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Ouat*o"t

The original type speciment of taylorite is believed located. It is an ammonian arcanite,
belonging to the isomorphous series arcanite-mascagnite, K2 *(NHn)*SOr, with x near
0.35, according to a new analysis. 2V:(-) small, ,V;:1.5007, nf":1.5934, l/,:1.5048;
X-ray powder diffraction data in Tables 1 and 2. Mascagnite and arcanite were not found
in the guano studied. Ammonian aphthitalite predominates in a fossil penguin egg ana-
lyzed by Mrs. Setlow. Chemical, optical, and r-ray data" in Tables 4 and 5; No:1.4998,
N":1.5026. Lecontite from the type locality, labelled by Taylor, was studied by r-ray
methods (Table 6). Refractive indices 1.495 f .010. Oxammite isammoniumoxalatemono-
hydrate (not dihydrate), according to a new analysis (Table 7). This proved similar
(Table 8) to oxammite from a specimen that is as nearly identical with Shepard's type
specimen as any that probably exists.

INrnonucrroN

Duri4g the preparation of a monograph on guano in the Survey of
Contemporary Knowledge of Biogeochemistry, Professor G. E. Hutchin-
son of Yale University wished to have some specimens from guano
deposits examined mineralogically. It soon became evident that certain
problems needed further study; this report is the result. The minerals
taylorite, aphthitalite, glaserite, mascagnite, arcanite, Iecontite, and
oxammite have all been reported as occurring in guano, and several of
these were found in the specimens studied, but their published descrip-
tions were in some cases inaccurate. A comprehensive study of the guano
specimens available was therefore undertaken not only to determine their
components but also to characterize or re-describe certain ones.
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Moruons ol Srupv

Some specimens were identified by chemical analysis' most by r-ray

powder diffraction and optical data; in all cases the refractive indices

and r-ray powder diffraction data were eventually obtained. Optical

studies were carried out mainly by the immersion method at room tem-

perature, with white l ight. The accuracy of such results is f0.005.

critical specimens were studied by the Emmons double-variation method

(1929, p.415), and accuracy in such cases is probably about *0'0004'

The r-ray patterns of the rarer minerals were not found in any available

literature; in some cases, such patterns were nevertheless compared with

those of chemical reagents. Samples of certain type specimens obtained

from various museums were analyzed chemically. In some cases the

material was originally identified on the basis of crude chemical, optical,

or crystallographic determinations, and proved to be rather poorly

characterized.

DnscnrprroNs ol SPECTMENS

Mascagnite

Artif icial (NHa)zSOr has l i l*:1.5209, /[v:1.5230' I{ ' :t '5391; 2Y

:  (* )  52" ;  X:  c ,  Y:  b,  Z:  a (Winchel l ,  1931,  p '  216) .  Reagent  ammoni-

um sulfate yields the r-ray d.ata shown in Table 1, column 3 (A'S'T'M'

Joint  Commit tee on X-ray Data,  1950).
Mascagnite was not found with the fossil birds or eggs' The following

museum materials are labelled mascagnite: (1) Brush Collection (Yale)

No. 1693, mascagnite from Geysers, Sonoma [County, California],

whose optical properties agree closely with those quoted above, gives the

r-ray powder diffraction data recorded in Table 1, column 1' (2) Peabody

Collection (Yale) No. 8971, mascagnite from Naples,Italy, whose optical

properties also agree closely with those of reagent material' gives the

*-ray powder data recorded in Table 1, column 2. (3) A Vaux Collection

(Philadelphia Acad. Nat. Sci.) No. 15339, "mascagnite" from Etna,

Italy, proved to be a mixture of sulfur and salammoniac' (4) Vaux Col-

lection (Philadelphia Acad. Nat. Sci.) No. 5574, "mascagnite" from

Chincha Islands is considered to be the material which Taylor (1859'

p. 309) described as "? glaserite" and which Dana (1892, p' 895) called
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taylorite and accepted as a new species. This material is treated under
taylorite.

TAsr,B 1. X-n,rv Pownpn Dlrl lon MlscacNrrn
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1. Brush Collection (Yale) No. 1693 mascagnite, Sonoma County, California.
2. Peabody Museum (Yale) No. 8971 mascagnite, Naples, Italy.
3. A.S.T.M. card file, ammonium sulfate.

