
JoURNAL oF SEDnmNTARY PETROLOGY, VoL. 34, No. 3, PP. 512-523 
FIGS. 1-11, SEPTE:i.fBER, 1964 

, 
ORIGIN AND DIAGENESIS OF GYPSUM AND ANHYDRI'J'P 

R. C. MURRA yz 

ABSTRACT 
Despite data on the stability of anhydrite at high earth surface temperatures, the observation of Ret:eut 

gypsum and the evidence for fonnation and preservation of metastable gypsum suggest that this form may bi! 
th~ common if !10~ u:Uversal ori~inal ca_lciu.m sulfate. mineral .GYJ>$urn b~ can be produ~d by two mech. 
amsms: (1) Preop1tation and sedimenta tlon ln a standmg body of water subjei:ted to eva porabon. Such deposits 
are original sedimentary facies, contemporaneous with other sedimentary facies. (2) Growth of abundant crys­
tals ~y displacement of unconsolid_ated sediment or weather.ed rocks, which results in b~ds of gypsum which 
later 1s replace~ by nodular anhydnte. These nodular anhydr1te beds represent a diagenet1c facies and postdate 
tl:e host mat~lal. Th~ &tinction between sedimented and nodular is important in the interpretation of any 
grven evaponte depostt. 

_These primary deposits act as a source of calcium sulfate for subsurface growth of replacement and void­
.filhng anhydrite. The latter two secondary types of anhydrite can be distinguishedin reflected light since a 
dark (;olor is imparted to •eplacement anhydrite by included material. ' 

From observations in Recent sediments, older outcrops, and the subsurface, there appears to be a charac­
teristic cycle in the diagenesis of gypsum-anhydrite minerals; surface or near-surface gypsum is replaeed by 
anhydrite as a resu_lt of burial and is in tum .replaced by gypsum if the anhydrite is thereafter brought dose tu 
the sutface. 

ORIGIN OF PRIMARY DEPOSITS surface, the replacement of anhydrite by gypsum 

Sedimentary deposits of the calcium sulfate has been observed as deep as 3500 feet in the 
minerals (gypsum and anhydrite) are common Permian San Andt:es Formation, Dune field, 
throughout much of the geologic record. They Crane County, Texas (fig. 1); 
are commonly associated with carbonate rocks, Bundy (1956) suggested that the gypsum may 
especially dolomite and ferruginous clastics. The be the predominant or only form of calcium 
object. of this paper is to examine the evidence sulfate precipitated from sea water. Such a gen­
regarding which mineralogic form is the primary eralization is naturally at variance "'ith inter-pre­
depositional product and to trace the diagenetic tations of a primary origin o£ anhydrite. How­
changes that accompany burial and re-:exposure ever, studies of Recent evaporite deposits-for 
of these deposits. This has been the subject of examples, Fisk (1959), Morris and Dickey 
much discussion in the literature .with many (195'1), Phleger ar~:d Ewing (1962), Masson 
authors favoring anhydrite as the original form. (1955), Talmage and Wootton (1937), and Wells 

(1962)-have emphasized the observations that 
Physical Ewdence gypsum is the common if not universal form 

In general, gypsum is found near the surface present. It has generally been impossible w 
and in Recent sediments, whereas anhydrite is determine the s~cific comp?sition and tempera­
the common form of the subsurface. Indeed it"is · · ture of the solution at the time the gypsum was 
not uncommon in large gypsum quarries t~ en- . precipitated. However, gypsum is forming today 
counter interbedded anhydrite and gypsum ~n so~e of the hottest parts of the surface of the 
followed by isolated gypsum patches and finally , earth. Recently, Curtls_and others (1963) have 
pure anhydrite with depth. Many authors, for repon:ed Recent an~ydnte above the free wa~er 
example, Sund (1959), argue convincingly for the level m the sup~atldal Rats along the Tructal 
replacement of anhydrite by gypsum under near- Coast of the Pers1an GulL 
surface conditions. The evidence for this replace- Stewart (1953) observed pseudomorphs of 
nient may be observed in all deep quarries and a_nhydrite after gypsum in the Permian evapo­
shallow cores where some anhydrite is still pre- ntes of northeastern England. These pseudo· 
served. Although the transition commonly takes inorphs could only be seen when weathered sur­
prace within a few hundred feet o£ the present 

1 Manuscript received July 22, 1963: 
2 Shell Development Company (A Div.ision of 

Shell Oil Company), Exploration and Production Re­
search Division, Houston, Texas (Publication No. 
354) •. 

