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INrnonuctron

In 1894, Mr. F. T. Millis of Lehi, Utah, sent to the United States
National Museum a nodule about seven inches across that was
made up mostly of a yellow material in which are embedded several
small nodules of green variscite. The green variscite and yellow
mineral are separated by a narrow layer of a white powdery ma-
terial. R. I. Packard2 made partial analysis of all three of the ma-
terials.

Later a considerable number of these nodules were secured by
Ward's Natural Science Establishment and Dennisons analyzed
and gave the name of wardite to the light green to bluish green
mineral of concretionary habit which he found in many of the
nodules.

fn the early spring ol 1923 the authors undertook to study again
these nodules and the present paper is the result. The speci-
mens in the United States National Museum were first studied
and later those at Harvard University and a large collection
kindly lent us by Ward's Natural Science Establishment. We
take this occasion to thank Mr. George L. English and the Ward's
Natural Science Establishment for their generosity in placing their
whole collection of the nodules at our disposal.

Our study was rather intensive but not exhaustive. Calcite,
variscite, and wardite are present in most of the nodules and
eight new minerals were segregated, studied optically and physi-
cally, and analyzed, and some others were studied optically but
were not segregated for analysis. Others are no doubt present
and any trained mineralogist aspiring to describe and name a new
mineral can probably find one in these nodules by careful search.
The original deposit, if it should ever be opened up again, will

I Published with the permission of the Director of the U. S. Geological Survey
and the Secretary of the Smithsonian Institute.

2 Packard, R. f . Variscite from Utah, Am. f . Sc., [III], 47, p. 297 , 1894.
sDennison, J. M. Wardite, a new basicphosphate of alumina, Am. f. Sci.,

[IV],2, p. 154, 1896. 

307



TEE AM ERICAN MIN ERAI,OGIST

be a most interesting mineral locality and should yield many new

species.
In the summer of 1927 , Larsen made a short visit to the wardite

locality and collected a few poor specimens from the dump. The

deposit is located a short distance north of the north fork of the

south fork of Clay Canyon, about three-quarters of a mile above

the road and clay pit, 2.8 miles from Fairfield South, and 5| miles

west of Fairfield, Utah. It was prospected by a short tunnel and

drift. The phosphate nodules occur along thin discontinuous vein-

lets in gray limestones. One outcrop is 20 feet above Lhe tunnel

and a second is said to be covered by the dump. Very little of

the phosphates are now exposed.

DnscnrprroN oF THE HaNp SpBcnuBNs

Most of the minerals described in the following paper are new spe-

cies. A Iist of the species, their chemical composition, optical and

other properties are given in table 12, near the end of this paper.

The nodules are ellipsoidal or discoidal in shape and vary in size

from a fraction of an inch to 8 inches. They are imbedded in a

matrix of quartz and calcite. The phosphate nodules are sharply

separated from the quafiz-calcite matrix. Most of the smaller

nodules are made up almost entirely of a compact sulphur yellow

material with a little coarsely crystalline calcite, and have a central

cavity with rough walls. The yellow material is in concentric

layers of slightly differing color and density and resembles a

metacolloid. It is made up chiefly of pseudowavellite.
Some of the large nodules are very similar but most c'f them

have a number of minerals, arranged more or less in concentric

layers or in part lining or filling cavities. The lvhole mass has the

appearance commonly ascribed to a metacolloid, with concentric
layering, shrinkage cracks, etc.

Some of the nodules have an outer shell, rarely as much as a

millimeter thick which is gray to nearly colorless and vitreous.
Veinlets of this material also cut across the yellow. It is an inti-

mate mixture of pseudowavellite and deltaite. Other nodules
made up largely of the yellow pseudowavellite have lenses or

Iess regular cavities lined with calcite or with white fibrous or

spherulitic crusts. These are dennisonite, lehiite, or an undeter-
mined mineral. In some the original cavity is entirely filled. In

a few cavities are perched plumes made up of small white hexagonal



Pr,tu f. Phosphate nodule in the collections of the National Museum.

Prern rr' Polished phosphate nodule in the collections of the National Museum.
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needles of dehrnite or lewistonite. Some of the yellow nodules
have cores of bright green variscite. Rare nodules have a core
of variscite, surrounded by a layer a millimeter or so thick, of
white, powdery or chalky pseudowavellite (?), outside of which is
a layer about a centimeter thick of dense, banded deltaite that
looks like chert. and has some thin colorless layers. Beyond
this and sharply separated from it is an outer crust about a centi-
meter thick of cream color and made up of odlites a millimeter
across in a scant matrix. They are intergrowths of pseudowavellite
and deltaite.

Many of the nodules have irregular layers, mostly less than a
millimeter across, of clear vitreous light green granular wardite.
This is closely associated with vitreous, thinly banded white
crusts of millisite resembling banded chalcedony. In places these
two crusts were clearly deposited on the yellow pseudowavellite
or on the variscite and the millisite was first deposited. This
relationship is especially well shown where spherulites of these
minerals are attached to the pseudowavellite or penetrate the
variscite. The white millisite in all cases forms the center of the
spherulites and the pale green wardite forms the outer crust. In
a few specimens layers of the two kinds alternate in the spheru-
lites. In a few specimens the light green wardite forms rude
crystals, half a millimeter across, in the more porous parts.

