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Fig. 1. Sample localities.
Circle and ellipse : sampling areas. Shadow : the Toyoma Formation. E :
the Eastern Area. C:the Central Area. ‘W : the Western Area. S: the
Southern Area. Town names 1 : Kamiarisu, 2 : Ubaishitoge. 3 :
Setamai. 4 : Sakamotozawa. 5 : Yukisawa. 6 : Kesennuma. 7 : Usu-
ginu, § : Utatsu. 9 : Toyoma. 10 : Okatsu.
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Table 2. Mean values of major element content in sediments
from the South Kitakami Mountains and Japan.

1 2 3 4 5
SiO2 56.33 59.94 57.60 72.27 64.78
TiO2 0.80 0.79 0.89 0.39 0.65
A1203 15.45 18.00 21.88 11.91 16.48
Fe2 3 1.20 1.77 2.59 0.71 1.63
FeO 5.60 4.68 6.51 2.14 3.65
MnO 0.15 0.07 0.09 0.06 0.07
MgO 3.10 2.65 2.01 1.18 2.01
ca0 5.39 1.53 1.65 2.43 0.78
Na20 4,11 2.34 1.66 3.22 2.30
K20 0.84 2.24 2.08 2.04 3.40
P205 0.13 0.20 0.09 0.08 0.14

N 13 29 a7 43 295

1 : sandstone of the Upper, Middle, and Lower Parts of the South Kitakami
Mountains.

: mudstone of the Upper and middle Parts of the South Kitakami Mountains.

: mudstone of the Lower Part of the South Kitakami Mountains.

: sandstone of the Honshu Geosyncline.

: mudstone of the Honshu Geosyncline.

: number of analyses.
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THEREL, BB TABROBILEE, —MIKLEDO 1HsE L THEELCLOTH S, fiE
PRERHCERBIEVCORBRTHA S,

W Ca0 T & LTAWEFRETH S, Na,O pSE—F - BB AE— TR EDIH
FRicoThb0ik, RIRADEDIAF CH B, FHEEHCENDIVDIXBILEHORE T
BB WA KO B0, <bYy 2 AW RBERNDBENSTH D,

5. BE - BE - EEOHEBRROFHIE

WEBE - BE - BREOHMELRONFEL, W 2nhDFEEE LT Table3wzid, M
RRIC AP IHEDEERE L MR L DT 5. BEOEMEX, FoXthrlcT kBaly, 5§
By (XS - RIS - R E) LEREEE (EHENAGS - EHE - FAH1 1+ - %
BEATISE) O 2B/ T, ERLhOTPHELRFHE L (no. 1, 2), ¥l oBEo~ b
Dy s AL, BEPTCRIERLIWELYMLTEE L (n0.3), <tV , 7 AEWEED
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from the South Kitakami Mountains,

