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Major and trace element analyses of Cretaceous sedimentary rocks
from the Euisong block, Gyeongsang Supergroup, Korea

Barry Roser*, Hiroaki Ishiga*, Hyun-Koo Lee**, Kaori Dozen*** and Chikako Yamazaki*

Abstract

Cretaceous fluvial-lacustrine sedimentary rocks of the Gyeongsang Supergroup crop out extensively in
southeast Korea. This report contains whole-rock XRF analyses of 81 sandstones, siltstones and shales from the
Sindong and Hayang Groups in the Kumi-Euisong area of the Euisong block. Analyses include major elements,
CO., LOI, and 11-16 trace elements. Sample suites, petrography and broad elemental variations are also outlined.
SiO: concentrations vary from ~55 wt.% in the mudrocks to over 85% in the sandstones, due to sorting
fractionation. Most elements are positively correlated with AlOs, indicative of residence in the clay fractionation.
A small group of elements (Na;O, CaO, Ba, Sr) tend to decrease with increasing AlLQs, reflecting partial
residence in feldspar and diagenetic enrichment in sandstones. Zr shows no trend, typical of zircon control.
Scatter to high values for several other elements (Th, Ce, Ni, Cr, and Y) may also be influenced by heavy
mineral concentration. More detailed interpretation of the data will be published elsewhere.
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Introduction

Fluvial-lacustrine sedimentary rocks of the Creta-
ceous Gyeongsang Supergroup outcrop extensively in
southeast Korea (Fig. 1). The sediments were deposited
in the NNE-trending extensional intermontane
Naktong Trough, which developed near the present
margin of Korea during the Early Cretaceous (Yang
and Chang 1987). The Gyeongsang sequence is
divided into the Sindong, Hayang and Yuch’on
Groups, in ascending order (Fig.2). The Sindong
Group (middle Early Cretaceous) is a 2000 to 3000m
succession of sandstone, shale, conglomerate and marl.
Paleocurrent data suggest derivation from a source to
the WNW (Chang 1988). The Hayang Group (late
Early Cretaceous) comprises a 1000 to 5000m
sequence of shale and sandstone, with minor marl,
conglomerate, and intrabasinal volcanics. The basin
expanded eastward during Hayang deposition, and was
cut into three smaller crustal blocks (Yongyang,
Euisong, and Milyang) by movement along WNW-
trending growth faults. In the southern Milyang block,
the source of the Hayang Group is thought to lie to the
east, under the present Japan Sea (Yang and Chang
1987). In the Euisong area, however, paleocurrents
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remain dominated by WNW directions (Chang, 1988)
similar to those in the underlying Sindong Group.
Throughout the basin, the Hayang Group is uncon-
formably overlain by the complex Yuchon Group,
which is dominated by abundant andesitic to rhyolitic
volcanic rocks, and contains only minor volcaniclastic
sediments.

This paper reports the whole-rock geochemistry of
sandstones, siltstones and mudstones (shales) from a
traverse across the Sindong Group and part of the
Hayang Groups in the Euisong block. The samples
were collected geochemical
variations and their cause, and geochemical parameters

to determine basic

relating to provenance, tectonic setting and source
weathering. The purpose of this paper is simply to
present the data ; interpretation of the results is given
elsewhere (Roser et al. 2000). The sample suite
reported here is intended to serve as a comparative
baseline dataset for use in study of a second transect
across the Milyang block, and of equivalent formations
in western Japan.

Geological Outline and Sample Suites

The samples were collected between Kumi and
Euisong, over an area of about 30x15 km (Fig. 1).
Schematic stratigraphic sequence in the area is outlined
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Fig. 1. Geology of the Gyeongsang Supergroup in the Kumi-Euisong area, Euisong block, showing
locality and principal sampling sites. Inset: Korea, showing location of the main map, extent of the
Gyeongsang Supergroup, and the Yongyang, Euisong and Milyang blocks. Figure from Roser et al.

(2000).

in Fig.2. Samples were taken mainly from clean
roadside outcrops, and postdepositional weathering was
absent or minimal. Sampling at individual outcrops
was designed to span the full range of grain size
present, to accommodate chemical fractionation result-
ing from mineralogical sorting. A total of 81 samples
were collected and analysed, with 41 from the Sindong
Group, and the remainder from the lower to middle
formations of the Hayang Group. The Yuchon Group
was not sampled. Stratigraphy, lithology, sample suites
and petrography of the formations sampled are briefly
outlined below, summarised from Roser et al. (2000).
Sample numbers (in parentheses) refer to those listed
in Tables 1 and 2. Those with alpha-numeric sample
numbers are mainly sandstones, with a few siltstones
and shales (collected by B.P.R.), whereas the 11xx-xx
series samples are all shales collected by H.I. and K.D.

