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 Figure 1. Index map of study area, approximately 25 miles north of Broken 

 Bow Lake in McCurtain County, OK. 
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A significant observation while locating cone in cone concretions was obvious 

clusters along particular bedding planes indicating specific sediment horizons prone to 

carbonate production, cementation, and preservation within the sedimentary body (Fig. 

2). Another notable feature is the resistance to weathering compared to the surrounding 

shale. A significant number of rocks within talus piles that accumulated along shale 

outcrops consisted of concretions of some form. This is an indicator that early diagenetic 

cementation caused by microbial processes within sediment horizons allowed carbonate 

concretions to resist weathering more readily than the surrounding shale. 
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Figure 2. Cone in cone concretion clusters along specific shale beds.  
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LITERATURE REVIEW 

Ouachita Orogeny 

The Ouachita Mountains in southeastern Oklahoma and western Arkansas are 

outcrops of the Ouachita Fold Belt. These mountains are a series of folded and faulted 

marine Paleozoic sedimentary deposits stretching from Mississippi to southwest Texas in 

the Marathon region although in most of Texas they are hidden in the subsurface. 

Handschy et al. (1987) described Ouachita orogenic rocks extending another 450 miles 

into Mexico, although these rocks are not well covered in the literature. From Mississippi 

to Marathon, Texas, this belt stretches for a 1000 miles with 80% being in the subsurface 

(Hatcher, 1989). Not surprisingly, the exposed Ouachita Mountains of Oklahoma and 

Arkansas and the Marathon region of southwest Texas are the most well studied zones of 

this fold belt.  

The evolution of the Ouachita Mountains can be divided into four main stages 

that coincide with changing depositional and tectonic environments (Fig. 3; Golonka et 

al., 2006). The first stage was initiated by rifting of the Precordilleran terrane off of North 

America and formation of the Ouachita Trough/Basin at the end of the Precambrian. 

Stage two is characterized by subduction along the active margin of the Ouachita Trough, 

with partial closing of the oceanic basin by the Sabine terrane and/or Yucatan plate 

moving north, and development of the main flysch basin on the platform. This occurred 

during the early Mississippian and was the beginning of late Paleozoic terrane accretion. 

Stage three is characterized by the convergence of the North American and South 
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American and the Sabine/Yucatan terranes, with continuing formation of accretionary 

prisms during the Late Carboniferous. Collision between the South American and 

Yucatan plates with the North American plate formed the supercontinent Pangea during 

the Permian and created a decollement surface beneath the Paleozoic deposits of the 

Ouachita Trough (Hatcher 2010). During the collision, these Paleozoic units were 

thrusted above transitional/oceanic crust on the seaboard-side and continental crust on the 

inboard-side of the North American plate. Keller and others (1989) interpreted seismic 

surveys as showing little to no crustal shortening of continental crust beneath the 

Paleozoic sedimentary rocks (Fig. 4). Thus, the deformation was primarily thin-skinned. 

It is estimated that Paleozoic rocks were thrust as much as 80 km northward (Golonka 

2006). This likely represent thrust faulting between the Paleozoic sediments and the 

transitional/continental crust, indicating that the colliding terrane overrode the transitional 

crust as it approached the Laurentian continental basement. This fits with the concept of 

transitional crust underlying Mesozoic and Cenozoic sediments of the Gulf coastal plains 

in Texas, Louisiana, Mississippi and Alabama. In Arkansas and Oklahoma the most 

northerly extent of the Ouachita Orogeny is the Arkoma Basin, which represents a 

foreland basin that developed due to flexural downwarping  of the lithosphere as South 

America approached the southern margin of Laurentia (Houseknecht 1986).  

Stage four exhibits thrusting and inversion (relative uplift) of the sedimentary 

basin with final formation of the Arkoma foreland basin. Stage four is also the point 

when Pangea was amassing which would last nearly 100 million years.  
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Rifting of Pangea creating the Gulf of Mexico, todays passive margins, developed 

during the Triassic (Woods and Addington 1973), and resulted in the transgressive 

Jurassic, Cretaceous, and Cenozoic deposits of the Gulf coast basin partly covering the 

Ouachita region (Golonka 2006). 
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Figure 3.  

