FARK S M ER B IR BRI e e 24, 53~58 *— T (2005 4 12 f)
Geoscience Rept. Shimane Univ., 24, p.53~58 (2005)

Major and trace element abundances in <180 and 180-2000 «m fractions of stream sediments
from the Hii River, Shimane Prefecture, Japan

Edwin Ortiz* and Barry Roser*

Abstract

Stream sediments collected from 47 localities in the Hii River of Shimane Prefecture were hand sieved to separate the <
180xm and 180-2000,.m fractions. Major and trace compositions of both fractions in each sample were determined by X-
ray fluorescence analysis. Elemental abundances contrast significantly between the two size fractions. Average
abundances of SiO., K;O, Ba, and Rb are greater in the 180-2000.m fractions, whereas the remaining elements are
generally more abundant in the <180xm fractions. Loss on ignition values are also greater in the <180xm fractions.
Average compositions of both fractions show similar normalized distributions to average upper continental crust. The
greatest departure from upper continental crust composition is observed in the <180ym fraction, with enrichment for
several ferromagnesian elements (V, TiO,, Fe,Ost, Sc) and for Zr, Y, and Th. In both fractions, Nb, CaO, Na,O, Sr, Rb,

MgO and Ni are slightly depleted relative to UCC.
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Introduction

Although elemental abundances in the composition of
stream sediments reflect the geochemical characteristics of
lithotypes present in their catchment, they are also
influenced by a variety of processes that operate between
the source and the sediments produced. Such processes
include weathering, size sorting, heavy mineral placering
effects, and the effects of addition of detritus from
geochemically disparate source rocks. The factors involved
in these processes have been the subject of numerous
studies (e.g. Basu et al. 1990; Johnson, 1993; Ohta et al.
2004; Avila et al. 2005) because they provide information
crucial for the interpretation of phenomena of geological
and environmental interest.

This article reports X-ray fluorescence (XRF) analyses of
<180xm and 180-2000.«m fractions of 47 stream sediment
samples collected from the Hii River. The Hii drainage
system is located in eastern Shimane Prefecture, and drains
an area of about 930 km’ over a main channel length of
approximately 82 km, stretching from the headwaters in
Mount Sentsu to the western end of Lake Shinji (Fig. 1).
The Hii River supplies a major proportion of the sediments
entering the Lake Shinji-Lake Nakaumi coastal lagoon
system. The historical, cultural, social, environmental and
economic importance of this area has been reviewed by
Tokuoka et al. (1998).

The purpose of this report is to present the data obtained
by XRF analysis, along with a brief description of the
general variations of elemental abundances in two size
fractions of sediments from the Hii River. More extensive
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and specific discussion will be published at a later date. The
dataset presented here is part of a regional geochemical
database for the northern San’in region. This project began
with the study of the Kando and the Hino Rivers (Ortiz and
Roser 2003; Ortiz and Roser 20044, b) and greatly increases
(by over ten times) the density of geochemical data
available for stream sediments in the area.

Lithology of the Hii River Basin

In the regional context the distribution of lithological
units in the Hii River drainage basin is relatively simple.
Cretaceous to Paleogene felsic to intermediate granitoids
and volcanic rocks extend throughout most of the catchment
(Fig. 1). Granitoids occupy the majority of the central basin,
whereas less extensive volcanic rocks are concentrated
towards the southern edge of the watershed. Lithotypes
among the plutonic rocks include granodiorites, granites,
granite porphyries, granophyres and quartz diorites to
gabbros, whereas the volcanic rocks are mainly dacite to
rhyolite lavas and pyroclastics (Editorial Board of
Geological Map of Shimane Prefecture “EBGMSP” 1997).

A second group of lithological units including Miocene
volcanic and sedimentary rocks, principally of the Hata,
Kawai, Kuri, Omori, and Fujina Formations, crops out
along the western boundary and in the northeastern
extremity of the drainage basin (Fig. 1). The main lithotypes
are rhyolite to dacitic lavas, andesites, and pyroclastic rocks,
along with locally derived sandstones, conglomerates and
shales (EBGMSP 1997).

