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Alsrneclr

Laumontite and barian-strontian heulandite omu
with other authigenic minerals as pore-filling ccnent
in the non-maring standstones of the Lower Cretace-
ous Blairmore Group in the southern Alberta foot-
hills, Canada. Heulandite contains up to 6.9 wt /e
BaO and 4l wt /6 SrO. Distribution coefficients for
Bq Sr, Na and K for coexisting laumontite and
heulandite indicate that Sr and Ba are strongly
favored in the heulandite structure. This elemenr
distribution is thought to be largely controlled by
crystal chemical factors and the limited thermal stabi-
Iity of the zeolites,

Ilwnopucrrom

Zeolites occur with other authigenic minerals
as pore-filling cement in the non-marine sand-
stones of the Lower Cretaceous Blairmore Group
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in the southern Alberta Foothills, Canada (Mel-
lon & Wall 1963; Mellon 1967, Fig. l). The
Blairmore Group is essentially a wedge, 600 to
6,500 feet thict<, of non-marine sandstones, shales,
and conglomerates (Norris 1964). A variety of
authigenic minerals, including calcite, quartz,
chloritq kaolinitg dolomite, and zeolites occur
in different parts of the Blairmore Group. Zeo-
lites are restricted to plagioclase-rich sandstones
of the Beaver Mines Formation (Mellon 1967)
and are more common in the medium- to
coarse- grained sandstones. Zeolite distribution
is irregular, both on the scale of an outcrop and
a hand specimen.

Beause of the occurrence of the petrologically
significan! chemically equivalent assemblages,
laumontite and calcite-kaolinite-quartz (plus
HzO and COz to balance the reaction, Zen
1961; Coombs et al. 1970) in the Blairmore
Group, an investigation of the stratigraphic dis-
tribution, petrographn and mineralogy of these
minerals and associated mineral assemblages was
undertaken. In this paperl we report the results
of an electron microprobe. and x-ray diffraction
study on coexisting laumontite and barian-stron-
tian heulandite. A second paper will provide an
interpretation of the P(load)-T-fluid composi-
tion conditions of crystallization of the authigenic
minerals.

PxTRoGRAPHv

Laumontite occurs chiefly as an intergranular
pore-filling, but in some samples it occurs with-
in plagioclase (now albite) and plagioclase-ridr
volcanic roik fragments. The distribution of
laumontite is irregular on tlr'e scale of a thin
section. In some samples, laumontite and chlorite
cement occur in one-half a thin section and
chloritg illite, quartz or calcite occur as cements
in the other half of the section. Laumontite
usually formed after chlorite was deposited as a
pore-lining.

Heulandite occurs only as intergranular ce'
ment with single crystals, or less co?nmonly,
two large crystals or a mass of small, inter-
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Ftc. 1. Index map showing the locations of strati-
graphic sections sampled, in the present study.
l. Burnt Timber Creek; 2. Sheep River; 3, Ma
Butte; 4 Nlill Creelc
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loclcing crystals, filling pores. Deposition of heu-
landite follows deposition of ihlorite as a pore-
lining. Heulandite completely fills the remainihg
pore space, except in one case where calcite
occurs with heulandite and was apparently de-
posited later.

Heulandite and laumontite often occur in the
same hand samples, but are rarely observed in
direct contact In a few cases, electron beam
scanning revealed single euhedral heulandite
crystals in the center of pores, with laumontite
rimming the heulandite.

X-Rev Drrraacrrolr Srupy

Heulandite was detected by x-ray diffraction
in six samples. One sample which contained very
little laumontite (RS-SC-I) 1 was choserr for a
detailed x-ray diffraction study and a heulandite
concentrate was separated by heavy liquids.

X-ray diffraction data for Blairmore heulandite
(Table 1) are compared qiith data reported by
Cernli & Povondra (1969). Agreement of the
Blairmore data with that reported by other
workers is reasonably good.

The unit cell dimensions reported for heuland-
ite were kindly obtained by R. C. Erd of the U.S.
Geological Suwey using single crystal measure-
ments for the initial parameters and x-ray pow-
der diffraction data for the least sguares unit
cell refinement (using the program of Evans
et  a l .1973).

