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AssrrA,ctr
A rapid microspectrochemical method is presented for the estimation of 68 elements

from a single arcing of 1 mg. or less of sample.
The results are obtained through visual estimates of line intensities based on synthetic

powder standards and reported in percentage brackets of 10 to 3, 3 to 1, 1 to 0.3, etc. No
attempt is made to attain any high degree of detectability because a knowledge of the trace
element content is not necessary for mineral identification.

A spectrographic emulsion with high speed in the red part of the spectrum and low
speed in the ultraviolet part was adapted to these procedures by installing an extra slide in
the plateholder. This slide permitted limited exposure of the high wavelengths while the
alkalies were in the arc vapor and at the same time the ultraviolet part was exposed during
the total arcing period.

INrnolucrroN

Microspectrochemical analysis is used commonly in the Geological
Survey laboratory in conjunction with *-ray difftaction methods for the
identification of unknown minerals and as an aid in selecting chemical
procedures when a Iimited amount of sample is available.

fn the past, the spectrographic procedures described by Stich (1953)
were used to aid the mineral identifications. The techniques applied to
the I-L (Eastman) type of spectrographic plates which responded equally
well to the ultraviolet and red portions of the spectrum (2000 to 10,000
A;. ft i . necessary to cover the range of the spectrum in one arcing of the
limited sample. This makes it possible to estimate the percentage of all
significant elements present. The diicontinuance of the I-L plates by the
manufacturer created a problem with reference to continuing the spec-
trochemical analyses of small mineral samples.

The manufacturer has recommended the I-N (Eastman) type of
spectrographic emulsion to replace the I-L series. Tests with the I-N
plates have shown this type to be out of balance, when the conditions
Stich used were applied to identifying small mineral samples, because of
the great speed in the red part of the spectrum and diminished response
in the ultraviolet. For example, a set of spectrographic conditions that
gave enough intensity for the identification of B, Si, Be, and other ele-
ments in the ultraviolet would completely overexpose K, Na, Li, Rb, and
Cs in the red part of the spectrum. In order to find a suitable method for
the 1-N plates, many unsuccessful tests with fi l ters were made. By in-

* Publication authorized by the Director, U. S. Geological Survey.
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stalling a special slide in the plateholder, permitting the principle of

photographic dodging to be applied, a better balance was obtained.

The results by the techniques described are especially useful in dis-

tinguishing between similar minerals such as autunite, torbernite,

sal6eite, and to aid in the identif ication of metamict specimens. The infor-

mation provided has a high degree of reliabil i ty because no compounds

are added to the samples prior to arcing, and it is possible to correlate

r-ray and spectrographic data on the same material.

APPARATUS

Spectrograph, medium quartz, dispersion varying from 4.6 A/mm. at 2500 A to 11.5 A

f mm. at 7000 A. Special opaque slide installed in plateholder in addition to the

regular slide.
Excitation source, fuil wave mercury vapor rectifier, 220 volts, 15 amperes maximum, in-

ductance for smooth operation of arc, rheostat for controlling the current, connected

in series with the arc. The rheostat has three fixed positions of 74, 38, and 19 ohms,

producing 2,4, and 9 amperes.

Neutral filters

Viewing box; magnifier or comparator.

DeVeloping equipment, rocking development tank, plate washer and drier.

Electrodes, lower I in. pure spectroscopic graphite rod 1| in. long.

Crater, outside diameter

Crater, inside diameter
Crater, depth

Outside shoulder below crater rim

O.223 in.
0.193 in.
0 180 in.
0.tt4 in.

Electrode, upper, I in. pure graphite rod, cut to 0.06 in. hemispherical radius.

Precision balance
Iron rod, ] in. pure as obtainable for reference spectra.

