Secondary Anhydrite From a Sabkha,
Northwest Guif of California, Mexico

ABSTRACT

Sediments derived from the Colorado River and
from outwash fans make up an extensive supratidul
flat or sabkha in the northwestern corner of the
Gulf of California. Gypsum, anhydrite and halite
are  found assoctated with rveddish silty gquartz
sands, silts and clavs. Development of the calcium
sulphate minerals is resericted to a narrow zone al
the landward margin of the supratidal flat, where
they occur within the upper 10 to 15 cm of sedi-
wmenl,

Anhydrite, ussociaied with gypsum and bussi-
wile, 15 found within the upper 5 cm of sediment.
It accurs as small (<3mm) irreguler nodules and as
blebs of felty crystal uggregates in layers 1 to 2 ¢cm
thick.

In Adugust 1968, surface temperatures of 31°C
were recorded in the gypsum and anhydrite sedi-
menis, Temperatures at a depth of 15 cm were
between 38°C and 40°C. Two samples of brine col-
lecied immediately bencaih the evaporites had
chloriniles of approximately 143%,, and 145%,,.

Caompartson of the calctum sulphate mineral
assemblage, brine chlorinity and stronlium con-
tent of coexisting gypsum and arnhydrite with that
of similar data from e Trucial Coast sabkhe in Lhe
Arabian Gulf, suggests that the anhydrite is a sec-
andgry mineral and after corly diagenetic gypsum,

INTRODUCTION

This paper briefly describes an occurrence of
gypsum and anhydrite in a supratidal flat or sabkha
environment slong the northeastern coast of Baja
California. The data presented are the result of a
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reconnaisance study of a small portion of the
supratidal flat. However, the development of anhy-
drite in the area studied is cousidered typical of the
supralidal flat as a whole.

The environment is similar in terms of the phys-
iochemistry and hydrology to that of a Trucial
Coast sabkha in the Arabian Guif, In contrast Lo
the Trucial Couast, the development of calcium sul-
phate minerals in the Gulf of California s vol.
amelncally insignificant, and the host sediments
are dmost totally of continental origin. The occur-
renice of these nnnerals is of interest in that com-
parisons can be made between the diagentic proc-
csses occurring in the two arcas,

THE ENVIRONMENT
Description of sediments and evaporites.

The urea studied is about 48 km north of San
Felipe {Fig. 1). The sedimentology of the supra-
tidal flats has been described by Walker and
Thompson (1968) and Thompson (1969). The ve-
currence and origin ol the unhydrite has been
briefly discussed by Kinsman (1969, and in
Holliday, 1968). Kinsman considered the anhydriw
to have formed as an interstiiial primary precipi-
tate, aithough no supporting evidence was uiven for
his conclusion.

The supratidal flats are considered to have
formed by 2 process of depositional regression
(Walker and Thompson, 1968) and in their
broadest parts are up to 30 km wide. The sedi-
ments have been derived from the Colorado River
and from large alluvial outwash fans debouching
from volcamie und metasedimentary rocks to the
west, The scdiments consist of clays and silis which
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Figure 1. Location mup of northemn portion of Guli of Calitarnia
unet supratidal [lats. Diggonal shading ro the wes: indicutes alhovial
outwash funsg and (o the east, sand danes.

include quariz, biotite, feldspar and, n trace
amounts, calcite and aragonite,

The surface of the supratidal {lat is uneven and
the depressions serve as carchment areas for marine
floodwarcrs, Evaporation of these waters has given
rise to surface beds ol layered halite, up to 23 cm
thick and covering an area in cxcess of 75 lan®
(Fig. 1).

Gypsum and anhydrite are developed within the
upper 10 to 1% em of sediment within a narrow
rong at the landward margin of the supratidal flat
(Fig. 2a). Gypsum occurs as 1 1o 2 cm thick layers
alternating with detrital sediments or dispersed in
halite layers, Two habits of gypsum erystals occur,
Crystals are cither prismatic or discoidal and €2
mim fong. [0 most cases they are free from inclu-
sions but some crystals contin biotie fragments
and carbonate, whereas others are zoned or made
cloudy with halite.

