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Assrnesf

important phase in the paragenesis of lateritically formed aluminum phosphates'

From optical and :r-ray study of the Florida mixture and a comparison with phosphates

from other localities, it is shown that the Florida materiai contains millisite rather than

the structurally related wardite. It is found that all three known millisites give virtually

identical *-ray patterns and that their unit-cell parameters are oo:7.00 A and co:19'07 A,

which difier from those for wardite.

The aggregate index of refraction of millisite, n:1.63, is higher than that reported for

type millisite from Fairfield. The aggregate index of refraction of crandallite, n:1.59 -1.61'

is in the iower range of known eucrystalline crandallite'

INrnopuctrow

During the mineralogical investigation of the uraniferous aluminum

phosphate zone of the Bone Valiey formation of Florida, it was found

that mill isite, (Na,K)caAI6(P04)4(OH)n.3HrO, occurred as a major con-

stituent associated with crandall ite, CaAh(POtr(OH)5' H2O, and wavel-

l ite, Als(Poa)r(oH)r.5Hzo. Mill isite has previously been known only as a

constituent of variscite nodules from Fairfield, Utah, where it was named

by Larsen and Shannon (1930), and in phosphorites from S6n6gal,

French West Africa, where it was recently found by Viss6 (1952)' The

mineralogy and petrology of the Fairfield nodules have been described by

Larsen (1942).
The aluminum phosphate zone is principally an alteration of the upper

clayey part of the Bone valley formation and as a result is generally a

* Publication authorized by the Director, U. S Geological Survey'
** Present address: Westinghouse Bettis Plant, Pittsburgh 30, Pa'
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fine-grained intimate mixture of the secondary phosphate minerals,
crandallite and wavellite, with kaolinite, and quartz sand (Altschuler,
Jafie, and cuttitta, 1956). Millisite was first noted as an unidentified
phase in r-ray difrractometer studies of the phosphatic cement from
rocks at several localities in the region.

rn the Homeland mine in the Peace River valley of Florida, milrisite is
the most abundant constituent of the phosphatic portion of the rock, the
cement interstitial to the quartz grains. This cement is fine grained,
seemingly isotropic, and apparently homogeneous. Therefore on the as-
sumption that a single phase was present, tc-ray data obtained from it
were compared with the ASTM standards and with r-ray filmpatterns of
other phosphate minerals, including apatite, crandall ite, wavell ite, and
particularly the two dimorphous series variscite-strengite and metavaris-
cite-metastrengite. Metastrengite (phosphosiderite) had been reported
to compose similar material in an adjoining mine in the land-pebble phos-
phate field by Hil l, Armiger, and Gooch (1950). Upon comparison with
the minerals known to occur in the Bone valley formation and secondary
phosphate deposits, it became clear that the Homeland material did not
contain metastrengite but was a mixture of crandallite and a member of
the mill isite-wardite group. Wardite, NaAlr(pOn)z(OH)n.2HzO, and
mill isite, (Na,K)CaAl6(PO4)4(OH)s.3HzO, are analogous to crandall ite
with all or half of the calcium substituted for by sodium and some potas-
sium, and a concomitant decrease in hydroxyl content to balance the
charge.

we are concerned, therefore, with demonstrating through r-ray studies
that the phosphatic cement at Homeland is a mixture containing mill isite
(not wardite) and crandallite, and with determining the quantitative
mineralogy of the Homeland rock.

OccunnBNcp aNp pprnocRAprry

The aluminum phosphate zone is best developed in the peace River
area between Bartow and Fort Meade, Florida. rn the Homeland mine,
within this area, thezone is 13 feet thick. Homerand is at the northeast
corner SW| sec. 33, T. 30 S., R. 25 E., polk County, Florida. The sam_
ples studied were taken about 5 feet above the base of the aluminum
phosphate zone in an east-west cut of the mine approximately 100 yards
east of Florida state Highway 17. This particular cut is now floodec.

The sample of ivory-colored phosphate-cemente d, qtartz sandstone
studied is highly leached and coarsely porous. Its porosity is approxi-
mately 50 per cent of the volume, and the individual cavities range from
microscopic pores to holes 1 cm in diameter. A thin, glazed., greenish coat-
ing of secondary phosphate coats most of the cavities, o.iu* as septa
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separating cavities, and is dispersed throughout the rock. In addition,
goethite occurs as secondary orange-colored patches and as small nodules
in some of the cavities. Due to the secondary phosphatic and ferruginous
cements, the rock is indurated, although friable. The bulk specific gravity
ranges from 1.5 to 1.7. No apatite pebbles were observed.