3 Pwfessor F. H. Stewart has correctly reminded 
the author that the argument of near universal Re­
cent gypsum may not be applicable to deep water 
evaporites of the past which do not have Recent 
analogues. However, MacDonald (1953) suggests t:Dat 
increasing hydrostatiC pressure favors gypsum. 

; 
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_ FtG. 1.--Gypsum replacing replacement anhydrite; San Anydres Formation, 3500 feet below the present 
surface. Gypsum (white) rims and indents a core of subhedra[ anhydrite. The anhydrite had originally replaced· 
line Sllt:rose dolomite. · 

faces of the core were studied. Some of the origi­
nal crystal outlines were flattened, and in ex­
treme cases the structures were barely detect­
able. This direct type o£ observation has seldom 
been made in massive ev-aporite beds. The reason 
must, in part, be ascribed to imperfection of 
preservation. However, this example is prima­
facie evidence of the metagypsum origin of these 
anhydrite beds. 
· These general observations suggest the gener­
alization that a common diagenetic cycle exists 
in the calcium sulfate minerals--deposition of 
gypsum followed, during burial, by replacement 
o~ gypsum by anhydrite followed in turn, during 
uplift and erosion of overlying strata, by replace­
ment of anhydrite by gypsum (fig. 2). Henderson 
(19,54) argued that gypsum in the Stanford 
Range has never been buried to sufficient depth 
~or replacement of gypsum by anhydrite. If his 
mterpretation based on delicate preservation of 
teJCtures is correct, these ancient deposits have 
never p~ed through the complete cycle. 

Chemical Evidence 

The physical-chemical environment that fav­
ors primary precipitation of gypsum or anhydrite k replaoem"'t of one mineml by the other ba' 

received much study since the early work of 
Van't Hoff in the early 1900's. Posnjak (1938) 
produced data on the stability of gypsup1 and 
anhydrite as a function of temperature. These 
data were obtained only by dissolution. The 
intersection of the solubility curves for the two 
minerals defines a temperature above which 
anhydrite is less soluble than gypsum and thus 
presumably more stable. The temperature of 
intersection for distilled water was 42°C; thus, 
anhydrite should be favored above this tempera­
ture. From his earlier work Posnjak recognized 
th~t solubility determinations in different con­
centrations of sea salt solntions could be helpful 
in interpreting the conditions of deposition of the 
two minerals from concentrated sea water. He 
made solubility determinations in solutions of 
sea salts at 30°C {Posnjak, 1940) and showed 
that an increase in salt concentratio!). would 
lower the temperature of equal solubility. He 
concluded that sedimentary marine deposits of 
pure anhydrite either must have been partly 
derived from originally deposited gypsum or 
must have been formed near or above 42°C. 
However, from stability considerations some 

. anhydrite could have been formed I;Jelow 42°C. 
During his experiments Posnjak observed that 



514 R. C. MURRAY 
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FIG. 2.-Schematic diagram illustrating gypsum-anhydrite-gypsum diagenetic cycle. 

gypsum was very persistent and crystallized 
easily even in its metastable state. Indeed, evap­
oration of sea water in the temperature range 
60°-80°C produces gypsum rather than anhy­
drite as a final product. This suggests that fac­
tors other than the solubilities of the two miner­
als may be involved in determining the condi­
tions under which one or the other will be 
formed. 

MacDonald (1953) approached the problem 
thennodynamically in order to study the effect 
of concentrated salt solutions and pressure on the 
gypsum-anhydrite transition temperature. From 
previously determined thermodynamic proper­
ties he calculated a transition temperature of 
40°C ·for- the reaction CaS04 -2H20+=:±CaS04 

+2H,.O in pure water. This·value corresponds 
closely with Posnjak's experimental data. 

He also demonstrated the effect of pressure on 
the reaction in pure water. Under hydrostatic 
conditions the transition curve had a positive 
slope, indicating that an increase of total pres­
sure would increase the transition temperature 
and would favor the formation or preservation of 
gypsum. 

