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I n  troduc t i on 

E=.stirnat.es of  t h e  e a r t h ' s  c u r r e n t  c r u s t a l  r e s e r v o i r s  o+ 
s u l t u r  crtirlerals i n d i c a t e  t h a t  200-250 >: 1OLm moles of 
s u l f u r -  i i - 8  t h e  fcrrm CJ+ s u l f a t e  o c c u r  i n  e v a p o r i t e  d e p o s i t s  as 
aypsum (CaS04, .  2C):,O-"' -a0 x 1OLCJ m a l e 5  od r e d u c e d  
s u l f u r  cas F e S z j  a r e  f o u n d  i n  s e d i m e n t .  a n d  o n l y  40-42 x 
iOa0 m o l e s  ot s u l  tur at-e found d i s s o l v e c  ; n t h e  o c e a n s  and 
i n  t h e  a t m o s p h e r e  tR. Gar re l s ,  p e r s o n a l  c o m m u n i c a t i o n ) .  D u r i n g  
t h e  Fertnian P e r i o d  and  a t  o t h e r  t i m e s  d u r i n q  t h e  E a r t h ' s  h i s t o r y ,  
t h e  deve lopmen t  o+ l a r q e  b a s i n s  o f  r e s t r i c t e d  c i r c u l a t i o n ,  l i  .e.. 
evctpori  t e  e r ) v i r o n m e n t s .  I r e s u l t e d  i n  w i d e s p r e a d  e v a p o r i t e  
s e d i m e n t a t i o n  tCaC03. L'aSG4, NaCl and p o t a s h  m i n e r a l s  - See F i a .  1-17), 
k r e s u l t  0.5 t h i s  s e d i m e n t a t i o n  w a s  a s e q u e s t e r i n g  o+ s u l f u r  as 
iaS04. r l l t h o u q h  i t  i s  es t ima ted  t h a t  nearly 50 p e r c e n t  of 
t h e  t o t a l  s u l f u r  pool is i n  t h e  + G r m  o f  s u l f d t f ? ,  l i t t l e  l a  ki-town 
a b o u t  t h e  rol P of s u l  f ut - - reducing  mic t -ooryani  s m s  a5 r e a a r d s  
e i t h e r -  the d e p o s i t i u n  u r  t h e  diaqenesis of t h i s  s u l f a t e .  

The m i c r  o b i a i  e i u l o g y  of e v a p c r i t e  e n v i r o n l n e n t s  s u c h  as t h e  
P e r s i a n  G u l f ,  the Great S a l t  L a k e .  j n d  t he  Dead Sea are 7 :  . 
ofteri c h a r a c t e r r - e d  by r : : t e n s i v e  m i c r o b i a l  mat comntcini  t i e s  
c o v e r - i n y  the s e d i m e n t s  a n d / o r  h i q h  b i o l o q i c a l  a c t i v i t y  i n  t h e  
p l a n k t o n  01 the br ines.  Although t h e  d i s t r i b u t i o n  af 
mict rmr-yani.jms w i t h i n  these communi t i e s  h a 5  been  s t u d i e d ,  t h e  
i n t e r r e l a t i u n s h i p  o f  microbes arid t r a n s f o r m a t i o n s  i.1 t h e  
s e d i m e n t a r y  sulfur- c y c l e  e n v i r o n m e n t s  r e m a i n s  poor-1 y ursde r s tood .  

G e u m i c r o b i o l o q i c a l  studies of e v a p o r i t e  e n v i r o n r f i e n t s  h,ive 
been  r -e tar -ded  b y  l o g i s t i c a l  problems i n c l u d i n g  t h e  abrjerice of 
adequate o n - s i t e  l a b o r a t o r y  f a c i l i t i e s .  I t  has been d i f f i c u l t  .tu 
e x a m i n e  temporal d e v e l o p m e n t a l  aspects  of t h e s e  e n v i r o n m e n t s  s u c h  
35 t h e  e f f e c t s  uf i n c r e a s i n q  sa l i i i i t i ec s  o v e r  time on t h e  
g e o m i r r - o b i o l o g y  of e v a p o r i t e s .  

!Solar 5dl t ponds serve as model  SyCjte'tns +err s t u d p . i n g  t h e  
g e o m i c r o b i o l o g y  of s e d i m e n t s  i n  normal  m a r i n e  and  evapor - i  te 
e n v i r o n m e n t s .  U solar salt f a c i l i t y  m a i n t a i n s  
s e a w a t e r - c o n c e n t r a t i n g  p o n d s  i n  a 5erie5 CJ+ br-iries ot i n c r e a s i n g  
d e n s i  t /. ana1ogou. j  t o  a I- i \ ( e r '  w i  t h  a 5er  i r ? ~  o+ dams. 3rawat.er 
snter-s the 5y:jtc.m a n d  +lows t h r o u g h  t h e  p o n d s  so t h a t  
CaC0.r and CaSCi4 p r e c i p i  t a t e  b e f o r e  t h e  br irieEi r-each the zit.eqe 
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of NaCl saturation. The range of salinities in any one pond 
throughout the year depends on the management procedures of the 
salt company. These ponds provide opportunities to examine the 
effects of increases in salinity on the biological processes in 
the water column and sediments. 

The accessibility of the PPME program to the A l V 1 5 0  salt 
ponds in San Francisco Bay Wildli+e Refuge (Map 2) allowed us to 
examine transformations of sulfur in sediments of ponds ranging 
in salinities from that of normal seawater t o  those of brines 
saturated with sodium chloride. 

Our investigations focused on the chemistry of  the sediment 
arid pore waters with emphasis on the fate of sul.fate and sulfide 
and on the specific rate measurements of sulfate reduction. The 
effects of increasing salinity on both forms o+ sulfur and 
microbial activity were determined. 

Site  Description 

The Alviso salt ponds, near the east side o i  the Dumbarton 
Bridge, are about 30 years old. On the average, brines have a 
residence time of about 5 years from the time they enter the 
system from San Francisco Bay until the time the brines are 
pumped from the NaCl crystallizer ponds to harvest salt. Table 
111-1 (provided by Leslie Salt Eo.) summarizes the brine 
salinities measured between 25 March, 1Y83, and Zd July, 1984, in 
the ponds from which our sediment samples were taken. The data 
show that pond A 2  varied the least (from 30 per mil to 80 per m i l  
salinity). Pond 4 varied from roughly 43 per mil t o  180 per mil, 
pond 5 varied from about 35 per mil to 133 per mil. and pond 1 
varied from approximately 105 per mi 1 t o  250 per- mi 1. 