Under the microscope the rock is seen to be composed of isolated,
medium sand to silt-sized quartz grains in a matrix of brown phosphatic
cement (Fig. 1). The phosphatic matrix is optically isotropic or only
faintly birefringent, the birefringence being distributed in patches of pin-

Frc. 1. Photomicrograph of phosphatic quartz (Q) sand containing
millisite (A) and crandallite (B). Uncrossed nicols.

point extinction somewhat l ike that of chert. The index of refraction of
the matrix ranges from 1.615 to 1.630. Only an aggregate index is ob-
tainable. Generally the more birefringent material (B:0.003) is asso-
ciated with the secondary cement, that is, with the greenish coatings
visible in the hand specimen. In addition, this birefringent material has
higher indices of refraction, generally from 1.625 to 1 630. The intersti-
tial matrix is a fine-grained mixture of such birefringent high-index ma-
terial (1.630) and isotropic low-index material (1.615). All variations of
this mixture can be seen under the microscope but only the higher index
material can be isolated in an almost pure state. On the basis oI r-ray
diffraction studies, the material was interpreted to be mill isite, as dis-
cussed later. (See Figs. 2 and 3.) The lower index material was never
successfully separated but is known to be crandallite from the tc-ray data.

A birefringent deep-yellow to dark-brown material is present as sec-
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Frc. 2. X-ray diffractometer pattem of phosphatic fraction from Homeland, Florida,
phosphorite. CuKa radiation, Ni filter. M:millisite, C:crandallite, Q:quartz, K:kao-
linite.

ondary crusts or nodules. The mass index of the secondary crusts ranges
from 1.70 to 1.80; that of the nodules is as high as 1.93. Goethite was
found in all of this material by r-ray studies. The lower index material is
impure and presumably mixed with secondary phosphate minerals.

IopxrruceuoN oF Pnesns PnBsBnr

The identification of mixtures of crandallite and millisite or wardite in
altered phosphorites is complicated by the poorly developed optics and
the fact that most x-ray difftaction lines of crandallite coincide with lines
of mill isite or wardite, and the diffractometer patterns of mill isite and
wardite differ only slightly from each other. At first, attempts were made
to separate the minerals by physical and chemical methods. The rock was
dried at 110o C, crushed, split, and stage-ground to -200 mesh, obtain-
ing a fourfold concentration of the phosphatic cement by removal of
qtrartz, which makes up most of the rock but only 20 per cent of the -200

mesh concentrate. Splits of the -200 mesh fraction were then centri-
fuged in heavy l iquids and separated magnetically. All separates were
analyzed by r-ray diffractometer for changes in the relative quantities of
crandallite and millisite. However, no appreciable concentration oc-
curred. Differential leaching of crandall ite from mill isite in HNOg proved
equally futile.

The -200 mesh fraction was then sized by air elutriation into 7 hac-
tions down to ( 1 p. The fraction 10-1 p (measured optically), the finest
phosphatic fraction containing l itt le kaolinite, was processed further by

o  >  >  > o : 5 Y  5  >  >
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Frc. 3. X-ray diffractometer pattern of millisite, crandallite,

and miliisite-crandallite mixture.

A:Millisite plus minor amounts of augeiite from S6n6gal

B : Millisite-crandallite mixture from Homeland, Florida

C: Crandallite from Homeland, Florida
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centrifuging in heavy liquids ranging in density ftom 2.75 to 2.g4. The
millisite concentration increased progressively, but only slightly, in the
heavy f ractions, with the highest concentratio n at 2.g3 . Figure i i" un *-
ray diffractometer pattern of this concentrate. rt was decided at this
point that the minerals are mutually interlocked in too fine grained a
mixture for complete physical separation, and that the phases wJuld have
to be identified from x,-ray difrractometer patterns.

X-nav SruorBs
l{ature of Homeland. mi*lure

As is evident from Fig. 3, which is a comparison of diffractometer pat-
terns of the Homeland mixture with ferrian millisite (pallite, from s6n-
6gal) and crandallite (from Florida), almost every peak of crandallite
corresponds in position to a millisite peak. This is further illustrated in
Fig. 2 which shows that the difiractometer pattern of the mixture con-
tains peaks of unusual height at all positions where the reflections from

millisite group is further illustrated in Fig. 5, a comparison of the film pat-
terns of the green birefringent material handpicked from the Homeland
mixture and the millisite from Fairfield, Utah.