Arcanite

Artificial KzSOr is orthorhombic with 1y'* : 1 .4935, N v : |.4947 ,
N . :1 .4973 ;2V : (+ )  67 "20 ' ;  X :6 ,  Y :  o ,  Z : c  (W inche l l ,  1931 ,  p .
217). Although this material has reportedly been found among guano
materials, none was found in the specimens studied. An r-ray pattern
of artificial KzSOr from the reagent shelf was made for reference pur-
poses; its measurements agree satisfactorily with published data.
(A.S.T.M. Joint Committee on X-ray Data,1950). The refractive indices
of reagent KzSOa quoted above were confirmed within an experimental
error of +.0010.

T oylor'i.te and, the orcanile-mas c a gnite s eries

Dana proposed the name taylorite ior material from the Chincha
Islands described by Taylor (1859, p. 309) as ,,?glaserite.,, Taylor ana-
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lyzed the material and computed the formula (K,NH4)2SO+' Taylor's

analysis (Taylor, 1859, p. 309; Dana, 1892, p. 895 ; molecular proportions

based upon modern atomic weights) follows:

SOs 48.407a .604 mol' Formula
(NH4)rO 5.37 '127 K6NHr(SOa):; more exactly'

Kzo 43.45\ La1 Kr-*(Nrr4)*Soa, with x:0'42

NazO 1 .68J

98 .90

Taylor described the specimens as occurring in "lumps or concretions

about the size and shape of a hickory nut, of a white or creamy color."

Some specimens in the vaux collection of the Philadelphia Academy of

Natural Sciences (Vaux No' 5574), labelled "Mascagnite, Chincha

cal analysis yielded the following results:

Taylorite: Vaux Collection, No. 5574, "Mascagnite, Chincha Is'"

soa 45.1870,45.55% .570
(NH,)2O 5.14+ .02 .0n91, onn
K z O  4 7 . s 0  . 5 0 1 J ' " - '
Nazo .ooo1

Formula

Kz-*(NHI*SO4, with x:-about 0.35,

depending uPon assumPtions as to

the low summation'

97 .87

The SO+ determination was by precipitation as the sulfate, done twice

by Benoit; ammonia was determined by Nessler's colorimetric method

by T. Sippel; KzO and NazO were determined spectrographically by V' T'

Bowen.
New determinations of the optical properties by Emmons' double-

variation method (1929) gave the results shown in the second column of

* Frondel, C., Private communication, May 8, 1950; Frondel, 1950, p' 597'
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TAelr 2. X-nav Poworn Dlra. lon Teyr,onrrr
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1. vaux collection (Phil. Acad. Nat. Sci.) No. 5574 rabelled ,,Mascagnite chincha
Islands,,' probably type taylorite.

2. Yaux Collection No. 17879 taylorite Guanap6, peru.
3. Amer. Mus. Nat. Hist. taylorite Guanap6, peru, No. 16211.

sign and the variability of 2v are explained when it is noted that the
material is apparently uniaxial at two compositions (near Ar56Ms56
and Ar35Ms1s), and changes optic sign twice in the series. Note the orien-
tations shown for the end members in Table 3, the crystal axis c becoming
successively the vibration direction of X, of y, and of z, while o is the
vibration direction of z Ior most of the series, becoming y when Nc
exceeds No; 6 is the vibration direction y, becoming X when Nc exceeds
N6.

If a series be postulated between mascagnite and arcanite, the new
optical data from Taylor's presumed type specimen from the Vaux Col_
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lection fit the values interpolated from the end members of the series

(Table 3) .

T.q.slr 3. Oprrc,tr, CoNsrerrs or rrrn ArcaNttp-Masce'GNrrn Srnrts

Name
Composition

Locality

Arcanite
KzSOr

Artificiall

Taylorite
Ar*Ms

Chincha Is 2 GuanaP6r

Mascagnite
(NHr):SOn

Artificiall

I/*

2V

I [ r :1 .4935
N" :1 .4947
N . : 1 . 4 9 7 3
(+) 67'

1 Winchell, 1931.
2 Vaux Collection No. 5574.
3 Amer. Mus. Nat. Hist. No. 16211.

Aphthitolite

Frondel (1950) states that the proper formula for aphthitalite is

(K,Na)aNa(SOr)r. Winchell (1933, p. 96) indicates that the material is

uniaxial positive, lV": 1.487-1 .49I, Ar.:1.492-l '499' Bellanca (1943)

worked out the crystal structure and determined the following physical

data for material from Vesuvius: |y'":1.4882, N.:1.499, spec' gr'