The ponds support very dense p'. anktoni c communi ties, 
especially when their salinity is greater than about 42 per mil 
salinity. Visibility through these brines was about 11.3 cm. 

In ponds with brines ranging up to approximately 3 times 
seawater salinity, small fish (sticklebacks and topsmelt) are 
found. in ponds of higher density only a few invertebrates are 
found ( E p n y d r a  f l y  larvae and the brine shrimp Arteria 
salina). A. salina, a filter feeder, probably +ails to 
limit phytoplankton both because i t  is harvested commercially and 
because of extremely high rates of primary productivity. Brine 
shrimp growth must also be limited by other factors; the shrimp 
do not thrive in brines of yreater than about 200 per mil 
salinity. These brines typically have dense bloom5 of primdry 
producers (the cyanobacterium Aphanot:ht-cr hsl o p h y t i c a  and the 
green algae Dunalzella s a l i n a  and U. V z P z d i s ) ,  
H a l o k a c t s r ,  and other halophilic bacteria. Nicrobial mat 
development on the surface of sedirnant txcurs in ponds up t o  
about 200 per mil salinity. The extent ot mat development is 
limited by shading by dense planbcton communi ties and rapid 
chemical precipitation of gypsum (at c;alinities of gr-eater than 
120 per mil) and halite (at salinities of greater- than about 25'3 
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w s  OF p m s  b Date Pond A2 
(thlm rtudy) 42 

3/25/03 35 
4/8/83 35 
1/15/03 30 
4/29/83 40 
5/6/83 37.5 
5/13/83 40 
10/7/83 60 
11/4/03 60 
11/18/85 a 
12/2/83 52.5 
12/16/83 47.5 
l lbl84 45 
1/13/84 45 
2/3/04 47.5 
2110104 41.5 

3/2/04 41.5 
3/16/84 SO 
3/23/04 41.5 
4/6/04 20 
4/27/04 60 
5/25/84 80 
6/8/84 M 
6/23/84 12.5 
7120184 37.5 

2 m i a 4  47.5 

PoRd 1 

105 
113 
113 
11s 
113 
115 
215 
200 
153 
1s 
130 
128 
I20 
130 
128 
125 
128 

130 
140 
168 
220 a 
215 
225 
250 

== c 
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Pond 4 
is0 
42.5 
42.5 
41.5 
47.5 
47.5 
50 
125 
148 
90 
90 
62.5 
60 
60 
65 
65 
65 
65 
b1.5 
70 
80 
100 
133 
1 76 
155 
150 

a Pond ads essentlal iv  drv 
b Named for auantltv, 
per mil. of salt aeasured i n  Ju l )  1393 
c S a l t  rarsh rean pond (rap ? I  
d Same as pond A4 (sap 21 

Pond 5 Sa 
90 
35 
2 
37.5 
42.5 
42.5 
4s 
115 
133 
90 
90 
75 
61.5 
67.5 
10 
70 
67.5 
bl.5 
b7.5 
70 
80 
100 
113 
123 
125 
too 

13 
14 
14 
14 
15 
15 
21 
If 
11 
11 
14 
13 
10 
12 
13 
14 
15 
16 
16 
15 
14 
16 
IS 
19 
24 

d 

Table  111-1. Salinities and temperatures of Leslie Salt Co, 
concentrating ponds in 1983 and 1984. 
were cat  cul ated f r a m  sal 1 nometer readings. 

Salinities as per m i l  
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per m i l ) .  Data obtained from sediments a t  an i n t e r t i d a l -  
environment, the  marsh s i t e  adjacent t o  t h e  ponds, were used i n  
comparison w i t h  those obtained from the pond s i tes .  

Materials and Methods 

Chemical Anal yses 

S a l i n i t i e s  i n  the  ove r l y ing  water wore measured w i t h  a 
hand-held refractometer (American Op t i ca l ) .  Values o$ repor ted 
s a l i n i t i e s  are accurate t o  w i t h i n  1 per m i l .  

Cores were obtained w i t h  hand-held extruded polycarbonate 
core b a r r e l s  (7.5 cm inner diameters). Corers over 50 cm i n  
length  were obtained w i t h  t h e  a i d  of an i n t e r n a l  p i s t o n  t o  avoio 
compaction of t h e  core p r o f i l e .  Cores, stoppared and returned t o  
t h e  labora tory  a t  S.J.S.U, were processed w i t h i n  6 hours of 
c o l  1 ec t  i on. 

Pore water .from sediments was obtained by ext rud inq the  
cores i n  an oxygen-free environment. The l a t t e r  was obtained by 
p lac ing  a c o l l a r  over the  core and passing oxygen-free Nm 
or  carbon d iox ide  over the  extruded sect ion.  Suh~iamples of the 
extruded mater ia l  were placed i n  v i a l s  (10 cc) pre-f lushed w i t h  
oxygen-f r-@e NP, stoppered w i t h  b u t y l  rubber stoppers, and 
cent r i fuged f o r  30 minutes a t  12,000 >: g i n  an R G - 2  Sorva l l  
cent r i fuge.  Pore water was removed and immediately analyzed fo r  
su l fa te,  s u l f i d e ,  and ch lor ide.  Pore water f o r  anal*/ses such a5 
v o l a t i l e  f a t t y  ac ids not  s e n s i t i v e  t o  oxygen was obtained by 
cen t r i f ug ing  la rger  samples i n  50 cc polypr-opylene tubes. 

Su l fa te  was analyzed t u r b i d i m e t r i c a l l y  according t o  t h e  
method of Tabathabai (1974); s u l + i d e  was analyzed 
c o l o r i m e t r i c a l l y  using the  methylene b lue technique (Cline, 
1960). Chlor ide was determined t i t r i m e t r i c a l l y  w i t h  s i l v e r  
n i t r a t e  (American Publ ic  Heal th Assoc. 1976). 