The characteristics and interrelationships among most of
the units cropping out in this drainage basin have been
described in a number of studies (e.g. lizumi et al., 1984,
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Fig. 1. Map showing the generalized distribution of lithotypes in the catchment of the Hii River and location of sample sites. Geology based on
the 1:200,000 geological map of Shimane Prefecture (Editorial Board of Geological map of Shimane Prefecture, 1997).

Kagami et al., 1992; Yamauchi and Yoshitani, 1992; Kano
et al., 1994; Roser et al., 2001).

Sampling and Sample Preparation

Field Sampling
Sampling was carried out on five days during autumn

2004. Weather conditions were clear and dry, and stream
flows normal. Sub-samples were collected with a plastic
water scoop from active channels over a length of 20-50 m,
and then stored in plastic zip-top bags as
representative samples for each site.

Selection of sampling sites was made with the aim of
achieving a uniform distribution that would cover all

single
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lithological units present in the drainage system. Localities
were selected from 1:50,000 topographic base maps on
which geology from the 1:200,000 geological map of
Shimane Prefecture (EBGMSP 1997) had been overlain. At
a few localities samples could not be collected due to
difficulty of access or paucity of sand-grade sediment, and
sites were displaced slightly from those originally intended.
Location of the sampling sites is given in Figure 1. Overall
sampling density was one sample per 19.7 km’.

Sample Preparation

Bulk samples were dried at 80-90C the day after
collection, and subsequently hand-sieved to remove pebbles
and clasts coarser than 2 mm. Average weight of the <2 mm
fractions was 993 g. These <2 mm fractions were split
(mostly into eighths or quarters), and an appropriately sized
split was then passed though an 83 mesh stainless steel
sieve to separate the <180 and 180-2000.m fractions. On
average, the <180xm fraction comprised 12 wt% of the <2
mm bulk material. Only in four samples did the <180xm
fraction exceed 20 wt%. The <180xm fraction formed a
particularly large proportion (70 wt%) of the sample
collected at site 31.

Both fractions were then crushed separately in tungsten
carbide mills, applying the procedures described in Ortiz
and Roser (2004b). Sub-samples (10-12 g) of the crushed
fractions were then placed in glass vials and dried for at
least 24 hours at 110°C prior to determination of loss on
ignition (LOI).

Analytical Methods

LOI was estimated for each sample from the net weight
loss after ignition in a muffle furnace at 1000°C for at least
two hours. Ignited materials were returned to glass vials and
held at 110°C for at least 24 hours before the preparation of
fusion beads for XRF analysis (anhydrous basis).

Major elements and 14 trace elements (Ba, Ce, Cr, Ga,
Nb, Ni, Pb, Rb, Sc, Sr, Th, V, Y, Zr) were determined from
glass beads, prepared with a flux (80% lithium tetraborate
and 20% lithium metaborate) to sample ratio of 2:1.
Analyses were made using a Rigaku RIX-2000 XRF
spectrometer at Shimane University, and following the
methods, instrument conditions, and calibrations described
by Kimura and Yamada (1996). More detailed descriptions
of the methods used are given by Roser et al. (2000, 2001)
and Ortiz and Roser (2003, 2004a, b).

Results

Major and trace element analyses of the <180.m and 180
-20004m fractions are listed in Tables 1 and 2, respectively.
Data are listed on a hydrous basis, with total iron expressed
as Fe,Ost. LOI values in both fractions were low, in all cases
less than 10 wt%. In the <180z m fractions only 14 samples
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Fig. 2. Multi-element plot showing the average composition
(anhydrous normalized) of <180 and 180-2000.m fractions from
the Hii River (data from Table 3) normalized against the Upper
Continental Crust (UCC) average of Taylor & McLennan (1985).
Elements are arranged from left to right in order of increasing
normalized abundance in average Mesozoic-Cenozoic greywacke
(Condie 1993) relative to UCC, following the methodology of
Dinelli et al. (1999). The major elements are normalized as
oxides.

had LOI values > 5 wt%, whereas in the 180-2000.m
fractions values were considerably lower, with most
samples < 2 wt%, and only two exceeding 5 wt%.