2.697, axial ratio cf a:1.290. Frondel (1950) noted ammonian aphthita-

l ite in guano from Guanap6.
Material from a fossil egg of Pelecanoid,es garnoti from Peruvian guano

was analyzed by Mrs. Jane K. Setlow (Hutchinson, 1950, p' 94, anal' XI),

with the result shown in Table 4, column 1. Optical and r-ray data for

this specimen are given in Tables 4 and 5, as also for an aphthitalite from

Searles Lake. The fossiiized egg is an ammonian variety quite similar

to that described by Frondel (1950), which is included in Table 4,

column 2, for comparison. The Searles Lake aphthitalite (column 3) is

without ammonia.
Druzinin (1933) investigated the system KzSOa-NazSOr-HrO, and re-

ported that the compound K3Na(SOa)z permits substitution of Na for

K within the range K/Na:2.44 to 3.00. Specific gravity and gonio-

metric data are given for the solid solutions. If K and NHa are written

together the ratio of these to sodium according to analysis 1, Table 4

(46/17:2.71), is within the l imits given by Druzinin' NH+ and K have

similar ionic radii (Goldschmidt, 1945) and should be expected to sub-

stitute for each other rather freely. The P. garnoti fossilized egg is there-

fore an ammonian aphthitalite similar to that found by Frondel in guano

from Guanap6.

1.5008 1.5007
1 .5037  1 .5034
1.5062 1 .5048

lg  ( - )  sm.,  var.

N. : r .5209
Irb: 1 . 5320
/ir": 1 .5394
(+) s2"
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X-ray powder data for the materials from the fossil egg and for the
vesuvius and the Searles Lake specimens already cited with optical data
are listed in Table 6. Aphthitalite from vesuvius was analyzed by Bian-
chini (1937), but there is no reason to correlate his analysis with the
physical properties reported here.

Tasle 4. Cnnursrnv mln Opucs ol Apurnrralrre

I

Fossil egg, Perul Guanap62 Searles Lake, Calif.a
4

Vesuviusb

(Nrr,),o 5.72%
KrO 32.88
Nazo 10.42
soa 47.46
PzOa 1 .33
NaCl

. 11  mo l .

. 35
1 i

. 60

6 5 8
3 3 . 8 7
9.  65

48.62
0.  70

3 9 .  1
8 . 0

43.6

7 0

Oxalate (CrOr)
Insol.
HrO

Sum
No

lf"

0 . 2 1  0 . 1

0 . 3 5
0 .60

98.76
1 .4998 + .0004
1.5026+.0004

98.73
1.498+ .002
r .503+ .002

98.7
1 . 4 9 0 + . 0 0 3 4  1 . 4 9 8 + . 0 0 4
1.496+ 003 1 .505+.004

1 Aphthitalite. Fossil egg of. pe!,ecanoid,es garnoti (Httchinson, 1950, p. 94, anal. Xr).
Optics by H. Winchell. Analyst, Setlow.

2 Ammonian aphthitalite, Guanap6 (Frondel, 1950). optics by Frondel. Analyst, Gonyer.
a Aphthitalite, Searles Lake, California. Recalculated from Foshag (1920).
a Brush No. 4436, Aphthitalite from Searles Lake, gives 1i/.:1.4905, N":1.4979,

both +.0004.
5 Aphthitalite, Vesuvius. Vaux Collection No. 194g0. Optics by H. Winchell.

Lecontite

Taylor (1858) described a mineral from bat guano from a cave near
comayagua, Honduras, and on the basis of his analysis concluded it was
a new species for which he proposed the name lecontite. Taylor,s analysis
is given below, with molecular proportions based on modern atomic
weishts:

(NHn)ro

KzO

NarO
SOa
HzO
Organic residue
Inorganic residues
Phosphoric acid

12.9470
2 . 7 6

r / . . ) o
44.97
19.45
2 . 3 0

. 1 1
tr.

100.09

.248 mol.\ ,r,

.o2e J 
'"

.283

.562
1 .080
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Tanr,t 5. X-n.lv Pownrn Dera. lon Aputrtrllrtr
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1. Aphthitalite, Vesuvius, Vaux No. 19480.