Sindong Group

The Sindong Group (Necomian) comprises the
Naktong, Hasandong and Jinju Formations, in
ascending order (Fig.2). The Naktong Formation (12
samples) consists of alluvial fan and braided river
pebble and cobble conglomerates, sandstone, siltstone,
shale and marl (Choi 1986 ; Yang and Chang 1987 ;
Son 1997). Beds at sites sampled included 2m thick
matrix-supported cobble conglomerates containing
coarse-medium channel sands (NK2-4), and 1-2 dm
rhythmically bedded alternations of coarse- to medium
-grained sandstones and subordinate mudrocks.
Sandstones are arkosic, poorly to moderately sorted
(NKS, 7) and usually massive (NK4), but occasionally
show distinct plane lamination (NK6).

The Hasandong Formation (18 samples) includes
sandstones, conglomerates and reddish and grey silty
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Fig. 2. Schematic stratigraphy of the Gyeongsang Super-
group in the Euisong block, after Son (1997).

shales, thought to have been deposited from
meandering river systems (Son, 1997). Although the
formation is partially distinguished in the field by
incidence of reddish beds (Yang & Chang 1987) most
sandstones collected here are pale grey, weakly
laminated and graded medium-coarse sands (e.g. HA2,
7, 8), with muds comprising <2-10% of outcrop. Beds
sampled ranged from 0.4 to 0.8m in thickness. Shale
rip-up clasts present in some samples (e.g. HA8) were

discarded prior to analysis.

Jinju Formation (11 samples) consists of fluvio-

lacustrine sandstone, shale, and conglomerate (Son
1997). Red beds are generally lacking (Yang and
Chang 1987). Sandstones collected here are mainly
pale grey to pale brownish grey, moderately to well
sorted, and fine or medium grained, although some
coarser conglomeratic beds also occur. The sandstones
sampled occur in 1-2 dm graded alternations with 10
cm grey shale interbeds. Weak lamination (CH2, 3, 6)
and rip-up clasts (CH6, 7) are sometimes observed.

Hayang Group

Fluvial sediments of the Iljik Formation (8 samples)
form the base of the Neocomian-Aptian Hayang Group
in the study area. The two localities sampled consisted
of rhythmic alternations of 1-10cm bedded pale
brownish-grey sandstone and shale, in a ratio of 9: 1.
Sandstones at these sites were fine- to medium-
grained, poorly or moderately sorted (IL2, 3), and
sometimes showed weak grading (IL1).

The Hupyongdong Formation (conglomerate, sand-
stone and shale) is partially correlative with the Iljik
Formation, and contains basal conglomerates where it
directly overlies basement (Yang & Chang 1987). It is
divided into the Kumidong and Kugyedong members
(Fig. 2). Because the locality sampled here lies at the
contact between these two members, only fine
sandstones, siltstones and shales are present. All 17
samples analysed are distinctly coloured (red, maroon
and purplish-red). Sandstones are typically well-sorted,
very fine grained, and finely laminated (PA1, 2, 5).
These occur in metre-thick beds separated by 2-3 m
layers of fissile siltstone and shale, which become
thicker upwards.

Strong colouration in the Hupyongdong Formation
is succeeded by primarily grey to greenish-grey
lacustrine sandstones and shales of the Jeomgog
Formation (Son 1997). Ten samples were analysed,
from two localities. The beds sampled were 1-10 dm
bedded sandstone-shale alternations in which shale
predominated. Sandstones (CG1-3) are calcareous, well
sorted, fine- to medium-grained, and plane laminated.

The uppermost unit sampled in this study is the
Sagok Formation (5 samples), which is a mud-
dominated flood plain unit (Son 1997). The main
locality sampled consisted of shale alternating with
subordinate 80cm-thick purplish-grey, weakly lami-
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nated fine-grained sandstone beds (SA1, 2).