An eramination oJ mittisite

material was handpicked according to color from the interbanded aggre_
gates described by Larsen (1942). The sample was crushed and segre_



MILLISITE IN PHOSPHORITE 553

@
o
N
u

!

o
o
ta)

o
o
OJ
n

!

N
!o

o
r.t

t o o t
F @ @

+ a +
! E !

l o o F
N n c l
c o @ @

+
3r.o 30 5 30.o 2 9.5

#
?o.o 19.5 l9.o 18.5 l8.O

D E G R E E S  Z O

Frc. 4. X-ray difiractometer pattern of phosphatic fraction

(Fig. 2) run at l'/min. CuKa radiation, Ni filter.

gated between liquids of densities 2.83 and 2.S7 (Fig. 6, pattern A) to

guard against minute inclusions of variscite (sp.gr.:2.57), crandall ite

(.p. g..:2.92), apatite (sp. gr.:3.18), and quartz. The material was

crushed further to pass 230 mesh, and centrifuged, in two successive

Frc. 5. X-ray powder patterns of millisite. The notches above pattern A indicate apa-

tite lines, those below pattern B indicate quartz lines. A:millisite from Fairfield, Utah'

B:unknown from Homeland mine, Florida.
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stages, in heavy l iquid of 2.83 and density slightly less than 2.83. The
first l ight fraction drawn off is considered to be the purest wardite (Fig.6,
pattern D). The heavy fraction (Fig.6, pattern B) was again centrifuged
in l iquid of density 2.83 to yield the best concentrate of mil l isite (Fig. 6,
pattern C) and a l ight fraction that was discarded.

The r-ray difiractometer patterns of the wardite and millisite concen-
trates from Fairfield are compared in Fig. 6 with a pattern of pure ward-
ite from Beryl Mountain, New Hampshire (Hurlbut, 1952).It is clear
from these patterns that wardite and millisite are indeed different. The
wardite from Fairfield is virtually pure and almost identical with the
Beryl Mountain wardite. The differences between wardite and mill isite
from Fairfield are clearly demonstrated in the progressive reduction of
the intensities of certain wardite peaks in the millisite concentrates, and
by the introduction of peaks in the mill isite concentrates which are either
absent or weak in the wardite concentrate.

Millisile ot Homelanil

On the basis of the above observations it is possible to identify the
green birefringent mineral at Homeland specifically as millisite. Table 1
Iists the measured d-spacings of all materials studied. From either these
data or the diffractometer Datterns it can be seen that two reflections
(d:3.40 A and d:3.92 i r ;20 26.2"  and.20 27.1" ,  CuKo) character ize the
Homeland millisite, the Fairfield millisite, and the ferrian millisite (pal-
l i te) from S6n6gal (Capdecomme and Pulou, 1954). These same reflec-
tions are absent in patterns of wardite from Fairfield and from Beryl
Mountain (Hurlbut 195D. Ln addition, three reflections at d,:3.96-
3.95 A, 3.l l-3.12 A, and 2.5+-2.55 A ure pr"s".rt on both wardite pat-
terns but do not appear in patterns of the three mill isites.

Besides this, several of the reflections common to both groups difier
signiflcantly in d-spacings. This is true for reflections from planes
hkl :101,  lO2,11O,004,  and 200.  (See Table 1. )

It has been impossible to index the r-ray patterns of the Florida and
S6n6gal millisites with the cell para.meters for wardite which are given by
Larsen (19-42)  and conf i rmed by Hur lbut  (1952) 4.s 4o:  7.04+0.02 A and
co:18.88*0.02 A. Instead, after numerous tiff i l , the cell parameters
ao:7.00 A and co:19.07 A *ere chosen. Table l shows that the com-
puted d-spacings based on the new cell parameters are quite similar to
the measured d-spacings for Homeland millisite and S6n6gal pallite (fer-
rian millisite), and also that the reflections distinguishing millisite at
d:3.4O A and d:3.2g A fall . lose to their computed positions, whereas
they cannot be indexed on a wardite cell.



MILLISITE IN PHOSPHORITE 555

o
I  3 e

D

D E G R E E S  ?  E

Fro. 6. X-ray diffractometer patterns of wardite-millisite mixture from Fairfield,

Utah (A-D), and wardite from Beryl Mountain, New Hampshire (E)' CuKo radiation'

Ni filter. A. Initial mixture (sp. gr. 2.83-2.37). B. Heavy fraction from heavy liquid

(2.83) separation; millisite rich. D. Light fraction; wardite-rich. c. Heavy fraction, second

separation in 2.83 liouidt richest millisite.

