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AN APPARENTLY TRICLINIC DIMORPH OF CRANDAL-

LITE FROM A TROPICAL SWAMP SEDIMENT IN

EL PET6N, GUA'TEMALA

unsura M. Cowcrr-r-, G. E. HurcnrNsox, osborn Memorial Labora-

tory, Yale Uniaersity aNp Orv.q JonNsuu, Inst'itute of Marine Sc'ience,

fI niaersity oJ M iami,.l

A.asrnlcr

A mineral is described from clay sediments about 3 m below the surface of the Bajo

de santa F6, El Pet6n, Gautemala, a large swamp forest. It occurred as powdery material

and small masses not exhibiting crystal faces, up to 5 mm across, mainly associated r''r''ith

gypsum filling cavities of decayed roots, but also at one level dispersed in the clay' It is

Lufi yello,t, slightly translucent, with a waxy luster, H 3, G 2'50, biaxial (*) with 2V

11o_i5",a1. f f i2+0.002,p1.607+0.002,71.615+0.005(calc.)  Somegrainsshorvcleavage

perpendicular to z and some exhibit -multiple trvinning. x-ray powder pattern with four

iargest peaks at2.97,2.18,5.75, 3.53 A. The general pattern resembles that of the alunite-

crandallite series, but without a conspicuous peak at 4.8 A. Cell parameters, o 7.010 A,

b9.819A, c9.697 i t ,a103o 10, ,  Bgl"14' ,790o34' , takenastr ic l in icratherthanhexagonalas
in candallite. Analysis indicates a calcium, strontium, lead, aluminum basic phosphate,

with some substitutions of rare earths, corresponding to (ca, Sr, Pb)zAir(oH)16(Por3'3H?O'

Thermal analysis suggests that three water molecules are lost successiveiy below 350oC

.rvithoutchangeinstructure; at about 350oc the lattice coliapses producing a white amor-

phous material which crystallizes at or above 900oc. The material must be of biogeochemical

origin, possibly formed from material liberated in the decay of roots of one of the Melasto-

maceae such as Miconia.

OccunnBNco

The minerai here described was encountered in a study of the sedi-

ments of the Bajo de Santa F6, a large seasonal swamp forest to the east

of the ancient Maya city of Tikai, El Pat6n, Guatemala. A full account

of the stratigraphy and geochemistry with a discnssion of their ecological

and archaeologicai significance wil l be given in a later paper'

The mineral was obtained from a pit just over 5 m' deep about '5 km

east of Tikai that was dug by one of us (uMC) in order to elucidate the

stratigraphy of the Bajo. The sediments prove to be a relatively pure

clay, mostly montmoril lonite with a small admixture of metahalloysite.

Flint nodules and finely divided quartz occur in the clay and there is also

at some levels a considerable amount of gypsum. Much of the latter re-

places decayed roots of trees and shrubs. Associated with some of this

gyp.r- in root casts between 293 and 318 cm at the sampling point, and

ul* dirp.tr.d in the clay at a depth of 330 cm, where analyses indicated

much strontium and rare earths, there was a small amount of the mineral

present either as an earthy powder or in small masses up to 5 mm across'

I Contribution from Department of Biology, Yale university and contribution No.

478 from the Marine Laboratory, Institute of Marine Science, University of Miami.
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Some material was found between or on the surface of good gypsum
crystals and had clearly formed after the deposition of the latter. No
specimen has exhibited any crvstal faces.

P"urr"ot PnopBnrrns

color buff yellow to yellowish white, slightiy translucent, remon yelow
when wet, streak yellowish white, lustre waxy. Moderate yellowish white
f luorescence under u l t rav io let .  H 3.  G 2.50 (pycnometer  at  25 'C.) .

Sign f ;biaxial with 2V moderately large (70"-I5o), a: L602+0.002,
B:  1.607+0.002,  7:1.615+0.005 (calc . ) ;  ind ices obta ined wi th newty
calibrated l iquids, with temperature corrections and monochromatic
l ight .  Some gra ins have weak creavage perpendicurar  ro Z.  Some gra ins
but not all exhibit multiple twinning. erartz is a minor contaminant.
(Optical data by H. Winchell.)

