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Presenter Notes
Presentation Notes
This is first stage of an ongoing project looking at the large-scale distribution patterns of Mississippian carbonate ramp facies across United States, with focus on shallowest-water areas 
The idea is to gain an understanding of controls on deposition at a large scale, upwelling for example, to start with using our studies and those in the literature
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Significance

* Lower Mississippian carbonates in continental U.S. developed in low-
latitude shallow-water areas affected by adverse photic-zone
conditions

* These type of systems are increasingly being recognized in the rock record
and can form important petroleum reservoirs

e ... are still not well understood

e can be characterized by complex associations and distributions of photozoan
and heterozoan components

* can significantly impact reservoir character

* Provides an opportunity to ID local-to-regional shallow-water facies
distribution patterns to aid in:
* determining controls on deposition
 prediction of reservoir character
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… and potential for CO2 sequestration


In low-latitude areas, photozoan association
carbonates are common in shallow water

Areas of modern carbonate deposition
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Carbonates are sensitive to environments and will differ accordingly to conditions that are present 
Commonly classification schemes are based mainly on water temperature associated with latitude
One example is Photozoan and Heterozoan 
In many cases think of photozoans being dominant in low-latitude/tropical/warm areas 
Not always the case, and see that they can be reduced and even absent if the photic zone has been adversely affected
In those instances, heterozoans can dominate
A variety of processes can adversely affect, a major one is nutrients, commonly derived from upwelling or land runoff

Our study is looking at the Mississippian in U.S. which was located in low latitudes notice paleo-equator over here
A number of studies have detailed the paleogeography and oceanographic conditions including areas of upwelling along basin margins 
For reference, here is land in green, shallow waters over here, shelf margin in red, deeper basinal areas over here and over here trade and surface winds in orange 
and upwelling along the margins represented by these white arrows
This framework provides the opportunity to examine the shallow-water areas and look for distributions of photozoans and heterozoans to identify controls on deposition on a large scale
I will use this map throughout the talk  to show locations and dominant facies types for various areas in U.S. 
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Let’s start with Kansas bordering Anadarko basin where we’ve been working for years 
Area is roughly 20 degrees south latitude 
Notice in the legend the pink stars for Heterozoans +- Biosiliceous

Deposition took place within a distally steepened ramp developed during the Osagean
N-S profile: map from Schaben field, inner ramp to ramp margin facies
Ramp is dominated by heterozoans including echinoderms (blue, thin section), bryozoans (throughout) siliceous sponge spicules (pink, thin section, blue epoxy)
And evaporites (green and black, yellow, supratidal, intertidal and inner-ramp settings)
Silica … chert… abundant
Importantly: inner-ramp lack photozoans
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Move east to areas bordering the Arkoma and Illinois basins
Osagean ramp is also characterized by heterozoans (especially crinoids and bryozoans) and biosiliceous facies
We also see (Illinois basin) crinoid-bryozoan mounds (blue and brown circles, photos) occurring in basin and basin-margin areas 
But also, in shallower water areas
Composition, character the same
mounds shallow waters associated with heterozoan grainy facies as we can see in the NW-SE block diagram from Illinois
Notice occurrence of bryozoan frame thicket (photo too) and crinoidal-bryozoan grainstones 
Importantly, inner ramp areas lack photozoans
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Continuing to southeast to areas flanking the Appalachians
Our studies there and by others indicate similar facies distribution as along the Anadarko, Arkoma and Illinois basins
Deposition occurred within a distally steepened ramp during Osagean-Mera time
Dominated by heterozoans such as bryozoans, echinoids (photo), brachiopods, siliceous spong spicules, solitary rugose corals (shallow water inner ramp)
Silica in the form of chert is generally abundant (cross section Fort Payne Chert, black triangles)
Shallow conditions are also supported by the presence of small sponge-microbial mound: inner mid-ramp
(stratigraphic log figure and photos) 
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Going to the other side SW along the margin to the Sacramento and San Andres mountains in NM for example
The Osagean ramp system here is again dominated by heterozoans
Mainly crinoids (photo) and bryozoans (photo)
But also brachiopods and minor horn corals
Importantly these areas also known for basin margin Waulsortian mounds 
Like Muleshoe (photo)
Notice in the cross section: mound (pink) and grainy crinoidal facies shallower areas (blue)
And as in previous areas, these areas lack abundant photozoans 
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We wanted to see what happened away from the basin
Moving across W and N-NW of the TA
Although heterozoan, biosiliceous and Waulsortian mound facies are also found in these areas
We noticed that these areas also show significant abundances of photozoan components
I am going to show you examples from these areas next slides
First, notice in the key constituents photozoans we show most abundant 
For example, ooids and algae and ooids
But keep in mind, there are other photozoans components
The photozoan components in the Osagean inner ramp include abundant ooids (SE-NW cross section, purple, photo)
As well as stromatolites (photo), benthic forams, algae, and corals
Heterozoans: crinoids and brachiopods
And also local ramp-slope Waulsortian mud mounds (cross section)
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Corals:

* Deep- and very shallow-water corals, tropical shelf

* Rugosa (colonial and solitary), Tabulate

* (Osagean-Meramecian corals predominantly lived

in shallow-water environments

Lithofacies (D & E, shallow-water basinal and shelf,
euphotic, subtidal to supratidal, mostly <50 m deep):
corals + common ooids, benthic forams, benthic red,

green, and blue-green calcareous algae, stromatolites
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Other locations ooids abundant and some locations ooids and corals (mostly colonial from shallow water) and photozoans (MT for example)
We also see Sando’s studies on corals abundant from deep and shallow waters from many locations emphasized by these yellow circles 
Notice in the key: corals + photozoans
They identified rugose corals both colonial and solitary and tabulate and concluded that most O-M corals predominantly lived in shallow-water environments
Here an example from a shallow-water coral colony from Wyoming
Osagean-Meramecian corals were found in their lithofacies D and E (diagram, land to open sea), correspond with shallow-water basinal, along with ooids, benthic forams, algae, and stromatolites 
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The examples I’ve run through in this talk show a distinct pattern at an overall scale in terms of photozoan and heterozoan facies distributions in shallow water areas
The relative absence of photozoans in the south suggest environmental conditions that inhibited their development 
The distribution of the heterozoan and biosiliceous facies being closely associated with basin areas strongly suggests that upwelling conditions proposed by others for basin margin areas had an effect on shallow-water areas as well 
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Within this overall heterozoan, photozoan pattern there are finer scale patterns of heterozoan and photozoan distributions and alternations that could be tied to processes such as sea-level fluctuations and climate changes  
These finer scale details will be the focus for our continued studies. 


Concluding Remarks

* Lower Mississippian shallow-water ramp carbonates developed in a

low-latitude (tropical) setting throughout the U.S. and show distinct
regional facies composition patterns.

* Areas bordering the Anadarko, Arkoma and e ,,f/L;;;ussia
lllinois basins, and New Mexico and
southern Appalachians are dominated by

heterozoan components (t siliceous
sponges).

* Photozoan components are lacking.

Water depth (ft)

e Areas W, N, NW of (TA) show significant |2

Il 300-600

abundances of photozoan components. —

Gondwana




Concluding Remarks

* Distribution patterns support documented basinal upwelling S of TA
as a process delivering nutrients, silica, cooler water to shallowest-
water ramp environments, thereby creating conditions that hindered
development of photozoans.

 Documenting facies distributions on regional scales can aid in
determining controls on systems.

* Photozoan and heterozoan systems can have significantly different
reservoir character.

* Understanding controls on facies distribution provides predictive capability.
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Heterozoan and photozoan systems may not behave the same in terms of reservoir character due to mineralogic and diagenetic potential differences. Recognizing controls on regional facies distributions can aid in predicting and better understanding of reservoirs. For example, in areas where photozoans are more abundant oolite facies can form reservoirs on ramps (e.g., Williston Basin), whereas grainy heterozoan and sponge spicule facies form reservoirs in Midcontinent ramp settings.
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