MrNBnel CouposrrroN

owing to the impossibility of separating the fine-grained phosphatic

mixture in the Homeland rock, and to the uncertainty of optical approxi-

mations of composition in replacement mixtures of this type (Fig' 2), it
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Wardite,
Beryl

Mountain,
N.  H.

(difirac-
tometer)

Wardite,
Utah

(difirac-
tometer)

6 . 6 2  2
5 . 7 2  2
5 . 0 1  4
4 . 8 2  3
4 . 7 7  t 0
4 . 7 3  1 0
3 . 9 6  3
3 . 9 3  2
3 . 4 7  4

3  1 1
3 . 0 9
3 . 0 4
2 . 9 9
2 . 9 0
2 . 8 3

2 . 6 8
2 . 6 3
t < o

2 . 5 4
2 . S O

2 . 3 9
2 . 3 8
2 . 3 7
2 . 3 3
2 . 3 0

2 . 1 6
?  t <

2 . 1 1 5
2 . 1 1

2 . 0 6
2 . 0 3
2 . 0 2

1 . 9 3

6 . 6 5
5 . 6 3
5 .04
4 . 8 2
4 . 7 6
4 . 7 2
3 9 5
3  . 9 3
3 . 4 8

3 . 3 6

3 . 1 2
3 . 0 9
3 . 0 3
3 0 0

2 . 8 3

2 . 6 2
2 . 6 0
2 . 5 5

2 . 3 9

2 . 3 3

2 . 2 6
2 . 1 6

2
2
3
1
5
7
4

+
4

9
4
9

5
8
5
?

z
4

1
1
7
2
!

2
I
3
2

2 1 r 5  2

2 .O76  4

2.036 4

2.006 4
1.969 I
1 . 9 3  t

1 . 8 7  4
1 . 8 4  i
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Taslr 1. INrnnpr,aNAn Spacrtcs (A) or Mrr,r,rsrrE, WARDTTE, par,rrrn, AND CRANDAL-
LrrE rRoM X-nev PomEn Dmln.AcuoN PlrTEnNs (CuKa RenrarroN. Nr Frr,rrn)

Millisite,
Utah (film)

6 . 6  4
5 6 8  1
4 9 8  +

4.84  10  VB

Millisite, Florida
(difiractometer)

101 6 .606 6 .583 2
102 5 .644 5 .646 1
1 t0  4  950 4 .953 1
1 1 1  4 . 8 4  4 . 7 9 4  t O
o04 4 796 4.769 10
ro3 4 .732 4 .708 10

1  1 3  3 . 9 1 7  3 . 9 0 8  2
200 3 .506 3 .499 3
1r4 3.414 3 434 2
105 3 .360 3  350 +
202 3 .290 3 .290 2

21r
203
2 1 2

204
213

3 . 0 9 9  3 . 0 9 1
3 . 0 7 4  3 . 0 6 7
2 . 9 7 9  2 . 9 7 7

2.840 2 .822
2 8t3 2.809

4

l 0

5
8

Pallite,
56n6gal
(difirac-
tometer)

Crandallite,
Florida
(difirac-
tometer)

Crandallite,
Utah

(difirac-
tometer)

3 . 9 3
3 . 4 8
3 . 4 0
3 . 3 6
3 . 2 9

3 . 0 9  6  B

2 . 9 8  8  B

5 . 6 8  2

4 . 8 6  2

3 . 4 9  2

2 . 9 8  5
2 . 9 5  t O

5 . 7 2

4-86

2 . 9 8  5
2 . 9 5  t O

6 . 6 0
5 . 6 4
4 . 9 5
4 . 8 6
4 . 7 9
4 . 7 3

3 . 9 1
3 . 5 0

3 . 3 5
3 . 2 9

3 0 9
3 0 6
2 . 9 8

2 8 2
2 . 8 1

2 . 5 8

2 . 4 2

2 . 3 1

2
1
1

1 0
9

10

1

2
2
I

2

4

1 0

5
88 B2  . 8 1

2 . 7 0

2 . 5 9  3

2 . 4 2  3

2 . 3 1  1

2 . 2 5  1
2 . 1 7  1

205 2 .578 2 .580

2r5  2 .433 2 .422

223 2 .301 2 .307

225 2.083 2.077

305 1.993

7  t l

2 . O 9  2

1 . 9 9 8  3
1 . 9 6 5  +

1  . 8 8
1  . 8 4

B:broad.
VB:very broad.
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Trsrn 1 (Contdnud)