Aluminum alloy, used as reference, and standard if composition is known'

SraNpenos

The method of preparing standards was first suggested by Murata (in

Fleischer, Murata, Fletcher, and Narten, 1952) and Iater by Bastron and

others (1960). These standards are known as the pegmatite type, and the

base consists of 60 parts of purif ied qvartz,40 parts of microcline, and 1

part of FezOa.
The elements to be sought are added to the matrix as pure oxides and

thoroughly ground in agate or boron carbide mortars. For example, the

elements Cu, Ni, Co, Ti, Mn, and Zr, which have similar burning char-

acteristics and often occur together in nature, are added to pegmatite

base to make one stock standard. For the micro work covering 69 ele-

ments, 20 stock standards were prepared and their groupings are shown

in Table 1. The element groupings were diluted with pegmatite base to
produce concentrat ions of  10,  5.6,  1.8,  0.56,0.18,0.056 and 0 '018 per  cent
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Standard
No.

Element groupings
Standard

No.
Element groupings

I
2
3
4

6
7
8
9

t0

I I
t 2
13
l4
I J

16
t 7
18
t9
20

W, Tl, Ru, Os, Ir
Sc, Ge, B, Pb
Sn, Mo, Be, Re, Cr, V
Hf, Mg, Sr, Ca, Ba
Ga, A1
Tm, Tb, Lu, Ho, Eu
Si
Sm, Pr, Nd, La, Ce
Yb, Er, Gd, Dy, Y
Ta, Nb

Rb, Cs, K, Li
Th
U
Pt, Pd, Rh, AU, Ag
In, Zn, Sb, Bi, Cd
Te, P, Hg, As
Na, Li, Cs, Rb
Zr, Cu,Mn, Ni, Ti, Co
Fe
F

of each element. These element percentages are the approximate mid-
points of the brackets 10 to 3, 3 to 1, etc.

The elements Si, K, Al, and Fe require special standards because they
are present in the matrix material. The Si standard matrix consisted of
8.8 parts AI2O3, 1 part Na2CO3, and 0.2 part Fe2Oa. The K standard
matr ix  components were:  quar tz ,8.1 par ts l  AIzOa,0.88 par t ;  NazCOs, 1
part; and FezOs,0.1 part. The Al matrix consisted oI q,aartz,25 parts;
Na2COB,3 par ts ;  CaCO3, 1.7 par ts ,  and FezOa,0.3 par t .  The Fe matr ix
ingredients were quartz ,9.1 par ts ;  AlzOa,0.88 par t ;  and CoaOn,0.1 par t .
The matrix composition of the standards for these elements has been
found satisfactory for the identification work on the basis of previous
tests.

Each element grouping is used to prepare a standard plate. The elec-
trodes are loaded with 1 mg. of the standard mixture containing 10, 5.6,
1 .8 ,0 .56 ,0 .18 ,0 .056 ,  and  0 .018  pe r  cen t  o f  each  e lemen t .  These  e lec -
trodes are arced to completion at 8-9 amperes a\d 220 volts. Iron and
aluminum alloy are also arced on each plate for reference spectra.

The following source and plate processing conditions are used:

Resistance
Amperes
Spectrograph
stit
Optics
Emulsion
Development
Gup
Transmission

19 ohms
8-9
medium quartz
1op
arc focused on collimating lens
I-N (Eastman)
4 min. at 18' C. + +' C., D-19
5-6 mm.
4016 (neutral filters)
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Tarr,e 2. Spncrner, Lrnas Usno rN rne Mrcno-Spectnocrrurcel Mnmoo