Petrography

Petrographic studies (Yun et al. 1993 ; Lee and Lee
1998) and representative thin sections in this study
show that Sindong and Hayang sandstones are
relatively quartz-rich feldspathic ~wackes. Lithic
fragments are rare, but matrix and cement contents are
significant (Yun et al. 1993), suggesting some labile
lithic fragments have been destroyed by post-
processes Quartz and feldspar are
typically angular to subangular. Feldspar includes
abundant sodic plagioclase, and K-feldspar often
exhibits microcline twinning, and perthite and braid
perthite microtextures. All feldspar shows alteration,

depositional

with pools of calcite and flecks of sericite. Accessory
minerals include biotite, muscovite, amphibole and
epidote. Identifiable lithic fragments include gneissic
and schistose metamorphics, quartz-feldspar aggregates
and fine-grained sedimentary rock fragments. Volcanic
rock fragments, which are abundant in Hayang Group
sandstones in the Milyang block (Noh and Park 1990,
Lee and Jun 1995; cited in Lee and Lee 1998), are
virtually absent in this sample suite.

Petrographic information loss from extensive matrix
development is compounded by almost ubiquitous
presence of sparry and granular carbonate cement. In
some samples from the Hayang Group, such cement
surrounds and isolates subrounded detrital phases, and
may near 50 modal per cent. This precludes systematic
point-counting of the samples collected. Albitisation of
feldspar is extensive in the Gyeongsang sediments, as
shown by Lee and Lee (1998). Diagenetic modification
is thus well advanced, and has substantially modified
both petrographic and chemical compositions.

Analytical Methods

All samples were analysed by XRF, using a Rigaku
RIX-2000 XRF at Shimane University. This instrument
is equipped with an Rh-anode X-ray tube. All analyses
were carried out on an anhydrous basis, using the
ignited material from loss on ignition (LOI)
determinations. LOI was measured by weight loss in 5
-6 g of oven dried (110C) sample after ignition for
two hours in ceramic crucibles at 1000°C. Sample
preparation and analysis methods differed between the
11xx-xx series shale samples (analysts K.D and S.Y.)

and the sandstone-dominated alpha numeric sample
suite (analyst B.P.R.).

11xx-xx series

About 20 g washed and dried sample chip was
manually crushed in a tungsten carbide pestle and
mortar, and then ground in an automatic agate pestle
and mortar grinder. The powders were then oven-dried
at 110C for 24 hours prior to LOI determination.
Major and trace elements were determined on fused
glass beads prepared in an automatic bead sampler,
using commercial lithium tetraborate flux and a
sample : flux ratio of 1:5. For major elements the
method is essentially that of Norrish and Hutton
(1969). Trace element analyses used standard peak
over background methods, utilising calibration lines
constructed from data for standard rocks issued by the
Geological Survey of Japan (G.S.J.) and the United
States Geological Survey (U.S.G.S.). Instrumental drift
during analysis was monitored by repeat analysis of
U.S.G.S. standard SCo-1.

Alpha numeric sample suite

Fresh sample chip <10 mm in diameter was
produced by splitting in a manual rock trimmer, with
any chip containing exterior surfaces, veins or rip-up
clasts being discarded. Sample chip was washed
repeatedly in deionised water, oven-dried, and crushed
for 30-60 seconds in a tungsten-carbide ring mill.
Sample weights ranged from 70 g in the shales and
siltstones to approximately 200 g in the sandstones.
Previous work (Roser et al. 1998) has shown that the
crushing times used produce powders finer than agate
grinding, with no significant contamination other than
for Co, which was not analysed. The powders were
oven-dried at 110C for 24 hours prior to LOI
determination.

All analyses were carried out on glass beads
prepared in an automatic bead sampler,
commercial alkali flux comprising 80% lithium
tetraborate and 20% lithium metaborate, with a sample
to flux ratio of 1:2. Analytical methods and
instrumental conditions for these analyses follow those
described by Kimura & Yamada (1996). The 1:2
method used for this group of samples allows
determination of several additional elements (Th, Ce,
Ga, As, Pb), and also offers greater precision over the
1 : 5 trace element data due to greater peak/background

using



Table 1 Major and trace element analyses of sandstones, siltstones and shales from the Sindong Group, Euisong district.

Major elements wt%, trace elements ppm (hydrous basis).