X-nav CnysrarrocRApr{rr

Powder patterns were obtained from two sampres (field labels K 305 cm
and N 307'5 cm) after dispersing the surrounding clay with sodium
carbonate and dissolving the gypsum in 1N ammonium acetate at pH 6.5.
A very small amount oI cluartz appears to be the only contaminant.
Measurements were made with Ni-filtered cu radiation at 50 kv z0 ma
potential, scanning speed of 2o 2 theta" per minute with 3o beam slit
and 0.2 detector slit and 0.2" 2 theta" per minute with 3" beam slit and
0.02 detector slit using a G. E. xRD 5 diffractometer. All peak positions
were obtained by counting with a Geiger counter, 3 individual 100 sec.
counts with the goniometer operated manually.

The major spacings correspond in a generar way with those of the
alunite-crandall ite group of sulfates and phosphates, with the important
exception that the second peak of crandall ite at 4.g0-4.g2 A correspond-
ing to the 4.99 A spacing of alunite, indexed by pabst (1947) as 012, is
almost absent. The published data on crandall ite, and aL r.-ray dif irac-
tometer tracing (Fig. 1a) from a specimen from a locality (Grube caro-
lina, Salzbach, Bavaria, Brush Collection, yale University) hitherto
not studied in this way, ail agree in having this spacing of fair intensity.
The difference is particularly striking in view of the great similarity of
the r-ray diffraction spectra of minerals of the most diverse chemical
constitution in the alunite-crandall ite group.

The observed spacings difier slightly from those of crandallite and
taking only those of intensity over 10, corresponding to the crandallite
spacings recorded by other authors (Mcconnell, 1942; owens et at. 1960)
it has not been possible to index our data satisfactori ly on the assumption
of hexagonal symmetry. However, if all our data are considered, includ-
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Frc. 1. X-ray tracings of crandallite, a, from Salzbach, untreated powdered mineral; b,

from the Bajo de santa F6, untreated powdered mineral; c, the same heated to 350o c;

d, heated to 525o C; e, heated to 9500 C; f, healed to 1100o C'

ing a number of very weak peaks that hardly show on the tracing but can

be identif ied by counting, and indexing is performed by Ito's (1950)

method, followed by the Delaunay (1933) transformation, all our sixty-

five observed peaks can be satisfactorily indexed on the basis of a tri-

clinic cell. The observed and calculated spacings, intensities, indices and

cell parameters are given in Table 1. While it has not been possible to

ur..ituin the relationship of our triclinic cell to the conventional alunite

crandallite structure, the agreement between our observed and the com-

puted spacings based on our cell, suggests that there are really slight

structural differences between our mineral and previously studied

specimens of crandallite.

ANervsrs

Two samples, one from a bag marked K and the other from a bag

marked N were analyzed. sioz was determined gravimetrically, P2o5 by
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Tenr,r 1. X-R.ly DrrrnecroMETER Sp.q.crNos alro IxrnNsnv MnasunnlrrNrs,
UNtnr,q.TEn MrNnner, FRou rHE Baro nB S,lNr.t F:4

Observed dA Computed dA Inpr,hkl

010
100
011
I10
101
101
1 1 1
110
020
r20
o22
200
12I
o22
030
130
131
131
2 t l
122
202
132
1 t l

023
o32
123
MI
300
o24
24r
tl4
230
r43
n77'

124
005
2r4
or3
034
250
234
151
r52
324
160

9.45
7.00
6 .  5 1
6 . 2 4
J . / J

5 . 4 7
5  . 3 7
5 . 0 6

4 . 4 2
3 .53
3 . 4 2
3.,!0
3  .30
3 . 1 9
3 . 1 6
3 . 0 8
2 . 9 7
2 .88
2 . 7 9
2 . 7 7
2 . 7 3
2 . 6 8
2 . 6 0
2 . 5 8
2 . 4 5
2 . 2 9
2 . 2 7
2 . 2 1
2 . 1 8
2 . 1 5
2 . r 0
2 . 0 1
1 . 9 7 0
1 .951
1.936
1 . 9 1 7
1.900
r .872
1 . 8 5 8
r . 7 5 6
I .694
1.667
1.643
I .636

9 . 5 6
6.82
6.60
6 . 2 7
5 .63
5 .54
5 . 3 4
5.Ot
4 . 7 8
4 . 4 2
3 . 5 2
3 . 4 1
3.40
3 . 3 0
3 . r 9
3 . 1 8
3 .07
2 . 9 7
2 . 8 9
2 . 7 9
2 . 7 7
2 . 7 3
2 . 6 7
2 . 6 0
2 . 5 9
2 . 4 6
2 . 2 9
2 . 2 7
2 . 2 2
2 . 1 8
2 . 1 5
2 . t L
2 . O 0
1 . 9 7 3
1 . 9 5 1
1 .938
1 . 9 1 9
1.899
1 . 8 7 2
I .858
1 . 7 5 6
1.694
1 .665
t . w
r.636

1
1
2
I

36
3
I
z

1
I

35
6
7
J

L
1
5

100
9
4
+

13
2
I
1
8

?