2. Egg of Pelecanoid'es garnoti, Lm. Mus. Nat. Hist.

3. Aphthitalite, Searles Lake, Brush No. 4436.

Winchell (1933, p.97) gives the formula NaNHTSOa'2H2O, and the fol-

Iowing opt ica l  propert ies:  X:a,  Y:c,  Z:D;  Iy ' * :  l '440,  Nu:1 '452,

X,:1.+53;2V: (-) 43o with dispersion r) u. A calculation based on

modern atomic weights indicates a formula (NHr,K)NaSOa'2HzO with

NH4/K about 8.5.
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vaux collection specimen No. 15337 Lecontite, comayagua, Honduras,
appears to be Taylor's type material for this species because the sample
fits Taylor's physical description even including the bat hairs. The ma-
terial is so fine grained that only an average index of refraction could
be obtained. l/u:1.495 +.010. Table 6 shows the *-ray d.atafor this lecon-
tite and for a similar specimen in the Brush collection (yale), No. 1696,
received directly from Taylor, and also including the bat hairs. The
pattern of reagent sodium sulfate (thenardite), in the same table is some-
what similar, but differs significantly from that of lecontite.

Teer,r 6. X-nev Pownrn Derl lon Locoxrtln aNo TnrNanorm

d Ad Ad A

< < /

s  .07
4 6 5
4 3 7
3 -87
3 . 4 3
3 .30
3 . 1 9
3 . 0 2
2 . 8 4
2 7 7
2 . 6 3
2 . 4 7 5
2 . 4 t l
2 . 3 2 7
Z . I J I

2.049
1 .965
L d.).r

r .670
1 .605
1  . 5 5 1

5 . 6 1
s  . 0 1
4 . 6 2
3 9 0
3 . 3 9
3 0 4
2 . 8 6
2 6 8
2 . 1 6 1
1 981
1 . 8 7 3

4 . 6 3
3 . 8 2
J  l /
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2 . 7 8
2 . 6 4
2 . 3 3
2 2 0
r . 9 2
1  . 8 6
1 . 8 0
| . 6 7
1 . 6 0
I , J J
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8

4
4

10
8
o
1
0 . 5
8
1
4
I

3
2

4
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3B
3B
9
1 B
8
2
3
3

1.
10
9
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6B

7
1
o

6
1
7
4
1
1
1
5
I
1
1

1. Vaux Collection No. 15337 lecontite, Comayagua, Honduras
2. Brush collection No. 1696 recontite from cave of Las piedras, comayagua, Hon-

duras, received from Taylor.
3. Thenardite. Reagent sodium sullate.
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this part consisting of water and (NHDzSOa; the residue is essentially

KzSOr. A necessarily summary analysis because of the small quantity

available was done by M. Arsandaux and indicated a composition of

approximatdly
4s.7%
28.1To
2s.0%

"The mineral is colorless, does not seem to possess a good cleavage,

and is biaxial positive; the angle of the optic axes seems small [faible].
The only known substance which corresponds to this composition is

lecontite SOa(NHr,Na,K)z' 2HzO which occurs under similar conditions
(in caves) at Las Piedras in Central America. The latter is optically

negative. The mineral we are dealing with is probably an analogue rich

in potassium."
Oxammite

"(NH+)zCzOE 2HzO."  Orthorhombic 2Y:( - )  62" ;  l r r * :1.438;  Nv
:1 .547 ;  1 r r , : 1 .595 ;  X :c ,  Y :  a ,  Z :6  (W inche l l ,  1933 ,  p .  89 ) .  F rom

guano of the Guanap6 Is., Peru.
Shepard (1370) described "oxalate of ammonia in very delicate but

perfect crystals, which, as it has not been described as a natural sub-

stance, may receive the name oxammite." Shepard did not indicate that

the material was a hydrate.(Cf. the section below on material from the

mummified birds.)
Shepard (1870) described a material for which he proposed the name

guanapite. His analysis of the material is given below:

Sulfate of potash 67.75T0

Suifate of ammonia 29.2OTa

Oxalate of ammonia 3.75%

In the same article he described a substance

40.20vo
29.277o
30.4670

and proposed the name guanoxalite. Whether or not the two substances

are simply mixtures of substances like taylorite and oxammite could

not, of course, be demonstrated unless Shepard's type material were

available. There is no available evidence for their homogeneity. Whether

true sulfoxalates exist has not, so far as we are aware' been determined;

an investigation of the system (NH4)KrSO4-(NHr)rCrOo'HzO should

settle the question of the existence of guanoxalite.
A fossil penguin egg from the Columbia University Collection was

analyzed with the result shown in Table 7 (Hutchinson, 1950, p. 94,

K:SOr
(NHr,S04
HrO

Sulfate of potash

Oxalate of ammonia
Water
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anal. XII). The analysis indicates a formula (NHn)rO.CzOyH2O, that
is, a monohydrate. Optical study of the material yielded 1[*:1.440;
Nv:1.470;,V,: 1.580 which agree with the published data for oxammite.
Table 8 shows the x-ray data for fossil egg material, for material from
Shepard's mummified birds, and for reagent ammonium oxalate mono-
hydrate.