SaNr Pstn LITH SiO, TiO, Al203 Fe,0, MnO MgO CaO Na0O KO PO, CO, REST SUM As Ba Ce Cr Cu Ga Nb N Pb Rb Sr Th \ Y Zn Zr
SINDONG GROUP

Naktong

NK2 L MS 7415 020 10.12 229 005 127 364 145 282 005 265 139 100.08 5 643 29 74 6 12 7 25 14 90 187 53 21 16 28 104
NK3 L VvCS 7407 028 1181 201 003 109 219 201 326 006 156 134 99.71 9 751 46 25 7 15 7 19 19 101 237 82 29 14 30 128
NK4 L FS 7683 027 951 199 004 115 264 149 234 006 195 132 9959 8 530 47 93 8 12 8 26 15 79 156 74 31 13 27 156
NK8 L MS 7537 029 884 218 005 150 388 177 166 006 273 147 99.80 2 341 43 96 <2 10 9 43 9 52 149 50 34 14 17 160
1102-1a L Mst 6435 085 1780 404 003 288 082 015 505 0.10 - 425 100.32 - 758 - 115 34 - 16 35 - 255 30 - 107 21 77 180
1102-1b L Mst 6225 093 1923 477 002 260 048 0.13 525 0.15 - 463 100.44 - 773 - 109 39 - 16 43 - 243 56 - 129 27 116 167
NK5 U MS 7856 017 875 168 004 115 256 188 182 005 174 123 9963 3 374 35 47 7 10 7 37 16 62 164 49 20 11 27 #&1
NK6 U FS 5923 041 907 198 020 124 1258 127 225 010 939 196 99.68 4 480 72 78 14 11 13 34 13 78 156 94 49 22 33 243
NK7 U MS 7852 019 846 161 005 106 287 180 167 005 191 133 9952 3 336 30 56 7 9 7 3 15 56 169 46 21 13 24 91
1102-2a U Mst 6239 099 1792 479 004 286 071 083 448 0.18 - 464 99.83 - 770 - 141 35 - 17 61 - 199 59 - 106 31 85 234
1102-2b U Mst 5830 069 1320 544 006 274 672 075 3.06 016 473 374 99.59 547 - 128 29 - 9 73 - 138 125 - 70 32 83 184
1102-2¢ U Mst 5576 077 1723 558 0.06 3.01 475 024 458 014 320 486 100.18 - 688 - 117 36 - 13 63 - 216 87 - 90 32 91 140
Hasandong

HAI L CS 76.18 030 1040 194 003 149 167 260 242 006 125 119 99.53 <2 763 56 51 16 12 8 19 16 76 276 104 35 13 22 110
HA2 L MS 7200 036 1045 228 004 145 367 069 277 007 465 140 99.83 35 353 74 1083 8 14 11 47 15 91 155 92 43 16 15 209
HA3 L FS 7587 030 9.18 241 005 147 305 186 169 006 265 123 99.82 5 303 53 128 5 M 9 39 19 59 204 84 37 15 30 131
HA4 L FS 7591 034 887 212 005 132 369 189 169 006 258 139 99.91 2 364 63 93 7 10 9 30 15 57 194 74 35 16 27 210
1102-4a L Mst 6136 056 1411 381 002 192 085 1.16 328 0.16 - 1014 97.37 - 710 - 130 12 - 13 93 - 111 114 - 75 19 18 222
HA6 M FS 76.68 025 1057 194 004 082 209 226 198 004 139 137 9943 2 331 37 19 5 13 7 10 7 77 191 74 23 14 27 104
HA7 M MS 7713 021 11.05 143 0.03 069 150 264 246 004 114 116 99.48 <2 467 33 12 6 13 7 8 19 8 231 73 33 11 22 91
HA8 M MS 7700 025 1085 205 004 116 142 262 204 005 093 136 99.77 2 405 48 18 3 13 8 9 18 77 253 75 27 13 34 141
HABA M FS 7287 053 1179 330 0.04 151 218 179 273 010 118 159 99.61 3 595 112 37 5 16 14 17 8 110 198 184 58 24 48 388
HA9 M VFS 6322 077 1476 582 006 276 313 107 371 015 216 249 100.10 3 700 88 71 21 23 20 38 51 170 140 169 106 29 93 231
HA10 M VFS 7232 040 1229 256 0.05 207 217 167 283 006 132 193 9973 5 531 43 38 58 16 12 20 7 123 170 79 78 15 61 125
HA11 M MS 6693 038 1137 226 0.06 147 678 154 293 007 448 192 100.19 4 810 48 35 <2 13 11 19 11 116 186 81 72 17 38 153
1102-7a M Mst 6131 079 1582 644 006 280 266 113 372 0.14 - 497 9984 - 563 - 74 27 - 12 32 - 179 136 - 92 28 99 200
1102-7b M Mst 5833 087 1864 812 004 314 063 073 466 0.12 - 438 99.66 - 788 - 88 73 - 183 40 - 257 67 - 8 17 104 153
1102-7¢ M Mst 66.62 077 1451 544 004 235 146 118 395 012 - 293  99.37 614 - n 3 - 13 30 - 197 118 - 8 21 75 243
1102-7d M Mst 5744 062 1514 472 006 277 651 057 446 019 399 377 100.24 - 646 - 62 63 - 1127 - 196 174 - 65 34 76 178
HAS U FS 7297 030 11.00 234 006 046 404 004 318 005 318 194 9956 12 308 51 19 15 13 12 11 3 106 23 71 35 14 13 131
1102-5a U Mst 5294 094 1879 356 008 242 445 004 568 0.18 633 565 101.06 - 430 - 151 25 - 20 59 - 198 107 - 115 50 25 165
Chinju