In a few of the nodules, crusts, rarely much over a millimeter
thick, of a clear, glassy, cleavable mineral (gordonite), separate
the variscite from the other minerals. In some specimens this crust
completely encrusts the variscite, in others it forms a lens on one
side of the variscite. In cavities some good crystals of this cleavable
mineral can be found.

fn a very few nodules, crusts very much like those described
in the preceding paragraph and occupying the same position, are
made up of a mineral with a somewhat more platy curved mica-
ceous cleavage (englishite).

MBrnors or SruDY

In the study of minerals that are so finely crystalline, so in-
timately intergrown, in such small masses, and so similar in their
physical, optical, and chemical properties, the petrographic micro-
scope and the immersion method are well-nigh indispensable.
Heavy solution separations are necessary and for the micaceous
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mineral, tapping on a sheet of paper was the only means found of

cleaning it from variscite. The electromagnet was of no use as all

of the minerals were found to be nonmagnetic, even to a strong

electromagnet. Hand picking was found useful for preliminary

separation and for getting rid of the bulk of a colored mineral like

variscite. At every step in the process of preparing the samples for

analysis the products were checked with the immersion method

and the microscope and the next step largely depended on the

result of this examination. Patiencti and no little thought and

ingenuit! were required even for what seemed to be a simple

heavy solution separation, as the results were rarely just what one

expected and still more rarely what one wanted. It is usually

necessary to pass the sample through several liquids with difierent

gravities.

Fro. 1.

Carbon tetrachloride (gravity: 1.60), bromoform (g.: 2.90) and

methylene iodide (g.:3.32) were used as heavy solutions. They

can be mixed to form a solution of any desired gravity.
Most of the samples were small and on account of the inevitable

loss of material in removing the last few per cent of impurities
most of the samples analyzed contained some impurities. These
impurities were determined under the microscope and the propor-

tion estimated by counting the grains. A correction was then

made in the analysis.
The separating funnels found most satisfactory have straight,

steep sides and an open top as shown in figure 1. The hole in the
stopcock should be large enough to allow the coarsest particles

used to pass through easily but not so large as to allow the Iiquid

Separatory funnel,
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The sample to be separated with heavy solutions is ground only
so fine as is necessary to separate the different minerals as a coarse
powder can be separated more quickly with a cleaner product than
a fine one. Twenty mesh is very readily handled but for most of
the minerals of the phosphate nodules finer grinding was required.
Anything that will hold on a 200 mesh screen can be readilv
separated, and even finer material can be used but with mucir
more difficulty. The grinding should be done in stages so as to
produce the minimum amount of fines-grind a little, then screen,
regrind the part that is still too coarse, and repeat until all passes
the screen. sizing before attempting to separate is helpful if the
sample is large but is less necessary if the sample is small. Where
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and more liquid to wash down and mix with the powder' It may

be stirred with a stirring rod. Any mineral on the sides of the

funnel should be washed down. After the minerals have settled' if

alcohol with water.
The Iight part is stirred into the solution again and the sides

washed down with more liquid. By repeating this several times

all of the heavy material is separated odt and the light part

is filtered from the liquid, washed with alcohol, dried, and ex-

several are usually required.
If it is desired. to get a clean product of the heavy part, it is run

into a second separatory funnel that is two-thirds full of solution

and allowed to settle through this liquid' Three separations are

usually sufficient unless the powder is very fi'ne or a large amount

is used.
The gravity of any liquid can be changed in the funnel by adding

floating in the air.
In the micrgscopic study thin sections gave chiefly the relation
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of the difierent minerals and crusts to each other while the im-
mersed powders were found most valuable. In studying the powders
all the optical properties of the minerals were determined.
Interference figures were necessary with these minerals more than
is commonly the case as several of the commonest minerals of the
nodules have indices of refraction that are somewhat variable and
between 1.59 and 1.64, and the birefringence of most of the minerals
is near 0.01. The habit, form, extinction angles, elongation, etc.,
are variable and only partially characteristic. until considerable
familiarity with all the minerals was had, it was necessary to get
all the properties of a mineral before it courd be identified with
assurance.

rn the course of the heavy solution separations many immersions
vvsls m4ds-probably over a hundred for some of the separations.
This involves less time than might be thought as a powder with
only a few minerals, all of whose properties are known, can be
examined and rough estimates of the proportions of each of the
constituents made in a few minutes.

The specific gravity was determined by floating in heavy solu_
tions or in part by noting the specific gravities of the tiquiis that
just settled and just floated the mineral in the .oori. of the
heavy solution separation. Most minerals settle over a moderate
range of specific gravities due to included gas pores or other in_
clusions. The clearest crystals are the heaviest and the specific
gravity of the mineral is not far from that of the liquid in which a
few of the purest mineral grains just settle.

were. determined, their proportions roughly estimated and the
suitability of the material for yielding samples of any of the
minerals considered.

The crust or lens that was selected to yield the powder to be.
analyzed for a particular mineral was then broken.out or scraped
ofi with a sharp tool or filed ofi with a file and the mineral purified
as described in the preceding pages. Most of the minerals are
too hard to scrape ofi easily with a knife but a file worked well
through it yielded a rather fine powder. Hand picking was resorted
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to where necessary and possible and in most cases it was found

expedient to remove some of the larger pieces of impurities by

hand picking.

