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SANTAFEITE, A NEW HYDRATED VANADATE

FRON{ NEW N{EXICO*

NIrNc-SneN SuN eNp RorBnr H. Wonrn, l{ew Mexico Bureau

of M'ines and, Mineral Resources, Socorro, New Metcico'

Assrnec:r

bo:30.00+.02 A; co:6.33 + '02 A.
The minerai is named santafeite, after the Atchison, Topeka and santa Fe Railroad

company, in recognition of its pioneer exploration and development of the uranium deposits

in New Mexico.

IurnonucrroN

In the course of a reconnaissance of uranium mineral deposits in the

Grants district in the spring of 1951, a small sample of santafeite was

collected by weber from a clifi-face outcrop of the Jurassic Todilto

limestone in section 25,T.13 N., R. 10 W. The locality is about 12 miles

north of Grants;approximately one mile northward in NIcKinley County

from the l{cKinley-Valencia County l ine, New Mexico'

Preliminary optical, x-ray, and. semiquantitative spectrographic anal-

ysis (which reported significant amounts of silica, alumina, manganese'

and vanadium) Ied to the tentative identification of the mineral as

ardennite (abstract, A m. M ineral., 40, 338, 1955)' Through the courtesies

of Drs. Hugo Strunz and Clifford Frondel the writers received a sample

of ardennite from Salm Chateau, Belgium. Comparison of the r-ray

powder pattern of the Grants material with the Salm Chateau aidennite

sho*ed conclusively that the Grants material was not ardennite. A

second, more precise, semiquantitative spectrographic analysis revealed

that the unknown mineral was not a sil icate, but a hydrated manganese

vanadate.
Insufficient material was present in the original sample to permit a

* Published by permission of the Director, New Mexico Bureau of Mines and Mineral

Resources.
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complete chemical analysis, so the local i ty was revisited by the writers
in the summer of 1954. rt  was found that the outcrop from which the
original sample was taken had been destroyed by subsequent mining op_
erations, and none of the santafeite left  exposed in 1951 remained. A
second search of most of the .cl i f i  edge and surface mine workings in the
Todilto limestone between san I'rateo road and Haystack Morintai,, in
1955 was also fruit less. Fortunately, however, an addit ional 100 mil l i -

OccunnBNcB

Puysrcar, .q.Nl Oprrcal pr<crprrrtps

santafeite occurs as well-defined rosettes of radially oriented acicular
crystals (Fig. 1). rndividual rosettes range from about 1.5 mm. to 4 mm.
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of Todilto limestone.

in diameter. Some of them are triangular in profile along the diameter'

is distinct.

CnBltrcar CouPosrrroN

Fro. 1. Santafeite rosettes with associated calcite (c) on joint surface
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scopic' prismatic crystals, but the spectrographic analysis shows many
trace constituents. Although the mineral appears to be essentially a
hydrated calcium manganese vanadate, many of the minor elements
must substitute for the major constituents. several of the minor elements
have to be determined in order to make a satisfactory totar for the
analysis." The results of the semi-quantitative spectrographic analysis
are l isted in Table 1.

The small amount of 
-the original sample, and the additional 100 mg.

of santafeite subsequently coilected by Mr. Robert Thaden and Dr. Arice
D' weeks were processed for partial quantitative micro-chemical analy-
sis in the u. S' Geological Survey Laboratory. The resurts of this analysis
are l isted in Table 2. At the suggestion of Mr. Robert Meyrowitz, the
analyst, a footnote describing the procedures and methods used is at the
end of rable 2, so that "one can better evaluate the reliability of an
analytical result when the method used for the determination is k.ro*r.
This is especially true in the analysis of small amounts of material,,,
(Robert Meyrowitz, letter of June 10, 1957). The writers believe that
the procedures and methods used by Mr. Meyrowitz provide a varuabre
reference for those who have similar problems in the chemical analysis
of small samples of a complex mineral.

The chemical formula of santafeite, calcurated from the partiar
quantitative micro-chemical analysis, is NazO 2MnOz.O(ltn,Ca,Sr)O
'3(V,As)2O5 8H:O. The FezOe, CoO, NiO, COz, CuO, UO3, and SiOz
shown by the chemical analysis to be present in santafeite are considered
to be impurit ies contributed by associated hematite, l imestone, and
cuprosklodowskite.

Because of the complex nature of the chemical composition, and the
small quantity of the anaryzed, sample, the carculated ihemicar formura
of santafeite may be subject to revision. The analysis shows a total of
96'2 per cent, of which several per cent probabry represent impurit ies.
Based on the measured density and the unit cell dimensions of ihe min-
eral, the calculated morecular weight of santafeite is 17g7.41, assuming
that there are two molecules in the unit celr. However, the morecular
weight based on the calcurated chemical formura of santafeite is onry
1449.12. The measured density is 3.3z9,but some crystals deviate slightly
from this value, Ieading one to suspect that a portion of the discrepancy
in the molecular weights may be due to the difference in density of ttr.
individual crystals.

