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ABSTRACT: ý'The author summarizes the history of studies on reflected polarized

light from solid bodies. His objective in the present investigation is
measurement in natural rock material of changes in degree of polarization
of reflected light (of various wavelengths) depending on the phase angle.
Curves were obtained for angular changes in the polarization plane and
the results were compared with curves for the lunar surface. An effort
was made to obtain specimens corresponding as nearly as possible to
lunar types. Twelve -specimens were studied (obsidian, vesicular andesite,
basalt, gneissic granite, biotite granite, quartz, prismatic quartz,
ocherous limonite, two var)eties of tuff, and scoria) in the uncrushed
state and in_ crud form., d < 0.25 mm, 0.25 mm < d < I mm, and I mm < d <
3 mm. -raTin size-of--th--rocks was selected on conclusions concerning
probable microrelief on the moon. The studies were made in the Planetary
Laboratory of Leningrad State University, using the polarimeter of the
Pulkovo Observatory. This polarimeter was attached to the indicating
device (indicatometer) of the University. The model for the experiment
was set up with a lamp to represent the sun, the specimen to represent
the moon, and the polarimeter to represent the earth. All specimens were
investigated with yellow and green Schott filters and without any filter.
Measurements were made at various incident angles at two angles of re-

flection (0 and 450). The results are tabulated.(-It is concluded that:
1) the angular position of the polarization plane iqr all terrestrial
rocks depends on the phase angle, 2) the difference in angle of the
polarization plane for yellow and green light is withIn limits of ex-
perimental error (i.e., the two coincide), 3) the angle of the polari-
zation plane for any rock is independent of degree of ýrushing, 4) this
angle is independent of the reflection angle at which observation is

made, 5) except for prismatic quartz, all rocks have a polarization
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plane that coincides with the plane passing through the specimen,
the illuminating source, and the polarimeter (at large phase angles,

from 28-110°), 6) scoria and ocherous limonite exhibit the most rapid
rotation of the polarization plane at low phase angles, 7) the degree
of polarization is variable for different rocks (the greater the
albedo, the lower the degree of polarization), 8) the degree of
polarization depends on the phase angle and on the degree of crushing
(high degree of polarization with coarser grain), and 9) negative
polarization was observed for ocherous limonite, tuff, scoria,
vesicular andesite, biotite granite, and basalt. Positive polari-
zation changed to negative in the range of phase angles from 12
to 200. For angle of polarization plane, ocherous limonite and
scoria are most like the material on the lunar surface, but of these
only limonite has a degree of polarization similar to that of the
moon. "In conclusion, I express my thanks to A. V. Markov for his
guidance, V. V. Sharonov for supplying the equipment for making the
investigation, A. V. Khabakov for furnishing rock specimens, and
L. P. Nizovtsev for his aid in setting up the equipment." Orig. art.
has: 8 figures and 48 tables. English translation: 21 pages.
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UCATALOGUE OF PARAMIETERS OF POLARIZED LIGHT REFLECTED

BY TERRESTRIAL ROCKS

Ye. K. Kokhan

This paper gives tables of the variation of polarization
and the position angle of the polarization plane of light re-
flected by. terrestrial rocks as a function of phase angle and
degree of pulverization of the rocks. Observations in inte-
grated light and through yellow and green Schott filters were
made with the Pulkovo Observatory electropolarimeter attached
to the indicatometer of the Planetary Laboratory of Leningrad
State University.

1. Historical Review

Laboratory investigations of the polarization of light reflected by solids were

begun in 1852 by the physicists Laprovostaye and Desains [1]. They studied the

light reflected by plates of a black matte glass, as well as plates whose surfaces

were coated with black soot, platinum, white lead, and cinnabar. In 1900, Wright

[2] investigated the polarization of light reflected by pressed powders. In 1903,

N. A. Umov [3] demonstrated that selective depolarization occurs when polarized

light is reflected from colored matte surfaces. In 1910, Salet [41 investigated the

polarization of light reflected by sandstone in the direction of the incident rays.

In 1860, Verdet [5] provided a theory for light polarization in the case of diffuse

reflection. In 1924, S. P. Voronkov and S. I. Pokrovskiy (6] checked this theory.

In addition to the mentioned studies, work has been done on the study of the

polarization of different minerals from the point of view of comparing the results

with the results pertaining to the lunar surface. In 1890, Landerer (7] investi-

gated a large number of polished volcanic rocks. In 1922, Salet [8] studied vari-

ous rocks with various degrees of polishing. In 1926, N. P. Barabashev [9] pub-

lished a more extensive study on the investigation of matte surfaces with different

matte grains. In 1929, Lyot [10] concluded that the polarization caused by re-

flection of light by homogeneous powders is an extremely complex phenomenon and

that a theoretical study of minerals appeared to be completely impossible. There-

fore, a purely experimental approach is necessary in a search for rocks which, from
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the polarization point of view, have the same properties as those of the lunar sur-

face. In 1956, Dolfus (11] demonstrated that the polarization of light reflected

by solids occurs as a result of elementary phenomena of reflection, refraction,

scattering, diffraction, absorption and birefringence of light reflected from the

surface, on the one hand, and on the other hand, of the light penetrating into the

body and emerging from it after it has experienced some of the above-mentioned

phenomena. In 1958, A. V. Markov [12] studied the polarization of the fused sur-

faces of meteorites, ills results do not confirm the hypothe.is that there is a

continuous fusion of the lunar surface caused by the meteorites falling on it. In

1959, N. P. Barabashev and A. T. Chekirda [13] compared observations of the moon

and terrestrial rocks by means curves of the variation of polarization in depend-

ence on the angle of incidence and reflection of light, and also on phase angle.

2. List of Investigated Rocks

Our objective in the study of the polarization properties of terrestrial rocks

is to obtain curves of the variation of the position angle of the polarization

plane and to compare them with lunar curves, in addition to studying the varia-

tion of polarization of reflected light at different wavelengths in dependence on

the phase angle. This objective never has been formulated before. It was particu-

larly difficult to select the necessary samples for solution of this problem. Ini-

tially, we selected rocks of different types whose presence on the moon Is most

probable under the volcanic hypothesis. The number of rocks was limited by the

fact that in each type we investigated only the darkest and lightest samples.

Twelve samples of terrestrial rocks, kindly supplied by A. V. Khabakov and V.

V. Sharonov from their collections, were investigated. The names of the samples,

their sources, and the numbers of the samples mentioned in the text are given in

Table I.

The samples were investigated in both pulverized and unpulverized states, with

grains whose diameter was d < 0.25 am, 0.25 mm < d < 1 mm, and I m < d < 3 am.

T -. .
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U -Phesse grains were obtained by screening at the All-Union Geological Institute. I

Therefore, there were 48, rather than 12 samples.

TABLE 1.

No. Sample Source Sample table nos.

1 quaternary obsidian Lesser Caucasus 2, 3, 26, 27

2 andesitic blister lava 0" 4, 5, 28, 29

3, 4 quaternary basalt " " 6, 7, 30, 31

Georgia, Akhalkalakskoye
Plateau 8, 9, 32, 33

5 gneissous granite Transbaykalia, Chikoy 10, i, 34, 35
River

6 biotitic granite " 12, 13, 36, 37

7 quartz Ukraine, Volyn' 14, 15, 38, 39

8 columnar quartz Eastern Transbaykalia 16, 17, 40, 41

9 ochreous limonite Urals 18, 19, 42, 43

10 volcanic tuff, miocene Transcarpathia 20, 21, 44

11 tuff Georgia, Aspindza Region 22, 23, 45, 46

12 volcanic slag, very 24, 25, 47, 48

blistery

The size of the rock grains was selected on the basis of the conclusions drawn

by N. P. Barabashev, N. N. Sytinskaya, and V. G. Fesenkov on the probable dimen-

sions of the lunar microrelief. N. P. Barabashev postulates [14] that the mean di-

mensions of the irregularities are 2-5 mm; N. N. Sytinskaya [15] believes that they

are 0.1 mm - 10 cm; V. G. Fesenkov [16] visualizes the lunar surface as a combina-

tion of relatively large grains in a loose aggregate.

3. Apparatus

The observations of the polarization of light reflected by terrestrial rocks
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were made at the Planetary Laboratory of Leningrad State University with the polar-

imeter of Pulkovo Observatory (12, 17] mounted on the Leningrad State University

Sindicatometer [18). This apparatus reproduces a model of the relative positions of

the sun, moon, and earth. The sun is a lamp, the moon is the studied sample, and

the earth is the polarimeter. The corresponding circles of the indicatometer make

it possible to read the phase angle when there is a change in the position of the

lamp and the polarimeter. In the investigation the sample is fixed securely on a

horizontal support. It is illuminated by natural light from a special lamp with a

500-V bulb that is supplied current from an a-c 220-V circuit across a SNE-200-0.75

voltage regulator. The lamp diaphragm is covered with milk glass, which imparts a

natural glow to the light of the lamp. The lamp was cooled by a jet of air from a

dust extractor in the space between the double walls of the lamp. The lamp was

sheathed in asbestos in order to safeguard the polarimeter from heating when polar-

ization is measured at small phase angles, that is, when the lamp and polarimeter

are aligned. The underlying surface used for the sample was black velvet, since in-

vestigations revealed that this does not introduce extraneous polarization into our

measurements.