V o l a t i l e  f a t t y  acids were analyzed af ter-  the method o f  
Lovley and Kluy ( 1982). B r i e f  1 y, 10 m l  of pore water are made 
basic (pH 8.2) and 5 l o w l y  d r i e d  i n  a sand bath w i th  a maximum 
temperature of 50°C t o  avoid basic hydro1 yses o+ 1 orlger 
chaip esters.  Dr ied samples are made ac id i c  w i t h  10 percent 
phosphoric ac id  and vacuum steam d i  st i 1 1 ed. The d i  s i t  i .L 1 ates w e r e  
analyzed on a Hewlett Packard (Avondals, Fa.) HP 3 8 3 0 A  gas 
chromatograph equipped w i t h  a flame i o n i z a t i o n  detector.  k i d s  
were separated on a 2 m g lass  column packed w i th  1 0  percent 
SP-1220 and 1 percent phosphoric ac id  coated on AWS Chromosorb 
100/120 mesh ISuppelco, Avondale, Pa.) I Operating cond i t ions  
were: Column oven 135°C: detector 175%: I n j e c t o r  175OC: 
f low r a t e  (Na) 18 mllminute. Output of t he  column was 
in tegra ted  w i t h  a IIP 38304 i n teg ra to r  coupled to .the above 
chromatograph. 

A t  each sampling depth subsamples of sedimer,t were a1 cja 
t rans fer red  t o  a preweiqhed v i a l  and d r ied  +or 18 hours a t  
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70°C i n  order to o b t a i n  A w e t / d r v  c o n v e r s i o n  v a l u e .  A f t e r  
d r y i n g ,  a r u b s a m p l e  of  t h e  s e d i m e n t  w a s  t r a n s f e r r e d  t o  p o r c e l a i n  

m u f f l e  f u r n a c e .  O r y a n i c  c o n t e n t  of  t h e  s e d i m e n t  w a s  c a l c u l a t e d  
as t h e  p e r c e n t  w e i g h t  loss  f o l l o w i n g  i q n i t i o n .  

- c r u c i b l e s  a n d  combus ted  a t  540°C f o r  20-24 h o u r s  i n  a 

F o r  t h e  a n a l y s e s  of a c i d  v o l a t i l e  s u l + i d e  (AVS) s o l u b l e  
s u l f u r  s u b s e m p l e ~ ~  of s e d i m e n t s  t a k e n  f r o m  cores i n c l u d i n g  t h o s e  
u s e d  f o r  o the r -  n n a l y s e s  w e r e  t r e a t e d  w i t h e  a q u a  r e g i a  
(HNOs-HCl 2 : l )  a n d  f r o z e n  at -'7O"C i n  p l a s t i c  baq5. 
They w e r e  p r o c e s s e d  w i t h i n  o n e  w e e k .  S a m p l e s  were weighed  and  
s u s p e n d e d  i n  30-50 m l  d i s t i l l e d  d e i o n i r r d  wat.er (ddw) warmed? and  
s p a r g e d  w i t h  o x y g e n - f r e e  N;c i n  a gas t r a i n .  The t r a i n  
c o n s i s t e d  of t h e  f l a s k  w i t h  t h e  s e d i m e n t ,  S o l l o w e d  b y  a f l a s k  
w i t h  a 5 p e r c e n t  HzSOo s o l u t i o n  t o  t r a p  a n y  f r e e  
c h l o r i d e  d u r i n g  a c i d i f i c a t i o n  of the s a m p l e ,  ana  a t u b e  
c o n t a i n i n g  10 p e r c e n t  AgNOs t o  t r a p  s u l f i d e  as  an 
fig& p r e c i p i t a t e .  A f t e r  s p a r g i n g ,  25-30 m l  of 
c o n c e n t r a t e d  HC1 w a s  added  t o  the s e d i m e n t  and  t h e  rsact ioi i  w a s  
c o n t i n u e d  u n t i l  no  f u r t h e r  Ag,S p r e c i p i t a t i o n  w a s  
o b s e r v e d .  The f l a s k  w a s  a g a i n  b r i e + l y  warmed t o  remove  t h e  l a s t  
t racer  of AVS. The AgZS p r e c i p i t a t e  w a s  f i l t e r e d  on 
Whatman 50 p a p e r ,  washed,  d r i e d ,  and weighed .  The t-IC1-treated 
s e d i m e n t  w a s  f i l t e r e d  on  Whatman 50 p a p e r  a n d  washed.  The  
f i l t r a t e  w a s  a n a l y z e d  For s u l f a t e .  i 'he s e d i m e n t  w a s  s u b J e c t . e d  t o  
a q u a  r e y i a  o x i d a t i o n  by w e t t i n q  t h e  s e d i m e n t  w i t h  a p p r o x i m a t e l y  5 
m l  ddw and  a d d i n g  20 m l  a q u a  r e g i a .  The s e d i m e n t  w a s  l e f t  a t  
room t e m p e r a t u r e  f a r  16 h o u r s .  h e a t e d  t o  j u s t  be low b o i l i n q  for 2 
h o u r s ,  t h e n  f i l t e r e d  on g l a s s  f i b e r  G F / A  f i l t e r s  (Gelman 
I n s t r u m e n t  Co.), washed w i t h  80 m l  ddw. The f i l t r a t e  w a s  
a n a l y z e d  f o r  s u l f a t e .  S u l f a t e  w a 5  e s t i m a t e d  a c c o r d i n g  t o  t h e  
method of T a b a t h a b a i  (1974). 

S u l f a t e  R e d u c t i o n  H a t e s  

S u l + a t e  r e d u c t i o n  ra tes  w e r e  o b t a i n e d  u s i n g  a m o d i f i c a t i o n  of  t h e  
t e c h n i q u e  o f  Ivanov  (1764). S u b s a m p l e s  of s e d i  m e r i t s  w e r e  
o b t a i n e d  w i t h  5 m l  p l a s t i c  s y r i n ; e s  w i t h  % h a  n e e d l e  end  c u t  o i ' i .  
The s u b c o r e s  w e r e  e x t r u d e d  ircto p r e f  l u s h e d  ( o x y g e n - f r e e  
NI) 30 m l  s e r u m  v i a l s  and  s t o p p e r e d .  Each b o t t l e  r e c e i v e d  
3 m i c r o c u r i e s  ( u c )  NansE SOs i n  1 m l  o+ 
a n o x i c  s u l f a t e - f r e e  seawater. Samples  w o r e  mixed and  
i n c u b a t e d  a t  in s i k u  t e m p e r a t u r e  (23%) fo r  6-8 h o u r s .  
The r e a c t i o n  w a s  s t o p p e d  b y  i n j e c t i n g  1 m l  uf. 5 pel -cent  i l n c  
acetate:  t h e n  t h e  s a m p l e s  were f r o z e n  (-70°C) u n t i l  
p r o c e s s i n g .  A l l  e x p e r i m e n t s  were doce i n  d u p l i c a . t e  f o r  each core 
s e c t i o n .  S a m p l e s  w e r e  a s s a y e d  and  ra tes  determ:tnc!d u s i n y  t.he 
pr0ceFdw-e d e s c r i b e d  by S m i t h  and  C:lug (1.5'81 i . T h e s e  m e t h o d s  o n l y  
a c c o u n t e d  f o r  t h e  r e c o v e r y  of redciced s u 1 r a t . e  i n  t h e  free 
S"- and AVS pool.  R a t e s  t h e r e f o r e  s h o u l d  be c a n s i d e r e d  
u n d e r e s t i m a t e s  of  t o t a l  s u l  Cake r e d u c t i o n .  
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R s w l  ts and bi acursion 