Mprnols or ANer-vsts

The samples which were available for analysis were of small

size and hai, in every case' been prepared at very great cost of

time and. labor. In few cases was it possible to use portions of more

than 100 milligrams of any of the minerals for the analytical pro-

cedure. This made it necessary to follow a routine of methods

which was simplified as far as possible to avoid the use of excessive

quantities of reagents. Certain preliminary conditions proved

fortunate. First, the minerals concerned, wit'h few exceptions'

were free from volatile substances other than water and contained

no oxidizable elements so that a fairly exact estimation of the

water content could be secured by weighing the loss on ignition'

Further, after ignilion, all were completely soluble on digestion

in warm 1:1 hydrochloric acid. Qualitative tests showed them to

be free from more than a trace of iron.

acid and the undissolved portion fiItered off'

To the chloride solution there next was added a known amount

of iron in the form of ferric chloride. This was prepared by dissolv-
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with 60 cc. of ammoninum molybdate. The precipitate of am_
monium phospho-molybdate was filtered on a small tared gooch
crucible' This was dried at 110' c. for one hour and then praced in
a small air bath and the temperature held at 450-500. C. for one
hour. It was then weighed as MoOs. 24prOu: g.g 3946 pz}i.

rn the combined filtrates the lime is precipitated as oxalate and
weighed as CaO.

Gonyer's procedure differed from Shannon,s in that the pzOr,
was precipitated with ammonium molybdate immediately after
dissolving the sample. The precipitate was then dissolved in
ammonium hydroxide and reprecipitated with magnesia mixture.
The excess molybdenum was removed from the solution containing
the sample and the analysis completed by the usual methods.

When material was available a separate sample was taken for
alkalies.

Wordite

Dennisona gave the name of wardite to the light green to bluish
green mineral of concretionary habit in the cavities of the nodules
from Lewiston, Utah. Wardite has not been accepted as a species
but our study shows it to be a definite well-defined mineral and
entitled to species rank.

Wardite was found chiefly as pale green granular layers or
spherulites but also as nearly colorless thin layers within or on
the outside of some of the dirty gray, chalcedonic nodules of
millisite and in scattered crystals and thin crusts within the
yellow pseudowavellite. It is nearly always distinctly crystalline
and granular with individual grains as much as a millimeter across.
In a few specimens it forms poorly developed, drusy crystal aggre-
gates in the porous parts but no good crystals were found. Some
fairly well formed crystals are embedded in the pseudowavellite
and millisite and appear to have an octahedral or similar habit. A
few basal sections are eight sided and the mineral is probably
tetragonal. It has a perfect basal cleavage.

Wardite has a hardness of 5 and a specific gravity oI2.8l. (2.11
Dennison.) It is fusible at 3 with intumescence to a blebby glass.
It is difficultly but completely soluble in acid.

It is uniaxial positive and its indices of refraction vary slightly
(  +0.005).  Those of  the analyzed powder are,  o) :1.590,  e:1.599.

{ Dennison, J. W. Loc. ci.t.
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Some of the green layer was carefully picked out of the speci-

mens and purified with heavy solution. A product weighing two

grams was thus obtained for analysis which contained about 8/6

of millisite.

The analysis by Shannon and the ratios are shown in Table 1,

together with the older analyses by Dennison and the theoretical

composition.

Testn 1.

ANlr,vsrs lNo Rarros ot Wexorrr

Ratios

36.77

2b.

AlrOg
FeO
CaO
Mso
CuO
NarO
KrO
PzOu
HrO

38 .25,
0 .76

2 .40
0.04
5 .98
0 .24

34.46
t7  . 87

36 .54

3  .30

6 .68
0 . 7 3

34.76
1 7 . 8 5

. 3 5 9 : 6 0 x 6

.054:54  x  1

. l l3 :6O x2

.007

.245:61 x 4

.999:58  x  17

3  .36

7 . M

34.08
1 8 . 3 5

r00.00 99 .86 100.0 100.00

o By difference.

The analysis of Shannon corresponds very closely to the formula

2NazO.CaO.6AlzOr.4PzOr. l7H2O. That  of  Dennison is  very

similar but was probably made on a less pure sample.

The Identity oJ Soumansite with Ward'ite

In 1910, Lacroixs gave the name of soumansite to a mineral

that he found in specimens from Montebras. Soumansite occurred

as tetragonal crystals of pyramidal habit implanted on am-

blygonite. It has a hardness of 4] and a specific gravity oI 2.87.

It is optically positive and in part uniaxial, in part divided into

four biaxial segments. A specimen kindly furnished the authors

by Professor Lacroix has a small axial angle and fragments tend

6 Lacroix, L. Mi'n. d'e la France, 4, 451, 1910.

36 .6

3 . 0

7 . o
0 . 6

34.9
1 7  . 9
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to be normal to the acute bisectrix, indicating a perfect basal cleav-
a g e .  a : 1 . 5 8 6 ,  B : 1 . 5 8 6 ,  7 : 1 . 5 9 5 .

A partial analysis by pisani gave: pzOr:31.5, Al2Or 36.5,
and blowpipe tests i{ilicated considerable HzO, NazO, and F.

The chemical composition of soumansite as far as it has been
determined, is, therefore, essentially the same as that of wardite
and, as the crystal form and the optical properties are armost iden-
tical, the two minerals are without aoJt identical. As the name
wardite has priority, it should be retained for the species.