Froui further thermodynamic calculations, 
MacDonald (1953) produced a graph showing 

the transition temperature as a function of the 
concentration of NaCl, which was compared 
with sea water by corresponding chloriniti~. 
This graph shows the transition temperature 
decreasing with an increased concentration of 
salts; thus, theoretically, one could determine 
the transition temperature of gypsum-anhydrite 
at any concentration of sea water. With an esti­
mated concentration of 3.35 times that of normal 
sea water as the saturation point of CaSO, in the 
evaporation of sea water, a transition tempera­
ture of 34°C was determined. Therefore, if depo­
sition is an equilibrium process, gypsum )Vill be 
the stable phase and will precipitate out of sea 
water first at all temperatures less than 34°C, 
and anhydrite will precipitate out first at all 
temperatures greater than 34°C. 

Henderson (1954} presented additional data 
on relative solubility of gypsum and anhydrite in 
salt solutions and concluded that gypsum should 
be stable to a maximum depth of 2000 feet. 

Conley and Bundy (1958) studied the mecha­
nisms involved in converting anhydrite to gyp-. 
sum. By experimental work they further sub­
stantiated Posnjak's observations concerning the 
persistence and ease of crystallization of gypsum 
in its metastable state. They also determined 

:; 
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that. the reaction of gypsum going to anhydrite 
plus water is. very slow or nonexistent below 

4zoC. Further, in contrast with Posnjak's and 
MacDonald's work showing that salt solutions 
]ower the temperature at which anhydrite be­
collleS more stable, they showed that some salts 
activate rather than inhibit the hydration proc­
ess in the temperature range studied. In other 
words, these salts promote the conversion of 
anhydrite to gypsum, even under conditions 
theoretically favoring the formation of anhy­
drite. The best activators were found to be 
sodium and potassium sulphate. 

From their data, Conley and Bundy postu­
lated that it is highly improbable that anhydrite 
is ever precipitated primarily from sea water 
because (1) gypsum crystallizes 'relatively easily 
in its metastable state, and (2) as soon as crystal-

. lites of anhydrite would begin to fonn in sea 
water, the activating constituents in the sea 
water would bring about an almost immediate 
conversion to gypsum at temperatures below 
42°C, They conclude that the thermodynamic 
applications which predict the formation of 
anhydrite from gypsum in concentrated salt 
solutions are incomplete in that they do not 
incorporate the effect of CaSO" activators which 
influence the reaction kinetics. 

Despite the evidence from solubility and 
thermodynamic calculations that anhydrite is 
more stable in concentrated salt solutions below 
42°C, the observation of common if not universal 
occurrence of Recent_gypsum in brine and the 
influence of kinetic factors in allowing formation 
and preservation of metastable gypsum suggest 
that the primary deposit m;:ty. almost always be 
gypsum. 

Thus, there is a body of evidence that suggests 
that· under most surface conditions gypsum 
should be the sedimentary product. Very high 
temperatures might locally cause formation of 
some anhydrite at the surface in the presence·of 
gypsum. Indeed, this is happening today on the 
supratidal flats of the Trucial Coast. However, . 
formation and preservatiorr of .gypsum may oc­
cur for kinetic reasons when surface tempera­
tmes are sufficiently high to make anhydrite the 
stable phase_ With burial, gypsum should be 
replaced by anhydrite. The minimum depth for 
the transition should be a temperature of 42°C 
corrected for the pressure effect at the depth of 
the transition. Because the rate of the change of 
gypsum to anhydite with respect to the rate of 
subsidence is unknown, this value must remain a 
minimum depth. Theoretical .... -alues for the 
depth: of this transition range around 2000 feet. 
However, the author is not familiar with any 
study of gypsum-to-anhydrite transformation in 

a formation undergoirrg initial burial. In the 
deeper subsurface, anhydrite is the almost uni­
versal form. 

Environments of Formation 

Studies of anhydrite in carbonate rocks and in 
assodatiorr with carbonate and clastic rocks 
suggest that a threefold distinction can be made 
on the basis of the mode of formation. This dis­
tinction involves the recognition of (1) bedded 
anhydrite, (2) pore-filling anhydrite, and (3) 
replacement anhydrite. The anhydrite beds 
which represent the sedimentary unit of primary 
formation and thus generally metagypsum are 
the obvious source of material for formation of 
the two secondary types. 