Chsemi ca l  Prof i 1 es 

Values measured f o r  t he  su l fa te ,  su l f i de ,  and ac id  v o l a t i l e  
s u l f i d e  (&US) pools  in sediments co l l ec ted  -from an i n t e r t i d a l  
marsh s i t e  near pond 1 (33 per m i  11, pond A 2  (42 per m i l  1 ,  pond 
A 4  (90 per m i l ) ,  pond 4 (150 per m i l ) ,  and pond 1 (300 per m i l )  
are shown i n  Tables 111-2 through 111-6 and Figures 111-1 throuyh 
111-5. Hereafter, sampling s i t e 5  w i l l  be re+:erred t o  by the i r  
sa l  i n i  t i  e5. 

The percent sediment d ry  weight. genera l ly  increased as a 
func t ion  0 . F  pond s a l i n i t y  due t o  the  p r e c i p i t a t i o n  of gypsum and 
h a l i t e  which are r e l a t i v e l y  dense cons t i tuents  of hypersal ine 
sediments. The organic content o f  t he  sediments (measured as a 
l o s s  of weiqht upon i g n i t i o n )  was very high, ranging from about 
IC) percent t o  20 percent of the  dry  weight. The lowest value 
reccjrded was 7.S percent * 3 0 6  percent s a l i n i t y )  and the  h ighest  
v a l u e  recorded wa5 23.1 percent (90 per m i l  s i t e ) .  Organic 
carbon content appeared t o  increase w i t h  s a l i n i t y  i n  sediments t o  
a mazimum i n  c?O per n i l  sediments, and then to deci-ease somewhat 
w i t h  zontinued concentrat ion of br ine.  I n  a l l  ca5es the  organic 
content w a s  higher than t h a t  found i n  the  i n t e r t i d a l  marsh 
sediment (33 per m i  1). 

The s a l i n i t y  o f  the  s u p e r t i c i a l  b r i nes  i n  the  s a l t  ponds W ~ S  

estimated w i th  a refractometer.  Because calc ium p r e c i p i t a t e s  
p r i m a r i l y  as CaS04 I n  b r ines  concentrated greater  than 
four - - io ld  (about 140 per m i l )  and NaCl p r e c i p i t a t e s  when b r ines  
are cuncentrated t o  greater than about 250 per m i l ,  t he  actual  
i c n  content of concentrated b r ines  i n  the  study sites could not 
be ca lcu lated by simply m u l t i p l y i n g  the  concentrat ion 0.T each i o n  
by the factor-  o+ conc:entration meawur-ed w i t h  the  r e f  r-sctometer. 
W i t h  the exception of  the 300 per m i l  s i t e ,  est imates of  seawater 
concentrat ion were poss ib le  by measurements of  C l - -  
r_onc:cntratron, s i n c e  , this i o n  i 5  conserva2ive u n t i l  the b r i c e  
reaches the  s+:aye of NaCl saturat ion.  For t h i s  reason, t h s  
c a l c u l a t i o n  of sul . fate/chlor- ide r a t i o s  i n  sediment pore waters 
shown i n  Tab les  111-2 through 111-6 and F igures SIJ-1 throuyh 
111-5 g ive a reasonable est imate of  the  amount 0 . F  steady s t a t 5  
!sulfate reduceo 15 a 4L;nction of s a l i n i t y  and depth below the 
oxygen in ter - f  ace. 

I n  every s i t e  except the  300 per m i l  s i t e ,  the  
cjulf ate/chlor i .de r a t i o  decreased w i th  depth i n  a fnaniuzr tyPica1  l y  
Fourid i n  marine sediments. The sediment p r o f i l e  i n  the 300 p e r  
m i l  s i t e  (Table 111-6) may be complicated by the f a c t  t ha t  
althouqh the c h l o r i n i t y  <,,creased w i t h  dept.h .jarnewhat 
cant 1 nuousl y, gypsum prec i p i  t a t  i an i n  var i 011% 1 ayers i ricreariod 
both the s o l i d  and so lub le s u l f a t e  pools i n  l oca l i zed  bor iz ina.  
Su1.Fata redi.ic:tion r,ate.j  (discussed on the fo l l ow ing  paqes) wz-e 
s i g n i f  icbnt: i n  t h i  .I core? there+ore the absence of b i o l o y i c a l  
a c t i v i t y  can riot expla in  the u n p r e d i c t a b i l i t y  i n  the  pc,-e water 
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overlying 27.5 0.345 
wtw 
0- 1 
1-2 
2-3 
3-5 
5-1 
9-11 
11-13 
13-15 
17-19 
21 -23 
23-25 
26-28 
29-30 
30-32 

1.39 iP.1 
0.86 18.9 
1.27 16.4 
1.11 19.1 
2.35 16.4 
2.47 11.7 

1.24 7.8 
2.29 t.0 
2.22 6.3 
2.81 14.5 
2.84 9.6 
2.72 8.0 
2.16 12.5 

1.48 11.7 

3.455 
0.444 
0.424 
0.405 
6,179 
0.355 
Rd 
a9 
0.335 
nd 
0,339 
ab 
Ad 
ad 

0.090 

0.012 
0.042 
0.039 
0.041 
0.043 
0.033 
nd 
nd 
0.023 
nb 
0.031 
ad 
ad 
nd 

24.0 11.7 14 
29.6 9.9 177 
31.2 9.9 180 
32.1 9.1 242 
31.2 9.9 196 
30.4 11.4 155 
32.3 F.6 107 
34.1 9.5 195 
33.4 9.0 109 
34.5 8.3 57 
35.9 8.1 44 
37.9 0.2 41 
38.5 8.1 31 
39.5 8.6 26 

acid volatile sulfur pw 9 dry ripht 
aqua regia soluble sultd, per 4 dry weifit 

Table 111-2. Chemical profiles of 33 per mil sediments, 

ovw l y i  aq 21.9 
water 
0-1 1.7 24.1 20.0 97 179 
1-2 3.4 33.6 24. 1% 197 
2-3 3.4 28.9 26.5 161 155 
5-7 5.0 24.5 23.3 124 206 
9-11 5.0 18.2 26.6 108 315 
13-15 nd 16.4 23.2 156 209 

wid volatile sulfur pw g dry weight 
aqua regia soIub1e sulfur, per 9 dry wight 

,molb 
ARS 

i91 
221 
1% 
181 
193 
357 
375 
254 
347 
574 
428 
446 
549 
488 

Table 111-3a. Chemical protrles of 42 per m i l  seuiarents, 
7/23/84. 
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Depth 
(Cm) 

