Investigation of Solution
Collapse Breccia in Mature Salt Cavities

ABSTRACT

Man-made and natural-occurring solution col-
lapse breceia, the result of salt cavity roof failure
and msoluble ledge collapse, has been mvestigated
at WYANDOTTE CHEMICALS CORPORATION's
Michigan underground storage, waste disposal and
solution mining operations. Wireline caliper,
gamma ray/neutron und sonar logs show the pro-
gression of isoluble ledge collapse, debris accumu-
lation on lower insoluble ledges, and the beginnings
of cavity filling by rubble during development of
an undergreund LPG storage facelity mm the “B’7
salt of the Michigan Salina. A television survey of ¢
hole drilled through the rubble of a mature salt
cavity intended for subsurface waste disposal re-
vealed bulking by "sidewalk” size slabs of rubble
and very little open hale. Comparison is made with
outcrops of breccia found in the Mackinac Straits
areg which s thought to have a similar mode of
origin.

A solution collapse structure, whose origin is be-
ficved to be contemporancous with the deposition
of the “B” and “C" unils of the Michigan Salina,
vccupying an areq of approximately 40 acres, has
been mmvestigated. Core samples and wireline logs
from wells located i this siructure show remaval
of approximately 200 feet of salt from Unit B of
the Sglina group. Bulking hy collapsed insoluble
ledges in the "B selt section and approximately
50 feet of overlying Unit Crocf rock, plus a thick-
ened undisturbed Unit € dolomitic shale-anhydrite
section account for the volume of sali removed. 4
siructure map on top of Unit C shows kittle or no
evidence of the underlying solution collupse fea-
ture, thus dating this event.
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it is thoughi that within reasanable fimats,
buiking will stabilize a sali cavity and thus serve to
protect the overiying section fram destructive sub-
stdence. Additional work is required to determine
the relationship between salt extraction, cavily
bulking und subsidence. This will serte io define
the Wimits of safe extraction for salt well systems.

INTRODUCTION

The occwrrence of solution cellupse breccia is
not an uncommon phenomenon; published obser-
vations of this breccia type appear throughout the
Hrerature. However, inasmuch as geologic processes
operate within the expanse of geologic time, these
reports are for the most part “after-the-fact” re-
constructions of the solution collapse brecciation
process. At Wyandotie Chemicals Corporation, in
our underground storage, disposal and solution
mining operations, we have provided the condi
tions necessary to create a man-made soution col-
lapse breccia in the layered salt of the Salina group
in Michigan. In this study, we will present some
observations on the brecciation process, comparing
man-made breccia with ouicrops of solution col-
fapse breccia on Mackinac Tsland and with a natu-
ral-occarring breccia found in our brine held on
Grosse Ile, Michigan.,
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investigation of Soiution Collapse

MAN-MADE BRECCIA

A series of wireline surveys made in connection
with the development of an LPG storage cavity in

the B unit of the Salina group is shown in Figure 1.

At the lar left is a portion of a gamma ray fneutron

log. Excursions to the right represent salt layers, ©
and to the left, shalc-bearing dolomite and anhv-.
drite-bearing dolomite. In the middle of Figure I
are three 36 inch caliper logs, the first of which
was run after removing ahout 440,000 cubic feet

of salt and the lasi run four months later after
having removed an additional 160,000 cubic fect!

Solution of the salt was accomplished. by: tubing:

injection through a series of rozzles set at 1284

feel, with a nitrogen pad used to preve:nt mof:'_;

scalping.

The caliper log, within the rangc ol its arm £%-’