J J /

Wardite,
Beryl

Mountain,
N.  H.

ldifirac-
tometer)

Cell dimensions from Ian-
sen (1942) and Hurl-
but (1954)
ao:  7 .O4t0-O2 A,
c o : 1 8 . 8 8 1  0 . 0 2  A

I
I

Millisite, Florida
(difiractometer)

Pallite,
56n6gal
(diffrac-
tometer)

Wardite,
Utah

(difirac-
tometer)

Millisite,
Utah (film)

Crandallite,
Florida
(difirac-
tometer)

Crandallite,
Utah

(difirac-
tometer)

d

hkl (meas.)

d

(calc.) I

n =  ! . 6 3

d { : 7 . 0 0 A
co:r9.O7 it

u : c o : 1 : 2 . 7 2 4 2

has been necessary to calculate the mineral composition from the chem-
ical analysis given in Table 2 (column 1). The contributions of insoluble
detritals (mainly quartz) and goethite were subtracted from the total
analysis to give the essential composition of the phosphatic fraction, cal-
culated to 100 per cent,in the second column of Table 2.Trace constit-
uents determined spectrographically are shown in Table 3.

The quantitative mineral composition was determined in the following
manner. The minerals identified optically or by #-ray in the rock are
qtartz, millisite, crandallite, goethite, kaolinite, and trace quantities of
wavellite. Of the constituents present in the chemical analysis, the in-
soluble residue and the FerOr content, and its water equivalent, were sub-
tracted from the total analyses and assigned to quartz and goethite, re-
spectively. This was based on the finding that the insoluble residue con-
sisted entirely of quartz and trace quantities of refractory accessory min-
erals, and that goethite was present in sufficient quantity to account for
all the reported iron. The remainder of the chemical analysis was recalcu-
Iated to one hundred per cent (Table 2, column 1) and converted to
atomic ratios (column 3). Mil l isite was then subtracted according to the
formula (Na,K)CaAlo(POt(OH)r'3HrO. In this computation all the Na
and K present was assigned to millisite and corresponding amounts of
CaO, AlzOs, and PzOs were deducted from the whole. The remaining ma-
terial must be assigned to crandall ite, CaA[(POrr(OH)b'HrO, and
kaolinite, H4Al2SiOrOe. This determines that all of the remaining calcium
and equivalent amounts of aluminum and PsOr be used in crandallite
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Tlsln 2. Cneurcltl aNu Mooer. ANarvsrs on Mrr-r-rsrrn-CRANDAT-r-rrE

CoNcnnrnarr lnou How'r,alto, Fr-,1.

,,,-.-,-. Adjusted2 Millisite Crandallite Remain'
wtt8nt 

*"inht Atomic ittg

J"""1 
p; ratios Subtrac- Atom Subtrac- Atom (Kao-

cent tions ratios tions ratios iinite)

AlzOr
PzOr
CaO
Naro
KrO
Loss on ignition
Acid insoluble

( H N O 3 1 + 1 )

FezOs
U

Total

37 . r  0 .729  0 .438  6
31.0 .436 .292 4
9 .0  . 160  .073  |
2.0 .065 .073 I
0.4 .008

20.4

0.04

0.261 3.0 0.030
. r 4 4  1 . 7
.087  1 .0

2 6 . 1
2 r . 9
6 . 4
1 . 4
0 . 3

14.9

2 2 . 9
4 . 9
0 . 0 3

9 8 . 8

I Analysts: S. J. Lundine, M. H. Delevaux, and A. M. Sherwood, U. S. Geological

Survey.
2 Recalculated to 100 after removal of acid insoluble (quartz and heavies) and goethite

(FerOr*equivalent HzO).