8-3 
3-6 
6-9 
942  
12-'5 
15-18 
18-21 
21 -24 
2l-30 
3-36 
39-12 
4s-40 
51 -54 
52-60 
63-66 
69-72 
12-72 
18-41 
63-86 
86-89 

28.1 
20.9 
11.8 
13.5 
11.1 
9.2 
8.6 
4.3 
4.8 
3.9 
3.9 
4.3 
4.5 
3.9 
2.5 
3.9 
5.2 
3.1 
4.1 
5.3 

Cl' so**- 
c1- M 

0.818 0.035 
0 . u  0.on 
0.930 4,023 
0.m 0.019 
0.980 0.017 

0.975 0.W 
0.978 0.W 
0.973 0.005 
0.973 0.W 
d #I 
0.983 0.004 
d d 
d nd 
0.W 0.003 

0.955 0.m 
0.968 0.m 
0.966 0.001 
0,949 8.006 

8.988 0.069 

0.963 6.001 

% d r y  X Orq 
w t  matter 

25.1 14.9 
24.1 11.7 
37.6 10.8 
30.9 14.1 
21.3 16.3 
27.3 16.3 
28.5 19.4 
26.2 19.8 
27.1 11.2 
32.1 13.4 
26.2 15.8 
33.2 15.4 
30.6 15.9 
31.1 15.6 
29.6 15.9 
29.2 15.0 
30.6 14.6 
36.2 13.5 
34.9 12.9 
1.3 11.9 

Table 111-3b. #;mica1 p r o f i l e s  cs-f 42 per m i l  dimants, 
7/28/84. 

Depth !F- 
(cm)  mH 

0-1 0.9 
1-2 2.3 
2-3 0.1 
3-5 10.2 
5-1 9.9 
7-9 12.0 
9-11 12.9 
11-13 18.0 

so.=- t1- 
mM Pl 

61.7 1.17 
46.9 1.19 
46.9 1.24 
32.8 1.29 
29.8 Ad 
16.4 1.23 
13.1 1.26 
10.9 nd 

SO4f- 
c1- -- 
0.053 
0.039 
0.038 
0.026 
ad 
0.013 
0.011 
nd 

11.9 20.9 
23.2 15.1 
23.1 17.2 

19.2 13.1 
19. 22.5 

23.5 18.1 

22.3 11.9 

22.8 11.3 

Table 111-4. Chemical p r o f i l e s  of 90 p w  m i l  diraents. 
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0wlyMq 105 2.25 4.047 

0-1 3.60 84.0 2.06 0.011 
1-2 4.65 87.8 2.25 0.03  

3-5 5.w 64.6 2.38 0.030 

mater 

2-3 4.07 74.0 2.88 0.031 

5-7 5.81 68.7 1.64 0.012 
I-9 6.75 60.2 1.50 0.W 
9-11 6.43 55.0 1.50 0.037 

15-17 6.37 49.5 1.31 0.038 
17-19 4.87 42.9 1.13 0.038 
19-?! 5.67 45.1 1.13 0.M 

11-13 5.a 50.8 1.m 0.037 

gyp= layer i n  tbis sediment iaterval 

Table 111-5. Cheaical p r d i l e s  of 150 per 

d d 
27.1 16.2 
26.4 17.6 

B.6 15.0 
38.9 12.4 
42.2 12.1 
33.2 14.7 
4 . 2  9.7 
44.1 8.3 
43.9 9.4 

28.3 1e.2 

mil sediments. 

Overlllng 1Yb A. 59 
utef 
0- 1 2.01 162 6.0 
1-2 3.24 172 6.0 
2-3 5.55 162 5.81 
3-4 4.09 149 5.5 
4-b 6.10 122 4.56 
6-8 6.49 140 4.8% 
0-10 6.25 119 3.63 
IO-li 8.73 108 2.63 
12-14 10.27 204 10.63 
14-16 10.81 117 4.44 
19-20 9.83 87 2.63 

8.9387 

0.0270 
c 3187 
3.02n 
0.027 1 
0. 02be 
0.603 
0.9329 
0.0411 
0.0192 
0.0264 
0.0331 

acid volatile sulfur per g dry wiqht 
aqua r e g i a  soluble sulfur, per 9 d r y  weight 
gvpsur l a y e  i n  this sediwnt i n t e r v a l  

40.6 12.1 9.3 
43.1 14.0 38 
45.0 13.2 71 
46.0 13.5 62 
44.3 15.1 SP 
44.6 15.2 62 
44.6 16.0 61 
45.2 15.0 51 
40.1 14.5 70 
40.3 11.0 A4 
39.4 14.9 70 

41.8 0.90 
4 . 4  1.10 
62 Q.71 
88 1.61 
71 0.93 
10 .21 
163 0 . 9  
368 2.05 
203 0.30 
249 0.51 
18s 0.B 

Table 111-6. Chearical prafiles of 300 per mil sediments, 
7 / 28 /84. 
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Fiqure S I I - I .  ia) Sulfate and sulfide pa01 sizes in sediments 
iroa! the 33 per m i l  site: (b) s u l f a t e / c h l w i d e  ratio and 
c h l o r i d e  pool s i z e  in sediments from the 33 per mil site. 
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(at 14 c m )  but the variation may b e  due to a combination of a 
localized halite lamina and analytical error. b 

Sulfate is reduced to sulfide by sulfate-reducing bacteria. 
but sulfide may then react either biologically or 
non-biologically. Thus the sulfide pool is not an absolute 
indicator of the degree of sulfate reduction. It i5 therefore 
useful to measure the various sulfide pools as well as the 
sulfate/chloride ratios i n  order t o  evaluate the effects of 
bacterial sulfate reduction on the cvcling of sedimentary sulfur. 

