
PS
Integrated High-Resolution Chemostratigraphy and Sedimentological Analysis of Meramec/Sycamore 

Unconventional Reservoir in the Merge Area, SCOOP & STACK Plays, OK* 

David Duarte
1
 and Roger Slatt

2

Search and Discovery Article #80616 (2017)** 
Posted October 30, 2017 

*Adapted from poster presentation given at AAPG 2017 Mid-Continent Section Meeting, Oklahoma City, Oklahoma, September 30 – October 3, 2017

**Datapages © 2017 Serial rights given by author. For all other rights contact author directly. 

1University of Oklahoma, Norman, OK (dduarte@ou.edu) 
2University of Oklahoma, Norman, OK 

Abstract 

The Mississippian carbonate mudrocks have been one of the best unconventional hydrocarbon reservoirs in Oklahoma, from the Mississippi 

lime in the north through the Meramec along the Anadarko Basin, ending with the Sycamore lime in the Ardmore Basin. Unfortunately, a poor 

understanding of the transition from Mississippian limestones in northern Oklahoma to calcareous mudstones in central Oklahoma lead us to 

uncertainty in the geological limitation of the STACK and SCOOP plays, two of the more active plays in the US. The purpose of this study is 

to understand the conditions of deposition along the Merge area in Canadian and Grady counties. 

Two cores located at the boundary between Canadian and Grady counties are used for this study. Cluster analysis of sedimentary structures and 

bioturbation index provided correlation with XRF chemostratigraphy measurements made on core at two-inch intervals. Understanding of the 

facies distribution is important to differentiate between calcareous mudstone intervals and bioturbated and laminated mudstones. Thus, well 

logs correlation shows the transition of heterogeneous units from limestone to calcareous mudstones of the Meramec/Sycamore reservoir from 

north to south. The correlation is calibrated with the core descriptions to build a more robust geological model. 

The high-resolution chemostratigraphy combined with detailed sedimentological analysis from cores provide the perfect tools to understand the 

deposition of the Meramec/Sycamore unconventional reservoir along the poorly explored Merge area between the STACK and SCOOP plays. 

The understanding of the depositional conditions is the most remarkable finding of this study due to its importance in predicting the facies 

distribution in the poorly explored areas. 
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ABSTRACT
The Mississippian carbonate mudrocks have been one of the best unconventional hydrocar-
bon reservoirs in Oklahoma, from the Mississippi lime in the north through the Meramec 
along the Anadarko basin, ending with the Sycamore lime in the Ardmore basin. Unfortu-
nately, a poor understanding of the transition from Mississippian limestones in norther Okla-
homa to calcareous mudstones in central Oklahoma lead us to uncertainty in the geological 
limitation of the STACK and SCOOP plays, two of the more active plays in the US. The pur-
pose of this study is to understand the conditions of deposition along the Merge area in Ca-
nadian and Grady counties. 

Two cores located at the boundary between Canadian and Grady counties are used for this 
study. Cluster analysis of sedimentary structures and bioturbation index provided correlation 
with XRF chemostratigraphy measurements made on core at two-inch. Understanding of the 
facies distribution is important to differentiate between calcareous mudstone intervals and 
bioturbated and laminated mudstones. Thus, well logs correlation shows the transition of 
heterogeneous units from limestone to calcareous mudstones of the Meramec/Sycamore 
reservoir from north to south. The correlation is calibrated with the core descriptions to build 
a more robust geological model.
 
The high-resolution chemostratigraphy combined with detailed sedimentological analysis 
from cores provide the perfect tools to understand the deposition of the Meramec/Syca-
more unconventional reservoir along the poorly explored Merge area between the STACK 
and SCOOP plays. The understanding of the depositional conditions is the most remarkable 
finding of this study due to its importance in predicting the facies distribution in the poorly 
explored areas.