4. Observation Program

All substances were investigated with yellow and green Schott filters, and also

without filters. The observations were made for different angles of incidence, but

for two angles of reflection: e - 00 and e - 450. Observations at c - 00 correspond

to observations at the center of the lunar disk, and at c - 450 correspond to

approximately ¼ of the diameter from the lunar limb. Since the observations were

made in the plane of incidence, this corresponds to the location of the equator of

intensity on the moon. In this case the phase angle changed from 6 to 90* when

£ - 0* and from 6 to 110* when e - 45, without passing through zero because of the

particular design. The method for analyzing the collected data is described in [191.

The results'of analyzing the degree of polarization (P%) and the position angle

of the polarization plane (y 0 ) as a function of the phase angle q• are given in

4
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Tablec 2-48. In these tables the names of the samples are followed by a number in

parentheses which corresponds to the sequence number of the sample in Table 1; w.f.,

y.f., and g.f. indicate observations without a filter, with a yellow filter, and

with a green filter. As a graphic example, some of the data from the tables are

shown in Figures 1-6.

5. Conclusions V

The following conclusions may be drawn after analyst of the polarization prop-

erties of terrestrial rocks:

In all terrestrial rocks the position angle y of the polarization plane is

dependent on the phase angle y (Figure 1).
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Figure 1. Variation of position angle Figure 2. Variation of position angle Y
y of polarization plane of terrestrial of polarization plane of biotitic gran-

rocks as a function of phase angle T. ite (6) as a function of phase angle (P.
Key: (a) quartz; (b) granite; (c) Grain size 0.25 mm < d e 1 mm; e - 45*.

obsidian; (d) tuff, (e) basalt; (f) 1 - observations without filter; 2 -
andesititic lava; (g) limonite; (h) slag.with yellow filter; 3 - with green filter.

i 2. The difference in the position angle of the polarizatiou• plane in integra-

• ted light and in yellow and green light (Figure 2) falls in the range of our measure-

Sment errors (2-3*). This means that the polarization planes coincide,

-mI •m(U

+i 3. The position angle of the polarization plane for each individual rock does

not depend on the degree of its pulverization (Figure 3).

S4. This angle is not dependent on the angle of reflectiun at which the obser-

vations are made (Figure 4).

b• 1 4"
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Figure 3. Variation of. Figure 4. Variation of pos- Figure 5. Variation of de-
position angle y of pol- ition angle y of polariza- gree of polarization P of
arization plane of blot- tion plane of biotitic gran- basalt with different albedos
itic granite (6) in ob- ite (6) in observations with as a function of phase angle
servations with yellow green filter as a function p ; c - 0*; grain size d <
filter as a function of of phase angle p. Grain 0.25 mm; observations without
phase angle (p; c - 450 . size 1 mm < d < 3 mm. 1) ob- filter. 1) basalt (3), 2)
1) observations of gran- servations with c -00; 2) bacalt (4).
ite with grains d < 0.25 observations with c - 45*.
rm; 2) 0.25 mm < d < 1
mm; 3) 1 mm < d < 3 mm.

5. In all rocks with the exception of columnar quartz, at large phase angles

(28-110*) the polarization plane coincides with the plane passing through the sample,

KI the light source, and the polarimeter. At a phase angle of 28%, the polarization

plane for all rocks begins to rotate (Figure 1). In columnar quartz there is a

gradual rotation of the polarization plane for all phase angles, which obviously can

be attributed to its crystalline structure.

6. The most rapid rotation of the polari.-ation plane at small phase angles is

observed in ochreous limonite and volcanic slag.

7. In contrast to the uniformity in the character of rotation of the polariza-

tion plane in terrestrial rocks, the degree of polarization varies greatly. Rocks of

the same type, but with different albedo, differ in degree of polarization (Figure

5). The greater the albedo, the smaller the degree of polarization.

8. The degree of polarization depends on the phase angle; it also is dependent

on the degree of pulverization of the rock (the larger the grains, the greater the

degree of polarization) (Figure 6).

6:
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Figure 6. Polarization of biotitic gran-
ite in an observation without a filter;

S- 450 . 1) d < 0.25 mm; 2) 0.25 mm < d

< 1 mm; 3) 1 mm < d < 3 mm.

9. There is negative polarization in ochreous limonite, tuff, volcanic slags

andesitic blister lava, biotitic granite, and basalt. In other rocks it cannot be

observed, possibly because the observations were made at phase angles greater than

68. The phase angle at which positive polarization becomes negative in the mentioned

rocks falls in the range of 12-20o. Negative polarization does not exceed 1%.

Summary

After comparing the polarization characteristics of terrestrial rocks with the

similar characteristics of the lunar surface [19], the followitg ronclusion may be

drawn: with respect to variation of the position angle of th4 polarizacioA plane,

the ochreous limonite and volcanic slag (see Figure 1) are most Limilar to the metter

covering the lunar surface, but since the degree of polarization in volcanic stag is

greater than the degree of polarization on the mcbn, preference must be giver, to the

ochreous limonite. The degree of polarization of ochreous Limonite ou the 8verage is

equal to the degree of polarization of the linar seas (rigurex 7 and 81.

The curve of the variation of polarization as a function of phese angle for vol-

canic tif, whos" presence on the moon has bee-i indicated by many authors, •,8 simi-

lar tc the analogous curve for the lunar continents (Qigures 7 and 9), but thlr? is

~ -
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no siailarity in the angles of rotation of their polarization planes (Figure 1).

S/°

I I

01 A L9

Figure 7. Polarization of Figure S. Polariza-
continent near Cleomedes (1) tion of tuff (1) and

Sand Mare Tranquillitatis (2). ochrcoui limonite (2).

In conclusion, I wish to express my appreciation to A. V. Harkov for his guid-

ance, V. V. Sharonov for supplying the apparatus for our iuvestigations, A. V,

Khabakov for furnishing the samples of terrestrial rocks, and L. P. Nizoi'tsev for

his assistance in adjusting the apparatus.

TABLE 2 Q. QUATERNARY OBSIDIAN (1), e 0*

4,0 d<O.25.m 0.2SuJd< I I lu< d<3. 4<Ma *Muui<1M I Wv<d<9I--•7 1 v.9. .. I 4...9. • " ' i- -i- *. "

6 -12 -13-12-- - - -- --- 30 -2'1 -2 -64 0

9-12-11-12 40 -2- 1 0 s2 0. 0# -1 -1
1) 12 - -7 -6 -- _- - S -- 2- 0 -2-$-,!I03-,

s - -3 -- 4 - -- 1-1 t4 2# - 4
is Z 7 1 -3 -2 -3 - - - 0 -*-1-1 0 .1-1 0 -4 *.2 -.1- 4 1

21 -5- S-. 6 - -2 -2 - - - so .-#-3 -2 0 e-1-1 #+24-1 4-2
14_ 0 0 -1 8 0 2-:;3zx 10! 3 -#4

*Note: In tables 2-48 without filter; M, - yellow filter;
g green filter.

J 8

1--



ii
TABLE .. QUATERNARY TABLE 4. ANDESITIC BLIS-

COBSITuIAN (1), W - 49 TER LAVA (2), 0 -

. _____________. I -I. I ,,! I I. I . r ,-I 0'

____.- •t11.S- ~- ~l -- l-,- ! -ss 9ItltltI •- ts1si-~ -0
P _1.<0-7 -19-19 S-X - -23 6 -26 -27 -25 -31 -0-31'31-27 -29

9 -13 -13...12 -13 -12 -38 -2 23 9 -13 -18 -17 -2 5 2 -20 -20 -20
12 --- 10---86-9-I - - - 1
15 - - - - is-8a-10-11-is -i-161-l15-12 -11
1I -.. 1_ 5-- 4 -S - - - 18 -8- 7- -6 -6- -- 1S - -a
21-5 -6 - - I -- 2~ -6-2
2 6 - S - 31 - I- - - 274-1-11-3 - I-1-01- 0

30-3- 7 2i-~- -Pi - 30 - 4- 2 -,I-1 0-1---1 04-1
40-4-3- -..- 2 - 40 -3-S3-3 - - --- ,2 01÷I
5o3 -- •I --1 0-I 0 0 -- 50 -21-2i-•i - - -a+2.l2 2aI

2 -2-2" 0--2 21 -- - -2 --- 2 - - 2- 1
70 2-1 0.-21-2 0+--1I +1 70 -2 -- 2 -- 2 - - 0 0 -1
80 I - --_212 0--2 01-2 2I -
9-t,01- 1 ]- 1 -- 211 0•2-1- 1 90 0-1--2-

1101-10 1 0 1 1,01 -1 -a..2 .- 1-S

TABLE 5. ANDESITIC BLlS- TABLE 6. QUATERNARY

TER LOVA (2), c -= BASALT (3), 0*-

y 
y 0

6-- 35--33 -32!•1-33 -_1 6 -I-1 -17 -16 -Is -17 -20 -19 -20

9 -18-1 - 2 -26.-26 -22 -23 -22 9_ 1 1 1 1 1-i -7o -i - 8 7s
12 -14 -14 -1I -14 5 -15 -I5 -16 -15 12 -13 -12 -13 -15 -I5 -13 -5 -
IS1 -- r-91-- 7 -61-- - 61- 7-- -7 IS1- 61- 7- 6l -6 -1,-41-13|- 9i-111-10