CH1 L MS 7723 037 1126 188 003 078 090 262 280 006 076 088 9957 3 699 75 23 5 14 M 9 23 103 231 131 44 17 30 137
CH2 L MS 7369 083 1251 300 004 132 074 220 322 012 041 139 9947 6 875 185 44 2 17 20 16 14 116 191 262 71 30 35 616
CH3 L FS 7339 042 1137 306 005 158 208 191 261 008 149 159 9963 8 720 71 84 11 16 12 50 17 93 148 101 58 18 52 220
1102-6a L Mst 5513 115 2426 478 005 270 027 090 667 0.10 - 522 101.23 - 1232 - 126 43 - 238 22 - 290 70 - 128 34 70 224
1102-6b L Mst 5753 119 2251 499 0.04 310 026 089 597 0.15 - 432 100.95 - 1204 - 112 25 - 24 38 - 231 68 - 137 38 92 290
CH4 M CS 7515 019 988 176 004 071 310 260 241 006 286 1.01 99.77 7 560 41 28 4 M 5 14 20 73 320 59 28 12 21 101
CH5 M FS 7030 030 9581 270 008 081 525 221 230 008 455 140 99.79 6 625 45 43 6 13 8 16 21 70 303 79 3 16 25 143
CH6 M MS 7856 025 1012 144 003 062 176 307 151 005 1.18 094 9953 3 281 51 14 4 12 7 8 21 57 284 68 27 12 24 128
CH7 M FS 6719 045 1191 325 010 148 509 221 273 010 371 162 99.84 2 629 80 39 11 16 11 21 27 97 295 11.9 49 30 52 246
1103-2a M Mst 61.71 083 16.16 657 0.05 309 149 126 357 0.15 - 47 99.59 - 593 - 8 31 - 15 42 - 178 115 - 93 29 121 200
1103-2b M Mst 5896 081 1725 680 005 325 187 101 394 0.15 - 558 99.67 648 -9 41 - 14 42 - 199 108 - 101 28 110 166
Notes: Pstn=stratigraphic position (L=Lower; M=Middle; U=Upper; nd=not differentiated). LITH=lithology (VCS=very coarse sandstone; CS=coarse sst; MS=medium sst; FS=fine sst; VFS=very fine sst; Zst=siltstone;

Mst=mudstone/shaie). RES I=LOI-CO,. Where CO, was not determined, RES | =LOI.

For elemental data," -" equals not determined.

eaI0y] ‘dnoi3radng Sues3uoskn
¥20]q SuoSINg dY} WOIy $Y001 AIRJUSWIPIS SNOIILIAL) JO SOSA[BUR JUSWS[S 90BN pue Jofejy



Table 2 Major and trace element analyses of sandstones, siltstones and mudstones from the Hayang Group, Euisong district

. Major elements wt%, trace elements ppm (hydrous basis).

SaNr Pstn LITH SiO, TiO, AR03 Fe,O, MnO MgO Ca0 NaO KO PO, CO, REST SUM As Ba Ce Cr Cu Ga Nb N Pb Rb Sr Th ) Y Zn Zr
HAYANG GROUP