From the previous discussion it is apparent 
that most of the sedimentary units of anhydrite 
observed in the subsurface are metagypsum. This 
may be true despite the fact that independent 
evidence of this replacement in individual ex­
amples is relatively rare. The original condition 
of precipitation involved concentratiorr through 
evapo·ration of water, commonly sea water or· 
ground water that has moved through pre­
existing evaporite deposits. Such deposits may 
be of two general types, each with its own sig­
nificance with respect to paleoenvironment. 
Although an ind~vidual formation may exhibit 
both types, a distinction between (1) sedimented 
and (2) nodular fabrics can commonly be recog­
nized. 

The sedimented or laminated anhydrite or 
gypsum beds of which much of the Castile for­
mation· (King, 1947) and the Pleistocene Lisan 
formation of the Dead Sea are composed repre­
sents precipitation and sedimentation in a stand­
ing body of water. The concenhation of the 
evaporating brine may be maintained within the 
field of CaS04 precipitation by limited flow of 
new sea water into the body of water and reflux. 
of the heavy brine out through the inlet (King, 
194 7) or through the underlying sediments and 
rocks ·(Adams and Rhodes, 1960; Deffeyes, 
Lucia, and Weyl, 1964). Such evaporite beds 
commonly show continuous laminations (fig. 3) 
and sedimentary structures and shoutd be essen" 
·tially devoid of uniformly distributed marine 
fossils. They repr-esent a. depositional sedimen­
tary facies, time-contemporaneous with other 
facies. ·These other facies may be clastic sedi­
ments or even carbonate. The latter is more 
diffi.cuit because extensive carbonate deposition 
which depends on organic production is not 
possible in concentrated brines. 

Nodular anhydrites-or gypsum, although they 
occur in thick units relatively free of carbonate 
and clastic material, present a different problem· 
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of genesis. All gradations eXIst, from isolated 
nodules in fossiliferous limestone or dolomite to 
thick beds of clustered nodul~s with only a thin 
matrix or sheath of limestone, dolomite, or sili­
ceous clastic material. The crystal fabric of the 
anhydrite iu nodules is similar to that of the 
sedimented anhydrite. Both exhibit a tightly 
interlocking fabric of needlelike to tabular crys­
tals commonly preferentially oriented parallel or 
subparallel to bedding (fig. 4). This preferred 
fabric may change to an orientation subparallel 
to the nodule surface near the boundary. 

Nodules of anhydrite ~ommonly exist in fos­
siliferous limestones and fossiliferous limestone 
replaced by dolomite. However, because of gen­
erallackof foreign inclusions or ghosts and the 
draping of the host rock around the nodule, they 
do not appear to have formed by replacement of 
carbonate rock. The similarity of -nodule shapes 
observed in rocks of different age and lithology 
and the absence of nonfilled wgs of similar shape 
and size argue- against gypsum cementation of 
large vugs. The thin sheath or matrix of carbo­
nate rock commonly observed between closely 
spaced nodules excludes the vug origin and sug­
gests a displacement or compactional origin 
where one nodule has been squeezed against 
another. These anhydrite nodules appear to 
exist simply as ovoid masses within carbonate 
rocks whose origin is inconsistent with an evapo­
rite en-vironment. 

. Gypsum crystals similar to those found today 
on the shores of Lake Lucero near -White Sands 
New Mexico offer an explanation for the anhy~ 
drite nodule origin (fig. 5). These crystals have 
grown within the Recent alluvial sediments. 
During growth the crystals physically push aside 
the silt, sand, and gravel and form clear or nearly 
clear selenite crystals. When these sediments are 
buried, the gypsum will be replaced by anhy­
drite. If compaction of the sediment accompa­
nies this change, draping of sediment both over 
and under the nodule will result. If the gypsum 
crystals grew in ca-rbonate sediment, and they do 
today in most of the arid climate carbonate 
supratidal flats, the same relations should hold, 
and the product would be anhydrite nodules 
within, but not necessarily related by original 
depositional environment to the carbonate host 
rocks (figs. 6 and 7). Small gypsum crystalt~ 
should produce the smaU pellet--1ike anhydrite 
nodules. The larger crystals should produce the 
larger anhydrite nodules. 