27
46
10
2
4
I
2
l

1 1
29

2
18
1
1
I
2
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Trrr-s, l-(conlinued)

hkl Observed dA Computed dA Innr,

016
260
244
1 1 6
412
413
441
1 1 6
403
062
24+
0s4
126
I D )

334
T70
162
145
154
064

t .612
1 .589
t . 5 7 9
1 560
1 545
I  .  J . ' J

1 .531
1 . 5 1 7
t . 4 9 4
1 483
| . 4 7 3
1.453
1 . 4 3 7
1 . 4 2 1
1 . 4 1 r
1 .400
1 .390
1 .385
1 . 3 7 6
1 . 3 7 2

. 6 1 0

.589

. 5 7 8

.559

.535

.534

. 5 1 8
+98

.485

. +  l 5

.456

.MO

.422

.4l l

.402

.390
385

- . 1 / J

.372

n

o

5
6

J

15
4
1
1
I
1
1
1

a
b

v
a i b i c

7 . 0 1 0
9 .819
9.697

649.50 A3

103'10',
97"44'
90"34'

use of the coiorimetric method suggested by Truog (1930) and Al2O3 by

the procedure proposed by Jackson (1958) in both samples after fusion

with sodium carbonate. In sample K all other determinations are by

emission spectrography (O. J.). In the other sample Fe:O: and TiOz were

determined with Tiron following Jackson (1958), and the alkalies and

alkaline earths by flame photometry.
AII percentages are expressed relative to the mineral dried at 110" C'

as the water lost below this temperature is almost certainly mainly

nonessential.
Since a l itt le quartz is present in all our preparations and some grains

appear more orange than others, doubtless due to staining with haema-

tite, we conclude that the SiOz and FezOa are contaminants' and have

treated the small amount of alkalies and titanium in the same way. Con-

siderable difficulty was encountered in obtaining a good estimate of
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essential water from loss on drying at 1trOo C. and ignition to 600o C.,
because, as is indicated by differential thermal analysis, it is probable
that  some essent ia l  water  begins to be lost  between 100'C.  and 110o C.
The values for HzOf are therefore a l itt le low. Part of the deficiency in
the summation of the analyses is due to neodymium, which existed in
about one third the amount of lanthanum, and of praseodymium present
in about one ninth of the lanthanum. Europium is present but in very
small amounts.

The density and unit cell volume taken with the analysis indicate
three phosphorus atoms per unit cell. The formula may therefore be
written

(Ca, Sr, Pb)rAlz(OH)ro(PO4)3. 3H,O

which may be compared with the extreme formuiae between which the
known crandall ites appear to l ie (Palache, et al., 1951)

Ca:Ale(OH)ro(POn)r. HrO

CarAio(OH)E(POr)r. H'O.

There is some deficiency in divalent metais, for which in part rare earth
atoms presumably substitute in some of the unit cells. The minerai
differs chemicaliy from known crandall ite not only in the presence of
strontium, reported already in some specimens and replacing all the
calcium in goyazite, and of lead, but also in the lower phosphate and
higher water content. The last dif ierence is confirmed by the low density.
It has been suggested (McConneli, 1942) that (OH)a substitutes for PO+
in the crandall ites deficient in phosphorus. ft is in the present case
tempting to speculate as to whether some aluminum may not substitute
for phosphorus in tetrahedral coordination. It is evident that a more
complete study of the phosphorus-deficient crandall ite minerals is needed
before any clear idea of the relationship of the phosphate, hydroxyl and
water in the structure can be obtained.