Boles (1972) has demonstrated a correlation
between the area of the oc plane in heulandite
and the I Mg * Ca * Sr * Ba ions per uqit
cell and the Al ions per unit cell. A plot of *ie
Blairmore unit cell data and composition on
these diagrams shows good agreement with other
heulandites (Table 2).

[,aumontite
Laumontite was detected by x-tay diffraction

in 15 samples. One samplg which contained
little or no heulandite, (R$SC-6), was separated
by heavy liquids.

Reflections obtained from Blairmore laumon-
tite (Table 3) compare well with those reported
by Lapham (1963). Unit cell dimensions for
Blairmore laumontite (Table 2) agree well with
those given by Lapham (1963), Coombs 1952),
Liou (1971), and Scluamm & Fisher (1971).

Eerqrnow l\ftcnopnoss ANelysas
Lntroduction

Polished, carbon-coated mounts of 16 zeolite
mineral separates were analyzed for Ca, Na, K

1. Refers to samples held at Department of Geo-
logy, University of Calgary.

*Calculated spaclngs and lndices from least squar€s,reflne--
ment of powder data using program of E\lans et aL, (1973). All
ca lcu la ted  spac ings  :2 .975A l l s ted .  Measured va lues  fmn
sp l i t  o f  RS-SC- I ;  sample  conta ined smal l  amounts  o f  laumn-
tite and quartz. x-ray dlffractometer data are: Cu/Ni radla-
tlon, ).cul(dl=].540514, sil icon metal used as lntemal stan-
dardi scanned at l/80 20 per mlnute from 4o-70o. Chart speed'l l8r' per mlnute.
*From a Gulnler-de l, lolff photograph, quartz intemal stan-
dard ,  Cu/N i  rad ia t lon ,  r=1 ,54 i84 .  In tens i t ies  es t imted
v isua l  l y .

Ba, Sr, Sio Al, Fg and Mg, using an ARL-EMX
electron probe microanalyzer. Operq.ting condi-
tions and standards used were: beam spot size -
15 l^; beam current - 0.1 pamp; Ca, Mg -
clinopyroxene; Si, Al, Na - albite ; K - ortho'
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TABLE 
'l, 

x-RAY DIFFRACTIoN DATA FoR Ba-:

Ba-Sr heulandite* lsr heulandlte*

wL 4calcft 7KL 4ca.l cA
I

I  t0 l l  .900
020 8.993
200 7.935
I-1 r 6.860
201 6.797
001 6.650
220 5.950
130 5.608
721 5.423
021 5.347
3n 5.259
I  l  l  5 . 123
310  5 .075
T31 4.664
040 4,496
4oi 4.367
201 4.250
33l 4.053't31 3.989
400 3.967
330 3.967
Tz1 3.928
240 3.912
221 3.U3
241 3.750
041 3.724
202 3,711
420 3.630
5t2 3.564
T12 3,521
150 3.508
5r'r 3.474
Zzz 3.430
402 3.399
1 1 1  ?  ? 0 6

002 3.325
I51 3.237
qzz 3.179
4n 3.133
5 t0  3 .126
022 3.119
532 3.109
241 3.089
I3z 3.ogo
531 3.049
5lz 3.035
a5l  3.o lo
060 2.998
:st z.ggsJ
151 2.984
440 ?.97€L
350 2.975J

761
170
462
ToI

v1
lO.oz
462

t .99  1  00
' . 9 3  4

i .67  3

.26 7

.12  8

.664 't7

.496 
'17

. J O J  I

4 .976  l 9
1.800 5
2.742 l l
1 .536 7
4.247 7
t .929 3
t .797 8
t . 770  2
t . 734  3

