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Dissolution of salt deposits by brine density flow 

.I IIV 01- iy i~ i  01 '  col l :~ l )sc . s ~ ~ - t ~ c f t ~ r c . s  :11i(I l ~ r e c c i : ~ s  Il1:1t ve r t i ca l l y  j)elietr:lte 

01, OC,~.III- \\ i t l l i t i  i ~ i i ~ ) ~ r ~ i i r : ~ l ~ l c  ~ *v : l l ) o r i f c s  1i;ts ~ i c v c r  1.t~11ly l ) t l e ~ i  r ~ t i ( I t ~ ~ ~ s t o o ~ l .  

I I l c  tlc,tisi~!, 01 '  f l i c  I)t.ilic III:II t lcvr lol) .s :is UII t l c l ) os i~s  :)re dissolvct l  c:111 

y - ~ i c r : ~ t c  c o ~ i t i ~ i t ~ o t ~ s  ~ i . : l v i ~ :~ l i o t i : i I  1)rilic ~ ~ i u v e l ~ l e ~ i t .  1s t he  s o t ~ ~ - c e  01' t l ie  

t l i \ \ o l \  i l l y  \\,:ttcbt. is :~~.rcsi: l l l .  o r  c o ~ ~ t i r i ~ ~ o t ~ s .  :I I'low cyc l e  is r leve lo )~e t l  in 
I l i c l i  t l i c  s:llt i tsc l l 'su l ) l ) l ies t l i c  t l c ~ l s i t y  gl-:~clien( I l l a t  b e c o ~ i l e s  t he  vel i ic le 

01' i l u  o \ \ ~ i  t l i s s o l t ~ f i o ~ i .  T l l c  I)el:l\v:ire U:lsiri ill \vesterii Texas  a n d  sou t l i -  

v : I \ ~ ~ I . I ~  Nc~\\: h l c ~ i c o  1 ) r o v i d ~ s  ;I ~ ) ; ~ r f i e r ~ l : ~ r I ! ~  good e u : ~ l i i l ~ l e  ol i i o ~ v  111.ille 

t l r l i \ i t ! .  I'lo\\, c;111 ~) l .o t l r lcc t l i sso lu t io r i  c l i : ~ ~ i i l ) e r s  t1i:lt coll:ll)se t o  for111 

I ) rccc i :~s.  . l - l ic  ~ ) o t c n t i : i l  I'or t l i sso lu t ion  b! l ~ r i l l e  I ' low is a n  i ~ i l ~ e r e l i t  

1)ru1)cbt.t!' 01' l);~rfI!' c s l i t ~ ~ i i c t l  rv: i l )or i tes n l i t l  cons t i t u t e  ;i r isk  f ac to r  

i t 1  ~ I I V  \ IO I . : I ~~  of. ~~ : i ( l i o :~c t i ve  \v:~sIc ill ev:i l )or i te de1)osits. 

Ilrccci;~\ 0 1 '  \c\ cr:~l d i l  Fcrcrl~ ~\.pcs and 
gcorr~crric\ II:I\~ lorig bee11 rccogr~ized in 
c\:~l ic ir i~c t la \ i l~ \  ~II;I~ Ila\c llccri cshun~ed 
ar \oriic \ ~ : ~ g c  ill [l icir I i i \ rc~r \ .  I'or ex- 
;IIIII)IC. lc;~e~I~cel rc\icluc\ cxiri~airlirig arlgular 
l~ locL\  i ~ r c  LIIO\\II to :I~~\IIIIII~:I~C :I[ t l ~ e  
tlllpcr \ ~ ~ r l ; ~ c c  0 1  \:III ;I\ it i\ gr:~dt~:~lly 
l c c  I I I I O I I I I ~ ~  \\:ircr.;. hlore 
(I~\IIII~.II\L. L,IIII;III\~ I i rec~.i ;~\ f l  ic. I )  :Irck:~l\o 
~OIIIIIIOII 111 III;III\ c \ i ~ ~ i ~ i ~ ~ t c ~ ,  :111tl [he >true- 
lure :IIILI ~II:II:ICI~I (11 t l ~c \e  l ~ r c c c ~ i ~ s  have 
Ilcc.11 ccit reell! ;III ritlr~[ccl l o  di\\olulic>ri 
\\ i111ir1 I t ~ c b  c \  :111or IILY ~III~I L.OII:I~\L, 01 o \c r -  
[!illy c c r r ~ ~ [ ~ c ~ c ~ i r  IIIII~\ ( I  ; i~~clc \ .  1959). 
I l (~ \ rc \c r .  a III~L,~I:III~~III to cuplai~i tllc 
c.~~rl~rr lonl~l;~cc oL.L.\IrrcIicc ( 1 1  ~ l i \ \ ( i I ~ ~ t i o ~ ~  
t l c c [ ~  \%I[II~II I;trgc.l\ I~II~~C~IIIV;II~IL. ~. \ :~pc~r i les 
II;I\. I I I I~~I  I I O ~ .  I i r c 1 1  I I I I ICL~~~III /CL~. I IIC 
II;I[II 01  IIIII\CIIICIII 01  ~ l i \ \ o l \  I I I~  \i;1tCr\ 
III.II I~II~(~IIL.C 111ccc~ I~;IIIIIL,\ i \  ~iocirlv 111iclc.r- 
\ r c 1 1 1 t l .  /\ lircicc\s 01 I ~ r i t ~ c  d c n i t y  Ilo\v is 
\ ~~gyc \~c .d  lo accoullt l o r  Inany o l  these 
clccl~-\c:~[ccl cc) l l :~p\~ Ic:~~rtrcs. 