In all sediment pore waters, sulfide wa5 present in 
millimolar concentrations, typically between 1 and 10 mM. 
Sul+ide typically increased with depth in all the salt pond 
sites. In the 42 per mil and 150 per mil sites? sulfide levelled 
off below about 10 cm depth, and in the 300 per mil site, it 
leveled off below arohnd 14 cm. In the 40 per mil sediment 
sulfide increased with depth to at least 1 3  cm; n o  further 
profiles were measured below this point. Sulfide remained low 
with l . ~  general increase in the 33 per mil marsh sediment down t o  
->A c m .  This type of profile may be typical of an intertidal 
marsh from which pore water 15 constantly pumped in and out with 
tidal changes i n  the nearby tidal creek. The steady--state values 
recorded for- the salt pond sediments reflect sulfide 
concentrations that result from in s i t u  sulfide production 
arid passive diffusion in the absence of tidal pumping. 

--- 

In anaercbic sediment in which Fez* 3 5  present. free 
sulfide reacts. with Fe"' to produce FeS and FeSZ. 
FeS 1 5  primarily responsible for the black color of reduced 
sediments. FeS 1 5  somewhat refractory to redissolution by 
micr-oorganisms but it: is readily oxidized by 02. FeS 
reacts i n  an unknown way to form FeS= (pyrite), an 
e::tr-emelv recalcitrant mineral that is nut significantly oxidized 
non-biologically by 02. Analyses ai Fe6 and pyrite in 
sediment pi-u+iles through a wide range of salinitjes would 
indicate whether well-described trends in pyrite formation for 
marine sediments hold tr-ue $ur organic-rich evaporite sediment *, 
as well. For this study AVS and aqua regia-soluble sul.fur 
prof i 1 es were determined in the 33 per- mi I, 43 per mi 1 and 300 
per mil sediments. Pyrite was the major iron sulSide phase found 
in all three sediments (Figs. 111-6 and .7). In the 42 per mil 
salinity sit.e, the pyrite pool wa5 nearly twice a5 large as the 
AVS paol within the tup crn of the sediment. Pyrite content in 
all three sediment cores increased with sediment depth. In the 
.1.3 per mil c.ure, a s  is typical for marine sediments, AVS 
decreased with sediment depth down to at least 32 cm. Because 
the 42 per mil sediment profile was only measured down to 14 cm 
no definite trend could be ascertained. The  AVS pool increased 
with depth to at least 24 cm in the 300 p e r  mil salinity 
sediment. These findings may be of importance in evaluating the 
mechanisms of: f 'aS-FeSZ transformations especial ly since 
the soluble and solid sul+ate pools in tnis care were extremely 
I arge. 
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I I .- 
109 zoo 300 400 500 600 

Figure IIi-6. Fool  sites of a c i d  volatile sulfide and aqua regia 
soluble sulfur i n  sed iments  from t h e  33 per m i l  site?. 
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Figure 111-7. Fool sizes of acid volatile sulfide and aqua 
regia-soluble sulfur in sediments from the 42 per m i l  
site. 
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Total iron siulfides, estimated from the sum of AVS p l u s  aqua 
regia soluble sulfide in the 35 per mil, 42 per mil, and 300 per 
mil salinity sediments, werm compared. Total iron sulfides 
decreased with increasing salinity. The one anomalous point at 
10-12 cm in the 300 per mil sediment corresponds to the sediment 
underlying a several mm-thick qypsum crust at this horizon. The 
relatively high concentration of iron sulfides at this sediment 
interval may have resulted from incomplete solution of gypsum in 
the HCI treatment which caused additional sulfate to appear after 
aqua regia treatment. Total ir-on was not measured in any of  the 
sediments in this part of the investigation. The lack 0.f iron in 
hypersaline sediments in combination with lower sit1 fate reduction 
rates may account Cor the lower abundance 04 iron sulfides in the 
evaporite sedimen:~. 

Sulfate Reduction 

The rates of sulfate reduction were determined in duplicate 
samples at six different horizons in sediments of  each pond 
(Figures 111-8 and 111-9). In all sediments except those from 
the 300 per mil salinity site, the greatest rates of sulfate 
reduction were recorded in the top first centimeter. SulSata 
reduction measured in the first centimeter sediment of the 300 
per mil pond may have been low because the surface, intermixed 
with halite crystals, w a 5  capped by a several mm-thick halite 
crust 

In sediments beluw 1 cni sulfate reduction rates were 
somewhat rrimilar- in most of the samples. In the 33 per mil 
salinity sediment, where the highest sulfate reduction rates were 
measured in the surficial 1 cm, negliqible sulfate reduction was 
recorded below a depth of 7 cm. 1-here was less t.han 1 rnrnol of 
dissolv~d sulfate in the pore water per- gram wet weight, 
indicating that the sulfate reduction was most likely 
sul f ate-1 imi ted. 

Sulfate reduction rates in the top 1 CRI of the 42 per mil 
salinity sediment were nearly t e n - f o l d  le55 than thc35e recorded 
for the 35 per m i l  salinity sediment; bcrth ponds tsarbored 
extenri ve mi crobi a1 mat communi t i 9s. However without data on the 
mat community productivity and on differences in bioturbation, an 
explanation f:or these differences is most likely not due to an 
increase in scllinity since the v a l u ~ . 5  fur- reducLtion in the lower 
horizons are more comparable. 

The higher rate of sulfate reduction recorded in the 1 3 - i 5  
cm interval 0.C. the 42 per mil csediment. corresponds t o  the 
relativelv high concentration of AVS and t h e  low abundance of 
pyrite in t h i s  horizon. This is  JUS^ beluw a point where sulfide 
reaches a maximum concentration. 

Su1fdt.e reduckion rates in tkic 90 p e r  mil salinity sedimerit 
were very high in tl?e surficial 1 c m ,  and muc:h lower below the 
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1 1 1 1 I . .  L 
4 8 12 16 

Fiqure 111-8. Sulfate reduction rate in sediments from t h e  33 per 
mil site and 90 per m i l  si tes .  

Figure 111-9. Sulfate reduct ion r a t e  i n  sediments f r o m  the 42 per 
mil. 150 per mil and 300 per mil sites. 
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surface, although they were never completely attenuated. The 
dissolved sulfate pool rwnained high in subsurface sediment, and 
was never ltss than 19 mM per gram wet weight in contrast to 
those measurements recorded far the 33 per mil sedinient. 

Gypsum deposition may have altered the typical sulfate 
reduction profiles in bath the 150 per mil and 300 per mil 
sal inity sediments. Gypsum precipitation probably precluded the 
local accumulation 0.f: organic-rich sediment found in lower 
salinity sediments, and increased the potential pool of solable 
sulfate in adjacent horizons by acting as a sulfate reservoir. 