P sewdou,aaellile

- 
A- mineral that agrees with pseudowavellite, recently described

by Laubmanno is one of the chief minerals of most of the nodules

A few of the nodules have a thick yellow layer outside of and
sharply separated from a layer of gray, chalcedonyJike material
that is made up mostly of orjlites about a millimeter across with
some irregular bodies of compact vitreous yellow material. Both

6 Laubmann, H. Die phosphat_Mineralien und Edelerden des Amberg_Auer_
bacher Erzktirp ers, G eo gn. J o hr e s, XXXV, 2OZ_ 3, lg2L,
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the oOlites and the vitreous parts are made up of two minerals

intimately intergrown. Similar vitreous material, partly yellow

but mostiy gray is very common in the nodules and is commonly

associated' *ittt ttt. yLUo* fibrous pseudowavellite' In part it

forms an outside shell to the nodules and in part is present as

veinlike bodies cutting the pseudowavellite' The spherulites are

formed of rather .ou*" fibers radiating from the center in four

bundles or sheaves of fibers in the four quadrants' The vitreous

crusts and veinlets are granular in texture' Both kinds are made

up of two minerals the clief of which is in relatively coarse crystals

urrd th" other has a higher index of refraction, and' is embedded in

the first as fibers, rods, or prisms' The two extinguish together'

have the same birefring"rr.", and orientation so that the mixture

looks homogeneous be-tween crossed' nicols' They are sharply

distinct without gradation and' stand out prominently when the

powder is immersed in a liquid with an index of refraction between

it ot of the two minerals, uttd th" index test made by Iowering the

condenser or shading one side of the field'

The two minerals are distinct without any gradation and have

uniform properties in all the specimens whether in the yellow piso-

lites, the gieen pisolites, the yellow or gray massive material'

or tile gray vitrious borders and veinlets in the yellow' fibrous

pr"odoiu.r"llite. The mineral that forms the greater part of the

material and. is the host is pseudowavellite' It makes up about

three-fourths of most of the mixture. It is in grains up to one-ha1f

millimeter across. It has a hardness of about 5 and a specific

gravity of 2.88. It fuses at 2! to a white enamel' It is uniaxial

iorit i l" and c,r:1.622, e:1.631. It probably has a perfect basal

.l.uloug". It may belong to the same crystal system as deltaite'

whichls trigonal. Its ploperties were very uniform throughout

the numerous sPecimens examined.

Considerable difficulty was experienced in separating the two

minerals but after grinding to pass a 200 mesh sieve and repeated

separations, and diicarding miied grains, a sample of the pseudo-

wavellite was prepared thal weighed 0'5 grams and was estimated

to carry only 10 per cent of deltaite. This sample was analyzed

by Gonyer. The analysis is shown in column 2,table 2, the analysis

corrected for the admixed deltaite and the ratios follow'

The analyses and ratios of the yellow crusts and of material

in the oiilites separated from deltaite from Lewiston' Utah'
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are shown in columns I and2 of table 2, the analyses by Kiefier of

the Auerbach, Bavaria, mineral in column 3, and the theoretical

composition in column 4. The agreement is reasonably close.

The Utah mineral has some of the CaO replaced by MgO, while

the Auerbach mineral has some of the AlzOa replaced by Fe2O3,

and carries some BaO and rare earths. The mineral from Auer-

bach, according to Laubmann, is in trigonal prisms, is uniaxial

positive, has a perfect basal cleavage, indices of refraction between

1.627, and 1.655 and a birefringence of 0.015. It is soluble only

in hot concentrated HzSOn. It occurs on wavellite in iron ores.

Both the chemical compositions and the optical and other physical

properties show the identity of the Utah mineral with the pseudo-

wavell ite. The formula 5CaO'6AlzOr' 4PzOs' 18HrO seems to fit

the analyses.

T.lsr,p 3. ANar,vsrs lNo Rlrros or Psruoowavrr,r,rra(?)sv SreNNolq

1

Analysis

36.40
1 1 . 8 0
1 . 4 0
0 . 5 4

31 .68
18.40

Corrected
for

Impurities

3 7 5
1 0 4
1 . 4
0 . 5

3 2 6
1 7  . 6

Ratios

Al2o3
CaO
Na2O
KrO
Pror
HrO

CO,

. 3 6 7 : 6 x 6 L
r  cs )' ^ " ' l

.0231:3 x7I

.00sJ

. 2 3 0 : 4 x 5 8

. 9 7 8 : 1 7  x 5 8

37.UU
1 0 . 1 6

34.s4
18 .50

I t00.22

The nearly white chalky crusts, Iess than a millimeter thick,

that line cavities mostly next or near the variscite, is made up

chiefly of a mineral in minute hexagonal plates, in part very finely

crystalline. It is intimately mixed with calcite and variscite,

both in minute crystals. It is uniaxial positive with co:1'619 and

e:1.627. In the numerous specimens examined the opticalprop-

erties of the distinctly crystalline part are about the same.

Some of the material is indistinctly crystalline to amorphous and

has a mean index of refraction as-low as 1.59.
A sample weighing 0.2 grams of the best material available was

carefully scraped from a specimen and used for the analysis. It

100.0 100.00
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was estimated to have about 3 per cent of calcite as impurities
and vzas uniform in its optical properties. The analysis, as made
and as corrected for impurit ies, is given in table 3, column 1. It
agrees fairly well with the theoretical composition given in column
3. The analysis agrees closely with the formula 3CaO.6A!08.
4PzOs.lTIIzO which is similar to that of wardite with the soda
replaced by lime. Crystallographically wardite appears to be
tetragonal while this mineral is in hexagonal plates.

