















































































































































































































































































































































































































































































































































Figure 3. -- Dish and pillar structure in fine-grained sandstone. (a) Well developed dish structure defined by thin laminations of argillaceous and
organic material (1) and separated by pillars (2) of light-colored relatively clean sand. Dishes are overlain by dark-colored clay-rich sand and
underlain by light-colored, clay-free sand. (b) Dish structures modifying primary . flat Iammatlons in lower part of bed and cross-cutting
climbing-ripple cross-laminations in upper part.

Figure 4. -- Large pillar cros-cuttmg climbing-ripple cross-laminations and flat laminations. Escaping water which formed this pillar originated
within a thick sand bed immediately beneath the bed illustrated.

172



of a concave-upwards, clay- and fine-grained organic-rich
lamination (Fig. 3a). This lamination is usually underlain by
a zone of relatively clean, clay-free sand and overlain by a
zone of clay-rich sand. The dishes may range in length from
one to four cm and the lamination is usually less than one
mm in thickness.

Where dishes are formed in association with primary
structures they cross-cut the primary structure and
therefore postdate them (Fig. 3b). Similarly, in the case of
the convolute laminations the dishes cross-cut the
convolutions but are themselves undeformed (Fig. 2b) and
must have formed after the deformation.

Lowe and LoPiccolo (1974) and LoPiccolo and Lowe
(1973) have demonstrated that dish structures form
through an interaction between earlier formed structures
and upward moving waters. These authors have also suggest-
ed compaction and associated water expulsion of under-
consolidated sediment as probable causes for the forma-
tion of dish structure.

Pillar Structure

Two varieties of pillar structure have been described
from the Jackfork. Both are characterized by relatively
clean, homogeneous, vertical to subvertical sheets or
columns of sand with sharp boundaries separating them
from the adjacent sediment within the bed.

The most common variety is developed between the up-
turned margins of adjacent dishes (Fig. 3a). This type is
generally small and usually bounded on its margins by thin
clay laminations. It appears to form by a simple vertical
extension of the dish margins during continued water
expulsion.

The second variety may or may not be associated with
dish structure. It is typically larger than the first type and is
not usually bounded by clay-rich laminations (Figs. 1b and
4). The larger scale and lack of clay-rich boundaries suggest
a more rapid explosive dewatering than the variety develop-
ed in association with dishes.

PROCESSES AND ENVIRONMENTS OF DEPOSITION

While all of the structures have not been observed within
any single bed, a composite bed can be hypothesized and
used for purposes of interpretation (Fig. 5). Excluding
the festoons as resulting from a secondary reworking, the
composite bed has a massive, structureless base overlain
by flat laminations. The flat laminations grade upwards
into climbing-ripple cross-laminations which in turn become
convoluted towards the top of the bed.

This sequence is suggestive of the A, B, and C divisions
proposed by Bouma (1959) as representing the lower part
of a normal turbidite sandstone bed. The overlying shale
would represent the E division.
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The absence of the D interval can be explained by
reference to Allen (1970a). In this paper Allen provides a
graph which plots bed form as a function of grain size and
flow power. This graph is reproduced in Figure 6 with the
‘deposition history’ of a composite Jackfork sandstone
bed indicated by the arrow from X to Y. It can be seen that
the lack of a D division is a result of the limited grain size
deposited and not necessarily the result of a non-turbidity
current process.

- shale
30 -
- - convolute laminations
20 =
- ~ climbing-ripple
cross -laminations
10=
- - flat laminations
~ sfructureless, rich In
Q= plant debris

- shale

Figure 5. -- Composite bed illustrating the basic sequence of struc-
tures in sandstone beds of the Jackfork.
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Figure 6. -- Relationship of bed form to grain size and flow power.
Arrow from X to Y illustrates the general evolution of bed
forms and current represented by the composite bed illustrated
in Figure 5.

The absence of cut-and-fill features, coarse-grained detri-
tus or large-scale cross-bedding together with the lack of
large scale cyclicity, indicative of a system of slowly migrat-
ing environments, suggests that the most likely process of
deposition would be one capable of operating in a deep



marine environment.

The conclusion that the beds do, indeed, represent
deposition from turbidity currents is further substantiated
by the rhythmic occurrences of the sandstones, implying an
episodic rather than a continuous process.

A more detailed picture of the environment in which
deposition took place emerges from a consideration of the
diagenetic structures. The origin of all three of the
diagenetic structures described in this paper can be
explained in terms of the processes and effects of water
expulsion. This water expulsion is caused by the
consolidation of beds which were deposited in an under-
consolidated state. In order to deposit sand-sized sediment
in an underconsolidated state it appears that the rate of
deposition must be fairly high. Rapid deposition would
allow for a minimum of grain movement after the grain is
deposited upon the bed surface. The individual grains
would then be less likely to have ‘found’ a most stable
resting position and the resulting grain framework would
have a minimum number of grain-to-grain contacts and a
maximum amount of pore space.