Tarr,n 7. Cnnursrrv ol Oxaulrrrn

Deduct Deduct Remainder
NasPO4 Arcanite Oxammite

SO:
(NHt,o
KtO

NazO
Oxalate (as CzOa)
PzOs
HzO (by ditr.)
Insol.

8.227 .103 mol
29 .09  .562
5 . 9 1  . 0 6 6
5.87  .095

3 7 . 3 9  . 5 1 9
4.14  .029
8.85  .491
0 .  5 3

.103

.037 .525

.066
.087

.029

( .088)
. 5 1 9

.491

ANetvsr, Mrs, J. K. Sellot-.

Taern 8. X-Rev Powonn Dera. lon Oxeuune

6 .33
3 -79
J . Z J

3 .05
2 . 8 8
z . o l

2 . 6 0
2 4 5
2 . 3 9
z . t J

8
7
x

6
6
6

108
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5
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x
o
7
8
8
8
o
6
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3B
3B
2B
28
I

7
6
4

.)
10
10

i

4
I

6 . 3 7
3 .83
J  .4 . )

3 . 2 8
3 .08
2 .88
2 . 6 8
2 . 6 0
2 . 4 7
2  . 3 9 '
2 . t 6
2 . 0 7
2 . 0 2
1  . 8 6
r . / o
1 . 6 9

6 . 4 6
3  . 8 3
3 . 4 9
3 . 2 9
3 . O 7
2 .88
2 . 6 8
2 . 6 2
I  A 1

2 . 4 0
2 . 1 6
2 . 0 2
1 .89
1 . 8 4
r . / . )
1 . 6 9

1. Oxammite from fossil egg of a penguin (Spheniscus humbold,ti) from the Roebling
collection of Columbia University (Hutchinson, 1950, p. 94).

2. Oxammite from Shepard's mummified birds, Peabody Museum (Yale).
3. Reagent (NHr)sC:Or. HzO.
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An analysis by Tanner, quoted by Dana (1892, p. 994) gives the com-

position of an ammonium oxalate from Guanap6, Peru, which is very

close to (NH4)2C2O4'2HzO, and which appears to be the only analysis

of the material, and the only evidence that a dihydrate exists as a natural

substance.
Professor J. H. Yoe of the University of Virginia, where Tanner's

original type specimen should be located, stated* that the material

was probably lost in a fire which destroyed the chemistry laboratory

in 1916.
By a fortunate coincidence the Peabody Museum at Yale contains

some mummified birds which were from the boatload of guano that

Shepard examined. This material is thus as close an approach to type

oxammite as now can be obtained. Four specimens of crystalline material

were picked ofi the skin of these sub-fossils and all four had diffraction
patterns (Table 8, col. 2) identical with that of reagent ammonium

oxalate monohydrate.
The ordinary laboratory salt is the monohydrate. Winchell (1943, p.

25) gives the indices in Na light f or artificial monohydrate as /y'' : 1.4383 ;
1 / " : 1 . 5 4 7 5 ; 1 / , : 1 . 5 9 5 0 ;  2 V : ( - )  6 1 "  4 4 ' ;  X : c ;  Y :  a ; Z : b .

The analysis of the material from the fossil egg agrees with (NH+)zCzOn
.HzO. This material and material from Shepard's mummified birds agree

with reagent monohydrate in c-ray diffraction pattern and indices of

refraction. Evidently Shepard had a monohydrate and the name oxam-

mite should be reserved for naturally occurring ammonium oxalate

monohydrate.

Suulranv

Taylorite is essentially ammonian arcanite. It has been found in guano

of both the Chincha and Guanap6 Islands. Taylor's original type speci-

men is believed to be in the Vaux Collection, and Iabelled mascagnite.

A small sample from this specimen has been analyzed, establishing the

mineral as an ammonian arcanite. Ammonian aphthitalite occurs as a

guano mineral in Peru. Oxammite from the same cargo as Shepard's

type material gives an lc-ray difiraction pattern identical with that of

ammonium oxalate monohydrate, which was also found replacing a

penguin egg. X-ray and optical data are given for these minerals. Lecon-

tite appears to be a valid species.
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