pansion, delineates zones ot solution, collapse and
debris accumulation. The brst. caliper log shows
three ledges at 1138, 1157 and 1186 feet; salt and
insoluble rock between these ledges appear to be
washed out, The second caliper log run one week
later shows the ledge at 1138 feet to be still in
place . .. probably the result of nitrogen padding,
ard the ledge at 1157 feet 1o have collapsed, with
debris accumulating on the ledge at 1186 feet in-
terpreted by chserving the ledge to have moved up
hole. A portion of a sonar survey (vertical and hori-
rontal scales are equal) run on the following day is
shown at the far right of Figure 1, It agrees favor-
ably with the second caliper log in that it reflects
cavity and ledges. The sonar survey, because of its
greater range, shows that the collapse at 1138 feet
extends some 17 feet out from the cavity’s center,
whereas the caliper could not show collapse be-
vond the range of its 36 inch arms. However,
where the second caliper log shows the beginnings
of solution berween the ledges at 1186 and 1193
feet, the sonar survey shows none. This serves to
delineate the lower end of the sonar sensitivity
range and that the caliper log may depict incipient
ledge undermining to better advantage. The third
caliper log shows the ledge at 1138 feet is in place,
but collapse of the ledges at 1186 feet and 1193
feet has occurred with debris accumulating on the
ledge at 1220 feet. The third caliper log alzo picks
up rubble in arcas which were shown to be open
hole in the second caliper log. Insofar as the noz-
zles were set at 1284 feet, we assume that below
this depth to the bottom of the salt are open hole
and rubble filled cavily. As more salt is dissolved
cut, we would expect the cavity to [l with rubble.
That this does indeed happen was borne out in a
waste disposal project iitiated in 1966.
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Two disposal wells were drilled through the
Salina Unit B in an attempt to locate large brine
filled cavitics into which could be disposed a 6%
ml:(}s—beanng lime waste slurry. Wellsites were lo-
cated in an abandoned brine field which had been
i operation for more than 30 years. However,
neither well: showed the expected sizeable cavity.
lnstead, the 260 foot thick Unit B was found to
contain only rubble-filled cavity and broken forma-
tion. The only sizeable open hole observed was in
the: 30. foot thick- salt-bearing Unit D). Here, two
cavities were found separated by a four {oot thick
dolomite ledge. A television survey was run in an
attempt to evaluate the character of the rubble.
The. survey permnted an. examination in a straight
down view of the. floef of ome ¢avity in Unit D as
illustrated- in Figure 2 In-this figure, we are lock-
ing down into a cavity iitto whlch is. suspended a
television camera which “sees” its boom extension
and light source. The rock cavings appear to be
large angular blocks, resembhng slabs (}f broken
sidewalk. -

COMPARISON WITH MACKINAC a_r%Ecc:A

The angular blocks of cavity debris are similar in
appearance and probably too in origin to some of
the salution collapse breccia found in Michigan’s
Mackinac Straits region. Geopraphically located at
the northern end of the Lower Peninsula, the
Mackinac Straits are geologicaliy focated at the vim
of the Michigan basin. Ag reported by K.K. Landes
(1945}, the “Mackinac breccia s caused by the
dropping of rock fragmensts into cavities formed by
the solution of the Salina salt, {In this region,
Pointe aux Chenes formation is the rquwalent
surface term for the Balina.) Ground water i3 theo-
rzed as the agent of sclution. The Mackinac
breceia differs most from that of the man-made
breccia at Wyandotte in that portions of the Macki-
nac brecciz contain blocks from overlying forma-
tions, The Wryandotte man-made breccia is
mtra-formational containing blocks only of the
Salina Group. Within the Salina itself, there is no
evidence to suggest that Unit C extensively frag-
mented and drepped into Unit B, or that Unit E
has largely filled the cavity of Unit D. This differ-
ence between the two breccia types i1s probably
only a reflection of solution intensity and not
mode of origin.

In terms of cementation, the Mackinac breccia
can be classilied as being either uncemented
porous, uncemented-—composed of dolomite Trag-
ments imbedded in a shale matrix, and indurated
with 2 calcium ecarbonate cement. A study of the

.'.__J‘\'Aw,\\(\'t.&-‘aﬁ» b i

e i

e s

oy g e L
R

e,

S

s iyt
B L £ S AR

e ——
ke

L

ot e i

N




AN

U3 20M A UMolys sE 381018 N PUuaoaBiapun 103 pedoaap Jotg ANARD 8 UT SOREIGINDDE SEHp P ssdeyjos 28pa] J[GN[osE ‘usnos 1o mosatingy Tf aandyy

AJAEBNS HYNOS D

At & SAVZION

i
s

lll.ltllllll-l!llll..llltl.f.

py—r

IETT TR RLLL L0 L0 LLLd) .tli&‘.'l.l"

A o B
P T PP TP L et

(

“

"

! T S
| e

} o}

! }

_“ |

", |

!-lt._-ﬂmﬂ‘-uin

S —— :..:...w
| |
® @ 0]

SUIALTVD 9F

00e}

- 08t

- 091

- P2l

-~ DT3B

= 00T

- Q81

-~ 091t

- oyl

NOULNIN “AVYE YWWVYD

424



investigation of Sofution Coilapse

Figare 2. Straight down view of ruhble or cavity floar as shown by
television survey.