Highly schematic (not to scale) plate-tectonic profiles (modified from Golonka and 

Slaczka, 2000) showing the development of the southern margin of Laurentia from the 

Cambrian to the Permian. 

 1= North America, Ouachitas, Yucatan, South America Continental crust (including    

      obducted, allochthonous rocks and sedimentary cover) 

 2 = oceanic crust (including deposits) 

 3 = upper mantle. (From Golonka et al. 2006.) 
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Stratigraphy of the Ouachita Trough Deposits 

 Cambrian to Devonian Deposits 

Sediments of the Ouachita Trough deposited during the Cambrian, Ordovician, 

Silurian, and Devonian are composed of pelagic accumulations of mostly siliceous 

sediment (Cline 1960, 1966, and Morris 1974). These sediments accumulated along the 

southeast margin of the North American Craton also known as Laurentia (Hatcher 1989). 

Figure 4. Interpretative model derived for seismic profile. Uc-Upper continental crust; 

clc-lower continental crust; d-domal structure; ws-wedged shaped sequence of 

reflectors; gf-Gulf coastal plain (Mesozoic-Cenozoic) strata. Numbers indicate average 

P-wave velocities in km/s. (From Keller et al. 1989) 



10 

 

The total thickness of this sedimentary package has been estimated at 5,000 feet (there 

has been a considerable amount of discussion about this due to incomplete outcrops, few 

marker beds, and incomplete to no well data). These early marine accumulations were 

slowly deposited in a starved marine basin with the dominate lithologies being black 

shales, cherts, novaculites, and sandstones.  

 

Mississippian Deposits 

The Mississippian Stanley Group in southeastern Oklahoma is a marine siliceous 

sedimentary deposit underlain by the Arkansas Novaculite. It is overlain by the 

Pennsylvanian Jackfork Group which is comprised of marine siliceous sandstones and 

shales.   

The Stanley Group is a mixture of marine sediment from an encroaching arc 

terrane and Laurentia. This mixture of sediment was deposited as turbidites, fan deposits 

and pyroclastic tuffaceous material originating south of the Ouachita basin (Morris 1989). 

The Stanley Group is composed of black to olive gray shale and slate, with cyclic beds of 

sandstone and siltstone, and some chert and tuff. This series of rhythmic sedimentary 

strata is indicative of flysch deposition in deep marine quiet waters of foreland basins in a 

developing orogen. Cone in cone concretions are abundant in some localities, especially 

in shale units. The southern Ouachitas typically have thicker and more numerous 

sandstone and tuffaceous beds as opposed to the northern Ouachitas (Morris 1974) 

supporting the paleocurrent assumption of the sediment supply originating from the 
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south. Sedimentary beds of tuffaceous material appear at least four times near the base, 

with only two beds near the top. Average thickness of the Stanley Group is 

approximately 3,000 to 4,000 meters (9842.5 to 13123.4 feet) (Morris 1989). 

 The Stanley Group is comprised of three formations: Tenmile Creek, Moyers 

Creek, and Chickasaw Creek Formations (Fig. 5.). The Ten Mile Creek Formation lies 

above the Arkansas Novaculite and the contact is considered to be largely unconformable 

in some areas in Oklahoma (King 1961), but is gradational and conformable in some 

areas of Arkansas (Miser and Purdue 1929, Goldstein and Hendricks 1962, Veile and 

Thomas 1989). This pattern may represent a temporary break of sedimentation as 

opposed to an erosional unconformity (King 1961, Noble 1993). The Ten Mile Creek 

Formation contains shale, sandstone, and four thick distinctive tuff beds with two minor 

ones. The Tenmile Creek Formation is the thickest of the three formations at 8,500 feet.  

