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Small (Yielding) Pillar Concept

To Avoid Roof “Collapse” Issues



“Floor heave”
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Gradual Upward Stoping at Collapse



PROPOSED DISPERSION

OF BRINE SQUEEZED FROM MINE





More complex fracture pathways exist (open system)



More complex fracture pathways exist (open system)



Additional Geologic Issues:

• Plate Tectonic Stresses in the Earth’s Crust.

• Local Rock Structures: Faults & Fractures.

             Fluid Migration; Contamination

• Stresses Resulting From Valley Topography.
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Syncline               Anticline



Joints form by Stretching (extension) on Anticlines

Joints are also Pervasive in Sedimentary Rocks 



Fractures on Crest of Anticline Fractures At Crest of Anticline



(LODI)

FOLD AXES

THRUST

STONE &

WEBSTER

EARTHQUAKE

Limit of Study

TEAR

FAULTS



Onondaga Limestone  Surface

THRUST

Stone & Webster

FAULTS



APPALACHIAN MOUNTAINS                       APPALACHIAN 

PLATEAU 

REGIONAL GEOLOGY



Can Duplicate Layers in Drill Hole



Thrust

Fault





Onondaga Surface

Stone & Webster

TEAR FAULTS

100 foot contours on top of Onondaga Limestone



885 ft (Syracuse Fm)

Such Generalized Cross Sections Ignore Details



Geologic Details Ignored

Widespread Jointing, Faulting



Modified from: Science News   9/8/2012



Joints

Modified from: Science News   9/8/2012



Rock Jointing

Joints (fractures) are Pervasive in all Sedimentary 
Rocks.

     Water Wells in western NY commonly derive      
water supplies from fractured (jointed) rock aquifers 



Rock joints often occur in parallel sets that are locally persistent.

Seneca Stone Quarry



MAPPED JOINT SETS AND DIRECTIONS,  NYSGS



Joints are often best exposed in local 
streams, eroded into bedrock:

Taughannock Falls





Not all master joints or joint sets are vertical



Not all master joints or joint sets are vertical

Joints

Natural bedding planes

How Fluids Move Through Rocks



Evidence of Horizontal Stress Field:

Quarry “Pop up” Structures

Horizontal stress (pressure) is 

often greater than vertical rock 

load to depths of 3000 feet 

(Zoback, 1980)

Genesee Valley Margin: Horizontal / Vertical stress is >2 at 672 ft depth
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Current Stress 
Orientation in 
North American  
Plate –Finger lakes

Zoback 1980
Jour. Geophysical Research





Quarry floor

“Pop-Ups”



MICHIGAN 2010



Horizontal Stress Release





Horizontal Compressive 

Stresses in Rocks



Utah



Arizona



Gasport, NY



NY  “Pop-ups” originally  looked like this





ROCHESTER AREA:

Barge Canal Bridge Spans

  Shortened by E-W Stress



US Bureau of Mines – TPR 70 (1992)
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US Bureau of Mines – TPR 70 (1992)

Erosional 

Rebound
  

Normal Valley Processes



VALLEY ANTICLINE FEATURES
            

Erosional unloading and horizontal stress field combined



Mt Morris Dam: Genesee Valley

Stress Relief Joints



VALLEY ANTICLINE FEATURES
            



Colorado River  -  Valley Anticline

Grand Canyon: Colorado River “anticline”



US Bureau of Mines  
RI - 9413     (1992)

Observed 
deformation 
in
bedrock 
layers
above coal 
mines under 
valleys
(PA, WV)

Molinda et al.
US Bureau of
Mines, 1992
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Rock loads: Weight Only 

Density = 2.4 - 2.6, or weight = 

150 -162 lbs. per cubic foot

Vertical Loads:  Approx. 1 psi 

(per foot of depth)



HOWEVER………

Horizontal Stresses may be 3 times 

vertical rock loads (weight) at depths 

of several thousand feet



Old 
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Mine 

Shaft



Deformed Shape

Original lining

At depths of 600-800 feet horizontal stresses are 2X to 3X vertical loads.
    (From “overcoring” measurements in borings for new American Rock Salt mine.)