Summary statistics for the fractions from analyses
normalized to 100% LOI-free are given in Table 3. Contrast
in average elemental abundances between the fractions is
significant. Abundances of most of the elements analyzed
are greater in the <180xm average, except for SiO,, KO,
Ba, and Rb, which have higher values in the 180-2000.m
fraction. Although there are several anomalies, the average
composition over the entire suite is similar to that of
average upper continental crust (UCC), as shown in Figure
2. The 180-2000.m fraction average is slightly depleted in
most elements relative to UCC, and only shows slight
enrichment in Pb, Ce and V. The pattern is relatively flat
overall, and greatest depletion is seen in Nb, Ni, Cr, CaO
and MgO. In contrast, the <180xm fraction average is a
little less regular, exhibiting both enrichment and depletion
relative to UCC. The largest departure of the <180uxm
fraction average from UCC composition is seen in the
enrichment of V and the segments Zr-Th and Sc-Ti. Nb and
several mobile elements (CaO, Na,O, Sr, Rb, MgO) are
depleted relative to UCC, as they are in the 180-2000.m
fraction average. In general, however, the patterns of the
fraction averages are very similar to those shown by
equivalent size fractions from the neighbouring Kando and
Hino rivers (Ortiz and Roser 2003, 2004a, b).

Conclusions

Average chemical compositions of <180 and 180-2000
pm fractions of stream sediments from the Hii River show
significant contrasts in abundances. LOI and average
abundances of most elements are generally greater in the
<180um fractions, but the 180-2000xm fractions have
higher average contents of SiO., KO, Ba and Rb. Average
compositions of both fractions are similar to that of the
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Table 1. Major and trace element analyses of the <180ym fractions, Hii River (hydrous basis). Major elements wt%, trace elements ppm.
SaNr SO, TiO, ALO; FeOst MnO MgO CaO Na;0 KO PO; LOI _SUM Ba Ce Cr_Ga Nb_Ni_Pb Rb S¢S Th V. Y  2r%<isoum
Hit-1 6637 050 1579 368 0.13 095 211 372 273 008 290 9896 476 73 14 18 " 7 23 92 93 211 131 49 34 269 145
HII-2 57.35 106 14.81 1311 022 158 314 386 229 009 149 9902 386 163 42 17 25 9 12 68 226 203 523 266 79 983 208
HIl-3 6048 076 1675 865 017 096 226 439 272 009 208 9933 333 151 23 19 21 7 13 91 93 239 500 156 57 749 248
Hil-4 6538 059 1634 465 013 098 222 400 286 006 210 9931 463 79 15 18 13 8 18 94 78 234 137 73 30 2n 9.6
Hil-6 60.79 057 1861 470 017 129 275 441 263 012 341 99.44 399 94 20 20 12 10 18 88 117 282 218 80 36 346 10.2
HIl-7 5712 081 1645 637 016 189 335 212 179 014 886 99.07 347 52 39 20 9 28 19 57 121 436 6.3 17 19 256 129
Hil-9 61.12 1.12 1387 1156 024 101 207 329 258 009 188 9884 405 103 56 17 17 26 39 72 107 213 207 224 34 484 46
HII-10 5269 148 1244 2133 029 115 243 315 224 011 083 9814 376 209 68 19 26 16 25 58 13.1 199 595 450 59 1216 24
HI-11  57.86 132 1341 1438 032 141 264 236 259 007 219 9856 419 114 55 20 18 19 64 76 95 308 174 286 25 848 55
HI-12 5773 195 1298 1488 028 167 282 236 189 005 203 9865 349 64 62 17 15 13 24 51 168 301 111 554 22 484 16.7
HI-13 6021 091 1704 743 017 145 292 207 153 010 537 9921 336 37 19 18 7 10 24 47 186 376 60 171 21 175 123
Hl-14 6002 081 1661 772 018 159 281 196 120 009 622 9921 309 35 27 18 6 " 19 34 175 369 52 173 19 175 1.4
HI-15 5885 153 1468 1212 020 156 294 231 180 007 276 9883 358 46 38 17 9 12 25 50 174 354 88 388 18 294 1.4
Hil-16 6432 1.24 1313 997 020 115 214 207 247 006 201 9875 382 63 20 15 " 9 30 68 125 247 108 303 21 304 116
