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Abstract 

By analyzing changes in thickness of stratigraphic intervals across major fault systems, syndepositional fault movement during 

the respective depositional periods can be inferred. Major thickness differentials across faults are interpreted as evidence of 

tectonic-related syndepositional fault movement. Additional sedimentation occurs within the increased accommodation space 

created by vertical displacements along faults. These areas of increased thickness are greatest along normal faults that are 

perpendicular to the extension direction, and decrease to zero along faults that are parallel to the extension direction. Regional 

extension directions and relative magnitudes through time can be interpreted by analyzing differential sedimentation patterns 

across populations of normal faults with varying strike directions. 

Detailed subsurface mapping of six stratigraphic units was used to produce a map-view summary of interpreted fault movements 

from the Early-Middle Cambrian (Reelfoot Arkose) to the Early Mississippian (New Albany Shale) in the Rough Creek Graben 

and Northern Reelfoot Rift in the southern Illinois Basin. Given the set of faults that were active during the deposition of the 

Early-Middle Cambrian Reelfoot Arkose, the interpreted extension (σ3) direction is northwest-southeast. During this time, the 

Laurentian tectonic plate was separating from the Amazonian plate and the active spreading center that ultimately produced the 

Iapetus Ocean was shifting from the Blue Ridge rift to the Ouachita rift. The northwest-southeast directed strain vector 

interpreted from syndepositional fault movement corresponds well with this tectonic environment. 

Extension continues throughout the deposition of the Middle-Late Cambrian Eau Claire Formation however, the vector of 

extension appears to rotate to a north-northeast to south-southeast direction by the end of that period. This extension direction 

mailto:jhickman@uky.edu


appears to then diminish to zero during the deposition of the Late Cambrian–Early Ordovician Knox Group. Relatively minor 

fault offsets occurred throughout the Middle Ordovician–Early Devonian Period. During the Late Devonian, an intriguing 

pattern of fault offsets occurred on the northeastern and southern edges of the Rough Creek Graben. This deposition is 

contemporaneous with the Acadian Orogeny to the east, and is interpreted as a far-field tectonic effect of the west–southwest-

directed tectonism. 
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Introduction  

• The Mississippi Valley graben, Rough Creek 

graben, and Rome trough are Cambrian-aged 

extensional structures within the subsurface of 

Kentucky 

 

• These features have been proposed to be 

components of an intracratonic rift system which 

formed during the breakup of Rodinia 
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Structural and Isopach Maps 

• Locations and orientations of regional fault systems 

interpreted from seismic profiles, surface exposures, and 

potential fields data 

 

• Structure and isopachous thickness maps of seven 

stratigraphic packages were produced using interpreted 

fault systems as surface discontinuities 

 