I<cccnt studies in  lie L)ela\vare Basin 
of \\-ester11 -1esas arld soutlleasrcrn New 
lilcuico, ill c.o~incc~ion \t i [ \ ,  [lie develop- 
nicnl (11' a po\ \ i t~ lc  r c p ~ l \ i ~ o r y  lo r  radio- 
;~ctitc+ \ r a \ [ c .  I~arc. iclc.11ti1ic.d li!.tlrologic 
\ ! . \ I~I~I\  r l l : r t  :~l)l)c;~r to Ilc rc.;po~lsiblc for 
111c c1c.t c lo l ) l l~c l~t  0 1  ;I v:lricly o l  brecciated 
;1r10 L~IIII;II)\CLI c l i \ \o I~~t ior l  Icalurcs. These 

relatior~silips betlveen aquifers and dissolu- 
tion ell'ects ha\,e led to the formularion o f  
the concept o f  brine density flow. The ap- 
plication o f  the brine density flow model 
to I Ile dissolution o f  evaporites carries 
iniplications for the history and distribu- 
1io11 of evaporites as \\.ell as for the use of 
e\,aporitc deposits for the storage o f  radio- 
:~cl i \e \\:~ste. 

BRINE DENSITY FLOW 

I he t n  o rcquirelnenls for estzblishing 
a tirille clcnsity l low cycle are ( I )  a pres- 
xuri,ed or artesian source o f  relati\.ely 
l res l~ \vatcr :rnd (2) n permeable fracture 
5ysrelll or zone hct\\.eel~ the \\ater source 
(nquiler) ancl salt Illass that is normally 
i\ol:~Ictl l'rol)i ground ilarer. Gravity flo\v 
01  ITI~II~. O~.CLII\  !\II~II Ires11 \V:IIC.I' L.OII!:IL.~S 
tlic .;:(It body :~nd becorl~cs Illore dense by 
tlisstilutio~l o l  a l l .  'The difl'crcntial dellsit\ 
bct\ \ecl~ I he brine and the Fresh \\.ater 
causes ~novement o f  brine downward 
along separate and distinct pathways but 
ill [lie sanie fracture system or permeable 
zone as the rising fresh water. The de- 
scending brine ultimately flows through 
[lie aquifer to a point o f  natural discharge 
alid, because t i l e  system i s  under artesian 
pressure, the brine tloa. is continuously 
replaced by fresller nater. Sustained flow 
resulls in  tlie enlargement o f  dissolution 

I ' i g ~ ~ r r  I. C'1111:1l>se I,rcc.cia Troni 130-ni 
de11tl1 i r i  I lrccr13 cl~in~ricy Ioc3tCd in Ct~ll~erso~i 
County. Texas (see I'ig. 1). 

c l ~ a t ~ ~ b c r i  err ;III ail\anciiig fro111 ol' disso- 
lution. Sr~hscquenr collapse of' conipetenr ' 
beds causes brecciation. 

A model, simulating brine flow, was 
constructed in  which a source (aquifer) 
was connected to an overlying chamber 
containing salt by a capillary tube 0.54 m 
long and 0.0015 m in diameter (Fig. 2). 
Water moving only through the capillary 
and driven only by brine density difference 
removed salt from the overlying chamber 
at a rate o f  about 1 g/min. A simple capil- 
lary results i n  a pulsating flow. with pulses 



LEAK 00015m D I A M E T E R  

FIBERS *' PRESSURE 

~\vo- \v;~y Ilou did rlol tlevelop in the Plexi- 
glar ~~iocle l  until the plates \\,ere separated 
I)!. 0.001 111 tloes ~iot rllean that brine I'lo\\~ 
callllot tlcvclop in ligl~ter riatural I'racture 
\yKlelus. -l\vo-way I'lo\v develops readily 
i l l  repar;~rctl capillaries, and a concentra- 
liori dill'crcr~ce of' brine of less than 2 g/l 
i tas sul'f'icier~t t o  initiate and maintain 
c o ~ ~ t i r i ~ ~ c ~ u s  Ilrir~c Ilo\v. Natural systerlls 
call I)c crocclcd to corltai~l a co~llples net- 
\\ ork ol' I 'racture to  provide separate path- 
\\;I!.; lor ascclidirig and descending fluids. 