In all but the 33 per mil site sulfate concentration did not 
seem to limit sulfate reduction. Organic matter content and 
concentratians of volatile fatty acids (Tables 111-7 through 
111-11) increased in relation to increased salinity. When the 
sulfate reduction rates are compared on the basis of salinity, at 
depths below the top 1 c m  A general trend of decreased activity 
is observed from ponds with e salinity greater than 70 per mil. 
To determine relationships of salinity to rates of sulfate 
reduction mare studies are required. 

Vulatile Fatty Acids 

Acetic acid was found in the greatest concentration of any 
volatile fatty acid (VFA) from the pure waters of sediments of 
any site (Tables 111-7 thrauqh 111-11). Isobutyric acid was the 
second moot predominant VFA identified. It was followed by can 
unknown "acid volatile" compound which eluted between isovaleric 
and n-valeric acid at a retention time of 7.35 minutes. h o t h c r  
unknown acid eluted between butyric and isavaleric acids at a 
retention of  5.25 minutes. Figure 111-10 (a-c)  compares the 
chromatograms obtained for a standard series of  V F A ' s  (Fig. 
III-loa); ch.-omatograms obtained from the dspth interval of 19-X~ 
cm in the 70 per mil site (Fig. 111-10 b); and the composite 
chromatogram illustrating the elution pattern of the 7.95 minute 
peak (Fig. XII-10~). 

The number of identifiable V F A ' s  increased m a r k e d l y  with an 
increase in salinity. No clear trend was noted in t h e  
concentrations of acetate t o  increased salinity except for le 
large increase noted in the 300 per mil site. 

Acetate concentration generally followed that of sulfate in 
pore water (the 33 per mil and 42 per mil sites, Figures 1'11-11 
and 111-12). This relationehi2 did not strictly hold (Tables 
111-9, 111-10, 111-11). The concentration of acetate reached a 
minimum at the sulfate concentration minimum and subsequently 
increased with depth. These data strongly imply that acetate is 
a major precursor of sulfate reduction and that the reduction of 
sulfate and acetate consumption are linked. They further sugge5t 
that sulfate reducers are the major sin): for acetate in these 
sediments. Another acetate-cansumi ng process, methanogenesi 5 .  

was examined in the 42 per mil site. The methane vs sulfate 
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a b C 

19.7 - 0. li 
20.59 0.14 8. (2 
19.62 0,s 0.51 
9.62 - 
10.44 - 
18.44 - 
B o b 9  0.P 0.43 
8.20 0.581 0.3 
5.17 0,020 0.99 

. - - 

4 * wetic acid d l l i t c r  pori wtw 
b = isabntyric atid mlllita pare vtrr 
t = vo\ati\e fatty acid 7.35 arbitrary uhitllitrr #we water 

Table 111-7. V d r t i I r  f a t ty  acid8 i o  pare Wtwr +ram the 33 per  
ail  .itern 7.35 refers to the retention t3me i n  
relatiow l i p  to 

mts 
t C d  

0-3 
3-6 
6-9 
9-12 
12-15 
15-18 
19-21 
21 -24 
27-30 
33-36 
39-42 
51-5, 
844 

4en 
72-15 
7843 
03-96 
%-a9 

acetic and 

a b 

13.M 0.69 
59.34 - 
19.17 - 
13.N - 
15.66 - 
14.51- 1.02 
9.34 - 
30.M - 
40.73 2.13 
39.18 0.71 
24.09 0.95 34.s - 
10.12 - 
29-47 - 
1342 - 
13.n - 
11.7s - 
1 3 s  - 
8.19 - 

i aabut v r  i c ac i d s  . 

C 

2.27 
2.62 
3.22 
2.24 
1.57 
0.99 
0.82 
0.11 
1.94 
1.21 
0.67 
0.07 
0.8 
1,s 
0.31 
0.44 
0.H 
0.S 
0.12 

d 

2.R 
2.49 
323 
2. I4 
1.60 

0.Q 
0.69 
1.69 
0.90 
0.52 
0.29 
0 . 9  
J .50 
0.3. 
0.60 
0.42 
0.5 
0.23 

a = rutit Y ~ O  WJliItCr porr wter 
b 9 isahtyrir acid rvalNiter interstitid utar 
c = prapimnic acid wiiiitrt interstitial uater 
d 8 volrtilt fatty acid 7.3s ubitrwy unitlliter irderstitla1 urtw 

Table 111-8. VolatiIo fa t ty  rc ids  i n  pore watws f r u m  the 42 pew 
m i l  rite. 7.35 refer5 to the retentian time ln 
re1 ationship t o  ace tzc  and irsobutvr1.c aclds. 



4-1 3.;; 0.- - 
I -' 16.98 0.03 - 
2-3 21.56 2.0 - 
4-5 37.38 6-64 - 
1 4  20.16 2.91 - 
10-11 31.16 4.59 - 
13-14 37-61 3.43 - 
16-17 42.62 9.1 - 
i9-a 4s.u 1e.u - 
22-23 16.79 5.61 - 
25-26 32.34 8.68 - 

0.13 - 
0.21 - 
2.50 - 
8.25 0.11 
2.91 - 
S.14 0.15 

9.15 0.24 
9.09 
4.n 0.18 
sa33 - 

5.81 0.01 

a = acetic acid uo l l l i t n  pare wtw 
b = isobutyric acid m l l l i t e r  iotnstitial water 
t = n Butyric wid mollliter interstitial wit- 
d = volatile fatty acid 1.35 arbitrary usitlliter interstitid mtw 
e = volatile fa t ty  acid 5.25 arbitrary unitllster intestitial mater 

T a b l e  111-9. Volatile f a t t y  a c i d s  i n  p o r m  mtwu +ram t h e  90 
per m i l  site, 

brpth a b C d e 
(co) 
0-1 16.00 1.61 - 1.17 0.09 
1-2 22.24 3.82 0.30 3.01 0.21 
2-3 36.80 3.16 0.28 3.29 0.27 
2-3 36.00 3-16 0.28 3.29 0.21 