X-Ray Analysis

Cel l  d imensions are ao:9.25+.02 A,  bo:30.00*.02 A,  and co:6.33
+ '02 L, calculated from the ho}, )k},'and 001 reflections on the weis-
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Ta.nr-r 1 Srur-QuaNrrratrvr Spucrnocnepnrc Ar'rer-vsrs or SeN:rlTnrrE FRoM

McKrNr,nv CouNtv, Nrw Mnxrco

Analyst: Katherine E. Valentine, Naval Gun Factory Laboratory' Geochemistry

and Petrology Branch, U' S Geological Survey
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Figures are reported to the nearest number in the series 10, 3' 1' '3 etc'' in per cent'

Eighty per cent of the reported results may be expected to agree with the results of quanti-

tative methods.
Symbols used are: - not looked for;0 looked for, but not detected; M major constitu-

ent greater than I07o.

Nore:Thestandardsensi t iv i t iesfor theelementsdeterminedbythesemi-quant i tat ive

spectrographic method are those established by the Naval Gun Factory Laboratory, Geo-

chemistry and Petrology Branch, U' S. Geological Survey'

senberg photographs. X-ray powder dif iraction data obtained through

use of a Norelco 114.59 mm. diameter powder camera' and a Nore'co

Geiger counter tr-ray diffractometer, and the calculated indices of reflec-

tions are listed in 'l'able 3. The measured d values are in fairly good

asreement with the calculated values' The space group' designated as
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Tesr,r 2. penrrer, Cneurcer, ANarvsrs or S.lNra.l.nrrr
(Analyst: Robert Meyrowitz, Naval Gun Factory Laboratory, Geochemistry and

Petrology Branch, U. S. Geological Survey, Washington, D. C.

Constituent % Footnote Constituent % Footnote

VrOu
MnO:
MnO
CaO
SrO
Na2O
KrO

AszOa
FerOs

3 5 . 6
16.6
l J .  /

6 . 2
6 . 0
4 1

<0  1

2 . 2
0 . 9

p

h
I

I

i , o
k , o
l , o
h r o

CoO
Nio
CUO
UO,
Insol*SiO:
HrO
CO:

Total
H,O(-)

0 . 1  d ,  g
0 . 1  € ,  g
0 . 5  f ,  g
0 .3  t r ,  o
0 . 8  b ,  g
8 . 8  q
0 .3  q ,

96 .2
0  2  a , g

822Q, D25, was determined according to the condition of non-extinction
of reflections shown by Weissenberg photographs. The criteria of non_
extinction are: (h+t) is even for hkl,l is even lor \kl, Z is even for hk\,
(h+t) is even for h\l, h, k, and, I are even for h00,0fr0, and 00/ respec_
tively.

Santafeite is highly brittle, tending to break even under very slisht
pressure.  Smal l  gra ins about  0.2 mm. rong and 0.1 mm. th ick were"se-
lected for single crystal study by Laue, rotation, and Weissenberg
methods' Laue photographs were taken with the r-ray beam parailel to
each of the three crystallographic axes. The Laue phoiograph with r_ray
beam parallel to the o-axis (Fig. 2.A) shows most reflections sharply de_
!ned' 

A photograph with beam parallel to the c-axis is similar io Fig.
2A. A photograph with beam parallel to the D-axis is shown in Fig. 28, in
which both sharp reflections and diffuse streaks are evident. rndices of
some of the reflections were obtained from a gnomonic projection of this
photograph. An orthorhombic symmetry is indicated for santafeite by
the Laue patterns.

. 
Rotation photographs about the o-axis and c-axis (Fig. 2D) show only

layer lines of the first kind, with sharp reflections. The rotation photo-
graph about the D-axis (Fig. 2c), however, shows so-called layer l ines of
the second kind that are characterized in part by sharp spots, and in part
by diffuse streaks. rndices of the reflections along the zerola.yer line, de-
rived by the graphic method, are risted in Table 4. rndices of the diffuse
streaks on the zero layer l ine are 101, 301, 103, and 303. It appears that
the diffuse streaks result from layer displacements of santafeite in the
oc plane.
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Tesm 3. X-Rev Powonn Drllnecrrox Dlra: Fe Reoratrox, Mn Frr-rrn
FeKa:1.93728 A
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Frc. 2. A. Laue photograph of santafeite, r-ray beam parallel to a-axis. B. Laue photo-
graph with *-ray beam parallel to 6-axis; distance between crystal and film 6.64 cm. Note
sharp spots and diffuse streaks reflections. c. b-axis rotation photograph. Note sharp spots
and difiuse streaks of layer lines of the second kind. D. c-axis rotation photographl camera
diameter 57.3 mm. Scale of all four photographs indicated on Fig. 2D.
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plied additional material for analysis that she and 1\llr. Robert Thaden

collected, and offered many helpful suggestions. N[r. Robert Meyrowitz

made the very diff icult quantitative microchemical analysis, and pro-

vided the footnote outline of the procedure used. X{iss Katherine E.

Valentine contributed the spectrographic analysis. To these and others

who assisted them, the writers extend their sincere thanks.