15 S--- 7 7 - -5 -- 5 18 I -- 5S- 6 - 7 -121 -121-- 7 -_
21 - 3] 4l s- 3 i 121- /- 2.-1 - 2 2 •/ 21 -S /- 6 L S 1- 9 /- 8 /- 9 1- S l - 4

24 - S3 ---2-I O- 0 -1 24 -S 1- 4i-- 21- 3i- 2 -- 4- -3'
70 3 2 1 - 2-.00 -01 a-I 20_ - 1

27 3-6 3- 1-432-
10~ ~ 13~+ 0a1~ 0 .41 30 -52

40 -2 3 2 0-a- 0---I aI 06-21
"s0+1 0-1/-1- - 0 0l 0 5 -2-2-0-1 0 0S-1

45 1+1 004 0 01.-1 0 0 I-0-2-a-2I- 0
701_,_ ,_ , , 0,., o, -IO Io 7 -1 00 -2 -o
WI-10+1-1+1 1 0 0 0 80O -

9 -4-I 0I1-I1~ +1 90-- 0 0 09 0 o o0-I- -I 0 90 -4 - "2

110 1-- il 1 ) +1/+'1 01-a-I 1+1,

iTABLE 7. QUATERNARY TABLE 8. QUATERNARY

BASALT (3), c - 45' BASALT (4), £ - 0*

OZ J0•1um<d<1 olIa 1 43dso < .•25 .0 *.25 < < rI ow 1u<dSim

*..j3 a.. 69 .9. 49O. .9. a.*.

6-S-13 I 1 1 -16 -93 -20 6~ 6-18 -19 -16 -W6 -25 -26-28 -21-3
9 1 -4-14 -12 -17 -18 -19 -19 -t9 9 -16 -17 -14 -20 -22 -20 -20 -21 -23

12 -14 -13-12 -11-1 t 1 -161 -15 1.2 -17 -17 -14 -18 -19 -17 -16 -16 -17
15-0-0-l-8U -I IS 1 -IS &-12 -12 -12 -11 -10 -10 -11 -t0

IS j:10 -10j-11 8 - -9 U-.P - 9 16 -9 - 9-10-----7-t 9S- -- 7

7 --1 4 ,-14 -- 3 -- 5 --t 1 so--S;- 2
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TABLE 7. (Continued) TABLE 8. (Continued)

4.9 4p .09 .. IL9 6.0. a.#. S.O. I.9 0. . 0.4.s . 4.0. *. t q. 4. 9. a. 0. 2q.9

27 -7 -4 -3 -2 -1 -1 0 -2 -1 27 -7 -6 -S A -1 - 2 -2 -2 -s
30 -48-41-5s-2 Ol-21-2l-2l-2 30 -41-3 -41-2 0 -2O-2l-1-2
401-31-4S-s-1-1 0-1l-3l-1l-3 401-3l-2i-3 0o-1 0 0o-2 -1
501-2-21-2--2-1 0 01-2 0 501-2--11-2-1-+1÷1+.I1-2-2 01-2
40l-2--2--2-1-1--1 0 -1 0 601-41-4i'-1 0i-1 0i-o-Il--1 0
70 -21-1 -1 -1 0 -1 o4,1 0 #1 70 0 -1 0 -1 -#-i -#-1 -2 --1 -1
80-3:-1:-2 0 -1 0 --1 -+-1 +4- s0 0 0 -1--1 0 0 -1 0 090 -3 -3 -21 0l 0l 0 -1 o 90 -1 -+1 -2 -- -1 -* #- --1

110-2 0-1 0 0 -1 -+-S 0+1

TABLE 9. QUATERNARY TABLE 10. GNEISSOUS
BASALT (4), c - 450 GRANITE (5), c 0°

4<4.25on 0.25 wm<d< I No I s<d< sm d 4<0.25m GAJS Aw<d<1 m Ino<d4<3 mU

4.9 ~'i~' 49.u. .a9 .. ... a4.*... 8.9 C.1 .*~.491 0.9.

.- - , , -<<- ,,< . I .- <, , I,- .

6-iS -19 -19 -21 -20 -18 -24 -25 -25 6 -14 -18 -13 -12 -15 -12 - 10 -111 9 -16 -17 -16 -17 -18 -16 -17 -18 -17 91-13 -11 -11 -IS -11 -16 -12 -12 -
12 -165-15-16--14-14 -1S -17--16 -17 12 -15-1 1-911-8- a - 9 -9 a - 9 -
S15-14 -13 -14 -11 -11-12-12--13 -11 15-13 -13 -1 6 -- 8 - 8 - 9 - 9 -7
18 - 81-12-101- 71- 81- 71-10-11- 9 10 - 91-13 - 6 l- 9 -10 -10 -9-
21t-11-10-11- 61- 6- 5 - 5l- 5 -5S 21 -- A -- •- 61-10l-10 -10 - 6-2 - 7
4 -- 91- 8 - 91- 2l- 2 - 3 - 2-- 2 -1 24i-111-11 -- -10.-10 -10 - S - -

27I-6-17--61--1 0- 1 0 0 - 2 27I-91--S - -51-10--9 -4 - ---
30 -3-3l--2--2-1I-l2 0 0 - 1 30--91-6i--61-6-4 - 4.44
40--31---3+.1+1 0 0 0 0 40--61-61-71-61-6 -7 -- -2-4
SO 0- 2 -1 0-2-2 -1-1-1- 1 50 - 7- 3- 7- 7-4 0 -2 1)- I
60- 2--21--1 0 0-1I-2l-l2- 1 60 -4- 3-4l- 4i-4i--4 0-2 1 "I
0--1 -- I1---2 0l0 0--+-I1 0 701-3-I 1-4-2--1-34 0 0 -2-70-- 1- - 0 0 0i + 1i0-s0 - 1- -- ,-s-24 0 0+21 0

100--2 0- Ol-21-11+1 -2 1- 1 0 0
110l-/2 0o 0o-2i-21-1 0-ll-i

TABLE 11. GNEISSOUS
GRANITE (5), c - 45*

d<OMg 0.25 am< d< li m IM<d<2a

a. .00 4 =, . at.*. ie. al. 9 .1#

6-16 -14 -15 -12 -16 -16 -14 -13: -14 I
9 -15 -11 -16 -iS - 6 -14 --14 8

12 -IS -51 -15 -- 8-12 - 7 -14 -10 -8
18 -14 -12 -16 -13 -13 - 3 -10 - a -12
21 -11 -12 - 7 i -10 -0 0- - -7 - 3
24 -8 8-10-12-7-8- 4-- 4 l- ! -- i7-t11 -111- 91- 7I- 6 - 7 - 61- 41- I
30 -10- 81- 91- 61- 7 - 8 -- 7- 7I- 2
40--79--7-7-1I--71-4 -3-4-4 - 04-0
o 0- 7 1-- 3/- 1- 4 - - --- - 1-4- -1.
60 -3 -S-1- 4 -4 0-1- 2
70- 6- 41-- S0- 31- 4 -- 0l-- I
SO- 4- 4- 2- 2 -2 0 - 3-2 -390 -- 3- 31- 4-- 3 0 - 1 -2 2- 2 -- I100 --4 -4 -4 0 -2 -2 -- 3 -- 2 -#-1
110 -3 -. -61 0,-21 -1- I--

10



TABLE 12. BIOTITIC TABLE 13. BIOTITIC
GRANITE (6), c . GRANITE (6), - " 450

d<j. .I•uu<E<l tNImu<d<3u d•0.2u *.2.•uu. d'<tma Im<d<32uu

- f • ".1S.11S.

6 -19 -17 -14 -19 -14 1-2 -13 -13 -14 6 -13 -17 -14 -20 -V* -20 -13 -1S -1%9 -18 -13 -13 -12 -13 -13 -10 -8 - 9 9 -18 -16 -13 -19- -171 -17 -10 -11 -In12 -12- 13-13--161-151-14-- 9-- - 7 12 --13 --14 -- 10 - --V, 1 -9- 9 - h
15l- 7 -8-10o-7|-61- 7- 8-10 -7 I1Ss-4 12 12-13-7 -
18 - 91 9-- 5/- 4-- 3 - 3/-11 - 8-8 18 - 8 - 8 -10-10 9 - 9 - 6 -4 - 5s21 -9- -/7-7/-61-10 - 4/-41- 5-3 21 - -6 -7-6 6,-5 -4 4 -4
24--5 -- 9 - - - 6--6 -- 4 24 -8--6 -- 6 - 44-4 0 -1-227 6/- 6 -S/- 4/- 5 - 5/- 5-- 6 -S S 7 -8-5- 5 - 33-3 4 -- 0-3
30i6 - 7 -S- 6 - 6- 4--3!--3 - 1 30 -6-6 -6 -- SI-3 -- 3 --40 -81 6--4/--5--3/--2-44--4 -- 2 40 - 5-4-3-4-4 2 - 3- I -- 2
S0 4i- 6--41-2-21- 2 -4 -3 0 50 -4i-2--4 0 2i- 2- -2 0
60- 11--1 0o- 2 0 0 -5 0 60 -4-3 - 2 -3-3-.3--3, I--3
70- 4 - 11-- 2 0 3- 4 - 2 - 1 70 - 4 2 - 3 41-. 1 -2- 3 - 1
80 -l-2 2 -3 .1 2 3 0 ..1 80 - 6-4 - 1 - 790 3o 90 -04-2--2 01 -- 2 1-121 0