HI-17 5959 085 1608 925 0.16 150 357 199 131 010 462 9904 302 40 43 19 6 18 21 33 178 392 50 215 20 199 6.7
HI-18 6238 1.12 1457 938 0.17 137 259 237 214 008 286 9903 367 54 31 16 9 8 26 62 141 303 83 259 19 318 10.2
HI-19 6425 177 1290 1062 017 102 150 179 182 007 285 9875 326 72 36 16 1 9 24 54 151 182 99 300 27 393 9.2
HiI-20 6241 1.04 1483 901 0.16 133 262 288 227 009 249 9913 389 64 32 16 10 8 26 63 139 298 103 241 25 320 17.9
HI-21  60.30 093 1551 909 0.18 185 342 366 242 0.11 177 9924 362 90 27 17 14 9 16 77 170 285 237 198 38 435 123
HIl-22 6276 090 16.15 677 0.17 194 340 357 249 012 090 99.18 378 74 32 18 12 12 23 80 192 282 146 149 3B 21 54
HI-23  60.36 1.02 1361 12656 0.18 145 253 342 293 0.14 088 99.16 306 173 53 16 25 1 12 95 150 203 503 259 79 1177 19.2
HI-24  56.82 1.20 1465 1326 022 194 292 316 246 012 238 9913 377 102 60 17 17 19 15 77 175 233 225 313 42 614 65
Hi-25 56.39 1.54 1308 1664 021 152 257 283 214 0.10 152 9854 347 125 64 15 14 " 21 54 151 246 210 481 32 948 142
HIl-26 5996 1.08 1482 1053 0.19 163 267 300 235 0.11 267 99.02 387 85 45 17 13 13 22 66 154 257 141 263 30 456 6.6
HI-27 6313 107 1540 703 029 123 177 188 234 010 476 9901 417 54 39 18 9 17 23 82 173 183 94 156 24 234 70
HIl-28 5766 144 1603 828 021 158 233 165 129 015 837 9900 372 57 25 20 1" 10 15 3 217 230 45 157 34 274 6.6
HIl-29 5884 072 1812 602 0.27 187 250 266 246 016 576 9937 432 72 30 20 10 20 25 84 158 233 133 90 31 285 24
HI-30 6117 091 1530 708 022 156 228 159 205 015 664 9894 438 58 44 17 10 18 17 74 133 195 6.8 133 26 306 55
Hi-31 5786 0.84 1923 778 0.13 161 156 036 080 007 927 9952 362 42 20 20 7 8 19 30 222 156 51 164 24 196 69.9
HII-32 5696 0.86 1698 833 026 167 219 238 235 019 696 9912 442 84 27 20 12 13 30 82 16.1 205 184 157 38 346 113
HI-33 6272 064 1646 654 020 1.26 234 344 296 009 271 9935 467 72 M 17 10 19 19 9 109 236 156 126 27 345 0.6
HIl-34 5441 090 1408 1656 0.21 199 260 272 223 018 295 9883 387 105 132 16 10 21 18 59 155 216 172 379 35 888 11
HI-35 6218 0.66 1571 687 0.15 199 296 311 254 011 275 9904 384 72 44 16 8 18 20 64 162 257 127 128 26 476 8.4
HI-36 57.94 089 1539 1119 0.18 222 306 327 243 017 249 9923 407 113 104 15 " 29 15 67 183 265 214 237 34 762 6.0
HI-37 5869 069 1641 757 0.19 215 338 347 248 022 38 99.11 408 85 52 18 9 26 16 66 148 200 140 130 34 476 29
HI-38 6303 111 1369 951 017 149 229 166 193 012 368 9869 357 59 52 16 8 13 31 58 20.0 187 98 269 24 437 145
HII-39 6221 073 1859 500 015 123 186 267 290 007 417 9959 501 52 10 21 8 7 27 98 117 21 78 95 28 202 14.3
HI-40 6167 069 1624 771 0.11 083 143 343 342 010 364 99.27 319 102 14 19 20 5 15 141 89 165 325 110 48 554 179
Hll-41 6397 073 1500 597 041 100 165 138 265 011 644 9930 458 62 24 17 1 12 70 81 146 170 88 109 28 21 6.8
Hil-42 68.15 049 1468 338 0.13 063 104 249 418 006 399 9922 372 97 15 15 18 8 38 164 48 128 229 51 47 369 108
Hil43 6433 075 1476 627 020 119 231 118 190 011 593 9891 393 54 30 17 7 14 79 62 178 182 47 140 21 180 6.7
Hll-44 6444 082 1463 648 017 121 212 117 186 013 6.07 99.10 396 45 31 17 7 13 16 61 174 182 6.6 135 24 200 9.0
HIl45 6043 158 1332 1190 022 143 224 122 182 013 408 9837 387 65 76 18 10 19 39 54 1838 17 90 390 25 369 36
HIl46 6215 093 1475 853 018 145 238 123 149 011 577 9897 331 37 24 17 6 10 17 47 221 190 57 247 23 160 213
HI47 6108 104 1602 775 019 136 167 128 182 013 669 99.03 430 52 74 19 8 21 27 63 181 160 90 228 22 241 95
HIl48 5330 1.47 1944 1094 021 122 140 074 134 016 927 9949 488 50 91 24 8 23 36 49 259 137 96 402 18 225 127