(a) Conglomerate and Sandstone

Table 3. Mean values of minor element content in each rock

105

1. 2. 3. 4.
Igneous Pebbles of the : The Whole Sand-
Usuginu Conglomerate Mat[r]:lcggxfmthe stone, and
Mafic to Felsi Conglomerate UMan.'lx of thle
Intermediate elsic suginu Conglom.
Element Mean St. N. | Mean St. N. |[Mean St. N.  Mean St. N.
Zn {ppm) 86 17 12 52 16 19 68 13 18 70 15 58
Pb 4 3 12 6. 8 18 11 13 18 10 13 58
Cu 80 87 12 27 23 19 24 13 18 24 15 58
Ni 51 42 12 9 8 19 21 9 18 21 8 58
Co 34 9 12 8 6 19 14 7 18 15 5 58
Cr 147 149 12 5 7 19 31 14 17 35 15 57
v 199 44 12 62 49 19 | 121 54 18 | 120 43 58
Li 13 3 4 11 2 S 16 . 6 18 28 17 58
(b) Sandstone
5. } 6. 7. 8.
The Upper The Middle The Lower The Whole
Element Mean St. N. [ Mean St. N. |[Mean St. N. | Mean St. N.
Zn (ppm) 59 10 10 75 16 22 76 16 8 71 16 40
Pb 3 4 10 13 16 22 9 6 8 10 13 40
Cu 13 5 10 28 19 22 30 13 8 24 17 40
Ni 16 5 10 22 6 22 23 13 8 20 8 40
Co 15 3 10 16 5 22 18 5 8 16 4 40
Cr 43 9 10 34 13 22 38 23 8 37 15 40
v 118 27 10 | 112 38 22 | 146 41 8| 120 38 40
Li 29 10 10 33 16 22 38 29 8 33 18 40
{(c) Mudstone
9. 10. 11. 12.
The Upper The Middle The Lower The Whole
Element Mean St. N. |[Mean St. N, |Mean St. N. | Mean St. N.
Zn(ppm) 114 11 19 | 108 23 34 | 136 49 23} 118 34 76
Pb 24 7 19 17 24 34 8 9 23 16 18 76
Cu 37 9 19 49 22 34 23 18 23 38 21 76
Ni 41 8 19 35 15 34 19 16 23 32 17 76
Co 16 5 19 18 6 34 15 9 23 16 7 76
Cr 51 5 16 40 16 31 23 28 23 37 22 70
\ 146 28 19 | 148 41 34 {158 81 23| 151 53 76
Li 53 9 19 42 10 34 38 24 23 44 16 76

St : standard deviation. N : number of analyses. Analysts: H. Goto and T. Tono.

Hiy, SRR PN  RE L2 LA bR,

WEERET, L THSIOLWE - 2REFRFhOFBHEEZR LIz, BRBED
<=+ )y ZABLUWE (no. 3) &, ZOBECEGEOW—BHDE (no. 8) ORI,
LFROFEEEDRL LRIV OT, — I UTHEL, Zhidno 4pr L, 48 h%

TWEA LY 7R PHELES, HLEE AL TER, B—BEOLORLETSRY
AREATEHACELOT, S (no. 9—12) L LT—¥E L,

koI, hrboFRCLBERERIEAEONPEER Table4 whifl, £LT
coFik, Table3mno. 1, 2, 4, ROEHRE—PlKEUEE  BEREKBER - BE
+= b Uy 7 A EPREDOTEEES, no 15 16, 20, 2LCERLTH D, RO HiT,
n0.23—28ic i R OLRA - (EBINEE - TEaE - B - E (BiRE) - AREOEREYR
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Table 4. Minor element content in various rocks.

13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28
Zn 73 69 86 52 96 92 38 70 118 59 100 60 40 5-20 100 25
Pb 2 2 4 6 18 14 2 10 16 11 5 15 20 10-40 20 8
Cu 92 13 80 27 36 38 5 24 38 22 100 30 10 10-40 50 15
Ni 89 135 51 9 24 36 6 21 32 16 150 20 0.5 2-10 70 12
Co 36 26 34 8 26 22 10 15 “16 10 50 10 1 1-10 20 4
Cr 808 528 147 5 21 55 16 35 37 6 200 20 4 10-100 100 10
\) 204 228 199 62 184 180 24 120 151 55 250 100 20 10-60 130 15
Li 44 12 13 11 56 40 8 28 44 10 25 30 7-29 60 20
N. 1 b 12 19 1 1 1 58 76 1
13-22 : analyses in the South Kitakami Mountains. 13 and 14 : greenstone.
15 and 16 : same as nos. land 2 in Table 3. 17 and 18 : mafic to intermediate volcaniclastic sandstone.
19 : felsic volcaniclastic sandstone. 20 and 2] : same as nos. 4 and 12 in Table 3.
22 : impure limestone. 23-28 : Average content of the world. 23 : basalt. 24 : granodiorite.
25 : granite. 26 : sandstone. 27 : mudstone(shale). 28 : limestone. N : number of analyses.