Until better evidence is available, it seems best to consider
these hexagonal plates a variety of pseudowavellite.

Deltaite, A New Mi.neral,

The mineral intergrown with pseudowavellite in the oijlites
as described in the section on pseudowavellite has a characteristic
A form like the Greek letter delta and the name deltaite is proposed
for it. It constitutes only about one-fourth of the mixture. The
individual crystals are rarely as much as 0.05 millimeters in cross
section. The deltaite is partly in fibers but much of it is in rather
stout prisms with triangular cross section. some of these prisms
taper at one end and are terminated by well formed, rather steep
rhombohedrons at the other. In some grains the cross sections
show two triangles of deltaite with the sides parallel but with
apices pointed toward each other and nearly touching, giving an
hourglass structure. In others four such triangles point toward a
center with a thin layer of pseudowavellite between. Deltaite
shows a marked tendency to develop crystal boundaries and in
nearly every.specimen it has the characteristic triangular cross
section.

Deltaite has a specific gravity of about 2.95 and a hardness near
5. It is optically positive, and probably uniaxial, a:1.64!,
e  :  1 .650 .

A sample of the deltaite weighing 0.5 grams, that contained 20
per cent of pseudowavellite was prepared. The analysis made by
Gonyer is shown in column 1 table 4 and the corrected analysis and,
ratios follow.

One of the commonest types of crust about the variscite is a
dirty gray, dense, cherty-looking layer which is commonly between
the yellow oiilitic layer and the variscite. A thin layer of chalkv
material separates it from the' variscite and. it 

"om-onlv 
car.i.s

within it isolated crystals or thin white layers of wardite and
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lenses and layers of dennisonite. Some of the crusts are as much as

one centimeter across but most are thinner. These gray crusts are

made up of matted fibers of a single mineral which appears to be

identical with deltaite. This deltaite is tough and has a hardness

oi 5 and a specific gravity ol 2.93. It fused at 2 with intumescence

to a white opaque bead. The microscope shows that it is composed

of matted fibers with negative elongation. The indices of refraction

arei d:1.630, 'y:1.649. A sample oi this material weighing 2

grams was prepared. It contained no appreciable amount of vis-

able impurities. An analysis of this sample made by Gonyer on

0.500 grams is shown in column 2 table 4.
The chalky layer between the variscite and the gray cherty del-

taite appears to be made up of one mineral. It is very finely

crystalline to submicroscopic and the Iarger crystals are uniaxial

positive, with co: I.62t, and. e:1.629. About 100 mill igrams of

this material was separated by Larsen and atalyzed by F' A'

Gonyer. The results are shown in column 3 table 4' Carbon dioxide

was present in considerable amount, probably several per cent, but

sufficient material was not available for its determination. No

calcite could be found in the sample although the mineral is clouded

with submicroscopic inclusions, mostly gas pores. The chalky crust

has less AlzOa and PrOs and more CaO, MgO, COz and KzO than

the other deltaites. However, it is beiieved to be deltaile though

later work may show it to be difierent.
The formula of deltaite may be taken as 8 CaO' 5 AI2O3' 4 PzOr'

14 HrO.
Dennisoni.te, a New Mineral

Many of the specimens especially the parts made up chie!y of

the yellow pseudowavellite have scattered thin white crusts,

mostly less than 1 mm. across, lining cavities. These crusts have

botryoidal to spherulitic surfaces and are made up of rather coarse

fibers of a single mineral. The cavities are mostly only a few

millimeters Iong and less than a millimeter in thickness. They are

also scattered through the dense gray deltaite. The name denni-

sonite is proposed for this mineral after J. M. Dennison who first

described and analyzed wardite.
Dennisonite is softer than most of the associated minerals and

has a hardness of 4f. It has a specific gravity of 2.85'

Dennisonite is in stout fibers that have a negative elongation'

Cross sections appear to be hexagonal and to show a perfect basal
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cleavage. The mineral is negative and sensibly uniaxial. The

indices of  ref ract ion are:  a, :1.601 and e:  1.591.

T,q.srr' 5.
Ar,tr-vsrs, Re.rros, .lxo Trmorurrc,lr Couposrr:roN ot DnNwrsonrrn

Analysis

t2 .90
39.00

1 . 4 1
33.00
1 1 . 1 0
0 .80

Corrected

for
Impurities

6CaO'ALOI '
2P2O5'5H2O

AI2O3
CaO
Mgo
Prou
H,O+
Hro-

1 1 . 8 2
40.30

1  .38
3 3 . 1 0
1 1 . 6 0

. 1 1 6 : 1 1 6 x 1  9 8 x 1
z r q )' l i I ) : t z s * o  1 0 6 x 6

. uJsJ

.233 :116 x2  98  x2

.644 :129 x5  110 x  5

12.56

4t.39

34.97
11 .08

98.21

A sample weighing a little over 0.1 grams was prepared for

analysis and was found to contain only a few per cent of the yellow

pseudowavellite. The analyses, ratios' and theoretical composition

are shown in table 5. Material was not available for a determina-

tion of the alkalies or for a check analysis. The analysis agrees

rather,closely with the Iormula 6CaO' AlrOa 2P zOs'sHrO'

Dehrnite

Small, clear hexagoral crystals present in small amount in

cavities in yellow pseudowavellite proved to be dehrnite' Under

the microscope these crystals commonly show a core that is

sensibly uniaxial and a narrow border that is sharply separated

from the core by hexagonal crystal faces and that is divideC into

six biaxial segments. In all parts the mineral is optically negaiive.