100 - 4 - 3 .. 1 0--1 -+.I +
110 - 3 1 - 2 0 T It 0 1-4- -1 0

TABLE 14. QUARTz TABLE 15. QUARTZ

(7), 0 (7), = *
Y: Te

- d<.2Sm IU

d<O.tS an uu *Zuu<d< m lmd<3mm d0<1.5W O1mu<d.,' low 1m<d<3mum

" -13. -..13-14.-16-17-13 -10 6 -2 -15.-24 - - - -20.-21 -
9 -1S -14 -11 -13 -10 - -14 -13 -10 9 -20 -151-12 -22 -19 - -18 -21 -
12-12 -9-14 -1s -14 -9-17-9 -10 12 -17 -16 -20 -19 -19 - -18 -21 -
s -13-12-7-12-6 - 9 -96 15 -16-161-8-131-IS - -11-9 -

18 -11 -6 6 -7-5 -10 -10 -10 18 -12 -17,-13 -316-16 - -9-13 -
21-8- 9 - 6 - 7- 9-6 - 8 - 8 -3 2116 -11-13-11-11 - -5-13 -
24 -13 3 -17o 9-11-11-8-6-6 24 -17 -13 -13-• -12 - -9-7 -
27 -11 -8 - 7- 7- 9-10 -6 -4 - S 27 -13 -16 -11 -9 - 9- -5-6-
30 - 7-10 -68-10 -11 -4-4 - 4 -3 30 -10 -13-IS5- 9-10 - -77 -7
40 -I-9-4-7 -- 6-2 0 -3 40 -7-10-10-9-9 - 6-7
s 0-7 - 7- 7-6-8-3--3 0 0 50- - -- -S o-
60--4---7 0-5--4-3-1 0 60-6-8-6-S-S - -4-- 3
"70- -- -4-5-2 - I 1 -2I--2 - -3- S
so 4-1-159-5-1-4I1 6- 41-2-2 2 -

9 1 1-+4-2 3 4- 4- 1 1 90-5-3-2-3 3 -3 3,3 -
"100 -3 - 3 -32-2 - 1 -
110 -3-41- -1-3 - 01 -

I1I



TABLE 16. COLUMNAR TABLE 17. COLUMNAR i
QUARTZ (8), - 0 QUARTZ (8), c - 450

SY< Yo

a9I.I6.0.I* .-- I -- , 1

6 -13 -.- 12 -13 -13 -5I -10 -12 6 -19 -17 -11 -15 -12 -11. -14 -15 -

9-11 -11 - 6-- 9-10 -10 -15 -11 -10 9 -19 -21 -12 -13 -14 -10 -IS - 9 -10
12 -14 -12 -11 -14 -12 - 8 -10 -16 -10 12 -16 -12 -11 -14 -14 -- lL -1; -16
19 -1 - -It - 9i- 7 - 6-- 8l-141 10 - 9 15 -16 -IS -17l-14 -1S- 9-16 -17 -11
IS -12-14--11--7I-10 -- 7O-14 14 l- 8 18 -16 -12 -18 -141-o 91-16 -125-IS

- -10 - 4 -10 -7 -6 -13 -10 -9 21 -16 -11 - 6 -16 -11 -- 9 --12 -12 j-10

24 -12 i- 9 -9 -84- 9-7 -12 -4 -9 24 -14 -11 -S -11 -12 -12 -9 -11 -12
7--8-3-8-7-8-6-6-8 27 -12- -10 -- e -- 6 - -10-11 -6

30-10-8 - -9-11 -6-8-8 -7 30 -12 - 8-12 -10-10 -12 -13 -12
40 -9 -S-S5-6 - S-S -6-6 -7 40 - 9-11 -8 -10 -10 -4 -12 -11- 950-7-6-4--6-2-7-6-2 SO-8- 7 01- 9 - 7- 4 - 8 --7-11
60-S-6 -S -6-3-6-4-S -+.1 60--4-8--1 -6/-61-91-$ - -6,- 4
70-4--4-4-4-4-S-42 70-7•-6 -7-3- 7s- s-- 61-2

0-4-S -4 -2-3-5-1-3--- 2 - 4 - 4 - 3- 3 - 4-- 5 - 2
90 - 2-6 - -3 - 2-2 -+-i 1.--3 -+-6 90 - 2-3- 51-2 -41-2 -2 -41 - 2.100 9 - 3 - 5 I s- 3l 4- 1 0- 2 - 41 - 2.1001--3-5-s-1-31-11 0-2,-31-2

110 -2-5 -41 *1-1-2|- - -

TABLE 18. OCHREOUS TABLE 19. OCHREOUS
LIMONITE (9), c - 0* LIMONITE (9), c - 450

* 00

d<aIS m 0.2Sua<d<3mu tuum<d<3m d<IISu rO.25.5<d<lw a luu<4<3"Si -j"* II *..... i

123s-36------------ -- 29-29- 12 -27 -27 -- 33-32--24 -24 -

21-0 -7 - -14- S - -14-11 - 21-96-1 - -9- I -2 14-18 -
24-4-S--- - 24-3-3-- -- 6- 6-
27-2-2- 1- --- 4-3- 27 -÷ 1I - -S-3-12-

0-2 0- 0 .1 - I I 30 0 0-- -1 01- -- 0,-
40 0 - 1 3j s2 - 0 -I- 4 +21---
50 + 1 0- *3- 1 01- 50 -14 1 -- 2 1 2- i 2

100 -+4 -+-2j - .43 -+-3 - -+-2 4210 4 2 - -- 5-4 - 4-- -

12
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TABLE 20. MIOCENE VOL- TABLE 21. MIOCENE VOL-
CANIC TUFF (10), c - 0* CANIC TUFF (10), e - 450

Yo ye

IIoz 02 *a- 4ila I llm < w 4 .25a ..... . . . ....I

"30-6---E-S -3-6-4. -.. ,.....,

60-23-3-19-2-3 -23-23-24-24-21 40 -24-21-30-68-27-2-2S-X -

9 -19 -3-13 -182 -19-20 -20--3- 1 -- 2 9 -3 1-19 -IS -19 -- 8 -19 -- i - ,
12 - 214 -IS--145- 16!1-11-I-17 -16 10 -121-14 -- 131-IS-164-121-19 --

-1-1-12- -4-4 I0 -10 -10 - 91--3 -12 -l -2 -- 3,IN1-131-111-101- 71 6' -I1-e1 - 81-9 IS1-101-81- 71-111-101- 91-8-9211-81-91- 7 - 9 8;-81- 61- Sl-6 21I-13I-8 - 91-11 -1 -UI I8 - I-7
241 8--S -81--61-- 1 7 -Sl--61--61--6 24--0 -- 7 -- 8 -- 8 -- 7 -- 6 -, 1•67- 7

30 61-- 4 -31- Sl S 3 -- 6!-2 4--1-4 - 4 - 3 - 4 -"- -4 -3- -7 - 6
50 4- 4- 31-- I1- 21 2 01--21--31--1 S -- 6 -- 4 -- 4 -- 4 -2-3 -I - 4-- --

60 , 2 - 2,, 0,,4 3- 2j -, ,-, 0l..- 60-,2-,3 0-,i -, 4-, 2-, 31 0

110 -2- S-41--3 - 1 0 0 0-

TABLE 22. TUFF TABLE 23. TUFF
(11), c - 0° (11), c - 45°

Yo YO

d< m OX *2rm<d<1u I uIu<d<Suu d<*Zu w OZsm<d<1.. ton~d<2m

g... 3.9. .. 9 9 -0. 6.9. a. .. 9..1•,-ll-71,,-, -,l- i-. -• I- ,,- i- l-•o -,.I -• -• -
6 -21 -19 -17 -18-18 -IS-26 -27 -28 6 -23 -19 -22 -23 -20 -186-25 -23 -23
91-17-17-- 9 -22--19 -18 -16 -16 -14 9 -14 -14 -16 -14 -12 -13 -25 -17 -25

t I- 91- 91-12l-19!-12 - -141-16 -16 12- 11-12 - 91-121-12•- s -12--13 -13
15 - 9- 9-12-12-11--11-1 --11 -11 IS 9- 9-13-9-12- 9-- 9-131-10 -14

-18--9- 7-91-71--81-41-41--6 -9 IS8 8--5 -4 -81-91-101--91-4 -
"21 - 3 - 41- 61- 41- 2- 2-6- 4 -a 8 21-- sl--10o- 51- 91- 3-10-•- -1 I
24|- 6-4 - 8--51--7--2 --3 --5 24 -.. 4-5 -- --6--3 --
27- 4- 4- 6-- 1-- I1- 61- 4-9 -- 2 7- S- 2 - 8-- 9 - 6-5 - 41--3
30 - 4---2-- 3- - 31-- 2"- 41-- 4 --4 3D- 4 - 3 - 43 - 6 41- 71- 31- 4
401-41-31-31-11--2 01--41--4 -2 40 5-61-51-51-l2 - -31--3 0
SO-41-3--21-3-21-o--2--61-1 - 5O 0-2-3- 3--3 0 - -2l-#.- 0
601-21-31-4 01-o-21--21-2-4 -3 60- 3-1- 3-1I--I1-I 10 0