Wave lengths in A

Ag
3280.7
3382.9
5465 .5

AI
2 5 6 8 . 0
2 5 7  5  . r
2 6 5 2 . 5
2660.4
3059 .9
3082.2
3092.7

As
2288.1
2349.8
2860 .5
2780.2
2898.7
2 4 9 2 . 9

Au
2 6 7 5 . 9
2427 .9
3 1 2 2 . 8
2748.3
2700.9
26+1 .5
2 3 5 2 . 7

B
2496.7
2497 .8

Ba
4934.1
6141 .7
.)6.).t . /

3071.6
2 6 3 4 . 8
5535 . s
4554.0
2 3 3 5 . 3

Be
3 1 3 1 . 1
3 1 3 0 . 4
2348.6
3 3 2 1  . 3
2350.7

Bi
s067 .7
2938.3
2897 .9
3024.6
2989.0

2780.5
2627 .9

Ca
4 2 2 6 . 7
3179.3
3  1 5 8  . 9
8542.1
8662.1
8498.0
4456.6

cd
3261.r
2980.6
2288.0
2 2 6 5 . 0
4799.9
2981 .3
2 8 3 6 . 9
3 4 6 6 . 2
2 7 6 3 . 9

Ce
4 2 2 2 . 6
3 2 7 2 . 3
3056 .8
3055 .2
2651 0
4 1 8 6 . 6
4040.7
4012.4

Co
.14.).t ..')

3 + t 2 . 6
3 4 1 2 . 3
3044.0
2521 .4
2 6 6 3 . 5
2649.9
2 5 t 9 . 8
3465 .8
3449.2
3283 .5
3243.8

Cr
+289.7
4 2 7 4 . 8
425+.3
2843.3
2835 .6
2860.9
t d 5 . )  .  /

2769.9
2731 .9

Cs
8 5 2 1 . 1
4593.0
4555 .5

32+7 .5

Cu
3 2 7 4 . 0
3247 .5
2618.4
2 4 9 2 . 1
2 7 6 6 . +
2+41 .6
2824.4
2 2 9 3 . 9

Dy
3407 .8
3393 .6
3 3 8 5 . 0
3280.1
3251 .3
3645.4
3454.3

Er
3264.8
3230.6
2964.5
+419.6
3499.1
3 3 7 2 . 8

Eu
2813.9
2906.7
2 7 2 7  . 8
2665.6
2678.3
2 8 t 4 . 0
2 8 t 6 . 2
4435.6

F
CaFz
Band
Heads
5291 .0
6036 .9
6064.4

Fe
3020.6
2599.+
2 7 3 9 . 5
2598.4
3 1 0 0 . 3

3099 .9
3099.8
2598.4

Ga
2943.6
2944.2
2874.2
2719.6
2500.2

Gd
3 1 0 0 . 5
3 0 3 4 . 1
3 0 3 2 . 8
3027 .6
2840.2
2809 .7
3671.2
3646.2
3358 .6
3082.0

Ge
3039.  1
2651 .6
2651 2
3269.5
2691 .3
2740.4
2589.2
2533.3

Hf
.t l.t4 . /
3 0 7 2 . 9
3012.9
2861 7
2861 .O
2683.4
2531 .2
2820.2
2 7 7 3 . 4

Hg
2536 . s
3 1 3 1  .  8
3 1 3 1 . 5
3125.7
4358 .3
3650.2

Ho
3456 .0
3453.1
3416 .5
3398 .9
4254.4

In
3 2 5 6 . t
3039 .4
3258.6
2 7 5 3 . 9
27 r0  .3
4 5 1 1 . 3

Ir
3 2 2 0 . 8
2 6 3 9 . 7
2543.9
2534.5
2 5 3 3 . 1
2664.8
2849.7
2 9 2 4 . 8

K
7698.9
7664 9
4047 .2
40+4. r

3446.4

La
3337 .s
334+.6
3 3 0 3 . 1
3265.7
2808 4
2610.3
3380.9
4333 .8
4429.9

Li
6707 .8
6103 .6
3 2 3 2 . 6
2 7 4 r . 3

Lu
3077 .6
2615.4
2619.s
2 6 1 3 . 4
2685 .1
2 3 9 2 . 2
2 9 r r . 4
3 1 9 8 . 1

Mg
2 8 5 2 . r
2802.7
2795.5
2 7 8 2 . 9

2 7 7 9  . 8
z l l o . l
4351 .9

Mn
2576 1
2605.7
2593.7
2939.3
2 9 3 3 . 1
3044.6
2584.3
2798.s

Mo
3193.9
s 1 7 0 . 3
2816.2
3208 8
3158.2
2784.9
2 7 6 3 . 6
4 2 5 r . 9

Na
5895.9
5889 .9
3 3 0 2 . 9
3302.3

Nb
3 2 2 5 . 5
3094.2
2 9 3 r . 5
2 8 7 6 . 9
287 5  .4
2 7 4 6 . t
2745.7
3358 .4