7

f . 9 8 9  1 2
t . 9 7 6  1 2

5

7

r .914  I

1.752

r . 709

1.567

6

t.324 5

| . 184  8
) , I 32  9

1.42

t .079 4

1.034 I

>..997 22

020
200

207
c0l
220
130

021
J t l

l l  l
3 1 0
l3I
t40
407
20t
J J I

q00,421

240 3.891 I
221 3.8473

4.651 5
4.4ffi1
4.3697
4 . Z O 5 a

4.0421

3.7276
3.6271
5 . a t o a

3,48/.2

3,4398
3.4085

3. I 843

3 ,1263

3.0832

3.0439

2.9955

202
420
3tZ
1 r T'150

zb-
407

422

510

241

J J I

440
060
401
530
267
042
62T
J %

620
t t l
351
441
312

.949 7

6 ,831 I
o .  o a z  I

5 . 9 3 0  I
5 . 5 9 8  0 . 5

.892 r

. 6 5 J  I

.731 3

.626 0.5

. l / o  f

.534 0.5

.490 I

5.334 0.5
5,268 3
5 .131  7
5 . U / J  J

4 . O i O  J

4.461 5
4.368 5
4.270 3
4.044 3

3 .940  l 0

. + 5 r  5

.413 3

. t z o  J

.079 I

.046 i

, 002  0 .5

2.888 0.5
2.801 8
2.724 I
2.672 I
2 .633  0 .5
2.557 0.1
2 .534  0 .5
? .509  0 .5
2.487 I
2.423 5

5i 8 l

7.971
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clase; Ba - hyalophane; Sr - strontianite;
and Fe - hematite. Data were corrected using
factors given by Albee & Ray (1970). Because
water cannot be determined by electron micro-
probe, water content was estimated by subtracting
the sum of all other oxides from 100 per cent.

Heulandite
Analyses for 5 Blairmore heulandites are re-

ported in Table 4. The prominent feature of the
Blairmore heulandites is their notable content
of Ba and Sr, which was first detected by non-
dispersive r-ray analysis using the solid state
detector on the electron microprobe (Jones &
Ghent 1971).

The ideal formula of heulandite is (Ca,Na)z
AlzSizOrs.6HzO (Merkle & Slaughter 1968).
Cernf & Povondra (1969) suggest that a more
realistic formula, based on 72 oxygens, is
(Na,K)' (Ca,Sr,Ba) g (Al,Fe)' +zgtSis6-qr4tt>Ozz .
r*TeO, rvhere r : 0 to 2.6, V : 2.7 to 4.3, x *g
: 6.8 to 9.7, and n: 20 to 30. Considering the
difficulty of obtaining accurate analyses of zeo-
lites by electron microprobe, the structural for-
mulas of Blairmore heulandites show reasonable

TABLE 2. HEULANDI.IE AND LAUMoNTIIE CELL DIMENSIoNS (A)

Eeuletdt?B

agreement with those reported by other workers.
Si/Al ratios of Blairmore heulandites are {4.0,
which fits the definition of heulandite proposed
by Boles (1572).

The BaO content of Blairmore heulandites, up
to 6.9 wt /6, is the highest value reported. Cernf
& Povondra (1969) have reported a heulandite
with SrO :4.M wt /s and BaO : LM wL %;
Ogawa (1967) has reported a heulandite rp'ith
4.8 wt /6 BaO (SrO was not reported). Thus;
the Blairmore heulandites show the highest com-
bined BaO + SrO content known to us.

Laumantite
Electron microprobe analyses of 11 laumontites

from the Blairmore Group and 3 laumontite'
leonhardites (Coombs 1952) are presented in
Table 5.

The general formula for laumontite is Ca'
(Na,K)gAlzr+gsi6-(2r+s)012 , 4JJ2O, where ide-
a77y x: I and U: 0 (modified from Coombs
1952). Analyses of Blairmore laumontites show
excellent agreement with this general formula.