*70 - 4 -1--1+-1 0+1- 3- 2 -2 70- 4 -3 0- 3- -2 0 #-..2
ID/-2-2-1--I - - - 0o- 2 1 0 -02---31- S- - 31.0 01+290 -- l-$ -- 1- I -- I -- I 01--1 90 l- 2-21 - ,-21- 1- -0 OI 01-4-9-- -I ---- 1 - 9 -21-2- I20o- I+2l 01+4

100 OI--11- -2I --I -- +1 01-0-2
110 -2-3 - -1 - 0 31

13j
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TAU1.M A. 7 O1_.C__L C TABLE 25. VOLCANIC

SLAG (12)t - 0 SLAG (12), £-450

d9. .II <d<1w d d<O.n 2 I I .. ,<d<3w
--6 - -<- -0.- -41.,<1 . 6 -44 - -56 -5 - -51 5

-1--4-43 - -4 -

12- -3 -33- -- _0 -301- 12 -351--" -- 9|38 --- 39-40
1, -1 I -2 -1 -S 1 - 9 2 - -24 -22

11-0-0--6-7- 1 - 1 1 0-4-
21-- -2- --- 6-S- 21 0-2-- 2 -3- 0- I
X 0 -I - -2-2 - 1-÷2--2 - 24 0 0o - -1-2 - -o1 0
2-*-1 0-- 0+ 1 -1+-4-1 0- 27 2 ---
30-3 -. 21 - -#-2-tl- I-s-4-o- 20+3.- 0 0- 0 -41-
"40 -" -42 2 +21 - 5 -+3 40 22 - 2++1 - 4 -
90 -#4 --+3 3+-2 - j4 -3 SO5 -+2.2 2 -.- I I - 0 -.- 2-
Go.04-3 3 - +3 -3 -+4.4 4W 6.-+3-13 -221- -2- 21
70 -s4 -4-5 s+ -+6 4- 70-.2 3-.2 2-- 2 0-

S 3: +4 3 2t 2 -3-2 2
- - - 0+. -22 --- 2

100 13 O -+-2 4 +2 3 -- 2+3.3

TABLE 26. QUATERNARY TABLE 27. QUATERNARY
OBSIDIAN (1), £ - 0* OBSIDIAN (1), c 45*

P% P%
S(nX• "______ - ____.___

0-0.70.210.1-0.40 0.5-0.0 - 60-0.50 0 0.2- 0.20
9 020 03003- 0.4 0 0.5 0 0 - 9.0.1 -0.2 0 0i0 0.2--

1 0.90.2 0-4 .0.6.0.900 - 12-0.400 00...4.'3.08.0.2 0
1S 0.7 1.2 OS5,04-0.6 0.7 2.S 0.S0.4 1.3- 1S 0.3 0.6 0.3 1.3 1.0 0.6 0.2 0.7 -
8 21 2A.0 0.4 - 1.1 2.1 2.6 0. 04 1A 16 0.6 0.6 10 24 1.7 1.1 0.9 0.7 -

21j 52.5 0.90M7 2.2 3.6 3.0 2.11IS91.6 21 0.7 1.21.0 1.9 2.3 1.I IS 1.7 -

24 4.0 4.2 0.7 0.9 3.2 2.9 3.0 3.6 2.3 1. 24 1.4 1.2 1.1 3.8 3.7 3.4 2.1 2.4 o
27 5.6.21.21.2 3.9- 3.23.8O4.2 1.6 27 1.2 1.6 1.7 3.8 .0 3.2 4.4 4.3
30 6.9 7.0 1.9 1.9 - 4.6 7.2 - 3.5 S2 4.3 30 2.0 2.0 1.7 5.1 S.0 3.2 S.2 3.S
40 12.8 12.4 2.9 2.7 - 7.0 8.5 6.5 9.5 8.1 7.1 40 2.2 2.8 2.4 6.8 7.1 7.3 8.1 7.6
SO 16.5 15.0 3.9 .4.2 - 12.4 11.0 6.9 12.8 12.6 8.7 50 3.9 3.9 3.6 12.1 12.4 11.0 14.8 13.8
60 19.6 21.S 5.4 4.8 - 16.1 14.9 9.9 20.8 16.8 16.2 60 5.2 5.2 5.8 18.6 16.6 19.0 19.6 20.8 -
70 29,2 28.0 6.6 6.2 - 18.8 18.8 - 23.2 23.6 19.0 70 6.4 6.6 5.8 24.4 23.2 22.4 27.2 26.1 -
8028.0 7.8 6.9 21.0 21.9 16A - - - 80 7.8 8.1 8.0 28.6 26.9 28.8 34.4 34.7
S- - -7.4-- -- - 2 908.8 9.1 9.6 31.8 31.2 29.9 41.0 39.8

100 1.0 9.4 9.4 38.3 36.4 - 46.0 45.5
110 10.1 9.2 9.1 39.4 38.4 33.5 51.4 55.4

Key: (a) not pulverized
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T 2. DEW A. TABLE 29. ANDESITIC
BLISTER LAVA (2), - 0* BLISTER LAVA (2), c 45*

P% P%

14e Imeapo6. • . .

Ad..0, d<0.25 ws I no <4<3. U di< 0.25 n o 0.25uo<J<Io I <d<UK
0..0. uu a.*. IH 

I•<<6 , - 0. 6 0.3 -, -0.3 -1.2 -1.7 6' 02 0 0104 .1" 0 "4'- ," d " O"' '

9i 0m 0a 0. 0 -0.1 -0.6-I.4 9 0.4 0 0 0.10 0 0.3 0 0.412 0 0 0 0.50 0 0 -0.3 12 0.6 0.80 0.4 0.910.S50.61.2 0.5
15 0.2 0.4 0.4 0.8 0.5 0.5 0.7 0 15 o.s 05 0.1 0.4 1.0 0.6 0.7 0.6 0.5
18 0.3 0.5 10 0.3 0.6 0.9 0.4 0.3 18 1.1 U.s 0 1.1 0.6 0.6 1.3 1.3 0.521 0.9 0.5 1.1 1.2 1.4 1.3 2.3 1.7 21 1.3 1.9 - 1.8 2.0 0.8 1.7 2.3 0.5
24 1.5 1.4 1.5 1.5 0.7 2.5 2.0 3.7 24 1.3 1,9 - 2.5 3.0 2.0 2.1 2.0 0.6
27 1.9 2.2 1.j 1.2 1.6 2.6 2,6 3.0 27 1.5 1.9 0.9 3.0 3.1 - 3.1 2.9 -30 2.8 1.9 1.9 1.9 1.6 3.1 3.7 3.7 30 2.1 2.2 0.9 3.7 2.8 5.4 4.2 4.0 -
40 6.3 4.4 2.x 3..7 2.8 6.4 6.4 6.2 40 3S 3.9 3.5 6.0 6.2 4.0 6.0 5.6 2.S

.0 8.0 7.3 4.3 5.1 4.3 9.1 9.8 6.7 50 4.6 4.4 4.5 8.7 9.3 - 8.6 8.6 4.5
60 11.9 12.1 62 J 6.0 5.0 12.1 9.7 - 60 6.0 6.2 - 13.0 11.7 12.9 11.5 13.3 8.3
70 13.3 13.5 t, N 6.3 - 15.7 14.3 10.8 70 7.5 7.3 7.3 16.0 15 8 20.0 14.7 17.0 12.9
lo 17.6 18.5 8.2 "7.1 8.1 15.7 16.0 - 80 7.4 8.3 8.4 18.8 16.8 15.9 16,0 15.2 /15.°
90 19.6 22.4 8A 6.3. - - - - 90 9.0 8.9 8.3 21.0 20.4 21.2 18.2 19.9 18.4

100 9.6 9.0 9.1 22.6 24.0 19.2 22.2 20.0 20.4
I 110 10.0 - - 23.2 23.6 21.8 22.0 22.7 19.2

Key: (a) not pulverized

TABLE 30. QUATERNARY TABLE 31. QUATERNARY
BASALT (3), £ - 00 BASALT (3), c - 45*

P% P%

2 _ . .<d<'" 1_<4< d< 0.25 am .m<d<tm tm<d4< ,m
"< &" s I No < 3 an

.,.+,.., . I._. ,.a.. ..,,. 7i.:,. .. I .•...-0-

3 -0 0.4 0.95 (13 0.8 Z 0 0.1 0 0 0.3 0 - 0.20 0
1202 0.2 0.5 0.4 014 0.O - 0.4 0.5 0.5 12 0S 0.3 0 - - 0.7 0.4 0.6 0

0 o.1 3 0.4 - 0.7 0.2 - 0.5 0.3 0o. 15 o0.2 0 0.1 0.5 0.1 0.8 - 0.6 0114 0.6 0.6 0 o508- - 09 - o../ 0.,4 0 * 18 0.3 0.3 0.s3 0.8 0.7 OA .7 - .
21 03 1.70. 0.6,-- 1.6 0.9 - 0.8 0.S 1.7 21 0.9 0.3 OA6 1.2 1.3 0.9 1.2 1.2 0