Dr. Abraham Rosenzweig of the University of New X{exico kindly

helped in the space group interpretation.

The selection of the procedures used for the chemical analysis was based on the semi-

quantitative spectrographic analysis of the mineral by Katherine E. valentine, Tws-2841,

August  31,  1956.

Footnotes:

(a) Dried to constant weight at 110+5" C.
(b) The ,,Insoluble*SiO:" was determined gravimetrically by dehydration in a hydro-

chloric acid solution of the mineral using a quartz crucible.

(c) FerO3 was determined spectrophotometrically by the o-phenanthroline procedure

using an aliquot of the filtrate from the "Insoluble*SiOz" determination'

(d) CoO was determined spectrophotometrically by the nitroso-R srlt procedure

(Acetate Medium) as clescribed by E. B. Sandell, "colorimetric Determination of

Traces of Metals, 2nd edition, 1950, page 277, using an aliquot o{ the filtrate from

the "Insolublef SiOz" determination.
(e) Nio was determined spectrophotometrically using dimethylglyoxime according

to the procedure of W. Oelschl?iger, Z. AnaI. Chem., 146,346-50 (1955)' An ali-

quot of the filtrate from the "Insoluble*SiOr" determination $'as used'

Difiuse
reflections

t0 t

301

103

303

10
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(f) cuo was determined spectrophotometrically using sodium diethyldithiocar-
bamate according to the procedure of K. L. Cheng ancl R. H. Bray, Anal. Chem.,
25' 655-59 (1953). An aliquot of the filtrate from the "rnsolublefsioz" deter-
mination was used.

(g) The sample size for the HsO(-), ,,InsolublefSiOz,,'FerOr, CoO, NiO and CuO
determinations rvas approximately 18 mg.

(h) The total vanadium calculated as v:or was determined spectrophotometrically
using the hydrogen peroxide procedure. The sample was dissolved using hydro-
chloric acid. After oxidation by ammonium peroxydisuifate, the precipitate of
manganese dioxide formed was dissolved by the addition of hydrogen peroxide.
orthophosphoric acid was used to mask the iron present. The sample size was
approximately 4 mg. It was found that the mineral was not completely decom_
posed by boiling (1f3) HzSOq. The mineral was completely decomposed by
evaporation to SOs fumes.

(i) The total manganese was determined spectrophotometrically using the peroxy-
disulfate procedure described by E. B. sandell, colorimetric Determination of
Traces of Metals,2nd Edition, 1950, pages 433-34. The sample size was approx_
imately 2 mg. The total ,,available oxygen', was determined as follows: .Ihe

sample and a weighed amount of FeSOr (NHn)rSOn 6H:O were boiled in a
(1+9) Hrso, solution under an atmosphere of Nz. The sample was completery de-
composed. After the addition of ortho-phosphoric acid, the soiution was titrated
with standard 0.03N K2cr2o7 using sodium diphenylamine sulfonate as an indi-
cator, to determine the excess Fe(SOr) .(NHn)rSOn 6H:O. The samDle size was
approximately 7 mg. The,,avai lable oxygen,,was arbi t rar i l l .calculated as MnO,
after correcting for that due to vzoa. The remaining manganese is reported as
MnO.

(j) CaO was determined by flame photometry (wave length:554 mrr). The sample
solution was compared to standard calcium solutions containing approximately
the same concentration of sodium, strontium, vanadium, -urrgurr"a", and iron
present in the solution of the sample.

(k) SrO was determined by flame photometry (wave length:461 mp). The sample
solution was compared to standard strontium solutions containing approximately
the same concentration of calcium, sodium, vanaclium, -u.rgun.al, and iron
present in the solution of the sample.

0) Na2O was determined by flame photometry (wave length:5g9 mp). The'sample
solution was compared to standard sodium solutions containing approximately
the same concentrations of calcium, strontium, vanadium, manganese, and iron
present in the solution of the sample.

(m) KzO was determined by I iame photometry (wave length:765 mp).  The sample
solution was compared to standarcl potassium solutions containing approximately
the same concentrations of sodium, calcium, strontium, vanadium, manganese.
and iron present in the solution of the sample.

(n) UOg was determined fluorimetrically by Grafton J. Daniels.
(o) A hydrochloric acid solution of the sample was used for the CaO, SrO, Na2O, K2O

and uo3 determinations. The sample size was approximately 16 mg. A Beckman
Flame Spectrophotometer (DU) was used for the flame photometrv. The flame
was hydrogen-oxygen.

(p) As:or was determined spectrophotometrically after separation as the bromide
according to a modified procedure of J. C. Bartlet, Margaret Wood, and R. A.
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Chapman, AnaI. Ch.em.,24, l82l-24 (1952). The sample size was approximately
1.3 mg.

(q) HzO and COz were determined by use of modified microcombustion train of the
type used for the determination of carbon and hydrogen in organic compounds.
The sample was dtlcomposed by ignition at 900' C. in a stream of oxygen. The
sample size was approximately 20 mg.
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