Notes: SaNr= Sample number.

LOI= loss on ignition. % < 180 pm

Table 2. Major and trace element analyses of the

: wt% of < 180 pm fraction in each sample. Total iron as Fe,0s.

180-2000..m fractions, Hii River (hydrous basis). Major elements wt%, trace elements ppm.

SaNr SO, TiO, AlLO; Fe0f MnO MgO CaO Na;O KO POs LOl _SUM Ba Ce Cr_Ga Nb N Pb Rb S¢St Th VY 2zt %Csf
HI-1 7251 027 1320 195 007 064 143 309 361 004 115 9806 584 20 0 15 6 2 19 114 54 16 56 14 15 98 855
Hi-2 6883 046 1445 427 008 086 204 330 361 005 092 9886 57 60 5 15 10 2 15 119 63 197 112 63 25 141 792
HI-3 6768 048 1433 512 010 070 158 359 366 003 114 9841 426 53 9 17 15 1 16 121 35 204 110 76 22 137 752
Hi4 7115 032 1407 243 007 066 156 327 356 003 117 9828 564 32 5 15 8 2 16 114 55 202 63 35 14 8 904
HI-6 6881 050 1051 1113 009 054 116 213 354 006 033 9881 479 44 22 12 10 2 13 108 19 153 108 205 19 159 914
HI6 7187 025 1448 168 007 064 156 322 423 004 103 9908 583 22 - 16 5 0 19 132 16 231 42 21 10 64 898
HI.7 6522 056 1625 477 012 127 299 244 231 006 296 9895 417 35 13 19 7 15 28 69 83 481 47 81 15 135 871
HIO 7169 057 1233 579 012 064 128 292 304 004 079 9921 446 5 8 14 9 4 28 8 50 173 111 101 20 173 954
HIF0 6396 092 1139 1373 018 069 162 272 295 007 028 9852 482 146 31 16 19 4 18 80 68 180 203 272 36 325 976
HI-11 6337 102 1144 1443 025 086 177 192 262 004 078 9850 434 61 48 20 12 12 48 81 44 264 115 308 14 230 945
HI-2 67.26 101 1160 9.85 016 088 204 217 238 003 092 9860 414 33 39 15 7 6 26 64 62 209 49 347 11 120 843
HI-13 6495 059 1684 496 013 114 248 236 205 006 365 9921 438 28 7 17 5 4 25 59 142 391 58 102 15 123 877
HI-14 6562 054 1567 557 015 130 212 209 181 007 367 9861 395 31 10 17 5 4 19 46 136 308 39 111 16 132 886
HI-S 6634 089 1394 735 013 102 252 254 222 005 170 9871 422 32 23 15 6 7 21 63 99 300 55 223 12 103 886
HI-6 7157 087 1119 644 013 076 150 182 250 004 118 9817 303 27 19 13 8 4 24 73 77 225 48 220 13 103 884
HI-7 6241 077 1516 068 015 134 265 175 170 008 314 9883 35 33 24 18 6 5 18 44 147 203 55 214 17 140 933
HI-18 7151 050 1338 410 010 090 177 235 260 005 180 ©9.06 432 26 8 14 4 3 24 72 84 265 46 o1 11 108 898
HI-9 7279 056 1308 435 010 072 101 178 234 006 253 9932 393 20 3 14 5 4 17 73 110 145 59 72 17 130 908
HI-20 7063 050 1378 413 008 086 188 296 294 005 126 9908 475 20 2 15 6 4 19 77 66 279 39 9 12 99 821
HI21 70.15 057 1368 449 010 090 203 307 318 005 092 9915 449 38 16 15 9 4 19 104 61 248 75 98 16 110 877
HI-22 7495 032 1392 212 006 081 185 307 320 005 095 10136 453 25 5 15 6 5 15 107 45 243 39 31 11 71 946
HI-23 7307 036 1305 271 006 082 168 284 354 006 081 9899 348 32 2 14 8 4 14 120 51 204 80 31 17 100 808