The uniaxial core has ot:1.640, e :1.633 and the border, which is

clouded with peg-like inclusions and makes up about a third of

the crystals, has a:1.585, 7:1.600' It has a rather small axial

angle. A sketch of the optical orientation is shown in figure 2.

An analysis by Shannon made on about 100 milligrams of these

crystals is shown in table 6. The analyzed sample contained very

little calcite. It had a specific gravity of 3.09.

Botryoidal crusts of dehrnite about a millimeter thick line

cavities and cement fragments of pseudowavellite and deltaite
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in a few specimens. These crusts are coarsely crystalline and
show slight zoning and a tendency to divide into segments. They
have a perfect basal cleavage. The specific gravity is 3.02. They

Frc. 2. optical orientation of dehrnite Frc. 3. optical orientation of lewis-
on the base. tonite on the base.

are biaxial with a small axial angle and are optically negative.
a :1 .610,  9 :1 .619,  .y : I .620.  An ana lys is  by  Gonyer  o f  these
crusts is shown in table 6, column 2.

Tenr.n 6.
ANnr,ysns or Dnunnrrn

7

Zoned

Crystals
Mol. ratios

A.l203
CaO
Mgo
KrO
Naro
HrO
CO,
P"Os

1 . 0 0
47 .65
0  . 8 5
5 . 9 0
4 . 3 6
r . 9 l
3  .30

35 ,68

0 .65
54 .86

0 .30
3 . 7 0
3 . 0 2
1 . 2 2

36.66

100.41 
|

.978 -- 15 x 65

.25r :

14 x6ti

2 x66

3 x60

4 x63

1 x 6 3

J  X O J

4 x 6 4 i

1oo.6s I

lr+cuo K,o. Na-o.4p,o5.2H,o. coz lSCaO. Na_O. 4PrOs. 3HrO

The formulae derived from the two analyses are given below the
analyses. The formula derived from dehrnite from Dehrn is
14CaO 2Na:O.4PzOs.2H"O. The three analyses are very close
together and the formula for dehrnite may be taken as:,"14Ca0-.
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2(Na,K)zO'4P2O6'3(HrO, COz), in which some of the alkalies

may be replaced by lime. Dehrnite may be a member of the

apatite group.
Some of the best colorless needles from another specimen have a

clouded core that is sensibly uniaxial, ot:1.623, e :1'613, and a

clear border that is divided into six segments. on the basal sections

each segment gives an extinction at l2o (Z to the trace of the hexa-

gonal face). The axial angle of this outer zone is of moderate size

and the mean index of refraction about 1.616. No analysis of this

material was made.

Lewistonite, a New Mineral'

Some of the hexagonal prisms which are very much like the

dehrnite have less alkali and much more water. Chemically they

are so difierent from dehrnite as to give them species rank and the

name lewistonite is proposed after Lewiston, Utah.

Lewistonite was found as stouthexagonal prisms associated witb

the otjlites of pseudowavellite and deltaite and as white, powdery

crusts lining cavities in pseudowavellite and as amygdules filling

the cavities.
The stout crystals associated with the ocilites in large part show

no central uniaxial core but some of them have a uniaxial core

with co:1.60. The main outer biaxial zone has an axial angle of

about 2V :42". The optical orientation is like that shown in

figure 3 and the extinction angle is about 16o. a=t.613,9:I '623,

t:!.624. The indices vary about +0.005. The specific gravity of

these crystals is about 3.06. A sample of little over 100 milligrams

of these crystals, made up very largely of the biaxial type, was

prepared for analysis. It contained about 7 per cent of pseudo-

wavellite and 3 per cent of deltaite as impurities. The analysis !y
Shannon is shown in column 1, table 7.

One amygdule weighing 200 milligrams was nearly pure lew-

istonite. It is made up of stout fibers with negative elongation. It

appears to be uniaxial and optically negative. u:l-621, e :1'611'

It has a hardness of about 4 and' a specific gravity of 3.08. An

analysis of this material by Gonyer is shown in column 2, table 7 '

Lewistonite appears to have a perfect basal and probably also a

perfect prismatic cleavage. It has a hardness of 5 and a specific

lravity of about 3,06. It has a formula near 15CaO'(K, Na)zO'

 PrOo'8H2O.
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Englishi.t'e, a New Mineral'

gravity of about 2.65.
Tanr-n 8.

ANelvsls aNl Rlrros or EscLtsttttB

I Theoretical

l4CaO.K,O.4Al_O3'

I  
4P,o..  14HP.

Analysis

TE E AM ERICAN MINERALOGI ST

Corrected
for

Impurities

Insol.
Al_o3
CaO
Meo
Na,O
KrO
H,O+
HrO-
PrOo

1 . 1 0
25.21
12 .80
tr.
1 . 5 6
4 . 8 4

1 6 . 8 0
none
37 .89

2 4 . 7
t4. l

r . 6
5 . 4

1 6  . 5

3 7  . 8

.242 :2 xl2l

. 2 5 1  : 2  x l 2 6

.266 :2 xl33

331):' ' '*
.916 :7 xl3t

2 6 . 4 1
14.  50

6 . 0 8
t6.29

36.73

t 0.005 ; the average values are: d: 1'570,7 : l '572' If the cleavage

be taken as (001) the orientation is X: c. The mineral is probably

orthorhombic.
About 180 miltigrams of this mineral were prep,ared for the

analysis and the anilyted,powder contained about 9l/s engiishite'

I roo.zo
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2/s. wardite, and. 7/6 variscite. The analyses by Shannon, the
ratios and theoretical composition are shown in table g. The
formula derived from the analysis is 4CaO.K2O.4AI2OB.4p2ob.
14H20.

