less
than 15 inches thick, and are composed of
dark gray, fine- to very fine-grained quartzose
sandstone. The beds are mostly massive-
appearing and structureless but a few show
flat lamination, cross lamination, or water
escape structures. Wavy and undulatory bed
contacts are common and were probably
produced by liquefaction and sediment
foundering. Most beds were emplaced by
turbidity currents. The thinness of individual
beds and the paucity of ripped up mudstone
clasts and clearly scoured bases suggests,
however, that the currents were not highly
erosive.

Thicker sandstone units, from 5 to 50 feet
thick, are lenticular and interrupted by inclined
accretionary bedding, truncation surfaces, or
internal scour surfaces when traced across the
outcrop. When viewed from the northwest end
of the quarry (Fig. 19), a number of the thick
sandstone units can be seen to lens out from
southeast to northwest against the overlying
breccia. These units could represent sheets that
moved downslope as large slides.

In the southeastern part of the quarry, near the
base (Fig. 20), many small, scoured
depressions are eroded into sandstone units.
These depressions were filled initially by thin
mudstone- and sandstone-clast debris flows or
drapes of laminated mudstone. The common
association of scours, mud drapes, and small
debris flows suggests that after the scours
were cut, they were draped by fine muddy
sediments. These observations are supported
by the core description of Link and Stone
(19864a), discussed later. An excellent example
of a larger scale, shale-draped scour filled by
sandstone occurs approximately 7 miles north
of Big Rock Quarry at Jeffrey Quarry (Fig.
21; see Fig. 15 for location).

These scours are unusual because they are not
filled with coarser sediment or lag deposits left
by energetic erosive currents that would be
required to cut the depressions if they are
channels. It seems unlikely that the small
debris flows at the bases of the channel-fill
were effective in eroding the depressions.
Possibly these features are channels eroded by
turbidity currents that bypassed the local area
without leaving deposits. If so, it seems
unusual that the channel-fill consists largely of
fine- to very fine-grained sandstone that
should also have bypassed the area. More
likely, the channel-like truncation surfaces
represent excavations or scars left by large
slope failures and slides (Fig. 22). Such
failures should have been abundant on slopes
leading into the deep-water trough. The
contained sandstone might then represent
sediments trapped in the scar and locally left
on the slope during large-scale floods of

Figure 16. (shown on page 27). Schematic field sketches depicting lithology and lateral extent of

northern part of sandy submarine canyon fill near Little Rock. Refer to Figure 15 for
locations of sections oriented in a generally north to south direction which may have
been the orientation of the canyon opening. Sediments were fed generally from east to
west. (A) Basal upper Jackfork sandstones near the axis of the March Syncline at the
Oak Grove site. The strata strike north-south and dip some 10° to the east. (B)
Laterally equivalent to sequence in A, but sequence contains more sandstone (it is
presumably closer to the axis of the ancient submarine canyon); south flank of Marche
Anticline. Strata dip 23° to the north. (C) 'Old' Big Rock Quarry within the axis of
the Big Rock Syncline. Dips range from 0 to 10° across the entire exposure. The
section averages 80% sandstone. (D) Column representing a series of partial
exposures that were mostly destroyed during the construction of 1-40 and U. S.
Highways 67-167 along the southern border of Lakewood in North Little Rock,
approximately 6.1 miles due east of 'Old' Big Rock Quarry. Located on the south
flank of the Big Rock Syncline, the strata strike east-west and dip 30° to the north.
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Figure 17. Generalized map and cross-section of Big Rock Quarry. Location of gamma-ray
logging sites and Shell core hole are shown.

-29.