Wyandotte man-made breccia cementation is {nund
in an unpublished report of Carl A, Bays & Asso-
clates to the Wyandotte Chemicals Corporation.
Bays discusses the composition of fine grained cav-
ity debris samples recovered with a cable-tool core
barrel as being of three types:

(1) Platy soft white gypsum with gray, fine-
grained subrounded dolomite cemented by
fine-grained gypsam; (2) small o inch-large
fragments of dark and light gray dolomite
with a gray shaly mud binder, cemented with
soft platy gypsum; and (3} coarsely crystalline
transparent euwhedral gypsum intermixed with
a gray shaly mud, Because solution is cone
fined to the Salina, and the Salina st Wyan-
dotte contains no calcium carbonate, we
would not expect to find a calcium carhonate
cement. In the Mackinac breccia, ground
water contains dissolved caleium carbomate
and it accounts for the cement found in the

rithhle,

It 1s felt that within reasonable limits, bulking of
a cavity with debris serves to protect the overlving
section from destructive subsidence. Beyond a cer-
tain point, however, the continued removal of salt
will result in an interformational breccia, such as
found in portions of the Mackinac breccia where
blocks of the Bois Blanc Formation are found in
cavities dissolved in the Salina, Additional work is
required to determine the relationship between salt
extraction, cavity bulking and subsidence.
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SOLUTION COLLAPSE STRUCTURE FOUND
ON GROSSE ILE

A solution collapse structure, thought to be
older than the Salinz Unit D, involving the “B” and
“C" units of the Michigan Salina has been investi-
gated. Within a 40 acre arca “B” salt thins from
about 190 feet 1o less than 20 feet and the thick-
ness of the overlying insoluble unit (Unit C plus
“B” rubble) increases from 140 to more than 290
feet. A'structure map on the base of Unit B (Fig.
3) shows a slight dip to the north and little strue-
tural relief. A structure map on the top of the “B”
salt {Fig. 4) shows the salt to be deeply sculptured
by solution, thought to have occurred during “B”
and “C” time. Within the area shown by our data
points, we can see one distinct channel; others
probably lic outside of the area covered. This chan-
nel has its “head” in the down dip direction imply-
ing, in this area, subterranean updip solution. A
structure map on the top of Unit C (Fig. 5} shows
little relicf, the deeply sculptured “B* salt being
filled in by the time that Unit D was deposited,
thus dating this event as being contemporansous
with Units B and C, but older than Unit ). A core
taken in the middle of the solution feature shows
intense brecciation for a distance 90 feet above the
salt top. Figure 6 shows an example of the breccia.
The groundmass varies, but in Figure 6 it is largely
a shale-bearing dolomite with sub-angular to sub-
rounded fragments of dolomite and anhydrite.
Some of the dolomite fragments are pitted or are
wafer-like where interbedded salt has been leached
out. These fragments are probably remnants of in-
soluble stringers which are common in Unit B.
Fifty feet of this breccia is clearly Unit €, the re-
mainder being jumbled Unit B rubble. The fifty
feet of Unit C has retained its gamma ray /neutron
identity and is readily traced throughout the solu-
tion structure, its thickness being constant. Brec-
ciation stops in a ten foor thick breccia bed in Unit
C. Above this bed is a thickened Unit C (shaly-
dolomite with minor anhydrite) section,

Cross bedding and cat-and-fill structures are
found indicating a shallow water depositional en-
virenment. A structure map on top of the
uppermost brecciated anhydrite mirrors Figure 4,
top of the “B" salt. This infers that intensive solu-
tion did not begin until the uppermest breccia
anhydrite bed was deposited.
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426 Investigation of Solution Coltapse

Datum: Seq Level 5 sce 400 00
Contour Interval = 20 feet ECALE TN FEER
-i- prlif Hole

Figure 3. Structure map on base of Salina Unit B showing little structural rebief and 2 slight
northerly dip.
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Daotum: Sea Level ot ' 9?(, X 4?0 | Q?O

Cortour Interval = 20 feet BCALE N FEET

-~ Drill Hole

Figore 4, Structure map on top of Satina Unit B salt showing solution straceure.
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Figure 5, Structure map on top of Saling Unit € showing little structural relief, dating “B"" salt solution structure as heing older than

Unig I,

SUMMARY

In this report, same of the processes that cause
sohution collapse breccia have been presented. The
progression of insofuble ledge collapse and debris
accumulation within a man-made cavity have been
demonstrated. [t has been shown that a cavity can
be filled with rubble, impeding the onset of de-
structive subsidence, and comparisons have been
with the natural-oceurring Mackinac breccia where
continued solution led to the dropping of blocks af
overlying formations into cavities developed within

the Salina Group. A natwral-occurring solution fea-
ture huas also heen discussed, 1n which salt solution
was compensated for not by dropping of Jatter de-
posited blocks, but by cavity rubble and a compen-
gating increase in thickness of the overlying sedi-
mentary umnit.
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