Observed Style of Horizontal Deformation in Old Sterling Mine, 
                                        Genesee Valley, NY

Tectonic 
Stresses in
North 
American
Plate

(ENE-WSW)

Original Metal Lining Supports  
    (tunnel lining installation was circular)

Escape Tunnel 



Tully Valley Mining Data

Evidence for Horizontal Compression



Generalized View of 

Salina Group Salt Beds
(yellow)

W. Kappel

1996

Tully 

Valley

Solution 

Mining

~130 ft 2 Beds

300 feet



TULLY VALLEY CROSS SECTION: SOLUTION MINING WELL DATA



TULLY            VALLEY

Tully Valley: South of Syracuse (Salt Solution Mining)



US Bureau of Mines  
RI - 9413     (1992)

Observed 
deformation 
in
bedrock 
layers
above coal 
mines under 
valleys
(PA, WV)

Molinda et al.
US Bureau of
Mines, 1992
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Joints (fractures)



TULLY            VALLEY

Tully Valley: South of Syracuse (Salt Solution Mining)



Cayuga Lake Salt Mine



CAYUGA LAKE VALLEY



Examples of

Unmapped  Deformation Structures

In Western NY

(Aside from Normal Rock Jointing)

(PATHWAYS FOR FLUID MIGRATION)



Typical     (Not Always Narrow)

Fault

Zone

Highly 

Fractured 

Rocks



75 feet

Geneseo Shale

Tully LS

Thrust Fault: Cayuga Crushed Stone Quarry (East End of Firtree Anticline)
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Folds & Faults: Genesee Va., NY



Small Fold



FAULT:
Seneca
Stone
Quarry



Senaca Stone

Quarry Faulting



Rochester: Barge Canal



Area of Tunnel Faulting

ROCHESTER, NY



Test Boring Offsets (faults, folds?) Under central Rochester, NY from CSOAP Tunnels
(ROCHESTER FAULTS / FOLDS:  Extrapolated vertically to surface from tunnel depths)



86 

Mapped and Known Faults - 

Jacobi
Major Fault Zones – R. Jacobi  SUNY Buffalo (Tectonophysics)



Major lineaments and suspected or known fault zones



Based on 

Selected 

1977  data

From: NYSDEC 

SGEIS for Fracking Study



UNRESOLVED ISSUES

• Significance of Undefined Horizontal Stress 

Field (tendency for deformation of valley axis)

• Unmapped structures (faults, folds, joints)

• Stress Arch Concept ? Competence to Support 

Roof?     (Retsof Similarities?)

• Clear Evidence in Similar Finger Lake Valleys

                   (and elsewhere)



Reference 

List Available



Void Spaces During Initial Stoping

Developing 

Fractures

Dissolves Higher Salt Beds

Alpha Geoscience “theory”  There were liquid  brine “pools” above mine roof.

Hypothetical brine “pools”

SALT



Collapse occurred March 12

             (9 months)

July         Aug.        Sept      Oct        Nov       Dec                Jan               Feb     





“Borehole geophysical surveys have identified 

three saline-water-bearing fracture zones in the 

bedrock: at stratigraphic contacts between the 

Onondaga and Bertie Limestones (O/B-FZ) and the 

Bertie Limestone and the Camillus Shale (B/C-FZ), 

and in the Syracuse Formation (Syr-FZ).”

“In model A, the salinity of water in the upper 

part of the rubble chimneys is derived mainly 

from the inflow of bedrock water from the O/B-

FZ, (Onondaga and Bertie Fracture Zone) as 

indicated by geochemical models.”

USGS Study (Yeager et al., 2009)   USGS Professional Paper 1767
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