24 !.40i.9 0.6 1.2 1.0 0.8• 1.2 1.5 0.7
24 I1.9 1.2 0.9 1.11 - 1.7~ 1.9 - 1.5 1.4 1.7 2 0. 09 06 1. 10 0. 12 13 07
27 1.7 1.31 - 2.0 1.4 - 2.0 1.6 2.0 27 1.0 I.5 0.7 1.6 1. 0.6 1.2 1. S 1.
30 L.b 1.9 1.3 1.4. - 2.6 1,7 - 2.9 2.3 2.0 2.1 2.3 1.6 2.S 2.0
40 3.71 3.9 3 1.8 - 3.7 3.4 - 3.4 3.1 4.6 40 2.1 2.0 1.3 3.8 4.1 2.1 3.6 3&5 4.0
50 6. 6.2 3.1 2.5 -- ,7 5.5 - 5.1 4.7 43 S 3.1 2.6 1.9 6.0 5.4 4.3 S.5 4.9 5.4
60 -8. 8,2 3.4 4.0: - 0 7.0 - 7.7 7.1 7.2 60 3.7 3.7 3.3 8.2 7. S.7 7.7 7.8 5.6
70 11.8 110 4.5 5.1 4 6- 9. 8.8 - 70 4.7 4.3 3.5 9.4 88 - 10.0 9.1 -

N0 * !1.2 - 5..0 1 91114 - 10.1 10.4 11.5 80 - 4.9 4.3 11.1 10. 8.6 12.1 10.6 #
9017. 18.4 .4 13.3 14. 90 5.6 5.5 5.0 12.6 12. 120 13.0 12.3S100 5.6 5.9 4.6 14.6 14.0 1 Lo 14.0 - 12.2

S.110 6.1 5.5 4.1 15.713 12.7 14.7 14.4 12.6

Key: (a) not pulverized
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TABLE 32. QUATERNARY TABLE 33. QUATERNARY
BASALT (4) , - 0* BASALT (4), c = 450

P%

*.I~~ums.Cd~~lwum ..in ... - .2S < ..
4 <1.25 wo u .15 am< d.1 no I <d<3 am d < 0.25 mm 0.25 Ja < d, t I Ju un <d< 3

6.0. .... 6.0.

6 0.3 0.2 0 0.4 0.2 - 0.1 0.2 0.9 6 -0.3 -0.2 0.3 0 0.4 0.1 ,-0.1 0 0
9 0.2 0 0.7 0.2 0 0.2 0.9 0 1.0 9 -0.2 -0.2 0.3 0 0.1 0.1 -0.1 -0.6 0

12 0.2 0.4 0.7 0.3 0 1.5 0.7 1.1 1.2 12 -0.6 -0.2 0.3 0.3 0.5 0.2 -0.2 -0.7 0
15 0.6 0.3 0.2 0.3 0.8 1.7 0.8 1.2 1.3 15 -0.2 0.2 0.4 0.6 0.9 0.2 0 -0.7 0.2
18 0.4 0.5 0.2 1.2 0.9 1.8 1.2 0.5 2.6 18 0 0.5 0.4 0.9 0.6 1.4 0.7 -0.4 0.2
21 1.1 0.4 0.9 2.0 1.2 1.8 1.4 1.7 1.5 21 0.7 0.7 0.4 1.5 1.4 1.4 1.0 1.6 1.3
24 1.0 0.9 0.9 2.0 1.5 2.8 1.9 1.9 1.5 24 0.7 0.7 1.2 1.6 2.2 1.6 1.9 1.6 1.4
27 - 0.7 1.P, 2.8 2.0 3.4 2.0 2.4 1.6 27 1.2 1.2 1.1 2.2 2.2 2.9 2.4 1.7 1.4
30 1.1 1.3 2.0 2.9 3.6 4.9 3.0 2.6 3.1 30 1.4 1.7 1.1 3.1 2.8 2.9 2.3 2.2 2.4
40 15 2.4 2.2 4.9 5.9 4.5 5.0 4.-8 3.8 40 2.7 2.5 1.9 5.3 4.8 3.1 4.6 4.1 4.6
SO 3.2 3.2 2S 7.8 7.7 6.2 7.5 6.8 6.2 50 3.5 3.5 2.0 7.4 7.S S.1 6.6 7.2 7.6
60 4. 4.6 5.0 9.6 9.6 12.2 9.9 9.6 10.1 60 4.9 4.9 2.9 10.0 9.8 7.S 9.4 9.0 7.6
70 5.3 5.3 6.5 12.4 13.2 14.4 12.3 12.7 1M3 70 5.6 5.9 3.9 12.7 12.0 10.5 12.8 11.2 .9.8
80 6.3 5.7 8.3 15.8 16.1 15.0 14.6 14.6 1.3 80 6.5 6,3 5.1 16.0 15.6 14.4 14.5 14.2 9.0
50 - 6.1 - 17.9 193 15.9 19.0 17.2 90 7.0 7.1 6.4 17.2 16.8 15.7 17.1 16.6 15.0

100 7.4 7.3 6.1 20.3 20.2 17.0 18.5 18.4 11.0
110 8.1 6.7 6.5 - 21.2 20.2 20.4 19.0 11.2

4

TABLE 34. GNEISSOUS TABLE 35. GNEISSOUS
GRANITE (5), c - 0* GRANITE (5), c - 450P% P%

US as< d< Iuu<d< dO~. .Su~<m u~<u- <3m < . -- --

0 - . . .. ... .9. M.

6 0.2 -0.4 0 0.2-0.7 0.1 03 -1.2 0.2 0.2 - 6 0.1 0.2 0.2 0 0.3 0.81 0.2 0.1 0.49 0.4 -o.6 0.1 0.2 - 0.2 0.% -1.9 0.1 0.4 0.3 9 0.2 0.2 0 0.3 0.3 0.4 0 0 0.1
12 0.4 -. 2 0.2 0.3 -0.8 0.4 0A -0.6 0.3 0.1 0.4 12 0 0.3 0.3 0 0.1 0.4 0.3 0.2 0.1
15 0.6 -0. 0.3 0.1 -0.5 0.6 0.9-0.2 0.2 0.2 0.5- 15 0.3 0.3 1.0 0 0.3 0.8 0.2 0.3 0.118 0.5 0.4 0.4 0.4 -0.2 0.4 0. , 0.6 o.5 0.4 o.5 18 0.3 0.4 03 0.3 0.2 1.2 0.2 0, 0
21 0. ".. 0.4 0.5 02 07 o, 0.6 0.8 o.8 0.S 21 o0. 0.4 1.0 0.6 0.6 1.2 0.5 0.6 0.134 0.9 1. 0.7 0.7 8 0.8 1.1 0.. 0.8 0.9 0.6 24 0.5 0.9 1.0 0.8 0.31 1.6 0.8 0,8 0.9
37 1.2 1.2 0.8 0.7 - 1.0 1. 1.1 1.2 0.8 0.6 27 0.6 0.9 0.6 1.2 1,21 1.6 0.8 1.1 1.4
30 1.8 1.1 0.9 1.2 1. 1.1 14 1.2 0.9 0.8 1.6 30 0.8 0.9 1.4 0.8 1.1 1.3 1.2 0,8 1.440 22 2.1 1.4 1.6 1.9 1.8 1. " 141.7 1.9 1.9 40 1.2 1.5 1.1 1.4 1.5 1.6 1.7 1.6 1.9
50 3.6 X.5 2.1 1.8 2.5 3.1. 2.t) 2.3 2.8 2.7 2.4 50 1.8 1.4 - 2.0 2.2 2.5 2.7 2.4 2.060 5.0 4.6 2.8 2.7 2.8 36 37 4.4 3.7 3.6 4.0 60 2.S 2.5 2.4 2.8 3.0 2.9 3.4 3.7 2.810 66 6.5 3.6 3.0 2. 4.3 4.4 4* 4.7 4;8 3' 70 3.1 3.0 3.0 3.9 4.2 4.2 4.4 4.6 4.7
so 3.9 8. 4.3 4.1 3.8 5.7 5.1 5.8 6.4 5.7 5.2 80 3.7 3.7 3.7 4.9 4.9 4.9 5.7 5.7 6.3
90 11.5 S .5 4.9 - 0.1 67 7 6.5 - - 90 42 4.0 4.2 5.2 5.91 S.8 6.7 6.7 5.8100 5.0 4.7 - 7.4 7.0 7.4 7.6 7.61 7.S110 5.0 5.5 5.6 7.5 7.1 I7.6 8.7 7.9 I8.2

iiiIi
Key: (a) not pulverized
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TABLE 36. BIOTITIC TABLE 37. BIOTITIC
GRANITE () i 0* GRANITE (6), 450