20.63 1.13 - 7.16 0.21 4-5 
7-0 35.01 1.n - 11.09 0.77 
10-11 40.70 8.90 0.61 7.37 0.06 
13-14 19.80 1.22 - 1.27 - 
16-17 18.65 1-27 - 1.15 - 
19-20 6.7b ? e 8 1  - 4.27 - 
22-23 50.63 1-90 - 1.95 - 
25-26 35.30 1.68 - 1.91 - 
a = acetic acid mollliter pore u t w  
b = ischutyric acid mollliter interstitial u t w  
c = n. butyric acid mollliter interstitial mater 
d = volatile fa t ty  acid 7.35 arbitrary unitllitw intartitill  matw 
e = volatile htty acid 5.25 arbitrary unitlliter interstitial water 

Table III-10. V o l a t i l e  f a t t y  acids i n  pore waters from the 150 
per m i l  sitr. 
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a b C l w b  
( C d  

0-1 802.33 9.95 120.76 
1-2 Tfb.97 4.66 lS0.40 
2-3 309.66 - 34.53 
4-5 m94 6.73 65.05 
n 248.94 0.73 65.65 
12-13 6 3 1  - 14.M 
20-21 27.47 - 7.06 
24-B 39.25 6-04 - 
2a-29 51.56 - 7.3 

a = acetic wid ml/litcr me wter 

d 8 

5.88 5.92 
2 . 4  3.05 
1.07 - 
2 . a  2.30 
2.65 2.N - - - - - 3.03 - - 

f 

692 
114.& 
2b.a 
32.M 
32.w 
6-79 
3.1s 

3.71 
- 

9 

4.10 
2.88 

2.08 
2.80 
0.28 

1.77 

- 
- 

b = prgioric acid rwrlilitar interstitid uter 
c = isobutyric acid mollliter interstitid wta  
d = II Butyric acid lrelIliter interstitial w t s  
e = isovaleric acid mollliter interstitial water 
f = volatile fatty aid 7.S arbitrary uoitllitcr interstitid water 
g = velatile fatty =id 5.25 arbitrary uait/lita interstitid water 

Table 111-11. Volatile fat ty acidr in p#e uatarr +rea the 300 
per m i l  5itc. 

150 



,a 

8.36 

3-45 Isobutyric 

A 7 . 4 ~  VFA 7.35 

--- _ -  .- 
c 3 0.20 

A- I. 4 Y  Acetic 

a- 3.3/ Isobutyric 
e - ~ . 5 3  Prooionic 
t e-  3cI n-butyric 

5 .  93 Isovaleric 

8 - 3 1  n-vuleric 

C 

Figure 111-10. (a) C h r o m a t o g r a m  of standard volatile f a t t y  a c i d  
mixture: (b) chrocsatoqram of volatile f a t t y  acids in the 19-20 
c m  profile of sediments from the 70 per mil site: (c) 
composite chromatogram of (a) and (b). 
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Figure 1 1 1 - l i .  Fool s i z e  of acetic a c i d  and sulfate i n  sediments 
f r o m  t h e  33 per mil site, 
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0 -  

12 - 
24- 

72 - 

sop=- acetlc a c i d  

-'r I - . I  I I I 
10 20 30 40 !io* 6a 

- .. 

acetic a c i d  arnol/l; S U 4 = - -  mmoi/l 

Figure 111-12. Pool s i z e  of acetic a c i d  and sulfate i n  sediments 
from t h e  42 per m i l  site. 
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Fiqure III-lZ., Pool s i r e  of methane and sulfate in sediments from 
the 42 per m i l  s i te .  
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profiles are illustrated in Figure IKI-13. Although a steep 
gradient of methane was observed, no production of methane could 
b e  measured within a 60 cm profile from this site. Without 
further data, based on the observed profiles of sulfate. acetate, 
and sulfate reduction rates, w e  can only speculate that the major 
acetate consuming process is sulfate reduction. 

The concentration and increase in diversity of total V F A ' s  
in relation to salinity suggests that the production of these 
compounds through fermentation exceeds their consumption. 'The 
general increase in chain length of the acids would be preuicted 
if the products of fermentation, such as acetate are not consumed 
(Wolin, 1976). The presence of sulfate and acetate at 
concentrations well above the Em for sulfate reducers for sulfate 
and acetate down t o  20 or more centimeters in sediments ot the YO 
per mil, 150 per mil, and 300 per mil sites, suggests that 
something other than low sulfate and acetate concentration 
inhibited sulfate reducers. 

Concl usi on5 

A unique set of chemical prcifilea and sulfate-reducing 
activity was found for the sediments of each o f  the sites 
examined. The quantity of organic matter in the salt pond 
sediments wa5 significantly greater than that occurring in the 
adjacent intertidal site. The total quantitative and qualitative 
distribtion of volatile fatty acids was also greater in the salt 
ponds. Volatile fatty acids increased with salinity; the maximum 
quantitative and qualitative spectra of acids were found in the 
300 per mil site. The general decrease in sulfate reduction rate 
in sediments of ponds of increasing salinity lead us to believe 
that organic matter was accumulating in these ponds because of 
the limited consumption of the fermentative intermediates. 

Our sulfate reduction rates in sediments from the 
hypersaline ponds were comparable t o  those recorded in other 
evaporite environments (Skyring, 19845 Lyons et al., 1984). 
Sulfate reduction rates in surficial sediments of 33 per mil 
salinity were at least 2 and up t o  50 times greater than those 
measured in other temperate salt marshes associated with 
micrabial mats and in Spartzna marshes. howarth and Teal 
( 1 9 7 9 )  measured sulfate reduction rates of 0.25-6.0 uM per 

per day in marsh sediments. In another study b y  
Skyring et al. ( 1 9 7 9 ) ,  in a Spartina salt marsh, sulfate 
reduction rates were about 1 uM per gram per day in surficial 
sediments. Thus our rates of sulfate reduction were at least an 
order of magnitude higher than those in other salt marshes. 
Without knowledge of the extent of the surface mat development, 
organic production, and bioturbation in the sediments our results; 
are difficult to extrapolate. The major point is that sulfate 
reduction in the pond sediments w a s  apparently inhibited by 
salinity (or factors which accompanied the increases in salinity) 
since adequate sulfate and precursors (i.e., acetic acid) were 
available a s  metabolites for sulfate reducers. Iron sul+ide 
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decreased in sediments of portds of increasing salinity. Since 
sulfide values were generally higher than those recorded in the 
marsh site, iron limitations may limit iron sulfide 
accumulations. Iron limitations would also limit the activity of 
sulfate reducers, and thus sulfate reduction. 

Although preliminary, these results indicate patterns which 
may serve as a basis for the examination of the chemical and 
microbiol oqi cal changes occurring during the developmental stages 
of evapor i te deposi ts. 
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