(Al: P : Ca: 3: 2: 1) which leaves a proportion of 0.030 atoms of aluminum
(in excess) (Table 2, Iast column) for kaolinite and a deficiency of 0'3 of

2.0 atoms of phosphorus for crandall ite. Kaolinite is known to be present

in the rock only as a minor constituent. Thus the summations are quite

reasonable. The lack of PzOr to fi l l  the theoretical ratio is common in

other occurrences of crandall ite; material from S6n6gal (Capdecomme,

1953); Dehrn (Larsen and Shannon, 1930); Silver City (Loughlin and

Schalier, l9t7); and Llallagua (Gordon, t944) are all deficient in phos-

phate by similar amounts. The missing (PO)n it probably compensated

Tasln 3. SnureuaNrr:rarrvp Sprcrnoonepnrc ANarvsrs, rN Prn Cnnr, ot CneNnlr-r,pr-
Mrr-r-rsrrn Mrxtur-e (er.ro Quanrz) Cou.posruc Crurxt

ol Lnacnrn-ZoNn Rocr

(Analyst: H. W. WorthinC, U. S. Geological Survey)

Ove r  10  10 .0 -1 .0  1 .0 -0 .1  0 .1 -0 .01  0 .01 -0 .001  0 .001 - { . 0001

A l  S i C a P
Fe

N a T i  M g B a P b  G a N i Y  Y b B e

Cir Sr Cu Mn Sc

B Y Z r
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Tatln 4' Mrltatl'r- Cowosr:uoN ol RocK rRoM THE Aruurlluu

Pnosprrern ZoNB er Houlr,'tlll, Fr-onroe
- - -

Mineral Weight per cent
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Quartz and accessoriesl

Millisite
Crandallite
Goethite
Kaolinite
Wavellite

23
4L
27
6

trace

I Accessories identified are zircon, rutile, sillimanite, ilmenite, and tourmaline'

by the presence of (OH)4 as in griphite (McConnell, 1942), a suggestion

that is adopted by Palache, Berman, and Frondel (1951) and Van Tassel

(1956) for crandallites obviously deficient in phosphate'

Larsen and shannon (1930) described wardite and millisite as hydrous

sodium-calcium alumino-phosphates differing in their relative propor-

tions of sodium and calcium to an extent that millisite had equal atomic

amounts of both, and wardite had 1 calcium to 4 sodium atoms' Larsen

(1942) noted that potassium was insignificant in wardite'but occupied

about a third of the sodium positions in millisite, and suggested the Na: K

ratio as an additional means of distinguishing between the two minerals

te42).
with the information from two new occurrences it can now be seen that

in trace to minor amounts.
Capdecomme and Pulou (1954) described pallite as an alkali-free
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millisite with substitution of Fezoa for about 10 per cent of the Al:or,
Cag(AlFe)rz(POr8(OH)r8.6HrO. In view of our finding of 1.5 per cent
Nazo in the augelite-"pallite" mixture, and of the identity of the pallite
and Homeland millisite c-ray diffractometer patterns, it appears (in the
absence of a complete analysis of pure pallite) that the pallite may be a
normal millisite in which much of the iron is in associated goethite. This
is borne out by several of the analyses of phase ,,X', in Capdecomme
(1953) showing a virtually normal ratio of AlzOs to pzOr.

Based on the computations in Table 2 the phosphatic fraction of the
Homeland rock, except for included goethite, is found to consist approxi-
mately of the following mixture: millisite 58 per cent, crandallite 3g per
cent, and kaolinite 4 per cent. Some error may arise due to the fact that
all of the sodium was assumed to reside in millisite. rn fact, crandallite
may contain some sodium, thus changing the relative proportions of
crandallite and millisite. rrowever, the conclusions are supported by the
relative prominence of birefringent and isotropic phases in thin-sections
of the rock, by the intensities of the crandallite and millisite reflections in
the cc-ray patterns of the mixture, and by the reasonable summation of
the modal analysis.

The total mineral composition of the Homeland rock studied is shown
in Table 4.

The mineral composition of the phosphate deposit at Homerand varies
considerably, depending on the depth within the alteration zone repre-
sented by a particular sample. It has been shown (Altschuler, Jaffe, and
cuttitta, 1956) that the zone as a whole is characterized.by progressive
replacement of calcium phosphate and clay by aluminum phosphate and
qrrartz. of the phosphate minerals, apatite characterizes the unaltered
and basal part of the zone; the calcium-aluminum phosphates, crandal-

This second occurrence of millisite in the united, States undoubtedly ag-
gregates to hundreds of thousands and possibly millions of tons. The oc-
currence is geologically interesting as it demonstrates that millisite, in
addition to being a rare constituent of concretions, is, like crandallite, an
important intermediate phase in the paragenesis of Iateritically artered
phosphorites, and is probably also a significant host for uranium in such
deposits (Capdecomme and Pulou, l9S4; Altschuler, Clarke, and young,
1es8).
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