The formation of selenite crystals and roset­
tes by displacement of soft sediments or weat..i.­
ered rocks appears to take place by at least two 
mechanisms: (1) Evaporation of ground water in 
the vadose or capillary zone (Talmage and 
Wootton, 1937). Crystals of this origin are indi­
cative of subaerial exposure of the top of the host 
rock or sediment. (2) Evaporation of water on a 
playa or other standing body of water and down-

FIG. 3.-Laminated gypsum and calcite; Castile Formation, Perinian, West Texas. 
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FIG. 4.-Small anhydrite nodule; transmitted light. Note the orientation of the individual anhydrite crystals 

subparallel to the·bedding. The host S~n Andres dolomite is draped around the nodule. -

···~ 

FiG. 5.-Surface of. "-alley fill .sediments west of Lake Lucero, New Mexico. The clear gypsum crystals have 
grown within the sand and silt by ilisplacement. The tops of some crystals have been exposed by erosion. 
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FIG. 6.-~ed of nodular anhydrite grading into fossiliferous sucrose 
dolomite; Clear Fork Formation, West Texas. 

---.---------·---.:--:-7--~----·- ----~---- -.·;--~·- ·-·· ----~ 
r 

. ·- .. ::: ~ '-~ .. -- .. ~~-----" 

FIG. 7.-Bed of nodular anhydrite showing thin sheath of original sediment 
between pure anhydrite nodules; Madison Formation, Montana. 

.,.~ , 
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FlG. 8.-Replacement and yoid-.filling a.rih.ydrite. The large blocky crystals haYe grown by replacement of 

limestone. The fracture in the lower left has been filled with clear anhydrite crystals. These crystals have 
developed overgrowths by replacement of the limestone wall rock. The same observation may commonly be 
DJade in a carbonate sand where anhydrite fills the interparticle space and continues growth by replacement 
of the particles. 

ward movement of the dense hypersaline water 
into sediment below, with resulting formation of 

- the gypsum crystals. Crystals of this origin are 
forming in the Laguna Madre tital flats {Mas­
scm, 1955). With either mechanism the presence 
of the anhydrite nodules is not necessarily indi­
cative of hypersaline water during deposition of 
the host rock: Thus,. the apparent inconsistency 
of coexisting marine organisms and rocks and 
hypersaline conditions is satisfied If the host 
rock existed at an· unconformity that exposed 
sediments or weathered rocks of different age, 
the nodular bedded anhydrite would appear to 
be time-transgressive. · 

Recently, Kerr and Thomson (1963) have 
observed pseudomorphs ·of anhydrite nodules · 
after gypsum crystals, indicating that the gyp­
sum crystal form is not always destroyed in pro­
ducing: anhydrite nodules and presenting prima­
facie evidence of a metagypsum origin of the 
anhydrite. Using the Recent analogy of the 
laguna Madre gypsum, they point out the asso­
ciation of tidal-Hat sediments with nodular 
anhydrite and.sliggest·that this enYironment of 
intermittent inundation with sea water offers an 

ideal environment for formation of nodular 
evaporites. 

The nodular anhydrite beds thus represent 
growth of gypsum by displacement of soft sedi­
ment after deposition of the host material and 
must be considered an early diagenetic facies 
rather than a depositional facies. Many of the 
bedded evaporites in the geologic record contain 
thick sections· of the nodular form. Indeed, most 
of the examples of Recent evaporites occur on 
supratidal flats and shallow lakes on supratidal 
flats rather than in large, deeper-standing bodies 
of water. 

Thus, the conclusion may be drawn that nodu­
lar anhydrite is indicative of subaerial exposure of 
soft sediments with evaporation of CaS04-

bearlng water taking place within the sediment. 
Such conditions commonly exist today on the 
supratidal flats in arid climates or in desert pla­
yas. In. the former the source of water is com, 
monly the sea and transport into the supratidal 
sediments may take place duri!ig a large storm or 
by seepage through the sediments. In the latter 
the source of the water may be ground water 
that has passed through older evaporites and 
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SPECTROCHEMICAL ANALYSIS OF THE THREE TYPES OF ANHYDRITE* 
(Weight Percent) · 

East Poplar Wasson Stuz-g.eon lake 

Charles Fortnatlon San Andres Format1oo. leduc Forrnati on 
Mota II ie 

Murphy 1143 !Wrph1 fiiO Elements Murphy 110 Roberts Ill Roberts 61 Roberts- 11 sa-1-12 56-1-1;. 