The rate or vigor of brine flow varies 
tlirectly \ v i ~ l ~  coriceiitration (Fig. 3). Dif- 
I'crcr~tial I'lo\v bet\veer~ the aquifer and the 
c l ~ a n ~ b c r .  \\-it11 coricer~tration differences 
o l  0 g/l ,  is about 20% slower at high 
conceritrations than at low concentrations, 

p Q ~ \ ~ E R  
presumably due to difference in viscosity. 
I llc ;lrllount ol' s;~lt actually rcrnoved fro111 

9 
6 I the cht~r l~her  varies espo~ieritially with dif- 

lererice in coriceritration between the 
I iptlrt.  2. 1 : I ~ I ~ I ~ : I I I I ~ \  : I ~ I ~ I : I ~ : I I I I \  I I S C I I  11 )  aquil'cr and chamber (Fig. 3). This erfect 

~ l l n r r ! ~ .  I l r i l ~ c  (Ic.~~\il! 111111. ( I B I I I I I I I I I I ~ C . : I I ~ ~ B I I  

I)vr\\t.t.tt :1t111ilvr : I I I ~  L I I ; I I I I I I ( ~ I  i \  1 . i 1 1 1 ~ ~ r  11:. is caused by the exchange of fluids be- 

~ 1 1 , 1 1 1 1 ,  l l  , , , , , l l i l l  l l r i l l  
I\\eerl the t \ ~  sources and sliows that the 

. . 
I I I O \ V \  I I , I \ ~ I I  C . I , I I I I : I~ ! .  : I I I I I  t,r(*\ll III0,1.5 rate ol' renloval 01' salt from a chamber 
1111tt : ~ r i I  : I ~ ~ I I I I I I ~  lillcr\. o r  I]!. \ ~ I I I I I I : I I C ~ ~  "l'r:~r- decreases sigrlificantly with increasing 
I I I 1 1 1 1  I i i  1 \ 1 . 1 1 1 s  1 1 1 1  t , r v l ~  brine col lce l l t ra t io r l  in the aquifer.  ~h~ 
t t : ~ ~ ( * i  : I \ ( I . I I ~ ~ s  I I I  ( l i l ' l ~ - r r ~ l t  I I : I I IS (11' S:IIIIV 
l r ; ~ r l ~ ~ r t ~ .  poteritial I'or the development of brine 

!lo\\ ;~ l t c r  Ires11 \v;ller has co~ltacted a salt 
Oody i \  ~)rillcil)ally a lur~ctiori of density 

U I I  I I I C  cl~clcr of Inlrlutc\. . I \  I l c \ l ~  ua te r  dillererltial and the permeability of the 
I r e  I I ~ I I I I ~ C  I ~ I I I I ~ I I  I I I'racture system. 

llo\\. ( ( I I I I I I ~ I I O I I \  lion occur\ \ v l ~ c ~ i  ;I 

t \ \ o - \ \ ;~ !  "leak S ~ \ I C I I I "  i \  ;~ddcd SO 111.71 DISSOLUTION IN T H E  DELAWARE 

t l ~ e  111o1c \ i \ c o ~ ~ \  Ilrirlc rl~ovcs do\vr~\\.ard BASIN 

l l ~ r o r ~ g l ~  the capillary tube. \vhicli is the The Delaware Basin provides a par- 
rrlorc ollcr~ part 01 ~ l l e  systelli, and fresher ticularly good example of dissolution by 
\\;ltcr t ~ ~ o \ c \  u l ) \ \ ;~rd  bct\\ccr~ plastic fibers rlleans of brine flow, because the ongoing 
placed a r o ~ ~ r ~ d  t l ~ c  capillary (l,ig. 2A).  nature of the process makes it possible to  
I 'ul\atir l  hriric Ilo\\ ;~ l so  occurs irl  arti- observe the apparent relationship between 
licial "lr:~cttrres" rlladc o l  closely sarld- existirig aquifers and a variety of dissolu- 
\\ic.licd plates of' I'lcriglas (0.1 x 0 . 6  tion and collapse features. Also, the basin 
1. I l . t H ) l  111) (I.ig. 1 1 3 ) .  \i'Iicri 111e distance has a rather simple structure and hydro- 

\cl);irallrlg t l ~ c  pl;~tcs is ir~crc:~scd to  about logic flow system. 
0.001 111. c o ~ l t i ~ ~ r ~ o u s  t l r i ~ ~ c  Ilo\\ develops hlost o f  the basin is now part of a 
I I I r e  I r I r e i  single block that was uplifted and tilted 
\\ atcr I I I O \  c\ tlpu ; ~ r d  i l l  the " I  r;~cture" eastward, mainly in late Cenozoic time 
I I I  \ C I ~ ; I I : I I ~  :111tl tli\1111c1 1):1tl1\\ :I!\, (King, 1948) to  about 19 m/km.  The an- 

r I I 1 1  ~ ~ o t l c l  c i s  s d d e ~ l  Ilydrite and halite beds of the Castile For- 
I t i r c i ~ ~  c i  I I I r i i  d e e -  mation are underlain by the shelf and 
o l l i r ~ p  i l l  111c c11;1111l)cr : I I I ~ I I I ~ > I \  I O  cclualize basin aquilers of tlie Delaware Mountain 
lllc prc\\urc i l l  111c ;1rlcsi;111 \!.stcr~r. I.lo\v Ciroup (I:ig. 4). The more permeable 
0 1  briric i r ~  the \ i ~ r ~ u l ; ~ t c d  Iracturc begins Capitan (reef) aquifer encircles the Castile 