The low content of yttrium is interesting since in the clay of the Bajo
the yttrium and lanthanum contents are of the same order of magnitude.
The results of chemical analvses are oresented in Table 2.

rr***o" ol"or"urr'.ru*
The DTA curve of Fig. 2 was obtained with a Hoskins furnace set

vertically, heating at the rate of 10o C. per minute with a C.A.l ' . con-
trol and Leeds and Northrup electronic equipment. Platinum, platinum
10 per cent rhodium thermocouples were used, temperatures being read
with a Leeds and Northrup millivolt potentiometer. The sample holder
is a covered cylinder of No. 308 steel with two wells, the reference well
being fi l led with calcined Al2Os. The control thermocouple is situated
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Tl'nr.t 2. Crmurcar- Auar-vsrs

K N Mean 
Molecular Molecules

Proportions Per Unit Cell

0.0045

0.0024

0.0077 I
f1 .13e l

0 . 1 1 1 1  I  I
. i

0 .0383 I  |  -1 .6s7

I  I  R"(OH)
0.0010 f0.s18j

I
0.014 )

0.0000

0.0038

0.348s 3.3361
I

o.ooo8 I f :z.ozs
I I R"'(oH)z

0.0062 I 0. 128.1
l

0.0061 l

o.0326

0.0012

0.15M 1.500:3PO,

1.0649 10.346: l1HzO
(see text)

2 .50

(0.  13)

(0.23)

0 . 3 1

6 .23

3 .97

(0. 16)

(3)

(0.0)

0 . 5

35 .55

(0. le)

(2.0)

(1 e)

r . 96

0.098

21 .93

19.19

97 .35

4 .29

measured

0 .  13

0 .23

0 .39

6 .46

3 .93

n .d .

n .d .

0 . 0

0 . 0

n .d .

n .d .

n .d .

1  . 65

0 . 1 2

2 2 . 2 5

20.83

4 .47

ted 2.48,

i t

22

0

0

t o

-4

d .

0

5 1

19

0

9

26

07,

o t

54

A 7

1 1

ca

n.d.

n.d.

0 . 2

6 . 0

4 . 0

0 . 1

24

n .d .

1 . 0

0 .  1 ,

2 . 0

1 . 9

2 . 2 t

0 .0 '

2 r . 6

t7  .5 '

94.4',

4 . 1

G c l

LrrO

KzO

Mgo

CaO

SrO

BaO

Pbo

MnO

FezOa

AlzOa

YzOa

LazOt

CeOs

SiOz

Tio?

PzOs

HzO*110o

HrO-110"

between the two wells, the bead of which is in exactly the same level as
that of the reference and sample thermocouples.

The DTA curve indicates three endothermic reactions (I, II, III)
between 100" C. and 350" C., which we interpret as the successive losses
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of three water molecules. Difiractometer tracings (Fig. 1c) of material
heated at 350" c. for twenty minutes show some evidence of loss of
crystallinity but no change in the characteristic pattern although 4.4l,J^2o
per cell had been lost between 110'c. and 350o c. presumably the loss
of 3Hzo causes little change in structure, which however collapses with
further dehydration. The heated mineral is a littre browner after this
treatment. Above 350' c. there is a steady endothermal reaction during
which the structure collapses completely (Fig. 1d);the mineral is now
greyish white. At 865' c. there is a striking endotherm. After this, the
material becomes crystalline. The r-ray data (Fig. 1e, f) for the material
heated to 950o c. and 1100'c. are given in Table 3. There are some
difierences perhaps due to melting and recrystarization between these
temperatures. AlPo+ having the cristobalite structure is probably present

ffi

Frc. 2. Difierential thermal analvsis curve.

but in view of the l ikelihood that the material is a fairly complex mixture
we have not attempted further interpretations.

Possrslr MolB ol GBNBsrs

The clay of the deposit contains about 40 mg per kg strontium and
similar amounts of rare earths. The onry conceivable mechanism of con-
centration of the rarer elements in the mineral is biogeochemical. we
suspect that the mineral was deposited from a solution of the products
of decay of the roots of some plants in which rare earths, strontium and
lead accumulate. Miconia cil'iata grows in the Bajo (Lundeil, 1961)
though not in the vicinity of the pit. A specimen of this species from
British Honduras had accumulated aluminum and strontium but not rare
earthsl the family Melastomacea, to which the genus belongs, are in fact
generally aluminum accumulators (Hutchinson and wollack, 1943).
Rare earth elements with some aluminum are accumulated by the
hickory (carya glabra and. C. oaalis) (Robinson and Edgington, 1945) so



l'.q.elt 3. X-R,c,v Drrrn.{croMETER SplcrNc ,lNo INtBNsrrv MusuneunNts or'

