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Salt basin
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-Shallow inland sea  EEEREaRETF
Michigagii

-Restricted outlets
to ocean

-Arid climate

-30 degrees south
of equator

-ﬂut'rrj i




Salt cycle

These cross-sections (at
l2ft) show the cycle that
built up Michigan's salf
bads:
9 Heafs surrounding a
shallow basin restrict
the flow af seg water.
sunlight and warm
temperaluras causa
tha water o evaporaie,
Evertuzlly, 50 much
waler evaporales
that the remaining waler
can rne longar hold the
salt in solution, The =ali
Dagins fo precipitate,
falling to tha sea bottam.
More ses water flow-
ing inta 1he basin
starts tha cycle again.




Salt basin — Great Salt Lake




Sedimentary Basins

Ontario

yan Basin

balachian Basin




Salina Group Salt Isopach

in GSA Special Paper 308, 1996



LOWER MISS.

Stratigraphy, Oil,
Gas and Salt In
Ontario
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Subsurface
Resource Uses

*OIl & Gas production
sCavern storage
«Salt solution mining

sNatural gas storage

Salt cavern hydrocarbon storage
Oil & gas reservoir

Natural gas reservoir storage
Transmission pipeline
Compressor

Gathering pipeline

Emergency shut down valve
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Burial of reefs by A-2 Salt and A-2
Carbonate limestone




Oll, Gas, Gas
Storage, Cavern
Storage In Sarnia

Area
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@ cavemn Storage

etroleum Pools

Qil Pool, Active
| Gil Pool, Suspended
: Oil Pool, Abandoned
. ] Natural Gas Poal, Active
MOORE LINE L Matural Gas Pool, Suspended
| Natural Gas Pool, Al:nancion

Matural Gas Storage, Active



Bass Islands
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Salina
F Unit

-Uppermost and shallowest
salt beds, 275 — 450 m.

-Several separate beds with
max combined thickness 90 m
- underground mining at
Windsor



Salina
D Unit




Salina
B Unit

- thickest salt In
Ontario — 90 m with
numerous interbeds of
dolomite and anhydrite

- 16,000 km?

- solution mining
Goderich, Windsor

- cavern storage Sarnia,
Windsor



Salina
A-2
Salt

-Lowermost and deepest salt
bed in Ontario, 500 — 775 m.
-One bed up to 45 m.

- underground mining at
Goderich

- cavern storage Sarnia



Bedded Salt
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Salt
Dissolution

*All Salina salt beds
exhibit evidence of
dissolution after
deposition

*Timing variable

B Salt: Eastern edge is
dissolution front — thin
from 30 mto zeroin 1

km

ISOPACH OF SALINA B SALT,
SOUTHWESTERN ONTARIO

Saling outcrop area
Salina B salt gives place to anhydrite

Salina B salt absent dus to leaching

Isopach of Saiina B salt
(20 foot interval

FIGURE: 4

GeoLoGY 8Y BY.5aNFORD, 975
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Canadian Rock Salt Co.Mine Shaft and D.0.No.|

Ojibway, Sondwich South Tp.

d Chemical N=4
lot 31, con.I, Anderdon Tp.

Salt Dissolution

Imperial Oil Ltd.,832

10142, con. I¥

Malden Tp

Drake and Walker-J.Park No.l
lot 83, con. I, Malden Tp.

<

C.B.Lewis No.23

GEDLOGICAL SURVEY OF CANADA
OLPARTMENT OF ENGAGY, MINES AN ALSOURGES
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"N; 83°03'10" W Loke Erie
41°53'09"N; 82°59'30" W Lake Erie

lot 59, con. Front, Malden Tp.

French Petroleum— Asamera Rivermouth No.l
41°58"13.!

Amerada Hess - Es
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in Benton Tp.
Ottawa Co.,Ohio
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Quaternary

SILURIAN - DEVONIAN OF SOUTHWESTERN ONTARIO
STRUCTURE SECTION A-A'
FIGURE: 7

FOR LITHOLOGICAL SYMBOLS SEE FIGURE 8

Geology by B.V. Sanford, 1975
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Collapse
recclas




Mining and
Cavern
Storage

G Unit

F Unit

F Salt

E Unit

D Unit
C Unit

. BUnit |
Bsat ©

A-2 Carbonate

A-2 Evaporite ©

A-1 Carbonate

LAl Anbhvdrite

Underground mining - Windsor

solution mining — Goderich, Windsor

Cavern storage - Sarnia

Underground mining — Goderich

Cavern storage - Sarnia



Solution Mining

ERUCE
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- Windsor and
Goderich

- 20 active
solution mining
wells




Cavern Storage in Ontario

112 wells

PLYMPTON

70 caverns

27 million bbl s
Lpg, oil
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Hydrocarbon storage cavern

safety valve
E~ +—shydrocarhon

- 100
brine tube
safety tube

. . e A

hydrocarbon

*Nominal Depih




Natural Gas Storage in Caverns — U.S.

b dwiest

Mortheast

Southeast

Type Sites

% = Depleted Reservoir 326
@ = Salt Cavern 31 Southwest

& = Aquifer 43

Source: Energy Information Administration, Office of Qil & Gas, Matural Gas Division Gas, Gas Transportation Information System, December

2008.




Ledges In
caverns

Interbeds of
Insoluble limestone,
anhydrite form
ledges in caverns

Sonar Trace of a Cavern




Salt dissolution
and
recrystallization




Roof slabbing and debris pile

Roof

Edge of slab




Summary

Bedded salt occurs in several layers tens of metres, 275-
775 m depth, underlying up to 16,000 km? in subsurface of
Ontario

Salt layers deposited on floor of ancient sea

Post-depositional dissolution of salt in subsurface —
recrystallised salt, dissolution fronts, breccias

Underground mining and solution mining at two locations

70 solution-mined caverns used for storage of
hydrocarbons

Non-salt layers in the salt beds may interfere with solution
mining and cavern storage operations

Natural gas storage and oil/gas production in reef
structures beneath the salt



Lambton County —
A-1 Carbonate Fm




3D Subsurface Geology

First salt deposition — A-2 Salt

. Lambton County -
a° % A-2 Salt Fm



3D Subsurface Geology
Deposition of B Salt
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