Willisite, a nele Mineral

This white fibrous mineral proved to have a composition related
to that of wardite but to be biaxial negative. The name millisite
is proposed for the species after F. T. Milris who sent the orieinal
specimens to the U. S. National Museum.

crystals prove to be biaxial with a moderate axial angle. For the
analyzed powder the average value for the indices were a abouL
1 .584 ,  B  :  1 .598 ,  7  :  l . gg2 .

- About 0.8 grams of the mineral was prepared for the analyses
by hand picking and cleaning with heavy iolutions. The sample
contained about 5 per cent of wardite and 1 per cent of dennisonite.
Two analyses of this material were made und ur. shown in table 9.
together with the composition corrected for impurities, the ratios,
and the theoretical composition for 2CaO.NirO.6Al2Oa. Aprgt.
r7H2O.

The agreement of the analysis with the theoretical composition is
very close and the composition of millisite appears to be near that
of wardite with half of the alkalies replaced by lime.

Lehiite, a new Mineral

crusts that resemble those of millisite but lack the banding
and have higher indices of refraction were found in onlv a few
specimens.

A sample selected for analysis had a crust of this mineral uo to
3 millimeters thick that is dense white, and without banding. It
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has a hardness of 5! anda specific gravity of 2.g9. It is in rather
coarse fibers, has a very large axial angle and. is optically, negative,
a:1.600,  9: t .615,  ,y :1.629.  The f ibers show a large ext inct ion
angle. An analysis by Gonyer of a sample of this mateiial weighing
0.2 grams is shown in table 10.

The formula der ived is  5CaO.(Na,  K)zO.4Al2Oa.4pzOs.  l2H2O.
This is similar to the formula for dertaite although it is lower in
lime and higher in alkalies.

Tesm 10.
ANlrvsrs lro Rartos ol Lnurrre

Analysis

A1203
CaO
Mgo
Naro
KrO
HrO
&o'
Insol.

27  .79
18.  10
none

3 . 0 8
, ,)<

14.19
34.64
0.  58

.2729- 4x68

.3227 : 5 x65

.4e71
7 7 O (  :  r x t +

.7876:12  x66

.2438:  4x6 l

5CaO.Na"O'
4Alzoa.4&Oo'

72H2O

26.62
18.26

4.04

14.O7
37 .01

r00.63

Gordonite, a new Mineral
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Thus good signals are reflected from (010), and (110)' The front

pinacoid (fO0) is a narrow line face. The form (4q0) is not well

developed. The data at present available are not sufficient for

establishing an axial ratio, and not of first quality, therefore, only a

comparison with paravauxite is here given. It is hoped that a

careful search will yield better crystallographic material for a fur-

ther study.

Gordonite

b

M
o
s

(001)
(010)
(100)
(110)
(490)
(2rr)

57" 20',
00

75'  15 '
1030 2'
130" 22',

-85" 46'

230 49'
900 00'
90" 00'
90'00'
90" 00'
680 03'

54" 20'
00

75" 24'
101' 51 |

1300 34'
-87" r6',

25' l'
90'00'
90'00'
90" 00'
90" 00'
680 47'

Gordonite has a hardness of 3|, a specific gravity ol 2'28 and a

fusibility of 3. It is soluble in acids.

It is biaxial positive, 2trl is about 73o, and p(u is easily percept-

ib le.  a= 1.534r F:1.543,  r :1 .558.  The best  crysta ls  are la th

shaped and have a very perfect cleavage parallel to the length of

the laths and about normal to the flat face. Crystals lying on the

flat face and cleavage fragments turned on edge give an extinction

angle (Z to trace of cleavage) of 23o in the acute angle B' X is about

normal to the flat face. The optical symmetry might be mistaken

for monoclinic but crystal measurements make the mineral

tricl inic. The cleavage would be (100).

By careful hand picking and later cleaning with heavy solution

about 0.2 gram of material was secured for analysis' The analysis

was made by Shannon on 0.1 gram of material and the check

analysis was lost. No COr, SOa, or NHr were found' The water

in the closed tube was neutral.

The analyses, tatios and. theoretical composition are shown in

table 11.

The analysis agrees closely with the formula MgO'AlzOe'

P2O5 .9H20 .
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Tesr,p 11.
ANnr,ysrs, Rarros, lNn Trronorrcar, CouposrrroN or GorooNtrr

I

Analysis Ratios
MgO.Al ,O3.

P,O5.9H,O

333

Al 03
Mso
PrOr
H_O+
H"O-

20.68
10 .01
32 .80
16 .80
18.20

98.49

. 2 0 3  : 2 0 3 x 1  . 9 2 x 1

. 2 2 5 : 2 2 5 x 1  1 0 2 x 1

. 2 3 1  : 2 3 l x l  1 0 5 x 1

.1944:216x9 98x 9

2 2 . 8 7
8 . 9 7

31 .84
36.32

100.00

V ariscite
Variscite is found chiefly in the grass_green knots within the

nodules and it was clearly the original mineral of the nodules from
which the other minerals were derived. This green variscite is very
finely crystalline.