5791 Ft 5634 Ft 563} Ft 494.5 Ft 4945 Ft 494-4 Ft B346 Ft 834.2 Ft 
Rep I acement Pore .... fi I i I ng Beddetl Rep I acement Pore-Fll I i ng Nodules Pore-Fi II i~g Bedded -

·Aluminum 0.01 0.003 0.003 o.02 0.002 0.00:5 0.001 0-002 
Antiman)l 0.0 0.0 o.o D.O o.o o.o o.o O.Q 
Ar.sen ic a. o. . 0. 0. 0. o. 0 • 0. 
Barium 0.002 o.oo1 0.001 0.002 o. 0005 0.0003 0.00003 o.oooa 
B.ery II j[)m o.ooo o.ooo o.ooo o.ooo o.ooo 0.000 o.ooo O-ooo 
Gismu-t:.h o.oo o.oo o.oo o.oo 0.00 0.00 0.00 o.ao 
Boron o.o 0.0 o.o o.o o.o o.o. 0.0 o.o 
Cadmium o.o o.o 0.0 o.o o.o o.o o.o o.o 
Calcium 26- 30. 30. 33· 28. 29· 28. 29. 
Chrmar um o.ooo o.ooo O.Mo o.doo o. 01>5 o.ooo o.ooo o.ooo 
Cobalt 0.00 0.00 o.oo o.oo o.oo 0.00 o.oo o.oo 
Columbium o.o o.o o.o o.o o.o o.o o.o 0.0 
coppe~ o.ooo o.ooo o.ooo o.aoo o, 004 0.006 0.003 J.ooo 
Gall illlll o.oo o.oo o.oo o.oo O.Oll o.oo 0.00 0.00 
Germanium 0.00 o.oo o.oo Q.Q o.o o.o o.o o.o 
Gold 0.0 o.o o.o o.o o.o .. 0.0 0.0 o.u 
lndium o.oo 0.00 o.oo o.oo o.oo o.oo 0.00 O.OQ 
Iron 0.06 0.03 o.o:; 0.09 0-1 0.04 D.02 o.oz 
lead 0.00 o.oo Q.DQ· o.oo o.oo o.oo o.oo o.oo 
!laJne~ium 0.3 . 0.007 o.ooa o.a 0.02 0.004 0.006 O.OOQ 
Manganese o.ooo 0.000 o.ooo o.ooo o.ooo 0.000 o.ooo o.ooo 
Mol.)'l>denon 0.000 o.ooo o.ooo o.ooo 0.01 0.000 o.ooo O.OOQ 

>Jickel 0.09 0.09 0.09 0.1 0.08 0.09 0.07 0.1 
Pal ladlum 0.00 o.oo 0.00 0.00 o.oo o.oo o.bo o.oo 
Potassium ). o.a I. 0.0 o.o o.o o .. o o.o 
Slli~on 0.3 o. I 0.1 I. o.z 0.1 0.0() o.oa 
Silver o.ooo 0.000 o.ooo o.ooo o.ooo o.ooo o.ooo o.ooo 
SQdiUMI 0.2 0.2 o.z o.o o.o o.o o.o o.o 
Strontit.m~ 0.3 0-5 o.z 0.3 0.1 0.1 0.1 0.2 
Tan-ta.luii1 o. 0. o. o. o. o. o. o. 
Tlo 0.00 0.00 o.oo O.Oll o.oo 0.00 o.oo o.oo 
Titaniuas 0.01 0.01 0-01 o.o:s o.oo 0.00 o:oo 0,00 
Tungster1 o. u. 0. 0. 0. o. 0. o. 
Vanadfum o.ooo o.ooo u.ooo o.ooo o.ooo 0.000 0.000 0.000 
Zln<: 0.0 0.0 o.o o.o o.o 0.0 o.o 0.0 
Zirconlu~ 0.0 0.0 0.0 O.IJ .o.o 0.0 o.o 0.0 
Phosphorous. o. o. o. o. o. o. o. 0. 
MercUr-y o. o. o. o. 0. a. 0. o. 