Nd
4303.6
42+7 .4
3 3 2 8 . 3
3 2 7 5 . 2
+ 3 2 5 . 8

Ni
3050 .8
3002 .5
2 9 9 2 . 6
2943.9
2907 .5
2798.7
3492.9
3433.6
3414.8
2 3 2 0 . 1
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T rst-n 2- (c o nt i,nu ed.)

Os
3 0 5 8 . 7
2909.1
3 3 0 1 . 6
2838.6

P
2s53 .3
2535.7
2554.9
2534.0

Pb
28s3. r
2802.O
2 6 1 4 . 2
2 8 7 3 . 3
2823 2
2663.2
2393.8

Pd
3421 .2
3 2 4 2 . 7
3 2 5 r . 6
2 7 6 3 . r
3002.7
2 9 2 2 . 0
3 1 1 4 . 0
3634.7

Pr
4241 .0
4 2 2 5 . 3
5 3 2 2 . 8
5259 .7
+206.7

Pt
s064.7
2997 .9
2659.5
2650.8
2646.9
2803.2
2639.4
4242.6
30+2.6

Rb
7947 .6
7800.2
4297 .7
3436.7
3+28.3
2810.6
2 8 1 0  . 0

Re
s464.7
3460 .5
2 7  1 5  . 5
2674.s

Rh
3434.9
3396.9
3283.6
3280.6
3 2 7 1 . 6
3 2 6 3 . 1
4374.8

Ru
2874.9
2 7 3 5 . 7
2 6 7 8 . 8
2886 .5
2 7 3 4 . 3
2 8 1 0 . 0
2810.6
3428.3
3436.7
4297 .7

Sb
2598.r
2877 .9
2 7 6 9 . 9
2718 .9
2 6 7 0 . 6
3267 .5
2528.5
2311.5

2 5 5 2 . 4
2555 .8
2545.2
2 8 2 2 . r
3019 .3
3369.0
3907 .5
3 9 1 1 . 8
4246.8

Si
2881 .6
2516. r
2987 .6
2435.2
2 5 3 2 . 4
2438.8
2528.5
2 5 2 + . 1

Sm
J Z l 5 . 5

3 2 7 2 . 8
3254.4
3254.3
3 2 5 3 . 9
4256.4
4424.4

Sn
3 0 3 4 . 1
2839.9
3 0 0 9 . 1
2863.3
2850 .6
2 6 6 r . 2
2571.6
3 2 6 2 . 3
J I  / J  . I J

Sr
4607 .3
3464.5
4305 .4
3380 .7
3 3 5 1 . 3
2569.5

Ta
2685.1
2 6 3 5 . 9
2 7 1 4 . 7
2 6 7 5 . 9
2902.0
2891 .8
4574.3
3 6 + 2 . 1
3317 .9
3311.2
3012.5

Tb
4 2 7 8 . 5
3324.4
3219.9
3218.9
3 2 9 3 . 1
4318.9

Te
2 3 8 5 . 8
2383.3

Th
2837 .3
2 8 3 2 . 3
2870.4
2 8 4 2 . 8
2 7 0 3 . 9
2565.6
4 3 9 t . r
4619.5
4019.r
3 1 0 8 . 3
2 7 5 2 . 2

Ti
3241 .9
3 2 3 9 . 0
3236 6
3234.5
3088.0
3078.6
3 0 7 2 . 9
3 0 7 2 . r
2956.r