Anhydrite s abways found associated with
gvpsum but is patchilv disributed. I ocours as
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Figure 2. {a). Schematic cross section and stratigraphic sections

landward edpe of San Felipe sabkha, {b). Analvsis of surface pot
water {Bl, from location [}, Fig. Za) and of groundwule
tmmediately below sediment contalning gypsura and anhydsite (B
B3), Values in parenthesis are concentrations in momol/kg relative
normnal sea water,

small (€3 mm diameter} irregular nodules or :
blebs of felty crystal aggregates which make u
near surface Layers 1 to 2 vm thick (sce Butler, th
publication, Fig. 25a}. Alernatively, it occurs
laths disseminated in gypsum layers. Anhydril
faths are commonly <2 microns long. X-ray ana
ysis of anhydrite coexisting with gypsum indicats
that bassinite is present in trace amounis.

Physiochemustry.

surface temperatures of upproximatelv 531
were recorded in August (1968) in sediments cot
taining gypsum and anhvdrite, Temperature
ranged from %8°C to 40°C at a depth of 15 oni.
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Segondary Anhydrite from a Sabkha

Two samples of brine collected immediately be-
tow the near surface gypsum and anhydrite had a
pii of about 7, chiornities of 142.8%, and 145.8%,,
and Mg/Ca ratios of 17.9 and 31.1. A sample of
brine irom a brine pond just to the seaward of the
anhydrite zone had a chlorinity of 134.0%, and
MgiCaratio ol 23.2 {Fig. 2b).

The variubility in the chemistry of ground-
walers, notably with respect 1o Mg concentrations,
may be the result of mixing of brines from cpisodic
flooding, or tir some contribution from continental
drainage waters.

Strontium in gypsum and anhydrite.

Gypsum conlained between 0.072 and 0.084 wi
percent Sr with an average for five samples of
0.073 wt percent Sr (3.15 X 107% and 3.61x 1673
SefCa: average 3.38X 107 Sr/Ca). Anhydrite con-
tained berween 0.099 and 0.124 wt percent Sr
with an average for five samples of 0.115 wt per-
cent Sr (3.37%X 10 and 4.23% 107 SrfCa; average
391107 SrfCa). Analysis for Sr wus made with a
Perfun-Elmer Model 290 Atomic Absorption Spec-
tropholometer, Data are accurate to within £0.004
wt percent Sr,

CONCLUSIONS

The crude layering of gypsum crystals probably
reflects un ongin by precipitation from seawater
episodically Nooding the supratidal flat during
storms. The compositions of brines are consistent
with gypsum precipitation. Concentrations of Ua
and 50, (relative 1o normal seawater) indicate that
Ca has been reduced by about 9 mumol/kg and SO,
by about 14 m.mol/ky {Fig. 2b).

Anhydrite coexisting with gypsum has formed
cither as a primary precipitate, or as a secondary
mincral by the reaction ol gypsum with brines.
Data which suggest a secondary origin for the
anhydrite is as tollows:

{1) Gypsum and anhydrite coexist with bassi-
nite. A similar association has been described from
the Trucial Coast (Butler, 1970} where textural re-
lationships indicate that some gypsum aiters to an-
hydrite via intermediury bassinite.

(2) Gypsum and anhvdrite are closely assoctated
with brines of chlorinity 142.8%,,and 145.2%,,. In
the Trucial Ceast, gypsum and anhydrite equi-
librium occury in brines with chlorinity of approxi-
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mately 143%,,. Thus the supraridal anhydrite in the
Gull of California appears to have developed under
marginal conditions lor its formation xnd preserva.
tion.

(3) It has been cstimated from distnbution
coefficients for anhydrite and gypsum zud Sr/Ca
ralios In brines, that at chiorimities of sbout 1457,
anhvdrite formed by reaction of gvpsum with
brine should have a Sr/Ca ratio differing from the
gypswun by about +15 percent (Butler, 1970). The
difference in Sr/Ca raiios in coexisting anhydrite
and gypsum from the Baja supratidal tat is about
+18 percent.

in summary, Holocene diagenetic anhydrite of
marine origin has so Tar been found i two areas of
the world; along the Trucial Coast and along the
coust of Baja California. In both environments the
anhydrite appears to be of secondary origin with
early diagencetic gypsum providing the bulk of the
components for its formation. Anhydrite nodules
are interpreted us a conscquence of the alteration
ol gypsum to anhydrite. Furthermore, components
for evaporite formation are largcly derived from
surface marine fleodwaters in both environments,
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