• Maps (8 structure and 7 isopach) were produced at 

roughly 1:500,000 scale 



Carroll

Trimble

Owen

Fayette

Meade

WoodfordSpencer

Daviess

Union

Washington

HopkinsCrittenden Casey

Ballard McCracken

Lyon

Warren

RussellMetcalfe

Trigg Wayne

Carlisle

Graves

McCreary

Boone Campbell

Gallatin

Henry

Oldham

Scott

Jefferson

Franklin

Shelby

Anderson

Bullitt

Breckinridge

Jessamine

Hardin

Hancock

Nelson

Henderson

Mercer

Garrard

Ohio

Larue Marion

Boyle

McLean
Webster

LincolnGrayson

Taylor

GreenHart

Butler
Caldwell

Pulaski

Edmonson

Adair

Christian

Barren

Marshall

Todd Logan

CumberlandAllen
ClintonSimpson

Hickman

Monroe

Calloway
Fulton

Grant

Kenton

Muhlenberg

Livingston

Cumberland

BartholomewBrown
Monroe

Dearborn

Hamilton

Ripley

Sullivan

Fayette

Effingham

JenningsCrawfordJasper
Greene

Jackson

Ohio

Bond

Madison
Lawrence Switzerland

Jefferson

Clay

Knox
MartinDaviess

LawrenceRichland

Marion
Scott

WashingtonClinton

Orange

St. Clair
Wayne Clark

Edwards

Wabash

Pike

Gibson Dubois
Washington

Jefferson

Crawford

Harrison

Floyd

Perry
White

Hamilton

Warrick

Posey

Randolph

Perry

Spencer

Vanderburgh

Franklin

Jackson
Gallatin

SalinePerry
Williamson

HardinPope
Union

Johnson

Cape Girardeau

Massac

Alexander Pulaski

Scott

Stoddard

Mississippi

New Madrid

Stewart Robertson

Sumner

Montgomery

Macon Clay

Pickett

Scott
Fentress

Overton
Jackson

Lake

Obion

Weakley
Henry

Trousdale

CheathamPemiscot
Smith

Davidson

Houston

Morgan

Benton

WilsonDickson Putnam

HumphreysGibson

Dyer

- 34000
- 33500- 33000- 3 2500

-

3 2 000
- 31500

-
3

1 0 00

-30
5

0 0

- 30000-2
9

5 00

- 29000-

2
8

500

00082-

- 2750000072-

00562-

-
2

6 000

- 260 0
0

- 25500
00552-

- 25000

00

0
5

2 -

00542- 00542-

0
004

2-00042-

00042 -

0

05

32-

00532-

- 2
3000

00032-

- 2
25 00

0
05

2
2-

00522-

- 22000

00022-

- 21500

00512

-

- 21000

000

12-

- 20500

0

0
502-

0
0

0 02

-

- 20000

0

0
002-

-
1

9
5
0
0

- 19500

-
1

9
0

0
0

- 19000

00091-

00581-

- 18

50
0

0 0
58

1

-

- 1800
0

- 1
80

00

00081-

- 18000

- 17500

-
1
75

00

0
0

571-

- 17000

-
17

0
00

- 17000

-
1
6

5
0

0

- 16500

00

561-

- 16500

-
1

6
0

0
0

-
1
6

0
0

0

- 1

6
0

0
0

- 16000

0
0

5
5

1-

- 1

5
5

0
0

- 15500

- 15500

0
0051-

- 15000

00051-

- 14500

- 14500

- 14500

- 14000

- 14000

-
14

000

- 13500

- 13500

-
1
3
50

0
0

0
031-

-
1

3
0

0
0

- 13000

000

31-

- 12500

-
1

2
5

0
0

00521-

0
0

5
2

1-

0
0

021-

- 12000

- 12000

00511-

- 11500

-
1

1
5

0
0

- 11500

00511

-

- 11000

- 11000

00011-

-
1
1
00

0

- 10500

- 10500

00
50

1-

00501-

- 10000

00001-

00001-

- 9500

- 9

5
0
0

- 9
5
00

- 9500

00
59-

- 9

000

-
9

0
0
0

0

0
09-

0
009

--
9

0
0
0

- 8500

-
8
5

0
0

- 8

500

- 8

5
0

0

0058-

-
8
5
0
0

0058-

-
8
5
0
0

-
8
0
0

0

- 8000

- 8000

-
8
0
0
0

00

0
8-

-
8
0
0
0

- 7
500

-
7
5
0
0

-
7
50

0

- 7500

-
75

00

00
57

--
7
5
0
0

-
7
0
0

0

-
7
000

- 7000

- 7
000

00
0

7-

-
7
0
0
0

- 6500

- 6
50

0

-
6

5
0

0

-
6
5
0
0

-
6

5
0

0

0056-

0056-

0
0

5
6-

-
6
5
0
0

- 6000

- 6000

- 6000

-
6

0
0

0

-
6
0
0
0

-
6
0
0

0

0006
-

- 5500

- 5500

-
5
5
0
0

-
5
5
0

0

-
5
5
0
0

-
5
5
0
0

- 5500

- 5000

- 5000

-
5
0
0
0

0
0

0
5-

0
0

0
5-

-
5
0

0
0

- 4500

-
4
5
0
0

-
4

5
0

0

- 45
00

0
0

5
4-

00
54

-

-
4

5
0

0

- 4
00

0

- 40
00

0
0

0
4-

-
4
0

0
0

-
3
5
0
0

0
0

5
3-

-
3

0
0

0
0

0
0

3-

-
2

5
0

0

-
2

5
0

0

500

-500

-1500

-2500

-3500

-4500

-5500

-6500

-7500

-8500

-9500

-10500

-11500

-12500

-13500

-14500

-15500

-16500

-17500

-18500

-19500

-20500

-21500

-22500

-23500

-24500

-25500

-26500

-27500

-28500

-29500

-30500

-31500

-32500

-33500

-34500

-35500

-36500

-37500

-38500

Top of Precambrian Basement

METERS

0 17,570 35,140 52,710

PETRA 2/9/2011 2:58:58 PM



Regional basement fault systems 

- -



Locations of Laurentian margin, Birmingham Graben, and Southern Oklahoma Fault System from Thomas (1991, 2006).  
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Presenter’s notes: Possible implications of dextral continent-island arc collision during the Taconic Orogeny on the Mississippi Valley Graben-

Rough Creek Graben-Rome Trough intracontinental fault system. Width of green polygon represents local ratio of extension-to-transfer along fault 

system. Locations of Laurentian margin and clastic wedge from Thomas (1991, 2006).  
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Can these regional 

stratigraphic maps give us 

further insight into past 

tectonic events? 