2941 .9
2 6 t 9 . 9
2605.2
3 3 7 2 . 8
3224.2
3088 .0

TI
2767 .9
5350 .5
2918.3
3 7 7  5  . 7
s529.4
3519.2
2767 .9
2 3 7 9 . 6

Tm
3 1 3 3 . 9
3 1 3 1 . 3
4 2 4 2 . 2
3462.2
3 3 6 2 . 6
J I J I . J

3362 .6

U
4244.4
/ a A 1  a

2882.7
4287 .9
3566 .6
2837 .3
2837 .2

v
3 185 .4
3 1 8 3 . 9
3  183 .4
3 2 0 2 . 4
3 1 9 8 . 0
3214.7
3 2 1 2 . 4
4379 2
s 2 7 6 . r
s267 .7
3 1 8 4 . 0

w
2946.9
2+4+.4
2947 .4
2589.2
4302.1
4294.6
3049.7

Y
3 2 4 2 . 3
3 2 1 6 . 7
3200.3
3195 .6
2984.3
2 + 2 2 . 2
3086 .9
3055 .2
3s27 .9

Yb
3289.4
2970 6
3 0 3 1 . 1
2653.8
3107 .9
2891 .4
3988.0

Zn
3345.0
3 3 0 2 . 6
3 2 8 2 . 3
2800.9
4810 .5
2 7 7 0 . 9
2 7 7 0 . 8
4680.1

Zr
3438.2
3391 .9
2758 I
2 7  5 2  . 2
2889.4
2 8 8 8 . 0
3556 .6
3 2 7 3 . 0

Sc
2560.2

Pnocnnunp loR SAMpLES

A 1 mg. or less sample is weighed and placed in a prepared electrode
with the aid of a stainless steel funnel. The sample is subjected to a direct
current arc of 8-9 amperes for a period of 80 seconds. rron and an alumi-
num alloy are also arced under similar conditions to produce reference
spectra. The special shutter on the plateholder is opened at 22 seconds
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T,q.nr,n 3. Aplnoxrulrn Vrsufi Drrrcrrox Lrurrs I',OR TrIE Er-nUBNrS DnrnnurNno

sv rHB MrcnosPEcrRocnEMrcer, Mnruol, Blsep oN 1 Mo' ol Seuprn

Element %

Ag
AI
As
Au
B
Ba
Be
Bi
Ca
Cd
Ce
Co
Cr
Cs
Cu
Dy
Er
Eu
F
Fe
Ga
Gd
Ge

0 .018
0.056
0 .56
0 .018
0.056
0.056
0 .018
0 .018
0.056
0 . 1 8
0 .  18
0 .018
0 .018
0 . 5 6
0 .018
0 .  18
0 .  18
0 .  18
0. 56*
0 .018
0 .018
0 .  18
0.056

FIf
Irg
[Io
In
Ir
K
La
Li
Lu
Mg
Mn
Mo
Na
Nb
Nd
Ni
Os
P
Pb
Pd
Pr
Pt
Rb

1 . 8
0 .56
0.056
0 .018
0 . 5 6
0 .018
0 .056
0 .018
0.056
0 .018
0 .018
0 .018
0 .018
0 .  18
0 . 1 8
0.056
0 .56
0 . 5 6
0.056
0 .018
u . 5 0
0 .018
0.056

Re
Rh
Ru
Sb
Sc
Si
Sm
Su
Sr
Ta
Tb
Te
Th
Ti
TI
Tm
U
V
w
Y
Yb
Zn
Zr

0 .  1 8
0 .  1 8
0 . 5 6
0 . 5 6
0 . 0 1 8
0.056
0 . 5 6
0.056
0.056
0 .  5 6
0 .  1 8

10
0 . 5 6
0 . 0 1 8
0 . 5 6
0 . 0 1 8
0 . 5 6
0 . 0 1 8
u . 5 0
0 . 0 1 8
0 . 0 1 8
0 . 1 8
0 . 1 8

* A second exposure is required for the fluorine determination'

and closed at 62 seconds, exposing the alkali portion of the spectrum one

half of the total arcing time. Some refractory elements, such as Nb, Ta,

andZr, require a second burn of the same sample.