lichik

L1 L FS 7397 028 1094 161 007 040 345 409 162 005 223 097 99.68 2 529 87 15 10 10 8 6 7 64 173 167 28 27 16 240
L2 L FS 7086 058 1425 366 004 150 039 429 224 011 005 163 99.60 3 291 185 31 <2 19 12 14 8 96 170 356 64 40 53 596
L3 L MS 7992 0.15 1062 089 005 028 093 409 165 005 048 059 99.70 2 679 37 8 11 10 6 5 8 63 158 52 13 14 12 102
L4 L MS 7780 022 1026 151 004 067 221 308 166 0.04 152 103 100.04 4 302 38 11 0o 11 7 8 20 60 275 63 22 11 11 94
IL5 L Mst 6178 076 1524 630 007 301 264 155 331 015 161 332 9974 7 637 92 79 21 20 19 45 31 142 149 171 108 37 107 237
L6 L VFS 5993 069 1418 627 008 313 487 147 292 014 321 323 100.12 8 602 91 70 16 19 19 37 22 127 183 153 109 34 94 220
1103-3a L Mst 6205 076 1865 500 003 293 054 326 362 0.16 - 3.03 100.03 - 391 - 49 3 - 8 21 - 156 151 - 76 51 86 753
1103-3b L Mst 5719 090 2134 654 002 296 052 184 545 0.16 - 375 10067 - 485 - 66 12 - 17 25 273 87 - 86 30 85 247
Hupyungdong

Paeksodong & Kumidong Members

PA1 nd VFS 7943 029 863 167 004 034 251 294 130 005 174 084 99.78 2 2542 14 25 7 9 8 9 7 47 127 66 36 13 20 154
PA2 nd VFS 7894 036 943 185 006 054 181 305 148 005 121 093 99.71 3 889 61 25 8 10 8 12 8 55 120 80 33 16 28 271
PA3 nd VFS 8532 0.16 814 075 006 016 016 338 083 004 002 052 9954 2 159 27 14 36 7 6 6 5 3 65 33 18 9 10 88
PA4 nd MS 69.68 009 1044 068 009 021 687 395 164 004 497 076 9942 2 430 27 5 55 10 4 5 5 44 173 33 8 13 12 63
PAS nd FS 7881 014 1137 118 003 048 061 438 149 004 033 089 9975 2 233 20 13 37 13 6 18 7 4 8 35 50 12 24 75
PA6 nd VFS 60.38 047 1144 214 015 143 1022 226 210 010 739 202 100.10 2 275 62 38 3 13 10 18 13 77 187 91 68 21 43 186
PA7 nd Zst 6147 055 1295 4.02 007 267 618 3.18 205 010 436 225 9985 31459 56 60 20 17 14 25 14 81 229 100 89 21 75 199
KM2 nd Zst 6187 059 1327 398 008 217 6.17 358 173 012 420 225 10001 <2 436 33 62 9 17 16 27 5 71 170 39 95 29 70 258
KM1 nd VFS 61.13 054 1308 371 008 196 705 315 207 010 490 237 100.14 4 525 86 56 33 17 16 28 14 86 185 126 86 25 67 228
KM3 nd Zst 69.49 050 1044 256 010 092 580 304 175 006 408 139 100.13 4 1609 62 47 8 11 10 16 13 63 196 9.0 58 23 26 301
KM4 nd VFS 6134 056 1228 374 009 208 755 196 246 014 531 245 99.96 3 772 70 45 14 15 12 24 16 93 188 98 78 24 64 209
1103-4a nd  Mst 69.14 073 14.13 442 002 137 1.05 214 342 0.08 - 293 99.43 - 319 - 59 9 - 9 27 - 148 83 - 62 14 52 204
1103-4b nd Mst 6692 069 1131 343 008 097 540 243 238 008 375 176 99.20 - 279 - 68 8 - 8 19 - 90 124 - 60 36 39 548
1103-4¢ nd Mst 7045 067 1442 361 001 148 050 239 313 0.10 - 265 99.41 452 - 61 10 - 7 28 - 129 90 - 64 21 59 220
1103-4d nd Mst 5836 097 2158 4.05 001 260 045 106 582 0.14 - 568 100.72 - 450 - 103 46 - 1727 - 226 60 - 206 57 86 183
1103-4e nd Mst 7071 058 1212 353 003 070 28 271 248 008 - 352 9928 - 551 - 52 3 - 6 23 - 96 122 - 53 283 46 269
1103-4f nd Mst 6501 063 13.01 389 005 177 482 242 260 013 321 245 99.99 - 434 - 58 10 - 10 25 - 109 120 - 57 27 62 207
Chomgok