(a) _________ _

6 0.4 0.3 -0.3 0.2 0.5 0.1 A (14 0.2 0.5 - 6 0.3 0.2 0.1 0.3 -0.5 0.5 0.1 0 0

'qilinii. . T ... .. T.iT 69 .. 8

S • TA-LE 3 . BI.IICTAL 3 7. BO ITI

I0.2 0.2 -0.2 0.4 0.6 0.3 -06 4 0.3 0.4 0.4 9 0.2 0.3 0.1 0 -0.E 0 0.2 0.4 0
12 0.3 04 () 0.3 0.3 0.7 Oý0 ~.9 0.2 0.8 0.9 12 0.1 0.6 0.5 0.4 -0.3 0.5 0.2 0 0
15 0.6 0.5 0.1 9.4 0.7 0.5 06 0.9 0.5 0.6 0.5 15 0.2 0.? 0.2 0.5 +0.3 0 0.3 0.3 0.5
16 1.0 0.6 0.3 0.8 0.4 0.7 1.1 1.0 1.0 0.6 0.5 IS 0.4 0.3 0.2 0.5 0.5 0.5 0.4 0.8 0
21 I.J 1.0 0 .6 .0.52LI0.6 1.01.0 0.6.. 1.1. 1.1 21 0.5 0.6. 0.2- 0.9 0.6 0.5 0,5 0.8 0.5

24 141.4 0.7 0.9 1.2 (1.7 1.2 1.0 1.0 - - 24 0.7 0.8 0.2 I1.0 1. . I. .
27 1.7 2.0 0.8 1.2 1.3 1.6 1.6 2.2 1.2 1.4 1.7 27 0.9 M0.7. 1.2 1.1 1.01 0.7 1.1

30 .0 .7 1.21.21. 1. 19 17 14 .3 .9 0 .1 .9 0.6 I1.8 1.5 1.6 1.7 1.6 . 1.6
40 .5 .4 IS1. 1. 2. 24 26 .5 .4 .6 40 .4 1.5 14 12.9 2.2 2.7 2 .22 2.3
50 .35.5 2. 2. 30 .6 .33.83. 36 43 0 24 .0 2.6 3.6 3.7 2.7 3 1 3.7 3S5

4.9 5.1 60 2.9 2.7 3.1 4.4 4.6 4.1 4S% 4 1 4.3
70 9S ..438 . .3S8 . .4636.9 70 3.5 3.7 3.4 5.8 6.0 4.9 (0 1 ,1 A5.

80 10.1 9.3 4.8 4.2 5.5 7.1 7.0 - 7.9 7.4 - 80 4.5 4.5 4.8 7.9 8.3 8.3 ts.4 7 7 o.0

90 - - 5 . .9 - - - 8.1 - 8.1 90 4.4 5.1 - 8.7 M.6 8.6 10.2 9.6! ).1
100 5.2 5.1 4.3 102 10.2 10.8 .12.1 11.1 12.0
110 5.2 4.9 - 11.5 110.9 - U13. 12.5 I12.4

Key: (a) not pulverized

TABLE 38. QUARTZ TABLE 39. QUARTZ
(7), c - QO (7), £ - 450

Fie P&SAP66. 025 ow<1< I uU<d< <.5. O2Sid<M
1 lu <)n

!l~~ ~~~ ~~~ <•IHOI• OI 01•O•I .25 (~d son <1 a <ll~3 amd d < 0.25 emd 0.2S am < d < | IO an JI sm <d< no

too ..... ~~. - -- L o ol]oI

-. ,,~~rja..~. 0. 0.9. . 9 .6X. 0. a..*..9 . . IjL ja..59
-- 0.4 0.2 000.1 0.4 0 0.3 -0.9 60.2 0.3 0.6 -0.2 0.3 0 -0.20.1 0

9 0.6 0.7 0.2 0.2 0.4 0.2 0 0.5 0.2 0.2 -0.9 9 0.2 0.3 -0.1 -0.3 0.4 0 -0.1 0.4 0
12 1.2 1.2 0.2 0.4 0.2 0.1 0.1 - 0.3 0.4 -0.9 12 0.2 0.3 -0.6 0 0.3 0 0.3 0.4 0
15 1.9 1.9 0.3 0.3 0.4 0.1 0.4 - 0.3 0.6 -0.5 15 0.3 0.2 0 -0.2 (.5 0 0.4 0.5 0.5

18 2.9 2.5 0.2 0.3 0.2 0.4 0.7 0.9 0.5 0.6 -0.1 18 0.4 0.3 -0.1 -0.2 0.4 0 0.5 0.7 0.5
21 4.1 37 0.3 0.4 0.5 0.4 0.5 1.3 0.7 0.8 0.5 21 0.5 0.6 -0.1 -0.1 0.6 0.3 0.7 0.7 0.5
24 6.1 5.4 0.3 0.6 0.7 0.4 0.6 1.3 0.9 1.0 1.1 24 0.5 0.5 0.5 0.2 0.5 0.7 11 1.0 1.0
27 7.2 6.S 0.4 0.61 1. 0.8 0.7 1.4 1.2 0.9 1.6 27 0.5 0.7 0.7 0.4 0.8 0.3 1.1 1.2 1.0
30 8.0 8.3 0.6 1.2 06 0.8 0.6 1.1 1.3 1.4 1.2 30 0.6 0.8 0.7 0.7 1.9 0.6 1.5 1.5 2.0
41) 10.5 9.7 1.1 1.01 .3 1.5 2.1 2.5 2.7 3.0 40 0.9 1.0 1.1 1.3 12 3 1. 2.2 2.4 1.9
5.S - - 1.3 1.4 , 1. 2.1 2.2 2.8 3.4 3.5 4.5 50 1.4 1.3 1.3 1.7 0 2.2 3.4 3.6 3.5
60 - - 1.9 2.6 1.9 - 3.3 3.5 5.0 4.8 5.4 60 1.7 1.9 2.0 2.7 2.9 2.9 5.5 5.2 4.3
70 - - 2.9 2.7 3. 6 3.9 3.5 37. 6.3 6.2 7.3 70 2.3 2.0 2.0 4.3 4.6 4.5 7.6 7.5 7.6
80 - - 3.2 .. 3.7 5.2 5.3 5.7 7.59 6.81 8074 3.3 2.7 3.1 5.3 5.7 6.0 9.6 9.3 96
90 - - 4.7 5.0' SA 5.1 5.7 6.4 8.21 6.91 - 90 3.6 3.9 4.1 7.3 8.3 7.6 12.3 12.3 12.4

100 5.1 4.9 4.9 9.5 10.3 10.8 15.4 %l.S 14.4
110 5.3 . 5.1 5.4 12.1.12.3 12.5 20.1 *1. 0

Key: (a) not pulverized
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TABLE 40, COLUINAR TABLE 41. COLUMNAYX
QUARTZ (8), c - 0° QUARTZ (8)) -450 5P% P%

He 021m s mmua<ic< I so<d<

4.o, a.o.1 0. o. , 6. #-o., a.# .0. 80. a.• IV, o., o o soo#. do a .s 40,
6 0.1 0.1 0 0.2 0.3 0.3 0 0.2 0 0.2 6 0.2 01. 0 0.3 0.3 0.6 0.2 03.

90.1 0.1 0.5 0.3 I0.31 0.1 0.1 P'.1 0.3 0.2 9 0 0-2 0.2 0.2 0.3 0.3 .-0.1 0.1 0.512 0.2 0 0.2 0 -.3 0.2 0.1 0.3 0.2 03 0.3 12 0.4 0.2 04 0.1 0.3 0 -0.1 0.3 0.1
IS 0.2 0.1 0.4 0.2 1 0.2 0 0 0.4 0.2 0.2 15 0.1 0.3 0.2 0.1 0 O.S -.0 0.1 0.3
li 0.2 0.2 0.4 0.1 0.2 0.2 0.4 0.4 0.5 0.2 1 0.3 0.s 0.5 0 ,4 .0,4 0 .1
21 0.3 0.2 0.4 0.6 tI 02 0.3 0.4 0.4 0.4 0.3 21 0.4 C 0.3 0.3 04 0.4 -0.2 0.4 0.2
24 0.5 0.3 0.4 0A4 (1 0.5 0.3 0.5 0.6 0.7 0.7 24 0.3 0:4 0.3 0. 0.4 O.S -0.1 0.4 0.4
r, 0.4 0.4 0.5 0.3 0.4 0.1 0.2 0.7 0.6 0.5 27 0.4 0.4 0.6 0.4 0.2 0.7 +0.3 0.4 0.7• . 0.9' 0. (,3 ,. 0.5 0.6 0.6 0.6 0.6 30 7 06 0
S0 .6 0.6 09 0.0 0.6 0.8 0.6 1.0 0.4 0.5 0.6
40 0.9 0.8 100 ')'1 1 1.0 0.9 0.8 0.8 0.8 07 40 0.9 1.0 1A 0.8 0.7 0.7 1.1 1.0 0.3
54 1.4 1.2 1.4 07IN 1.4 1.2 1.2 1.6 1.6 1.0 SO 1.1 1.2 1.1 1.4 1.3 0.8 1.5 1.5 1.1
611 1.9 1.6 1.8 1 1:. 1.6 1.8 1.? 1.8 1.9 2.0 60 2.0 1.6 L1 1.9 1.7 1.S 2.1 .8 1.6
?7, 2.3 2.5 2.31 17 2.t 2.b 2.4 2.5 3,0 2.2 2.3 70 2.3 2.4 2.1 2.4 2.2 2.4 2.4 2.5 2.4
SU 2,0 1.2 2.7 2.6 2 3.5 3.2 4.2 3.8 3.1 3.S 80 3.1 3.3 3.2 3,1 3.0 2.6 3.3 3 3.1
90 - - 3.31 1.5 - 5.2 4.9 4.0 4.7 5.4 4.0 4.2 3.9 4.3 3.8 4.0 12 4.8 4.8 4.1

100 4.8 4.9 5.0 4.7 4.4 4 53 5.2 S.6
M, 10 5.4 6.6 5.4 6.4 6,2 5.4 6.5 5.3 1.8

Key: (a) not pulverized

TABLE 42. OCHREOUS TABLE 43, OCHRFD)TJS
LIMONITE (9), £ 00 LTNONITE (9), c 45P% P%

~5.0-' "P -' "I-" ,-___, -, i - .-.