 
 

Presenter’s notes: Differences between stratal thickening patterns produced by syndepositional fault movement (narrow 5-10km zone adjacent to 

fault system) and by thermal subsidence (wide 30-40km zone adjacent to rift system).  

Region of thickening 
I 

-~------------------

Syndepositional fault movement 

Region of thickening 
I 

- ---------- ~~--~~ 
Thermal Subsidence 



Syndepositional fault movement 

evident in isopach maps 



Kinematic Interpretations 

• Faults with orientations perpendicular to 

the contemporary extensional stress field 

are more likely to experience 

syndepositional fault movement 

 

• Analyzing sediment growth across faults 

can give insight into past stress fields 

present in the area 



 
 

Presenter’s notes: Geologic Time Scale used in this study. Stratigraphic horizons mapped in this study highlighted in red. Ages of Kentucky 

stratigraphy from Greb et al. (in press), sea level curves from Haq and Schutter (2008), North American/Laurentian Stage names and ages from 

Davydov (1996), Gradstein et al. (2004), Webby et al. (2004), and Ogg et al. (2008). North American sequence names and ages from Sloss (1963, 

1988).  
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Presenter’s notes: Time scale and relative σ1 directions of regional tectonic events (red arrows) and major stratigraphic horizons used in this 

project.  
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Kinematic Interpretations 

• Mapped stratigraphic units A – G 

represent the environments of deposition 

in the midcontinent over a 200 Ma period 

 

• Local and far-field tectonic forces 

affected the Rough Creek Graben region 

by activating (or reactivating) fault 

systems  



 
 

Presenter’s notes: Time scale and relative σ1 directions of regional tectonic events (red arrows) and major stratigraphic horizons used in this 

project.  
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Presenter’s notes: Syndepositional fault movement and thickening directions of unit A (Early-Middle Cambrian). Interpreted regional extension 

direction shown in inset (red arrows).  
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Presenter’s notes: Syndepositional fault movement and thickening directions of unit B (Middle-Late Cambrian). Interpreted regional extension 

directions shown in inset (red arrows).  
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Presenter’s notes: Possible implications of dextral continent-island arc collision during the Taconic Orogeny on the Mississippi Valley Graben-

Rough Creek Graben-Rome Trough intracontinental fault system. Width of green polygon represents local ratio of extension-to-transfer along fault 

system. Locations of Laurentian margin and clastic wedge from Thomas (1991, 2006).  

JL Rift 

Transform 

/ Intracratonic 
basement fault 



 
 

Presenter’s notes: Syndepositional fault movement and thickening directions of unit C (Late Cambrian-Early Ordovician). Interpreted regional 

extension direction shown in inset (red arrows).  
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Presenter’s notes: Syndepositional fault movement and thickening directions of unit D (Middle Ordovician). Interpreted regional compression 

(blue arrows) and extension (red arrows) directions shown in inset.  
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Presenter’s notes: Syndepositional fault movement and thickening directions of unit E (Late Ordovician). Interpreted regional compression (blue 

arrows) and extension (red arrows) directions shown in inset.  
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Presenter’s notes: Syndepositional fault movement and thickening directions of unit F (Early Silurian-Early Devonian). Interpreted regional 

compression (blue arrows) and extension (red arrows) directions shown in inset.  
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Presenter’s notes: Syndepositional fault movement and thickening directions of unit G (Middle Devonian-Early Mississippian). Interpreted 

regional compression (blue arrows) and extension (red arrows) directions shown in inset.  
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Local analysis of 

syndepositional normal 

fault movement during the 

Acadian Orogeny 
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Rough Creek Fault Zone 

• 

r 
( 
~ . 

• 



SW Profile 

+96% 

+139% 



SSW Profile 

+88% 

+193% 



SW Profile, 2 
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Rough Creek Fault Zone 
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Presenter’s notes: Possible implications of dextral continent-island arc collision during the Taconic Orogeny on the Mississippi Valley Graben-

Rough Creek Graben-Rome Trough intracontinental fault system. Width of green polygon represents local ratio of extension-to-transfer along fault 

system. Locations of Laurentian margin and clastic wedge from Thomas (1991, 2006). 
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Conclusions 

• Syndepositional fault offsets indicate local 

extension vectors during fault movement 

 

• Rough Creek Graben acted as a transfer 

zone during the breakup of Laurentia 

between the rift-parallel Mississippi Valley 

Graben and northern Rome Trough 



Conclusions 

• Far-field tectonic forces during the Acadian 

Orogeny reactivated preexisting faults that 

were preferentially oriented to the new 

stress field. 

 

• By analyzing stratigraphic profiles across 

collections of faults with varied strike 

directions, past tectonic forces (stress) can 

be interpreted by the apparent 

syndepositional fault offsets (strain). 
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