When the sample is very limited, the r-tay spindle is weighed and a

previously determined blank is subtracted. The spindle, frequently con-

iaining as l itt le as 0.01 mg. of sample, is placed in the electrode cup and

arced.

preferred by some operators. AIso, the standard plates and the unknown

plut". rnuy be placed in a comparator in juxtaposition with an enlarge-

ment of approximately twenty times.
The results are reported in the following brackets: 10 to 3, 3 to 1, 0'3 to
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Chemi-
ca,lz

4 . 5  3
5 . 5  3
9 . 9  >  1 0

21.4 >10

3 . 3  3
22 .2  >  10

. 7  1

Kimzeyite Valleriite

Spectro-
chemi-

cal

. Spectro-
Lneml-

," cnemr-
car

cal

0 . 3

1 . 6

. Spectro-
Lneml-

," cneml-
car"

cat

. Spectro-
Lneml-

,. cneml-
cal"

cal

Corvusitelike
mineral Sherwoodite

Ele-
ment

Si
AI
Fe
Mg
Ca
Mn
Ti
Zr
Nb
Cu
V

Chemi-
caI2

Spectro-
chemi-

cal

0 .84  1
4 3  1

2 1  . 2  > 1 0
9 . 8  > 1 0
1 . 2  1

17 .6  >10

0 . 3

J

J

1 . 3  1
. 5  . 3
. 3  . 3

9 .3  >  10

Metaheinrichite
New calcium

vanadyl vanadate

M . l > 1 0 3 1  8  > 1 0

Abernathyite

Ele-
ment

Fe

Ca
K
Ba
T T

AS

Pb
V
Sr

1 . 0 3
. 0 7

1 1 . 9
43.6
9 . 5

7

1

>10
> 1 0
>10

<0 07
6 . 0

Spectro-
chemi-

cal

0.03
3

. Spectro-
Lneml-

,. cneml-
car"

cal

.03
3 6

49.2 >10
21.8 > 10

3 8 . 8  > 1 0
.85 I

1 Chemical analyses by Robert Meyrowitz and Blanche L. Ingram; results as oxides
converted to elements.

2 These minerals have been studied by r-ray diffraction patterns by Daphne R. Ross.

0.1, etc. When less than 1 mg. of unknown is arced, the results are ad-
justed by the appropriate factors.

The estimation of f luorine, the 69th element on our l ist, requires a
separate exposure. An excess of calcium (0.2 mg.) is added to the elec-
trode containing the unknown to produce the calcium fluoride molecular
band which is recorded by the photographic emulsion.
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SpBcrn.qr- LrNns

The lines used for the estimations were selected from the M. I. T.

Wavelength Tables (Harrison, 1939), and are l isted as follows in Table

2, in order of decreasing usefulness. The percentage range for each line is

not included because the wide variety of materials usually tested, and

the interferences encountered, afiect the sensitivities of the lines. Many

different wavelengths are included to help the operator cross-check his

results and also to allow for interferences.
The detectabilities of all elements are shown in Table 3. The percent-

ages shown represent the lowest concentration detectable in the stand-

ard. Some combinations of elements afiect the detectabil it ies; therefore

approximate values are given. In unusually favorable materials, concen-

trations somewhat lower than the values given may be detected. In un-

favorable materials the given detectabil it ies may not be attained for

some of the elements.