HI-24 7667 036 10.53 389 007 057 116 198 346 003 049 9921 515 20 8 11 7 3 12 106 21 158 61 69 11 99 935
HI-25 7202 042 1332 319 007 084 178 284 313 005 106 9869 475 30 8 14 4 3 18 8 27 252 58 5 11 93 88
HI-26 7438 043 1191 361 007 070 145 238 339 004 080 9915 489 33 11 12 6 4 14 100 43 200 72 79 13 104 934
HI-27 7182 041 1365 353 015 077 122 201 332 005 224 9916 54 37 6 14 6 5 15 116 66 170 89 5 14 116 930
HI-28 6862 042 1498 487 012 088 151 199 220 008 369 9936 417 39 4 18 7 1 19 64 146 170 41 36 28 174 934
HI-29 8227 012 1017 105 005 041 087 174 368 002 039 10076 550 16 1 9 3 0 12 108 11 146 24 7 7 68 976
HI-30 7406 051 1216 380 009 090 112 149 289 006 202 9919 547 41 0 14 8 4 17 102 87 137 78 61 22 190 945
HI31 5045 058 1801 7.39 013 152 211 088 108 007 798 9919 407 32 12 18 65 6 19 34 213 216 29 116 22 120 301
HI32 7994 047 1045 128 005 040 080 177 379 002 046 9894 558 19 - 9 4 1 14 115 09 142 38 15 7 76 887
HI33 8062 0.7 1002 122 007 042 095 181 363 002 035 9926 530 19 2 10 4 2 14 109 06 145 41 15 8 78 994
HI-34 7286 038 1143 642 007 071 166 247 273 007 065 9914 412 52 40 11 4 5 13 64 36 226 56 113 11 9 889
HI35 7192 036 1340 307 006 099 182 259 310 006 137 9876 425 25 13 13 6 9 15 79 53 240 47 45 9 75 916
HI-36 7330 035 1334 295 006 092 180 281 309 006 108 9975 449 28 10 14 5 8 14 78 42 246 39 45 9 95 940
HI-37 7283 030 1340 228 005 080 195 294 327 007 088 9887 484 19 8 13 4 6 11 78 26 219 37 271 7 76 o1
HI-38 7255 027 1289 193 007 069 154 273 330 005 270 9871 546 22 3 13 5 2 25 101 50 206 50 25 11 84 855
HI-39 7034 055 1420 509 010 112 185 206 240 009 105 9884 420 37 16 15 6 8 23 70 123 218 62 104 14 122 857
HI40 7458 033 1210 276 005 049 080 221 425 004 105 9876 330 41 12 13 12 1 13 171 32 127 122 33 19 117 821
HI-41 7457 040 1166 356 020 072 094 099 308 005 255 9873 470 27 3 14 7 3 5 9 86 120 54 47 15 98 932
HI-42 7763 023 11.28 144 005 044 062 169 414 002 119 9875 383 36 3 12 8 1 25 163 32 9 96 16 14 8 892
HI-43 6893 057 1405 554 016 110 164 114 223 008 338 9881 415 37 11 16 6 6 69 76 116 160 55 112 17 120 933
HIl44 6818 062 1437 581 015 109 142 104 211 011 38 9875 431 33 16 17 &5 6 17 65 146 165 39 105 17 143 910
HI45 6873 069 1328 666 013 106 177 165 218 010 262 9887 415 30 24 15 &5 7 20 66 148 187 57 159 15 125 964
HI46 6592 071 1422 745 047 139 183 161 169 010 388 9878 364 26 7 16 5 5 14 51 156 188 41 171 18 131 787
HI47 6649 066 1398 576 011 122 194 209 217 008 28 9735 418 39 35 15 65 9 16 62 113 223 55 147 13 120 905
HIl48 5346 074 2346 863 0.16 092 134 084 111 012 885 9964 479 27 50 23 5 21 23 34 213 144 54 207 1 112 873