Mrurrur- lRoM THE Bllo on SeNu Ff Arrnn HnauNc ro 950" mlo 1100" C'

dA 95oo c. rnr.:r, dA 11ooo c. rnrr,

o / . )

5 .34

4 . 7 9
4 . 4 r
4 . 3 1
4 . 2 1
3 . 7 7
. 1  . J /

3  .36
3 . 2 8
3 . r 4
3 0 5
2 .95
2 . 8 4

2 .63
2 . 5 5

2 .47
2.43
2 3 7
2 . 2 1
2 r 5

2 .05
2 .03
1 984
1 .955
1 .913

1.890
r.823
1 .767

6 . 7 0
5 .94
5 .30
4 . 9 5
4 . 7 4

4 . 1 5

3 . 5 4
3 3 5
3 . 2 3
J . I J

3 . 0 4
2 . 9 4
2 . 8 0
2 . 7 2
2 . 6 3
2 . 5 7
2 . 5 3
2 . 4 6
2 . 4 3
2.40
2 . 2 0
2 . 1 5
2 . 0 9
2 . 0 7
2 . 0 6
2 . 0 3
1.980
1 .955

1.909
1 .886
r .823
r .763
1 . 7 4 8
1 .700
1 .638
1 . 6 0 7
1 .564

1  . 5 1 5
1.452
1.424
r .407
I . J / O

100

24
13
26
2 l
8

50

39
29
18
8
8

1 1
1 1
t3
2 l
3

1 1
5

13
16

1 1
1 1

J

1 1
13

5
I O

5

3
21
5

4
t9
1 a

100
8

, ,7

t 5

23
27
8

62
4

42
I J

8
4

t 2
t2

8
t2
t9
1 J

8

8
4

15

r . 567
1 .552

t .462

1.403

1 .309

i

I J

5

J

8
I L
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that the mechanism suggested is by no means impossible though what
plants may be involved are unknown. we hope to examine this marrer
in a later work.

AcrltowrrnGMENTS

we are deeply indebted to Dr. rrorace winchell for the optical data,
for a specimen of crandali ite and for continued help and encouragement
throughout the investigation. The study of the Bajo was supported by
the National Science Foundation (Grant No. 17831). The first f ierd in-
vestigation was supported by the Henry L. and Grace Doherty charita-
ble Foundation, rnc. we are also grateful to the authorit ies of the uni-
versity Museum, university of Pennsylvania and of the Tikal project
for the opportunity to make the field study.

RrrrnuNcns
Drr,euNav, B. (1933) Neue Darstellung der geometrischen Kristallographie. Zeit. Krist.

84,109-749.
HurcnrNsox, G. E. aNo A. worllcx (1943) Biological accumulators of aluminum. Troas.

Conn. Acad.. Arts Sci.35. 73-128.
Iro, T. (1950) X-ray Studies on polymorphism.Matuzen Co., Ltd., Tokyo.
Jr.cxson, M. L. (1958) Soi.l Chemical Analysi.s prentice-Hall, Inc. Englewood
LuNrnr.r,, C. L. (i961) Plantae Mayanae II. Collections from pet6n and Belice

111-126.
McCoxNnr.r., D. (1942) X-ray data on several phosphate

649-657.
OmNs, J.P.,Z. S. A'rscnur.nn aNn R. BrnuaN (1960) Millisite in phosphorite from

Homeland, Florida. Am.. M iner ol. 45, 547 -567.
P.rrsr, A. (1947) some computations on svanbergite, woodhouseite and, alunite. Am.

Mineral,.32, 16-30.
Paracun, Crrerr,ns, H. Brnue* aNo C. Fno*oa' (1951), The System of Mineratrogy.yol.

II. John Wiley & Sons, Inc. New york

Tnuoc, E. (1930) The determination of the readily available phosphorus in soirs. Jou.r.
Am. S oc. A gr on. 22, 87 4-882.

Ronrnsox, w. o. ar.ro G EncrNcrom (1945) Minor elements in plants and some accumula-
tor plants. Soi.l Sci.60, 15-28.

Manuscript receioed,, October 3, 1962; accepted Jlr publication, May 16, 1g63.

Clifis, N. J.
Wrightia 2,

minerals. Am. Iour. Sci.. 24O.