i ~ t ~ l - l ~ ~ c t l  t c r ~ l r l "  I is a i ~  evaporite and is overlain by the halite 
I;rir~ctI ; I \  ;I 11;1rro\\ ~ ~ I I I I I I I I  of rapidly de- arid anl~ydrite of tlie Salado Formation, 
~cclidirlp l~riric ( a lw~r t  5 crii/s) \urrourided tlie Rustler Formation, and younger non- 
lly \ I ; I ~ I I ; I I I I  o r  \lo\\ly t ~ ~ ) \ \ ; ~ r t l - ~ r ~ o v i r ~ g  evaporites that extend beyond the limits 
r r I 01' r i  I ~ o c v e r ,  is of the basir~.  Both of tlie aquifers are 
c ~ t i r c l y  i l i  I licltl I I I I I ~ I I I ~  l o  exposed to  recharge in the uplifted western 
at l l ~ c  gco~lictric\ to I>c cspcctctl ill Irac- and southern parts of the basin. The po- 
111rc \!\rcr~lr. I Ilc 1 x 1  I I I ; I I  c o r~ t i r~uous  tentiometric surface for fresh water in 

boll1 aquifers is slightly above the ground 
level. The erivironniental head for brine 
ivould not rise to the surface but could be 
expected to  rise from the basin and Capi- 
tan aquifers into the soluble evaporites. 
Both aquifers ultiniately are drained by 
the San Andres Limestone (Hiss, 1975). 
Water flow in the reef aquifer parallels 
the reef but passes illto the San Andres 
Limestone at the northeast corner of the 
basin. M'ater flow in the basin (Delaware) 
aquifers is generally down regional dip 
(Hiss, 1975). 

Two genetically different types of brec- 
ciation have been recognized within the 
evaporite body in the Delaware Basin 
(Anderson and others, 1978): ( I )  dissolu- 
tion breccia consisting of partly dissolved 
and broken anhydrite laminae enclosed in 
all anhydrite r~latris, and (2) collapse 
breccia consisting of ar(gular interlocking 
fragments of laminated; anhydrite, lime- 
stone, and other rock types with little 
matrix.. Collapse breccias develop directly 
above dissolution breccias after salt re- 
moval and chamber foqmation. The brec- 
ciated masses o r  bodies; occur both as  
blanket type (interformational) beds or 
as chimnevs and pipes (,trans-formational 
breccias) sinlliar to those observed in 
other evaporite basiris (Landes, 1959). 

Trans-formational Breccias 

hlinilig operatio~is at the hlississippi 
Chemical Company mine under Hill C 
(Vine, 1960; Fig. 4 here) have revealed 
the central core of a breccia chimney o r  
"pipe." The downward(deflection of  
marker beds adjacent to the pipe at  the 
360-111 level indicates that the collapse 

CONCENTRATION 
40 1 cHAmEw 

REMOVED 

CHAMBER CONCENTRATION 
(30 MIN I /, DIFFERENCE 

10 - 

I'igure 3. Kclation of brine llow to concen- 
tration and concentration difference. Solid line 
is amount of hrine ren~oved fron~ cllamber per 
unit time wit11 different initial concentrations 
and wit11 aquifer concentration = 0: abscissa is 
initial concentration of brine in chamber. 
Dotted line is sn~oilnl of brine renloved from 
c11anll)er pcr u t ~ i t  time wit11 ir~itisl cllamber con- 
centration ol 200 p/l and different aquifer 
concentrations. Abscissa is difference between 
concentration of brine in chamber and concen. 
tration of brine in aquifer. 



cllar11t1cr origi~~;rrcs i l l  t l ~ c  Ioi\cr p:rrt 01. 
tlrc S:11:1<lo I . O ~ I I I : I ~ ~ O I I  \\Ilcrc i r  rc\ts :rt)ovc 
rllc ~~l~clcrl!irrg inr~cr-rccl  I I I ; I I ~ ~ I ~  0 1  I I I C  
(';lpi1~111 : l (~~l i lc r  ( 1  ig. 4).  Ibr:!crt~ri!~g (11 
:lllll\dlIle t1eYl\ I\IIIg I ~ C I \ \ C C ~ I  llle \:!I1 :111cI 

I 11e : I L { I I I  I cr ; ~ c e ~ o r r ~ \ ~ : r ~ ~ i c ~ I  1Ic\t11 ilrg (11:rr 
t o o k  pl:~c,c [ I I I I ~ I I ~  \ I I I I L , I I I I : I ~  : I ( ~ ~ I I \ ~ I I I ~ I I I \  
: I I O I I ~  111c I I I I I ~ I  I I I : I I ~ ~ I I  0 1  I I I ?  rccl. l l ~ i \  
I l : l L ~ l l l l  i11p /I;!\  ;lllO\~ccl 1I1c ll~l~lcr\illlll:ltccl 
\\;llcrS. I I I  I l ~ c  1111pcr I ) : I I I  0 1  111c reel :~c (~ l i l c r  
1 0  ~ ~ ~ I I I ~ I L I  tI1e ( I \  el I\i11p \:Ill llr(l\ ( I  ! I \ \ #  
1975. I > .  l l dl. S u I ~ \ c c ~ r ~ c r ~ t  O r  I I I ~  I'lo\\ and 
c t ~ i ~ r r ~ h e r  ~ ~ o l l ; ~ ~ ~ \ c  i \  I I I O \ I  lihcl\ r c \po r~~ ib l c  
lor I I I ~  111 ccci;~ ~ l l i ~ r l ~ l e \  I I C I I C ; I I I I  I l i l l  ( ' .  