The white, powdery layer that surrounds the green variscite in
most of the nodules is made up chiefly of deltaite but it contains
more or less variscite in considerably coarser crystars than in the
green mass. Some of the white, powdery layers next the green
variscite are made up almost entireiy of white variscite in relativelv
coarse crystals.

All of the variscite is in minute tablets with rhombic outline an.r
in some with a short pyramidal face as well. They are biaxial
negative, 2V is rather large, I/ is normal to the itut", and. Z
bisects the acute angle of the rhombs. The indices of refrac_
t ion for  the green par t  measured a:  l .569,  p:1.5g6,  ,y :1.594.
Fo r  t he  wh i te  c r ys ta l s  a :1 .572 ,  F :1 .592 ,  t : 1 .597 .

Unnamed Minerals or Varieties
A considerable number of minerals that could not be identified

by their optical properties were found. Only a few of the more
conspicuous or common of these wiII be described; for none of
them was material suitable for chemical analysis found.
. 

1. In a few places a uniaxial negative mineral was found with
indices of refraction about midwuli b.t*""o those of dennisonite
and dehrnite. It was found in the cavities as were dehrnite
and dennisonite. It may be a variety of dehrnite which shows con_
siderable variation in its indices of iefraction.
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2. Other crystals in the cavilies resemble dehrnite but have an

index of refraction co: 1.650.

3. Another mineral that was found in small amount in a number

of specimens and that appears to replace lewistonite occurs in

fibers with negative elongation, weak birefringence and an index

of refraction of about 1.62.

4. Somewhat similar appearing fibers with weak birefringence'

and partly negative, partly positive elongation, have an index of

refraction of about 1.590.

5. Some minute spherulites in cavities have positive elongation

a n d  a : 1 . 6 3 0 , 7 : 1 . 6 4 0 .
6. A biaxial form that has no similarity to any of the other

forms was found in small amounts as a thin bluish white crust

in one of the specimens in the Harvard collection' The crystals

are biaxial positive, have a Iarge axial angle and the indices of

ref ract ion,  a: l '607,  g:1 '615,  'Y: ! '623 '  The mineral  is  mono-

clinic and is twinned with (100) as the composition plane' X:D'

Y \c :81" .
7. A white, porcelain-like crust between variscite and a

thick crust of dehrnite proved to be isotropic with a:1'575' Some

incipient spherulites are included in the isotropic mass'
' 

S. On one specimen, made up chiefly of yellow pseudowavellite

but with some nodules of variscite, a coating of clear glassy

tion. This is different from any of the other minerals'

PanncBNrsrs
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deltaite as they are found as crusts and sperulites in cavities and
attached to it. The millisite in large part preceded the wardite
but there was some alternation. This is especially well shown
by the spherulites which have a central part of millisite and outer
layers of wardite. The dehrnite, lewistonite, and dennisonite are
later than the deltaite and probably later than the wardite. They
occur as crystals or crusts lining cavities in the deltaite and pseudo-
wavellite. The age of the gordonite and englishite are uncertain.

All of the minerals are high in phosphoric acid and water. The
first minerals to form were high in alumina. Later minerals
contained high lime as well as alumina. Still later alkalies took
the place of some of the lime and the last minerals were low in
alumina, very high in lime and moderate in alkalies. They were
also lower in water than the other minerals.

CoNcr-usron

The chemical compositions and properties of the minerals of the
nodules are shown in table 12.

Wardite is a rather abundant minerdl and it occurs as pale
greenish or bluish green vitreous crystals and grains in layers
associated with the white banded chalcedonic-looking millisite.
It is found also in nearly colorless grains associated with deltaite.

Pseudowavellite is the most abundant mineral of the nodules
and makes up most of the yellow,matted fibers and over half of the
oiilites.

Deltaite is next in abundance after pseudowavellite and is
present in nearly every specimen. It is intimately associated with
the pseudowavellite. It is present in the odlites and makes up most
of the gray looking layers and veinlike streaks that cut the pseudo-
wavellite. It also constitutes the white powdery crusts next to the
pseudowavellite and dense deltaite and much of the rough yellow
linings of the cavities in pseudowavellite.

Dennisonite occurs as white, botryoidal crusts made up of fibers
that line cavities in the pseudowavellite.

Dehrnite was found only in very small amount as small hexag-
onal crystals in cavities in pseudowavellite. Some white botryoidal
crusts that cement fragments o{ some of the nodules are dehrnite.

Lewistonite is also in very small amount. It was found in stout
hexagonal prisms in cavities in the ocilites and as a white amygda-
Ioidal filling in pseudowavellite.
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Millisite is a fairly abundani. and rather conspicuous constituent
in many of the nodules. It forms white banded chalcedonic-
looking layers that are comon'ly associated with wardite.

Lehiite was found as a white lens or band that resembled
millisite but lacked the banding.

Englishite is in very small amount but it is easily recognized
where present. It was found only as thin layers next to variscite.
Its very perfect, pearly, curved cleavag'e surfaces serve to identify
i t .

Gordonite is also in very sfnall amount and it also was found in
thin layers next to variscite. It is in glassy, tabular crystals, often
in sub-parallel or radiating groups. Its optical properties complete
its identif ication.