Substitutions of pairs of alkali ions for Ca
without variation in the Si-Al ratio may occw
in laumontite (Coombs 1952). Amixov et aI.
(1967) report that the laumontite structure has
ordered Si-Al tetrahedra. For coupled substitu-
tions such as Na, Si for Ca, Al, it is possible

TABLE 4. ELECTRON I'IICROPROBE ANALYSES OF HEULANDITES FROM
THE BLAIRMOM CROUP, ALBERTA

b

B

^J-  _  r lu -  uq-

wt  % 5C-1d l0  SC-4  SC-5  SC-6

5 t u ^  5 0 . 1  5 t . t  a Y . a  c t . o  c c . v  c 3 . I I  c / . o o
a

A l ^0^  15 .5  14 .7  t 5 . t  15 ,7  14 .8  
' , I 5 . 88  

16 .12

F e o *  0 . 1  0 . 2  0 . 1  . 0 . I  . 0 . 1  1 . 4 4 0

MSo .0.05 <0,05 <0.05 .0.05 <0.05 0.085 0.02

Ca0

5ru

Ba0

NaZ0

Kzo
5UM
Hro**

4 . 4
3 . 3
5 . 6

0 , 7

'1 
.5

0 . 5

? o

o . u

0 . 3

J .  I

4 . 1

0 . 6 0 . 4

3 .04
4 .44
2 .44

1  . 54

l A O

4 .80
'L 98

hkl

1 1 0
200
020
201 ,+Ql 1
t l l
220
221
130,+20I
I ? 1

40I
002,+221
400,+l ! l
312,+012
040
33 1 ,>3] I

420,+112
240,+041
UOU

d(A)

9.45'
6 .84

6 . 1 7
I .  U f ,

+ . t 5

4 .49
4 . 1 7
J . t t

3 . 4 2

J . Z t
a t n

2 , 9 5
2 , 1 8

d(A)
9 ,49
o . d o

6 .54
o .  t 9
5.052
4.731
4.500
4 . r 5 6

3.667
J . 5 I U
3 . 4 1 I
3 .367
3,272
3 .205

2.950
2.1  80

I

1 0 0

2

20
8

OU
L

t 4
30
8

20
8

l 6
25
4
6

r
100
75
I
d

I J

25
23

100
d

J d
EA

t t

1 7
48
25
Z J

40

0 .6  0 .4  I . 8  I . 8  2 .0  
' , l  

. 34  0 .30

6-6:3 s5.4.-. mlE 65-5 E-f,E T-z.u+ TTlVd+
' r 3 .7  

] 4 .6  i l . 6  r 4 .5  r s . z  3 ' 07 -  3 ' 48 -
+=Hz0+, -=H20-

Number of ions on anhydrous basls of 72 o\ygens

s i  27 .01  27 ,83  ?7 .70
A t  8 .79  8 .33  8 .33
Fe  0 .04  0 .08  0 .04
Ca  2 ,27  I . 70  I . 50
s r  0 .92  0 .42  0 .79
Ba  L06  1  . 30  1  . 10
Na  0 .65  0 .47  0 .27
K  0 .37  0 .25  I  . 07
st /At  3.07 3.34 3.33

27.01 27.40 ?6.97 27.46
8 ,99  8 .55  9 ,05  9 .04
0 .00  0 .00  0 .52' I . 6 1  

1 . 6 8  I . 5 8  0 , 8 1' I  
. 1 6  0 . 8 0  1 . 2 5

0 .88  r . 09  0 .46  0 .90
0 ,57  0 .38  1 .M  I . 83
1 ,12  1  , 25  0 .83  0 . I 8
3 .00  3 .20  2 .98  3 .04

l .  Stront ian heulandi te (cern!  & Povondra 1969)
2. Barlan heulandite (b=includes 0,027% l4n0; 0galia 1969)
--- not reportedi Feo*=total Fe as Feo;

!20*" 
is water content estimated from 100-sum.

"Refers to samples held at the Dept. of Geology' Univer-
sity of Calgafy.

17.856r .012

.  n e u l a n o l l e ,  b - 5 L - 1 .  z .  x e u l a n o l l e ,  u e e r  e t
3.  Heu land i te ,  I le rk ie  &  S laughter  (1968) .
4 .  Po lyca tJon ic ,  s t ron t ian  heu land i te ,  Grn . i  &  Povondra  ( ' l969) .