B tc (WEFHfER Hawkes and Webb (1962) , Z o fiho FifEik Levinson (1974)
CX3) o

Table 4 OEBAEELD 5B, 10.13, YO TFHOFEETL, BE - BEOHEAESOER
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Fig. 2 Distribution of minor element content in each rock.
1 : mafic to intermediate igneous pebbles of the Usuginu Conglomerate.
2 : Felsic igneous pebbles of the Usuginu Conglomerate,
3 : matrix of the Usuginu Conglomerate,
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4 : sandstone of the Upper Part.
6 : sandstone of the Lower Part.
$ : mudstone of the Middle Part.

5 : sandstone of the Middle Part.
7 : mudstone of the Upper Part.
9 : mudstone of the Lower Part,



110 RHIEA - BREEER « HHSFE - REFEX

=] <u PB <u P8 <u

<u PE <u £5 <u

Fig. 3 Zn-Pb-Cu and Ni-Co-Cr relations in each rock.
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Fig. 4 Comparison of minor element content in sandstone from the
Easterm, Western, Central and Southern Areas. ’
E, C, W and S:same as in Fig. 1.
Figures in parentheses : number of analyses.
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Fig. 5 Simplified correlation matrix of minor and major components in each rock.
a :igneous pebbles. b : sandstone.

¢ : mudstone. Open circle : >(.70. Solid circle : (. 69—0. 50.
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Minor Elements in Paleozoic Congromerate,
Sandstone, and Mudstone from the South
Kitakami Mountains

Masato Katada*, Hayatsugu Goto**,
Morimasa Yoshii**, and Tokuo Tono**,

SUMMARY

The -area studied is stratigraphically divided into three parts : the Lower, the
Middle, and the Upper Parts, in ascending order. Geological age of the Lower
Part is Carboniferous to Permian, and that of the Upper Part is the uppermost
Permian.

One hundred seventy-nine rock samples most of which are sandstone, mud-
stone, and igneous pebbles of conglomerate were collected as systematically and
comprehensively as possible from the area. Analyses of minor constituents Zn,
Pb, Cu, Ni, Co, Cr, V, and Li were carried out with the atomic absorption meth-
od for all the collected samples. Analyses of major components were also made
with the wet method for selected 33 samples. The obtained chemical data are ex-
pected to be one of the fundamental geochemical data of Paleozoic sediments in
Japan.

Distribution and behavior of the minor elements are discussed from the geo-
logical view points as followings :

1) As a whole, source rocks of the sediments comprise intermediate to mafic
volcanic rocks more abundantly than the source rocks of Paleozoic sediments in
other areas of Japan. In accord with this, sandstone of the area is rich in Zn,
Ni, Co, and V.

2) The standard deviations for the minor elements in sandstone are much
larger in the Lower and the Middle Parts than in the Upper Part. This may be
resulted from that lithology of the source rocks was various in places of the area
in the Lower and the Middle stages.

3) Most of minor elements of mudstone in this area decrease in amounts
from the Upper Part to the Lower Part. The reason of this fact is assumed to be
as follows : i) At the Upper to Middle Parts fine-grained mudstone is dominant.
Pore solution in the mudstone yielded remarkably reducing conditions during the
sedimentation in the period. ii) The topographic relief of the source area was so
low and gentle that soil kept covering the surface of the area thickly for a long
time. As minor elements were adsorbed mainly to such material as hydrous iron

* Iwate University
** Geological Survey of Japan
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oxides in the soil, the minor elements could be fixed conspicuously within the
soil profiles in this time.

4) Correlation coefficients between minor elements themselves for sandstone
and mudstone are much smaller than those for igneous pebbles in this area. This
indicates that although each minor element entered into crystals in magma in the
course of crystallization differentiation under equilibrium and regularity, the ele-
ments moved beyond the equilibrium in sedimentary processes.

5) In sandstone most of the minor elements correlate with such major compo-
nents as Ti0,, 2Fe,0;, and MgO. In mudstone most of them correlate with TiO,,
2Fe,0;, and, in some cases also, Al,O,. From these facts it appears that during
the processes of transportation and sedimentation the minor elements were con-
tained in clastic colored-minerals or their secondary ones of sand grains, or were
adsorbed or included in hydrous iron oxides and altered titaniferous iron minerals
in clayey particles. In some cases, the particles of the hydrous iron oxides might
adhere to clay minerals.