CONCLUSIONS
- Meramec/Sycamore is a siliciclastic system with grain size from clay to very fine sandstone rather 
than a limestone. The matrix of the calcareous facies are angular silt-size to fine sandstone quartz 
with calcite cement.
- Calcite is affecting negatively the porosity specially in the Massive calcite-cemented peloidal silt-
stone. Based on the XRD data, clays and quartz are inversely proportional to calcite. The system has 
less than 40% of clay content.
- Bioturbated argillaceous to calcareous siltstone look the better facies, this heterogeneous facies 
has low  calcite content and the rock has been cleaned of clay-grade material because of the Phyco-
siphon. 
- Massive calcite-cemented peloidal siltstone are gravity flow deposits while Bioturbated and Lami-
nated siltstones are deposited in a low energy environment in the slope.
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CHEMOSTRATIGRAPHY WITHIN LITHOSTRATIGRAPHY

NW-SE CROSS-SECTION FROM STACK TO MERGE

Six chemofacies were defined with cluster 
analysis from continental/detrital proxies (Ti, 
Zr, Si/Al), clay proxies (Al, K), carbonates prox-
ies (Ca, Sr, Mg), and botom water anoxia prox-
ies (Mo, V). The initial 15 clusters in the dendo-
gram were determined by using ward for the 
linkage method and Manhattan to measure 
the distance between clusters. 
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A) Paleotopographic map 
of the Late Mississipian 
(325) Ma.
B) Stratigraphic colum from 
the Anadarko and Armore 
basins.
C) Location of area under 
study.
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Laminated siltstone and biotur-
bated siltstone share the same 
trends related with a continuos 
event. In the other hand, the 
massive calcite-cemented peloi-
dal siltstone is not following the 
same trends in the Ca vs Sr 
cross-plot. Thus, this lithofacies 
may has a different conditions 
for its deposition. Or changes in 
trends also can be related to dia-
genetic calcite cement affecting 
mostly the massive calcite-ce-
mented peloidal siltstone.
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The rock is form mainly by silty sized 
quartz and bioturbated zones. It has 
fossil fragments, carbonate rock frag-
ments. Calcite cement and amor-
phous organic matter in leaser 
amount. There are wood fragments 
and well preserved brachiopods. 
Phycosiphon is interpreted from 
shallow marine environment. 7 cm

1000 μm 

Bioturbated (argillaceous to calcareous) siltstone
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The rock is form by silty sized 
quartz and clays. Fossil frag-
ments, structural organic matter 
and carbonate rock are present 
in lesser amount.  The matrix is 
black due to the amorphous or-
ganic matter content.
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Laminated (argillaceous to calcareous) siltstone

The rock is form mainly by 
silty sized quartz. Fossil 
fragments and carbonate 
rock fragments occurs in 
lesser amount. The struc-
tural organic matter is also 
present in small amounts.
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Proportion of lithofacies in Payne and Skaggs 
cores. 97% of the described sections are Lami-
nated siltstone, Massive calcite-cemented peloi-
dal siltstone and bioturbated siltstone. Calcite cement is affecting negatively the porosity. See Massive calcite-cemented 

peloidal siltstone and Calcite-cemented siltstone

Well Sorted rock form 
mainly by sub-angular silty 
sized quartz and calcare-
ous fossil fragments but 
carbonate rock fragments 
are also present. The cal-
cite cement is filling the 
porous. Apparently the cal-
careous cement is affect-
ing the porosity. Gravity 
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Triplot of 33 samples from the Payne and Skaggs cores, and aver-
age XRD data from the 6 lithofacies.
Most of the lithofacies has less than 40% clay content.
The two lithofacies with more than 50% carbonates correspond
to the rocks with high calcite cement.

‘White beds’, present in the 
upper part of the Mississippi-
an units. The rock is form 
mainly by silty sized quartz 
but is has a lot of calcite 
cement. Flows
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Calcite-cemented siltstone

Mainly present in the STACK 
cores. Interbedding of calcare-
ous mudstone and calcareous 
siltstone.
Wavy lamination and grada-
tion. Long Burrows and bouma 
sequence present in some in-
tervals.
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Regional Isopach map  from the top of the Wood-
ford to the top of the Mississippian units marked 
by an Unconformity. 5 cores and around 300 wells 
with raster logs were used in 13 cross sections to 
map three important surfaces: Unconformity at the 
base of the Woodford, Top of the Woodford and 
Top of Mississippian units . The cross section in the 
Map from the STACK to the northernmost part of 
the SCOOP depict the change in thickness from 
the West to its thinest section along the Merge. 
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