The Moyers Creek Formation lies conformably above the Tenmile Creek and is 

approximately 1100 feet thick (Johnson 1968). Sandstone beds compose a greater 

proportion of beds in this formation compared to the Tenmile Creek. (Cline 1960). The 

upper most formation of the Stanley Group is the Chickasaw Creek which lies 

conformably above the Moyers Creek Formation and below the Jackfork Group. The 

thickness ranges from 75 to 350 feet (Johnson 1968).  Thin beds of tuffaceous sandstones 

are also present (Laudon 1959, Hart 1962, Seeley 1962). Conformably lying above the 

Stanley Group is the Pennsylvanian Jackfork Group.  
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Figure 5. Modified 

Stratigraphic column of 

the Stanley Group from 

Shaulis et al. 2012.  

A) The age ranges for the 

base and top of the 

Stanley Group.  

B) The stratigraphic 

column of the Stanley 

Group (after Niem 1976) 

showing the approximate 

stratigraphic location of 

tuffs within the Stanley 

Group, plus the 

approximate location of 

conodonts found in 

relation to the tuffs. 
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Pennsylvanian Deposits 

The sedimentary packages deposited during the Pennsylvanian contain 12,000+ 

feet of marine interbedded dark shales, tuffaceous beds, and sandstones (Laudon 1961). 

These include the Pennsylvanian Jackfork and Atoka Groups (Cline 1960, 1966, and 

Morris 1974). Cline (1966) and Morris (1974) concluded from paleocurrent studies that 

by the late Mississippian and early Pennsylvanian, rising tectonic areas to the south and 

southeast were hinterlands that provided great quantities of coarse clastics into the rapidly 

subsiding Ouachita basin. 
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METHODS 

Thirty-one cone in cone concretions where collected from six locales along the 

Eagle Fork and Mountain Fork Rivers within the study area. Twelve thin sections were 

produced from 10 cone in cone concretions based on gross physical differences. Due to 

friability of these concretions, epoxy was applied to the exterior/crust of the concretions 

before sectioning on a rock saw to eliminate loss of exterior structures. A total of 17 

concretions were bisected and polished before determining the most beneficial for thin 

sections. From the 17 bisected concretions 10 were selected for billet production. Billets 

were sent to Tulsa Sections for vacuum impregnation with blue epoxy, polished and 

prepared into thin sections. Nine 1 x 2 inch (25.4 x 50.8 mm) and three 2 x 3 inch (50.8 x 

76.2 mm) microscopic slides were produced. Each billet was given the original catalog 

number for that concretion plus an abbreviation to describe the exact position of the billet 

within the concretion. Catalog numbers include the locale site, 1 through 6, a letter 

indicating the order in which they were cataloged (e.g. A, B, C, etc.), and the positioning 

within the concretion from which the billet was cut. Positioning is identified as either E 

for edge of concretion, T for top of concretion (for those too thick to acquire crust to crust 

sections), B for bottom of concretion (for those too thick to acquire crust to crust 

sections), or M for middle (for those that full crust to crust cross sectioning was possible) 

(e.g. 2A-M). Each slide was examined for textural properties, diagenetic features, and 

sedimentary structures. Concretion descriptions can be found in Appendix A.      
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RESULTS AND DISCUSSION 

Macroscopic Descriptions 

 The collected concretions exhibit a fairly broad range of forms so that no two 

concretions are identical, but most follow a general configuration. The 3 dimensional 

objects are either flattened orthorhombic elliptoids or spheroids with some degree of 

tapering near the edges resembling a disc. Overall there are 4 semi-distinct variations in 

internal/external morphology of the concretions, excluding the effects of weathering. 

Before characterizing these concretions, the orientation of the concretions and their conal 

structures within the shale layer must be described. All concretions were found between 

bedding planes of shale with the shortest concretion axis (z) perpendicular to bedding 

(Fig. 7A), so no external cone axis was truly parallel with the bedding plane (Fig 7B). An 

inversion center or center of symmetry is applicable to all types of these concretions and 

can be referred to as the core center. Shale beds were either obviously contorted around 

the concretion or slightly bent indicating early cementation before compaction of the 

shale.  
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Figure 6. Four macroscopic variations of cone in cone concretions. 