CourpanerrvE RESULTS

A comparison of chemical and microspectrochemical analyses oI seven

minerals is shown in Table 4.
The results provided by these techniques are visual estimates and

should be given only a relative quantitative interpretation. Even under

ideal conditions the brackets (10 to 3, 3 to 1, etc.) would overlap. Ex-

perience has shown that the judgment of the operator is important and

his accuracy improves considerably with experience. When identifying

a mineral, the information provided by these spectrographic techniques

should be added to the r-ray diffraction data and (or) other chemical

data before any final identification is made.
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MINERALOGICAL NOTE

Ar,rcn D. Wnnr<s

The method of spectrographic analyses of very small  samples (1 mg. or
Iess) described in the preceding article by C. L. Waring and H. W.
worthing has been extremely useful in many mineralogicar problems.
The method has been used effect ively in the study of uranium, thorium,
rare earth and vanadium minerals, but is equally applicable to other
mineralogical or chemical studies. The spectrographic analyses are
especially helpful in the identification of minerals which are difficult or
unsatisfactory to determine by optical properties or which do not give
unique r-ray diffraction powder patterns; they are very useful for very
small  mineral samples or i f  there is a question in sampling to make sure
that the r-ray pattern and the chemical consti tuents are determined on
the same material.  A few examples fol low.

1) Distinguishing minerals that have similar r-ray powder patterns or checking
minerals in which one element commonly substitutes for another. Metatorbernite
Cu(UOz)z(POr):. 8H:O and metazeunerite Cu(UO:)z(AsOr)z.SHzO give similar r-ray
patterns but the relative abundance of the phosphorus or arsenic anion can be check-
ed spectrographically to give a satisfactory identification on a very small sample. An
analysis also will check the presence of a significant amount of ca, Ba, or various
other elements that commonly substitute for the cation in the autunite and torber-
nite group of minerals. As with many hydration-sensitive minerals, the optical
properties of the autunite-torbernite minerals vary with the hydration and com-
monly overlap from one species to another, resulting in inconclusive optical identi-
fication. The uranyl vanadates in some samples are difficult to distinguish with cer-
tainty from one another by optical properties either because of very fine grain size,
hydration changes, or reaction with high index liquids. The distinctive cation can
be checked spectrographically if necessary, on the *-ray spindle. This is particularly
useful for the ca and Ba in the metatyuyamunite (ca(uoz)zvzos.3-5Hzo)-francevil-
leite (Ba(UOz)zVzOs.3-5HzO) pair which give very similar powder patterns.

2) Identification of small amounts of metamict minerals. This is often dificult because
optical and r-ray determinations may be inconclusive. The spectrographic analysis
may give the necessary additional data to complete the identification.

3) Very small samples or closely associated mineials which are difficult to distinguish
and therefore present sampling problems. The sandstone-type uranium and vana-
dium deposits contain many fine-grained and closely associated minerals. rt may
not be possible to handpick enough pure mineral for many difierent tests or to tell
by binocular examination whether thin coatings scattered on diflerent parts of an
ore sample are the same mineral. rn the study of the colorado plateau samples in
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the early 1950's the problem of sampling was critical as we were trying to accumu-

late data on new minerals and to untangle conflicting data on pooliy defined or

incorrectly described species. Abernathyite (KUOzAsOr.3HzO) is an example of a

mineral that was recognized very quickly as a new mineral on the basis of a I mg.

spectrographic analysis showing the presence of K, u, and As. without the spectro-

graphic check it would have been placed simply in the meta-autunite group'

4) Checking samples Ior r-ray polvder pattem standard films. This is another use of

the spectrographic analysis (if chemically analyzed material is not available) and it

helped to build up a large set of reference *-ray films of minerals in our laboratory

as quickly as possible.

5) Aid in microchemical analyses,of small mineral samples. Spectrographic analyses of

1 mg. or less material have provided useful checks in testing residues or various

steps in the chemical procedure when the sample was not large enough to make all

the tests of a complete chemical analysis

In the past ten years the method of spectrochemical analysis of very small

samples has served as a very efiective exploratory technique before making time-

consuming mineral separations and complete chemical analyses, as a check on other

methods of identification, and as a source of useful semiquantitative data on

composition.