A rapid rate of deposition would imply a rapid loss of
power from the sediment transporting current. The
ultimate source of power for a turbidity current is derived
from the down-slope component of the acceleration due to
gravity acting on the excess mass of the flow relative to the
surrounding water. The rapid rate of depositon would seem
to imply a fairly abrupt decline in slope.

In view of the widespread distribution of convolute
laminations, dish structures and pillar structures, both
stratigraphically and geographically within the Jackfork,

the implication is that a large number of the sandstone
beds of the Jackfork were deposited rapidly and fairly near
a change in slope.

SUMMARY

Six different internal sedimentary structures have been
described from sandstone beds of the Jackfork Group.

While there is nowhere developed a complete Bouma
sequence, evidence indicates that the primary structures
formed during deposition from turbidity currents.

The diagenetic structures developed as a result of the
consolidation of originally underconsolidated sediment
and indicate that the sediment was deposited rapidly.

A rapid rate of deposition implies a fairly abrupt decline
in slope.

The widespread distribution of diagenetic structures in
the Jackfork suggests that a large number of the Jackfork
sandstones were deposited in proximity to a change in
slope.

ACKNOWLEDGEMENTS

This research was done in the course of preparation for a
Ph.D. dissertation to be presented at Louisiana State
University. The author would like to express his
appreciation to Professor Donald R. Lowe who acted as
advisor and co-investigator and whose help in all phases of
the project was invaluable.

REFERENCES CITED

Allen, J. R. L., 1968, Current Ripples: North-Holland, Amsterdam,
433 p.
——————— 1970a, The Sequence of Sedimentary Structures in
Turbidites, with Special Reference to Dunes: Scot. Jour. Geol.,

v. 6-2, p. 146-151.

——————— 1970b, A Quantitative Model of Climbing Ripples and
Their Cross-Laminated Deposits: Sedimentology, v. 14, p. 5-26.

Bouma, A. H., 1959, Some Data on Turbidites from the Alpes
Maritimes, France: Geol. en Mijnbouw, v. 21, p. 223-227.

Briggs, G., 1973, Geology of the Eastern Part of the Lynn Mountain
gl\{ncline, Le Flore County, Oklahoma: Okla. Geol. Sur. Circ. 75,
p.

Chamberlain, C. K., 1971, Bathymetry and Paleoecology of the
Ouachita Geosyncline as Determined from Trace Fossils: Am.
Assoc. Petroleum Geologists Bull., v. 55, p. 34-50.

Cline, L. M., 1960, Stratigraphy of the Late Paleozoic Rocks of the
Ouachita Mountains, Oklahoma: Okla. Geol. Sur. Bull. 85,
113 p.

Cline, L. M. and Shelburne, O. B., Jr., 1959, Late Mississippian-
Early Penns_vlvanian Stratigraphy of the Ouachita Mountains,
Oklahoma, /n Cline, L. M., Hilseweck, W. J., and Feray, D. E.,

174

eds., The Geology of the Ouachita Mountains - a Symposium:
Dallas Geol. Soc. and Ardmore Geol. Soc., p. 175-208.

King, P. B., 1961, History of the Ouachita System, /in The Ouachita
System: Texas Univ. Bur. Econ. Geology Pub. 6120, p. 83-98.

Klein, G. de V., 1966, Dispersal and Petrology of Sandstones of
the Stanley-Jackfork Boundary, Ouachita Fold Belt, Arkansas
and Oklahoma: Am. Assoc. Petroleum Geologists Bull., v. 50,
p. 308-326.

LoPiccolo, R. D., and Lowe, D. R., 1973, Consolidation Structures
in Turbidites (abs.): Geol. Soc. Am., Abs. with Programs, v. 5,
pi 717

Lowe, D. R., and LoPiccolo, R. D., 1974, The Characteristics and
Origins of Dish and Pillar Structures: Jour. Sed. Petrology,
v. 44, No. 2, p. 484-501.

Morris, R. C., 1971, Stratigraphy and Sedimentology of Jackfork
Group, Arkansas: Am. Assoc. Petroleum Geologists Bull.,
v. 55, pl 387-402.

Simons, D. B., Richardson, E. V., and Nordin, C. F. Jr., 1965,
Sedimentary Structures Generated by Flow in Alluvial Channels,
in Primary Sedimentary Structures and Their Hydrodynamic
Interpretation - a Sympsoium: Soc. Econ. Paleontologists
and Mineralogists Spec. Pub. 12, p. 34-52.