I I I ~  I cl;1tio11\I1111 I)e~\\cerr 111c reel 
:r(\t~ilcr :I!\<! ~ I \ \ o I \ I ~ I O I \  I w t  iIl~1str:~tcil 
I ) \  :I L I I ~ I I I I  0 1  1:11pc c I ~ \ \ o l r ~ t i o ~ ~  clcprcssio~i\ 
( 1  ig. 4 1  I!I:II  OL.L . I I I  ;11o11g I I I C  l l c \ ~ ~ r c d  
~ I I I I ~ I - I C ~ ~  I I I ; I I . ~ I I I  ;11o11g tllc e:rst side of 
tllc I ) : I \~II  ( \ lal lcy and I 1111li11gto11, 1953). 
1 Ire 11:1\c (11 di\\olutiorl i r r  Ille\e I'carurcs 
rest\ (111 r11c :rrrl~ydrite beds cxpping rhc 
reel'. : I \  il~die.;~tccl t l ~ c  al)scrlcc 0 1  S:~lado 

i r ~  ~ l r c \ c  \trtlclurc\. llrc area \r-hcrc 
111crc I I J \  becr~ ;I lo\! ol \:rIt  111 r l ~ c  i.:rstiIc 
a~ l t l  S;II:ICIO Iorrnnl~olr \  :~cIjaccnr t o  tlrc rccf 
o\crlic.\ : I I I  ; I ~ C : I  n11crc \\:ltcr 01' lo\v cl11t7- 
r i ~ ~ i r y  t I to 5 p / I )  occ,lrr\ i l l  tllc tljll)cr part 
of 111c ~ c c l  ;1(1111lc.r ( I  l i \ \ ,  1075). 111 rlrc 
~ ~ o r t I ~ ~ ~ c \ t c r r ~  part 0 1  11,1c 11:1\i11, tlrc lrcsl~cr 
\\:itcr 11, 1I1c t ~ ~ l ~ ~ ~ r  lJ;rr! 01. tlrc ~rilr~ifcr is 
\e l~:~r :~tcd  by ;I r~l:iti\cly \11:1rp ir~tcrI.acc 
Irorii \\:!tcr 01 Irigl~cr c l ~ l ( ~ r i r ~ i t y  ( >2U g / l )  
i r r  r l ~ c  loner p:lrt 01 rile :~clt~ilcr ( l l i ~ \ ~  
1975). ,\lore c o ~ r l p l c ~ c  I l r ~ ~ l ~ i r r g  ol' t l ~ c  rccl 
acluilcr i r r  tlrc ca t c r l l  pa:lrt 01' ~ l r c  basin 
nlay Il:r\c rcstrltcd in A nlorc ur~ilorrrl 
\crtic.:~l c lcr~~iry  di$'1ril>r',tior1 (I\'. L ~ .  l~liss, 
I07Y. licr\o~r:rl ~ ( I I I I I I ~ I I I I , ) .  

I I I C  ~ ~ o t c ~ ~ ~ i o r ~ ~ c ~ r i c ~  \~ t r l :~cc  0 1  111c reel' 
;rcluilcr i \  Iligllcr tl,~arl tllc positic~rr ol  bcds 
c o ~ i t : i i r ~ i ~ ~ g  lr:rIirc, \ ( I  r l ~ e  ~ ~ r ~ ~ l c r s : ~ t ~ ~ r : ~ t c d  
rccl \\:ltcrs call be c ~ p c c . ~ e d  to corrtact 
o\crl!ir~g arid adjacer~t salt rl~rougli pcr- 
rr~cablc Iracturc\. I Iiis c o ~ i l i g u r a ~ i o ~ ~  ol' 
aquilcr,  d i \ \ o l~~r io r i  clf'cctsl ; I I I ~  b r i~ i c  is 
c~scr i~i :~ l ly  11ic \:~rric :IS I . O L I I I ~  i l l  tlic brinc 
dclr\it! Ilo\r- rrlodcl, :rlid i t  is rc:~soriablc 
to  c o l l c l ~ ~ d c  rlrat I>rinc Ilo\r- l'ronl arcns 
ol  d i \ \c~lut ior~  a t ~ o v c  and adj:~ccnt to ~ I I C  
I ~ ; I ~ I I I I ~ L I  reel 111;irgi11 11;~s c;~rriccI 111c Ilrirrc 
to 111c lo\icr  11;1rl 0 1  111c ;~qoiIcr \ \ l ~ c r c  i t  
11;rs ; I ~ L . I I I I I I I ~ ; I I ~ L ~  ( 1 . i ~ .  4 ) .  