13.07U.0' t2
7.5491.008

l l l , 9 o r , l '

TABLE 3. LAUMONTITE X-MY DIFFRACTION DATA

13.0901.002
7.555r .002' l l l o 4 2 . B ' r 1 . 6 '

'13 .083! .02

r .  K 5 - J L - O 2. PDF card 15-267 (Lapham 1963)
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that ordsing of the Al-Si tetrahedra makes
this tlpe of substitution more difficult.

Drvrnrnrrrron or Er-eMENTs sETWEEN Copcsrnc
Leuvrolrnru elro Banrew-SrnoYnet

HruuxPrrs

The distribution of Ban Sr, Na, and K between
coexisting laumontite and heulandite, summa-
rized as distribution coefficients with respect to
Ca, is given in Table 6, The data indicates that
(aj th&e is more total substitution of Ba, Sr,
Na. and K in the heulandite structue ; (b) Ba
*d St are strongly favored in the heulandite
structure; and (cf K and Na are slightly favored
in the heulandite structure, with the exception
of one sample.

Two expla.nations for this distribution seem
worthv of 

-discussion. 
First, the element distribu-

tion ihows no crystal-chemical control and is
entirely a function of the different pressure-
temperature-fluid composition conditions under
which the two minerals crystallized. This im-
plies that laumontite could also show extensive
ba-Sr substitution under appropriate conditions'

A second possibility, which we fav,or, is that
the heulandite structure is capable of more ex-
tensive Ba-Sr substitution than is laumontite'
Published chemical analyses of laumontites and
heulandites suggest that heulandites generally

TABLE 5. ELECIRON MICROPROBE AI{ALYSES OF LAUMONTITES FROM ]lIE
BLAIRI'IORE OROUP. AISERTA

wt % SC-s SC-6 SC-l SC-7 SC-B SC-10 5C-6 SC-8 I l0 l l

show more extensive solid solution of Ba and- Sr

*"tr ao laumontites. We feel that these dif-
ferences in amount of Ba-Sr solid solution shown
by laumontite and heulandite can be explained
by a comparison of the atomic structures of the
two minerals.

Laumontite has one of the highest specific
Eravities of anv zeolite (2.3) and this can be
forrelated with the absence of large diameter
channels in its structure (Amirov et aI' L967)'
Ca ions in laumontite are bonded to four o)iygens
and two water molecules having the geometry

of a slightly distorted trigonal prism'.This type
of bonding-is not observed in any other zeolite

iA-t;; Jt aI. 1967). The Ca ions are situated
,rnier silica tetrahe&a and not on the axes of

rins channels.
I"n contrast to laumontite, heulandite has a

lower specific gravity (2.1) and larger-diameter'
*ot" tt t-*ous" channeis in its structure (Merkle

a SL"gntut 1968). Merkle & Slaughter (1968)

report ihat Ca ions occur both near the sides
of open ring channels and at the intersetions
of the ring channels. Ca ions in heulandite are
bonded to three oxygens from alumina tetra-
hedra and five water molecules. According to
Gm'i & Povondra (1969), some cationic sites
,"u-' to be preferentially occupied by, bivalent
cations, and- alkalies (Na * - K) tend - not, to

mbrtitotu for bivalent cations but occur in addi-
tion to them to compensate for Si-Al substitu-
tion.

Because the Ca ions in laumontite are in

smaller diameter sites and are strongly bonded
to four oxygens from silica tetrahedra as com-
oared. to thr"ee oxygens in heulandites, one might
oredict that subititution of Ba and Sr for Ca

wculd be favored in the heulandite strucJure'
8.""*u of the limited thermal stability of the

two minerals, one would also predict that these
flactionation trends should hold for other co-

existing laumontites and heulandites.
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si02
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TABLE 6. DISTRIBUTION COEFFICIENTS FOR BA, ST, NA,.ANd K
BE'II,IEEN COEXISTI NG HEULANDITE AND LAUMONTI TE

sanple xd Ba* Kd Sr ld Na l{d K
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Rs-sc-s >77.9 69.5 10.2 4-1
0c-sc-6 >83.7 41,2 5.9 3.5
MC-10  >95 .1  13 .8  0 .7  1 .1

*au= H;lfit$ heurandite / H]F+}S raunontite
0ther M's are defined simllarlY.
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