CG1 nd VFS 57.02 051 1176 456 009 311 924 226 201 013 7.08 242 100.19 3 265 63 54 194 15 15 30 4 77 161 136 73 26 77 130
CG2 nd Zst 5873 049 1076 359 014 213 1086 319 143 012 862 034 10040 32 214 77 42 27 11 14 28 24 53 173 119 67 25 44 137
CG3 nd VFS 56.60 050 13.79 488 009 296 663 3.08 378 017 335 428 100.11 2 796 68 66 21 19 7 3 20 136 505 142 98 23 76 171
CG4 nd Zst 51.01 064 1437 588 013 370 819 380 3.19 022 614 258 99.85 2 383 74 62 14 19 10 44 11 110 520 136 123 26 88 166
CG5 nd Zst 5450 055 1427 562 009 427 577 309 420 013 472 260 99.81 3 575 54 63 18 18 9 48 13 131 403 113 96 22 74 139
1103-5a nd  Mst 5389 061 1426 563 008 334 810 175 302 016 599 329 100.12 - 317 - 57 18 - 8 32 - 118 120 - 76 31 110 117
1103-5b nd Mst 4724 039 1215 293 0.14 235 1558 3.08 1.69 023 1169 237 99.84 - 528 - 30 119 - 5 13 - 46 572 - 32 37 49 115
1103-5¢ nd Mst 4999 050 1432 366 009 278 1120 234 320 016 842 363 100.29 - 210 - 52 25 - 6 24 - 104 222 - 138 24 82 97
1103-6a nd Mst 5193 067 1636 656 008 422 536 229 496 018 410 352 100.23 - 423 - 66 8 - 8 441 186 272 - 107 27 85 148
1103-9 nd  Mst 5128 058 1404 512 008 338 888 198 365 015 658 292 98.64 - 470 - 66 31 - 5 27 - 129 595 - 75 31 70 192
Sagok

SA1 nd VFS 68.19 032 1135 226 007 202 528 245 257 011 434 077 99.73 3 757 53 32 25 15 9 20 16 90 238 101 46 16 59 166
SA2 nd FS 6838 027 1030 170 010 146 674 250 266 009 557 010 99.87 2 757 43 26 21 13 7 14 18 79 244 81 36 16 41 135
SA3 nd Mst 5842 054 980 206 014 175 1232 294 121 016 895 167 99.96 3 461 63 55 26 9 11 20 13 42 253 85 59 24 34 176
SA4 nd FS 6692 031 1049 163 007 245 472 352 267 006 636 104 10024 6 416 50 62 <2 12 8 15 11 66 174 55 48 14 15 17
1103-7a nd Mst 5365 072 1667 6.63 006 346 551 162 453 019 388 349 10041 - 388 - 77 18 - 8 37 - 181 117 - 98 25 100 133
Notes:  Asin Table 1.
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intensities. Analysis of a number of elements in
several sandstones by both the 1:2 and 1 :5 methods
showed that comparability was excellent (better than
5% relative for most elements). Calibration lines were
again constructed from data from beads of a similar
suite of G.SJ. and U.S.G.S. standard rocks as used
above, and instrumental drift monitored by repeat
analysis of G.S.J. standards JB-1a and JG-1a.

Carbon dioxide determinations

CO: in oven-dried hydrous powders was determined
(B.PR., K.D. and C.Y.) to permit calculation of
sample carbonate content, and thus allow derivation of
detrital CaO (CaO%*), as used in the Chemical Index of
Alteration (C.I.A.) of Nesbitt and Young (1982, 1984).
Analyses were carried out by gas chromatography,
using a Fisons EA 1108 elemental analyser at Shimane
University, calibrated using BBOT organic standard
[2.5-Bis - (5-tert-butyl-benzoxacol-2-yl) - thiothiophen:
FISONS Instruments].

In this method total carbon (Cror) is first measured,
using approximately 10 mg of sample. Duplicate
analysis of several samples showed agreement within
3% error (coefficient of variation). Total sulphur and
nitrogen were also sought in the analysis, but contents
were not detectable or were negligible. Organic carbon
(Cog) was then measured in a second run, after
dropwise treatment of the sample with 1M HCI to
remove carbonate. Acid treatment of the samples was
repeated until effervescence ceased, and the samples
subsequently dried at 110°C for 30 minutes prior to
gas chromatographic analysis. Inorganic carbon
(carbon in CaCQs) is derived from subtraction of Cor
from Cror, and is then recalculated to CO..