I oc;~li/ccl I)rcccja clrir~i~lcy\ or "pil~cs" 
:115o occIIr i l l  111c ~ Y I I I I I I I ~ ~ I  \vc\lcrr1 lxlrt 
CIS [lie l )c l :~ \ \ ;~rc  'll:15i1i, \\licrc r l~cy liavc 
dcvclol~cd : ~ t ~ o \ c  r l ~ c  ~)rcdi\ol\cd position 
o l  the lo\\cr halite urlit ( t l ;~ l i t c  I )  o r  111e 
c. , ~ \ t ~ l c  . ' I . o r n l ; ~ ~ i o r ~ .  1 he trnclcrlyillg aquifer 
01 1I1c l)cl:~\\ :~rc > I ~ I I I I I : I ~ I I  C ; I O I I ~  II:IS Io\v 
pcr~ric;~l)ility ~rrcl :I ~~orcrltiorlrctric surl'acc 
that c:rlr I I ~  c s ~ ~ c c ~ c c l  to r;~i\c \\atcr i r l  pcr- 
I I I C ; I I ) I C  1r:rc111re\ 1 0  1 1 1 ~ '  Ie\c'I 01 Ir:~lilc bcds. 
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I'aulti~ig arid lractures in aliliydrite be- 
t\r-ccri t l ~ c  basin aquil'cr arrd the overlying 
salt bed Iravc _eiven access to  meteoric 
{vatcrs arid hydrocarbons that nurtured a 
populatinri of sulfate-reducing bacteria. 
Bacterial activity resulted in the biogenic 
replacerrlent o f  anhydrite by calcite, in- 
creasirig permeability o f  fractures by about 
10% (Kirkland and Evans, 1976). Waters 
from the basin aquifer have moved up- 
\r-nrd alorig fractures arrd along these per- 
r~rcablc zones of biogeriic calcite. LL'here 
~ l ~ c s c  \vatcrs liavc contacted overlying salt. 
tlissolutiorl clianrbers appareritly have 
dcvclopcd by brirrc density tlow and have 
c,ollapscd to  form breccias (Fig. I )  and 
breccia chimneys (Fig. 4). The brecciated 
arrhydrite in many of these chimneys has 
:~ lso  been partly replaced by calcite from 
contir~ued bacterial activity follo\ving 
collapse. Otlicr yourrgcr collapse structures 
of sirnilar spacing and scale occur in the 
cc~i t ra l  and eastern part of the basin, sug- 
gcstirig tlrat localized tlitsolurion arid col- 

I'ig~lre 4. Uiagrnnrn~atic 
i l l ~ ~ s t ~ ~ t i c ~ n  of llcla\r-arc 
I3:lsin and ~\~npr~ritec. 
I~~drrsnluratetl nntcr I'roni 
l l l l l~i*r  Ixrrt of t'q>it:~n rcef 
:~q~~il'cr ( I ) nloves l:~t'raily 
:111d v(*rlic:~lly l~niler :lrtr- 
si:111 ~ ~ r c s s ~ ~ r e  tlrro~lgll fr;lc- 
lures to conlac1 salt in  an 
eastern diss~>li~tiun \\-edge 
1 2 )  nntl I r r~~rn t l~  rrrf- 
!11:1rgi11 CII I I : I~SL*  strt~ctllrcs 
( 3 ) .  I'ndcrsaturated cr-atcr 
rrc>ni Ocln\\-are S!ountain 
( ; ~ I I I I ~  I>:IS~II :~q~~il'c~r (4)  
I I I ~ Y C ' S  llJ)w:lr(~ 1111der artr- 
sii111 prilssttrc I I I ~ O I I ~ I I  frnc- 
lures to cotltnct salt Iw- 
ricarl~ hasin collapse struc- 
tures (5). Brine I'ronl 
\\-edge ( 2 )  and I'ron~ cl~nrn- 
hers lic~ic:~tl~ coll:~lisc strilc- 
lurcs (3 .  5 )  drains dorm- 
\\art1 into rcef and hnsin 
ncl11ilc.r~ ( I .  4)  and is 
renirlved tl~rougl~ San 
,\ndrcs Lin~estonc ( 6 ) .  
Otl~cr t'i,:~t~~rcs if1 (Iia&v:1111 
inclutlc s:dl hrds of C:~stilc 
I'orn~:~tic~n ( 7 )  and S:llado 
I ; r ~ r ~ ~ ~ a t i o ~ l  ( 8 )  and a urst- 
ern dissolution wedge ( 9 ) .  
Unlabeled arro~r-s indicate 
l'ntlr of water no\\- in 
aqt~ikrs. (Xlodified fron~ 
Iliss. 1975: hlrlley and 
Iluffi~rgton. 1953). 

lapse above [lie basin aquifer may have 
occurred or nlay be occurring there as 
\\ell (Fig. 4). 