FIG. 9.-Spectrochemical analysis of the three types of anhydrite. 

thus represents a reconstructed water. 'Because 
nodules may form below standing bodies of 
water in earlier sediments· and because shallow 
bodies of w-ater may temporarily exist as lakes or 
supratidal flats or desert playas, both sedimented 
arid nodular anhydrite may exist together. The 
relative abundance and distribution p£ the two 
types often permits the recognition of the envi­
ronment of formation. 

occurs in space forrnerJy occupied by water. 
Several types of voids can be generated in carbo­
nate rocks (Murray, 1960): interparticle space ill 
carbonate or terrigenous clastic sand, intercrys­
talline space in dolomite, primary cavities in 
fossils, dissolution vugs or fractures. Anhydrite 
growing within such voids has little opportunity 
to include pre-existing rock and thus fonns clear 
crystals. These cry-stals may occur as relatively 
large clear individuals that fill the pre-existing 
space or. in larger spaces as dusters of clear tabu­
lar cry-stals. However, void-filling anhydrite in 

In addition, beds of both the sedimented arid 
nodular calcium sulfate deposits probably act as 
the source material for many of the examples of 
pore-filling and replacement anhydrite observed 
in the subsurface. That is, they offer a source of 
CaS04 available for dissolution and reprecipita­
tion in void space or growth by replacement in 
pre-existing rocks. 

ANHYDRITE PETROLOGY 

Void-filling Anhydrite 

Free growth of anhydrite or gypsum takes 
place within previously existing voids and thus 

. carbonate rocks commonly continues to grow by 
replacem~nt into the rock margin of the pre­
existing void (fig. 8)_ 

Replacement Anhydrite 

Replacement anhydrite crystals grow within 
the rock and occupy space previously o.ccupied 
by other minerals and fine pore space. Bioclastic 
particles appear to be the most commonly re­
placed material. This process probably takes 
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FIG. 10.-Anhydrite types in reflected light; Mississippian Charles Formation, Montana. Left-Nodular 
anhydrite from a thick anhydrite unit. Center-Replacement anhydrite from limestone 3 feet under the anhy­
drite bed. Right-Void-filling anhydrite from limestone 3 feet under anhydrite bed. 

place by simultaneous dissolution of the parent ' 
rock and precipitation of the anhydrite, as dem­
onstrated by the in-situ distribution of inclusion 
produced relict patterns. Dissolution is often 
incomplete, and the anhydrite continues" to grow 
around the more resistant relict calcite, dolomite, 
and noncarbonate clastic grains, attempting to 
maintain its rectangular habit, but often the 
final shape is partially controlled by the shape of 
the material being re_placed. These leftover par­
ticles remain within_ the replacement anhydrite 
crystal and, if they are large enough, can easily 
be seen when· the anhydrite crystal is turned to 
extinction. Because of this imperfect replace­
ment, resulting in the inclusion of relict particles 
within the anhydrite crystal, these crystals are 
usually cloudy to brown in reflected light. The 
color, of course, depends on the amount, distri­
bution, and nature of the relict materiaL 

Chemical. analyses by emission spectrograph 
were made of anhydrite samples representing 
two sets of the three anhydrite types (fig. 9). 
These samples were prepared by removing all the 
surrounding carbonate rock ·with dilute hydro­
chloric acid~ Within the limits of accuracy, the 
bedded nodular and the pore-filling anhydt:ites 
appear quite similar in trace element content. 

However, the replacement anhydrite from the 
San Andres dolomite and Charles limestone 
e..xarnples contains excess magnesium, silicon, 
and aluminum. This undoubtedly represents 
relicts of nonreplaced dolomite, quartz, and clay 
minerals within the replacement anhydrite 
crystals and confirms the nature of the relicts 
and the cause of the cloudy to brown color. 
Further confirmation was obtained by X-ray 
analysis of the three Charles anhydrites. The 
bedded and pore-filling anhydrite showed only 
anhydrite, whereas the replacement sample 
contained between 5 and 10 percent calcite and 
some quartz. 

The three anhydrite types can be distinguished 
in reflected light because of the textural differ­
ences and the presence of inclusions in replace­
ment anhydrite. 

Bedded anhydrite is commonly granular to 
massive and translucent to opaque and may be 
white or light colored, depending on contained 
impurities (figs. 10 and 11). Pore- or vug-filling 
anhydrite commonly occurs as clear single crys­
tals with well-defined cleavage (figs. 10 and 11). 
Rock-replacement anhydrite, because it often 
fails to digest completely the rock being replaced, 
appears as cloudy to brown single crystals (figs. 
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