Initial data derived by this method slightly
overestimated CaCOs3, leading to small negative values
for CaO* in many samples. To resolve this anomaly, a
subset of 13 samples spanning the full range of CO:
observed was also analysed by conventional Leco
techniques by the Analytical Facility, Victoria
University of Wellington. These results showed a
slight calibration bias (+10-11% relative) toward
higher values in the gas chromatograph analyses,
which was corrected using the Leco data in a
secondary calibration. This removed the negative
CaO* values. Subsequent analytical runs also included
of the Leco-analysed samples to allow
secondary calibration in each sample set.

subsets

Results

Results for major and trace elements are listed in
Table 1 (Sindong Group) and Table 2 (Hayang Group),
by formation. The data are listed on a hydrous basis.
Lithology was estimated visually, using a hand lens
and grain size comparator.

Elemental abundances vary considerably, depending
largely on lithology and carbonate content (Tables 1 &
2), as shown by example variation diagrams plotted
against ALO; (Figs 3 & 4). Anhydrous SiO: contents
vary between ~55 wt.% in the mudrocks and >85% in
the sandstones (Fig. 3a). Differentiation between the
two lithotypes induced by sorting fractionation is
reasonably clear, with all sandstones containing <15%
ALOs. However, many of the mudrocks scatter below
an idealised detrital trend (DT) to lower SiO. values
than expected, and some overlap occurs between the
two lithotypes. A number of other major elements
(TiOz, Fe.OsT, MgO, and P»Os) display similar patterns
to K.O (Fig.3b), with increasing abundances with
increasing ALOs, suggestive of residence in the clay
fraction. Trends resulting from sorting fractionation
(arrowed) intersect the Al,Os axis at ~6%, rather than
following a silica dilution trend (SDL) from the most
sample to This reflects
abundances of detrital feldspar and lithic fragments,
rather than a simple quartz-clay unmixing system. In
contrast, the scatter plot for Na,O (Fig. 3c), shows the
reverse trend, with generally higher abundances in
sandstones than in the mudrocks. Considerable scatter
occurs, attributable to varying sodic feldspar contents
and extent of diagenesis. In general, Hayang samples
of both lithotypes are more sodic than Sindong

aluminous the origin.

equivalents, suggesting more extensive albitisation
(Roser et al. 2000). CaO contents vary considerably,
with values nearing 20wt.% (Fig. 3d), reflecting
variable carbonate cement contents. Dilution effects
from this component account for the distribution of
data below the detrital trend on the SiO: plot, and for
much of the scatter in elements positively correlated
with ALQOs, such as K;O.

Trace element contents show equally wide variation.
A large group of elements including Rb (Fig. 4a) Ce,
Cr, Ga, Nb, Ni, Th, V, Y, and Zn are positively
correlated with Al,Os, with marked sorting fractiona-
tion between sandstones and mudrocks. Although the
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Fig. 3. Example oxide-ALO; variation diagrams, plotted on an anhydrous normalised basis. Solid line
DT=detrital trend ; dashed line SDL (Fig. 3b) is a silica dilution trend from the most aluminous
sample. Arrowed line on the K,O plot illustrates the sorting fractionation trend. Sst=sandstone ; zst

-mst=siltstones and shales.

strength of the trends vary, most intersect the ALOs
axis between 5 and 10 wt.%, similar to the positively
correlated major elements, indicative of primary
residence in the clay fractionation. Some samples
scatter to higher values for a few elements (e.g. Th,
Ce, Ni, Cr, Y), suggesting partial residence in heavy
mineral or ferromagnesian minerals, and sporadic
enrichment of these phases.

Three other elements (Ba, Sr and Zr), however,
display less consistent relationships with Al,Os content.
Barium contents are generally <1000 ppm, and
abundances in sandstones and mudrocks overlap
completely (Fig. 4b). This probably reflects residence

in both the feldspar and clay fractions, although
variable diagenesis may also be a factor. Isolated high
values in mudrocks may also be due to presence of a
Ba-rich phase such as barite, although this has not
been confirmed. Strontium levels in sandstones are
generally higher than in mudrocks, although both
lithotypes show wide variation (Fig. 4c). Although this
element is closely linked geochemically with Ca, their
scatter plots differ, suggesting that Sr contents are not
controlled by abundance of carbonate cement. The
pattern of decreasing Sr with increasing ALOs is more
similar to that of Na)O, implying detrital feldspar
control. Zirconium contents also show no relation with
ALO; (Fig. 4d), with some scatter to very high values
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Fig. 4. Example trace element-Al,Os variation diagrams, plotted on an anhydrous normalised basis.

Symbols and lines as in Fig. 3.

in the range 10-15% ALOs. This pattern is typical of
primary residence in zircons. Several other elements
(As, Cu, Pb) show little systematic variation in
abundances, probable due to residence in multiple
phases and variable diagenetic redistribution.
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