The chlorinity in the basin aquifer 
iricreases gradually from less than 10 g/l 
beyond the western edge of salt to  about 
150 g/l  along the eastern margin of the 
basin (Hiss. 1975). Therefore, the polen~ial 
for development of brine density flow in 
overlying fractures decreases eastward 
across the basin and is shifting east\\.ard 
with exhumation and erosion of the tilted 
basin. The salinity gradient in the basin 
aquifer has been derived from the leaking 
do\vn\vard of brines into the aquifer and 
is now balanced by slo\v leakage of brine 
from [he aquifer into the San Andres 
Limestone (Hiss. 1975). The low permea- 
bility of the basin aquifer suggests that 
slow removal of brine from the aquifer 
rnight be the limiting f ac~or  in the develop- 
men[ of overlying dissolution chambers. 
The hydrologic potential for dissolution 
arid brine removal by the basin aquifer 



Dissolution U'edger 

S;rlr I>ctl\ i l l  111c~  r ~ ~ ~ t l t l l c  0 1  ~ l l c  c \apor i tc  
1111(l\ (111)pcr ,1~.1iIc I OIIII;IIIOII, lo \ \c r  
S:II;I(IO I.IIIIII:II~~)II] i l l  111c l)e1;1\\;11e I!:IS~II 
II:I\~. Il'crl t l i \ \ c~ l \ c t l  o\c,r l a ~ g c  :\re35 a l ~ d  
11;1\c lc-11 ~IIIL,II~;I~ I i ~ v c r \  t i 1  c l i \ \ o l ~ ~ t i o ~ ~  E I I I ~  

col l :~[i\c I~ILI.LI:I\ I !~ I I~~I \ I I I I  ;IIICI o ~ l ~ c r s ,  
1072. lV7S). I IIC ~ c l : ~ i i o ~ ~ \ l ~ i l )  01'  tli5sol11- 
1io11:lI I I I I L ~ L - ~ L ~ I ~ I I ~ I I ~  0 1  \:\It 10 t1;1\i11 11y- 

drciloy! ~;III llc,\t Ilc o l> \c r \cd  ;~ lo l ig  t l lc 
C;I\IC.III III;II~III 0 1  111c I~;I\~II \ \ I ~ c r c  the 
c \ : I ~ I ~ I ~ I ~  l i o ~ l \ .  ;I~>III{ :III~ o\.crl:~ps IIIC rcef 
aq t~ i l c r .  AII ca \ t c l r~  t l i \ \ o l \ ~ ~ i o l ~  "itcdgc" 
u l l t l c~cu r t i ~ l g  t l ~ c  c \ ; ~ l x ) r i ~ c \  11~1s dcvclopctl 
a lo r~p I t ~ c  irrrtcr - rcvl '  r ~ ~ a r g i r l  and progressed 
o r ~ t  i l l lo  t l ~ c  t1;1\i11 l o r  cli\t;~l~ccs o f  as much 
:I\ I5 LIII ( L i p .  4 ) .  ' I  11c pcoll lctry o f  this 
irctlr,c. :IIIO I I I ~  lo \ \  0 1  s.;111 110111 1\i1hi11 IIIC 
c \ ; ~ l i o ~ i r c  1 1 1 i i 1 \  \IIII\\ I~I;II I I I ~  ~)rol); lblc 
\OIIIL.L, 111 t l i \ \ o l \ i ~ ~ g  \\:lrcr\ 15 t l ~ c  clppcr 
par I 111 t l ~ c  reel ;~qu i l c r .  \\ l l i c l ~  is c111dcr 
sull icicl i t  Iicad to I I I~\  c 1111dcrs;tturatcd 

\\;ircr I i~ tc ra l ly .  I IIII~, a h r i r ~ c  I lo\v cycle 
II:I\ I lccr~ c\ tahl i \hct l  ill \ \ l l ic I i  t l ~ c  dissolv- 
i11g ~ O ~ I I I  0 1  111c \ictlgc i\ \ \~ppI iccl  I u ~ ~ ~ r i ~ l I , ~ ~  
\\ ill1 III~L~L~I\:IIIII :IIC(! \\:l!c.r Iro111 IIIC reel', 
;111(1 1l1c I~I~IIC I~IIILIIICC.(I I?!. ( l i \ \ o l ~ ~ ~ i o ~ ~  is 
( I I~I I I IC.~~ (III~\II ) r ~ : ~ ( l i c ~ ~ l  i l l l o  IIIC III\VCI 1):1r! 
o l  i l ~ c  ~ c c l  : ~ i l ~ ~ i l c ~  ( 1 . i ~ .  4 ) .  

t l  Iargc \ r c \ r c r ~ ~  di \solut ion \\.cdgc i s  
;II\II 1)te\c111 i f 1  I I I ~  ee111r:11 1):1r1 01' t l ~ c  
O:I\III. I t  II;I\ :\~~II;II~IIII~ 1111yratcc1 c;~stivnrd 