Notes: SaNr= Sample number. LOI= loss on ignition. % Csf: wt% of 180-2000 um fraction in each sample. Dash (-): not detected.

Total iron as Fe,0,.
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Table 3. Summary statistics for all <180 and 180-2000..m fractions (anhydrous normalized data).

<180 pm Fraction 180-2000 um Fraction
n= 46" n=47

Element Mean Min Max SDp Mean Min Max SDp
Major elements (wt%)
SiO, 63.64 5414  71.57 3.52 7249 58.88 81.96 4.52
TiO, 1.05 0.51 2.02 0.35 0.52 0.12 1.04 0.22
Al,0, 16.256 12.78 2155 1.99 13.85 10.13 25.84 2.63
Fe, 05t 9.68 355 21.92 3.70 5.14 1.05 1476 3.12
MnO 0.21 0.11 0.44 0.06 0.11 0.05 0.26 0.05
MgO 1.52 0.66 2.29 0.37 0.88 0.40 1.66 0.29
Ca0o 2.55 1.09 3.79 0.60 1.69 0.63 3.1 0.51
Na,O 2.63 0.40 4.59 0.98 2.30 0.93 3.69 0.68
K0 2.35 0.89 4.39 0.61 2.95 1.18 4.34 0.75
P,0s 0.12 0.06 0.23 0.04 0.06 0.02 0.13 0.02
Trace elements (ppm)
Ba 408.2 3118 5404 53.1 467.9 3373 613.2 63.2
Ce 83.0 372 2148 377 36.7 16.4 1491 19.5
Cr 43.8 10.9 138.0 25.9 13.3 0.0 55.4 133
Ga 18.8 15.1 26.9 22 15.2 9.3 249 29
Nb 125 6.6 26.8 5.1 7.0 3.0 19.0 3.0
Ni 14.8 51 30.6 6.5 5.0 0.3 231 4.0
Pb 26.9 12.0 84.5 14.9 215 111 72.2 11.3
Rb 73.6 332 1723 25.6 90.0 368 175.0 30.2
Sc 16.3 5.0 28.7 4.7 7.9 0.6 23.5 5.5
Sr 2516 1339 48238 72.9 2215 97.3 501.3 77.2
Th 16.8 49 61.2 13.3 6.8 24 29.9 4.2
\ 228.1 506 5731 121.2 103.2 6.5 355.2 83.9
Y 333 18.6 81.0 13.9 154 6.8 36.3 5.7
Zr 4490 1714 12500 271.7 123.2 65.3 3311 45.8
Min Minimum
Max Maximum
SDp Population standard deviation

Notes: T one <180 um sample could not be analyzed. Total iron as Fe,0,.

upper continental crust, although the <180xm fraction
shows slight enrichment in some ferromagnesian elements
(Sc, Fe;Ouqt, TiO,, V) and in Zr, Th, and Y. In both fractions,
Nb, CaO, NaO, Sr, Rb, MgO and Ni are somewhat
depleted relative to UCC.
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