6 0.3 0.3 -0.1 -0.2 -0.9 -0.6 -0.4 -- 0.4 6 0 O.t 0.2 A-,.4 0 0.1
9 0.2 0.4 -0.3 -0.5, -0.7-0.4 -0.3 -0.4 9 0.3 0.2 0.4 -0,2 0 0.2

12 0.3 0.4 -0.1 0 -0.10 -0.3 -0.2 12 0.1 0 0.3 0 0.1 0•
15 0.4 0.6 -0.1 0 0.3 0.2 -0.1 0 is U.1 G.3 0.6 o.5 0.1 0o3
18 0.5 - 02 0.3 0.6 0. -0.1 0 18 0.7 0.3 1,0 0,5 0.4 5,3
21 0.6 1.0 0.5 0.8 0.7 0.6 0.5 0.3 21 1.0 0.7 1.6 2.4 1.3 1.0
24 I.S 1.7 0.9 0.8 1.9 1.7 1.4 1.1 24 1.' 1.8 • 1.7 1.5 2.2 1.027 th 2.0 2.3 1.7 2.3 2.2 2.2 2.4 27 2V 27 2.3 2.6 2.3 2.63 1.9 1.6 3.3 2.8 2.4 2.7 2.7 2.2 30 2.8 3:2 2.7 3.0 2.7 3.!
40 4.1 4.2 4.4 4.4 4.1 4.1 4.4 4.9 40 5.2 4.4 5.2 4.5 4.9 A.4S 63, 6.2 6.6 6.6 7.4 6.4 7.2 7.0 so0 7.4 74 5 :.9 7.2I 7.7 IA4

60 9.1 8.8 9.6 3.1 10.2 7.1 8.6 9.0 60 .&7 10.4 10.1 9.0 9,3 9.3
70 12.8 10.S 13.9 11.5 13.6 10.4 11.2 11.3 70 11.9 11.4 11.1 "I 11.3 12.4
10 13.6 11.7 14.3 14.4 15.6 13.9 15.0 13.3 80 137. 12.1 13.9 13.,4 12,8 13.9
90 - 13.9 . .. .- 90 14.4 13.9 16.1 13.9 16.1 15.)

100 14.7 14. •3.o 2:15 .1 I -
r I+

Key: (a) not pulverized
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TABLE 44. MIOCENE TABLE 45. TUFF
VOLCANIC TUFF (10) (11). c - 0*
P% (without filter) P%

69.a 6.. (a).-.
0.25" U.s ma< Win, < 0.2 USa- < o o f<3

d<I <4<106 <3,W41A=

"e50' . .= 0 . . I. 9'.05.".__ __=_•!= L.= ,I "" . '.i. .. _ •

602 - 0 0.4 0 -0,3 0 6 0.2 0.4 -0.1 -0.4 0.1 -0.4 -,-0.2 0.4 --0.3 -0.'7 -0.49 0.2 01 0.2 0.1 -0.1, 0 9 0.2 G3 -0. --O.1 0.1 0 0 a.s o -0.4--OA12 0.2 0.1 U 0.2 0 i0 0.3 0.4 0 -0.1 0.6 0 -0.2i 0.2 0.2 0 0!5 0.6 0.5 0.3 63 0.3 04 0.. 15 0.4 0.4 0.2 -0.1 0.2 0.3 01 0.4 0.4 0.5 0.5
1 0.4 0.2 0.5 0.5 0.6 . 04 18 0.7 0.6 0.7 0.5 0.5 0.3 0.2, 0.4 0.8 0.7 0.921 0.6 (f1 0.5 0.0 0.6 0 91 t7 21 0.8 0.8 0.6 0.8 0.8 O.S 9.4 1.0 0.8 1.1 0.7
24 .0 10 (1.7 1.2 1,0 .( f'i 24 1.0 1.0 0.5 0.7 1.0 0.8 0.4 0.6 1.1 0.9 1.227 1.5 40t 0.9 1.3 1.1 L L I 27 1. 1.2 u.0 1.1 0.8 0.9 0.9 1.4 1.6 1.6 1.3Y) -- It 1.0 . I.S 1.5! Is• 30 1.4 1 '4 1.1 1.2 1.8 ' 3 1 0.9 1.1 15s 1.6 1.8L

40 •:.7 17 . 3 2. 2. 6 24 0 2.4 1.9 2.0 2.2 2.6 2.3 1.4 2. 2. 2.4 2.5
SO 3. 2.6 2.3 3.6 3.0 33.1 3.11 50 2.8 | 2.9 2 .4 2.5 2.8 3.0 2.71 2.6 3.7 3.6 3.5
0 .6 3 2.3 .6 . 0 4. 3 4.1 3•"
70 Sk0 . 7 3- .6 56. 9 5.3 70 4.1 , 4.6 4.1 4.1 3.8 S.0 4.6- 4.1 511 5.3 6.2

so 1 1 -1 1 6 .326 6.4' 6 .2 80 5.0 4.6 S.2 4 '4 3,9 5 .3 S.1 4.7 5 9 6.6 C.9

10:0 -- - 4. - 11 . . 2 -71

Key: (a) not pulvezized Key: (a) not pulverized

TABLE 46. TUFF TABLE 47. VOLCANIC SLAG
U(i), F - 450 VERY BLISTERED (12), e --

SP% P%

I __L ' --- T '-"- -" - '- . -"0!4as m•.< "m~, <d -,, 0.<Wo 02 aaIa Iat<

6 0.o.2 0.4 0.4 V fo 7 6 -0.4 -0.3 -o0.7 -0.7i -.. 1 - -0.1- -9 00.410 0.2i0.2 0 0.1l0.41Q4 9 -0.2,-0.2 -1.0o-0.4 - -1.0 -1.0 --- 020 0.3
12 0.210.210.610.1 0.4 0 0.4030:7 12 0 0 - 0.1 - -1.1 -0,4 - -03 0 0.s
is10.310.3 0.610,310.4 0.8t0.2,o0.7 04 IS 0.41 0.5 -0.2 -0.1 - .-*0.3 -0.3 - 0 0 0.6
18 0.30.5 0.6IO.5I0.6 1.6o0.6 .9 0.4 Ib 0.71 1.0 0 -0.1 - -4-0.6 - 0.4 0 0O.
21 IO.6 1.0 JA:0A 0.9 1. ! o.9 0 1.7 21 1.0 1.4 .9.7 0.8 - 0.4 1 - i1.0 0. 0.6

I..
Key: (a) not pulverized

FTD-HT-67-12/1 + 2 + 3 + 4 19
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TMdLE 48. VOLCANIC SLAG
VERY BLISTERED (12), c " 450

d@Ju <.5uO<.M 1gi"<~

•.9. ",9. [ ,._ -9.9. _____"._. -. 7.

6 0.1 0 -' 0.3 - -0.7 0.6 -
9 0.5 0.4 - 0.4 0.1 -0.4 0.1 -

12 0A6 C.4 - 0.4 0.2 0 0.2 "-
Is o.9 1.3 1.3 o.s 0.8, 0.1 0.2
18 1.7 1.4 09 LO 0.8 1.9 - 0.8
21 1.7 1.9 1.4 1.0 1.5 2a 1.1 1.5 0.8
24 2.2 SA 1.4 2.2 2.2 2.2 2.2 1.6 1.4
27 3.7 2.1 A 3,3 2.4 2.2 3. 2.4 2.5
30 4.5 3.7 3.4 4,( 4.0 .4 4.2 3.3 2.3
40 6.3 6,2 6.0 6.b 7.5 5.5 7.3 6.3 5.8
5D) 9.0 8.4 6,6 11.2 10.5 8.7 11.2 9.9 15.6
W0 12.3 II.'" 9.1 16.1 .,17 13 16.2 13.9 17.8

71) 15.4 1S.2 13.7 "9.6 19.7 19.6 22.3 19.6 25.9
w) 18.2 16.0 17.2 25.1 25.3 - 26.3 25.0 i. -
9io 18,6 19.0 17.2 - 26.4 - 29.5 28.4 32.9

lit) 20.4 I8.S 22.2 33.0 31.8 34.0 35.8 32.9
llu 20.8 19.2 29.9 35.8 37.8 31.3 -

!"] rrT..-i 67-172/1 + 2 + 3 + 4  20
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