acrcl\\ the I>a\ i r~  ( I . ig.  4 ) .  r l ~ i s  rcn~arkab le  
I ' c a ~ r ~ r c  / la\  bcc r~  produced b y  dissol\.ing 
salt at p rc lc r rcd  I ~ r ) r i z o l ~ s  Iron1 be~ ica th  
o \ c r l y i ~ l g  w11 bed\. L)ircct cvidcncc for 
thc \ \cdgc 11as t7cc11 ~ ~ r c r c n l c d  b y  Anderson 
a r ~ d  ~ r ~ l ~ c r \  ( 1 9 7 8 ) .  l l l c  I~!. i lrologic co l~ t ro l s  
[or 1 l i i 5  i \ c \ I c r ~ ~  d i \ 5 o l ~ t i o 1 1  \vcdgc arc 
dil ' f icult to  cstahl is l~.  I ' r csu l~~ab l y ,  dissolv- 
ing \\;ltcr< arc \upplied b y  xurl'acc drain- 
age, arid t l ~ c  r c \ r ~ l t i r ~ g  t l r i l lc  has lcakcd 
into 111c r~ r~dc r l y i r l g  aqc~i fcrs.  T l ~ i s  \\edge- 
I t l i s l t ~ i o ~ i  I I ~ c r ~ l  sapping o f  salt 
car1 bc csllcctcd l o  cvc l~ tua l l y  advance 
acro\$ !\lost of r l ~ c  basin a ~ ~ d  leave bcds 
ol' t)l;lr~hel t l i s \ o l r ~ l i ~ ) r ~  2nd collapsc brcccia 
ill \ i : ~kc .  

DISCUSSION 

Tl lc brine dcrlsity l lo\v model and the 
csamples o f  dissolution i n  the Delaware 
I3a5i11 srlpgcst that similar processes may 
ollcr;ltc ill other evaporite basins. The 
t l i s \o lu l i c~r~  Icaturcs o f  t l ~ c  Last Mounta in  
I  kc arc;I (11. S;I\~;I~C~I~\\:III ( l )cbl i l lc  :III~ 

olllcrs, 1904; Ciorrcll ;III~ t l ldcrn~nn,  1968). 
['or cxa r~~p l c .  arc closely analogous to  the 
ovcr-rccl' dis5olutio1l and collapse i n  the 
I)cla\vorc Basin. Solut ion min ing o f  salt, 
by nlcans o f  ar t i f ic ia l  pressurized aquifer 
\ystcrlls. \ v t ~ i c l ~ .  i n  elfect. is analogous t o  
11;11ural dissolution, produces breccias and 
collapsc structures illdistinguishable f rom 
nattrral collapsc features (Jaron, 1970). 
i:xpcricticc iv i t l l  \o lut io l l  m in ing also 
s I~o \ \ s  I l lat t l ~ c  pat l~\vays 01- \vatcr move- 
IIICII~ at depth i n  evaporite beds may be 
conlplcx and that dissolution effects can 
occur at co~~s idc rah l c  distances f r o m  the 
area (11' rccllarpc o f  dissolving waters 
(11. J. Do\\-tian. 1976, unpub. report for  

b 'yandotte Corp.) .  
LVc collcludc that fracture systems 

I l lat  provide communicat ion between 
pressurized and f lowing fresh water 
aquifers and salt bodies have the potential 
fo r  developing br ine f l ow  and a dissolu- 
t i on  system. Localized dissolution cham- 
bers, \vllich subsequently collapse t o  f o rm  
~ ra r~s - l o r r~~a t i c l r l a l  c l ~ i n ~ n c y s  and pipes, 
car1 obtain a c o ~ ~ t i n u o u s  f low o f  dissolving 
waters f r om remote horizons. Lateral 
dissolution and undermining o f  salt beds 
(\vcdgcs) can develop as a result o f  nearly 
l lor izontal  brine f low and ult imately 
dcvclop i r~ ter format iona l  o r  blanket 
brcccias over wide areas. 

The collapse breccias o f  the Delaware 
Il;~siri ( / l r ~ d c r > o r ~  and o l l ~c rs .  1978) and 
IIIC I )~ecc i ;~ \  j ) ~ o ~ I ~ ~ c c t l  I ly \ol111io11 III~II~II~ 

(I). J. I)~\\~I;III, 1976. ul lpub. report for  
M'ynlidotte Corp . )  show that various rock 
1yl7c.s ;~l)ovc dissnlved s a l ~  horizolls may 
also dcvclop voids and cavities that col- 
lapse t o  f o rm  breccias i n  stratigraphic 
u n i ~ s  above and not directly related to  the 
evaporites. I n  these instances. i t  may be 
possible to use certain breccias as indirect 
evidence o f  dissolution and to  improve 
inforniat ion o n  the past distr ibut ion o f  

evaporites. 
hlosr evaporite bodies are underlain 

by  clastic o r  carbonate units that are l ikely 
to  develop i n l o  pressurized and f lowing 
aquifers upon  exhumation. A t  bur ia l  
depths favorable for radioactive waste 
repositories (500 t o  1,000 m), many basins, 
as i n  the Delaware Basin, w i l l  have been 
part lv exhumed and therefore may have a 
~ w t c ~ l t i a l  l o r  dc \c lop ing dcep-sealed dis- 

solution features f rom brine density flow. 
The near-random distribution o f  control- 
l ing  fracture systenls and the di f f icul ty o f  
identifying them i n  the subsurface make 
i t  hard to  predict where the process wi l l  
occur. It is suggested that estimates o f  the 
potential for  deep-seated dissolution by  
Illcans O F  t ~ r i l i c  Ilo\v s l ~ o ~ ~ l d  be added to  
I'actors corisidered i n  risk assessment pro- 
grams for the evaluation o f  waste reposi- 
tories i n  evaporites. 
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