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26. DATA REPORT: MAJOR, TRACE, AND RARE EARTH ELEMENT COMPOSITION
OF INTERSTITIAL WATER SQUEEZE CAKES

R.W. Murray,? JM. Gieskes,? and R.C. Pflaum*

INTRODUCTION

On Ocean Drilling Program Leg 152 to the East Greenland Mar-
gin, interstitial water samples were taken on aregular basis to eluci-
date diagenetic chemical reactions occurring both within the sedi-
ment column and as aresult of basement alteration. Although limited
somewhat by poor recovery at Sites 914, 915, and 916 (i.e., thein-
shore sites), the shipboard interstitial water program managed to ob-
tain more complete low-resolution profiles at Sites 918 and 919 (i.e,,
the more offshore sites). These results are detailed in Larson, Saun-
ders, Clift, et al. (1994) and Gieskes et al. (this volume).

Animportant consideration during interpretation of theinterstitial
water resultsisthe chemical composition of the solid phase enclosing
those interstitiadl waters. To provide these data, we analyzed the
squeeze cakes that resulted from interstitial water extrusion for a
large suite of major, trace, and rare earth elements. These results,
based on the analysis of 63 squeeze cakes, complement the more de-
tailed sedimentary chemical profiles of Saito (this volume) and pro-
vide additional data on some elements not analyzed by Saito (this
volume), such astherare earth elements. Where appropriate, some of
the data are used in the interpretations of Gieskes et a. (thisvolume).
The data are provided hereto facilitate future chemical studies of the
sedimentary sequences sampled by Leg 152 and (as mentioned
above) to assist in the interpretation of the interstitial water data.

ANALYTICAL METHODS

Samples were analyzed by inductively coupled plasma-emission
spectrometry (ICP-ES) and inductively coupled plasma-mass spec-
trometry (ICP-MS). Sample preparation broadly followed the proce-
dure described in Murray and Leinen (1993), but the procedure was
slightly modified for the particular lithologies encountered during
Leg 152, as described below. All acids used during the following
sample preparation were double-distilled UltraPure grade from Sea-
star Chemicals (Seattle, WA, U.S.A.). Bulk sediment samples were
freeze dried and subsequently hand powdered with an agate mortar
and pestle. Complete digestion of ~0.05 g of sample powder was
achieved through a multistep protocol beginning with HNO; and HF
microwave-assisted dissolution in seded Teflon vias (15 mL;
Savillex Corp., MN, U.S.A.). Powder was poured directly into 0.5
mL of HNO;, allowed to react for ~1 hr and, following addition of 5
mL of concentrated HF, allowed to soak for at least 24 hr. The HF:sil-
icate ratio was intentionally designed to be relatively high, thus as-
sisting complete attack of terrigenous phases. Sealed Teflon vias
were heated as a group in a commercia household microwave oven
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for 1.2 hr at 10% power. This heating was followed by three hot-plate
drydowns of additions of, in succession, HNO;, aqua regia, and
HNO;. Asafinal step, 1.0 mL of H,O, (Ultrex Ultrapure, Baker) was
added to thefinal 1 mL of HNO,-based sample solution. All solutions
were visualy clear, with no residue apparent. For ICP-ES analysis,
samples were diluted using trace-meta clean water to a 1:500 ratio
(by mass) in precleaned, high-density Nalgene polyethylene bottles.
Deviations from exact 500x dilution (<2%) were taken into account
during data reduction. An 8-mL aliquot was taken from this 500x di-
lution and diluted by afactor of 2 (by mass) to arrive at a second so-
lution at 1000x dilution, for eventual use during ICP-MS analysis.

For the analysis of P, Mn, Fe, Al, Ca, Ti, Sr, and Ba, solutions
were introduced by conventional nebulization into a Jobin-Yvon
JY 24 sequential ICP-ES and analyzed in comparison to matrix-
matched synthetic standards. Standards were run at the beginning and
end of each run. A drift-monitoring solution was run after every sec-
ond standard and after every third sample. Blanks, internal referenc-
es, and international Standard Reference Materials (SRM) were run
in each batch as unknowns. Every solution, regardless of type, was
analyzed in triplicate. Abundances of V (mass 51), Cr (52), Co (59),
Ni (60), Cu (63 and 65), Zn (66 and 68), Y (89), Pb (206, 207, and
208), and the rare earth elements La (139), Ce (140), Pr (141), Nd
(143, 145, and 146), Sm (147, 149, and 152), Eu (151 and 153), Gd
(157 and 160), Tb (159), Dy (162 and 163), Ho (165), Er (166 and
168), Tm (169), Yb (171 and 174), and Lu (175) were determined by
ICP-MS at Harvard University, using the isotopesindicated in paren-
theses. During ICP-M Sanalysis, an interna standard of 100 ppb 5In
was used to correct for ionization suppression, and the datawere cal-
ibrated against synthetic standards bracketing the observed concen-
trations within the sample suite. For both ICP-ES and ICP-M S anal-
ysis, samples were weighed, dissolved, and run in different random
orders at each stage of preparation (i.e., completely mixing site num-
bers and depths).

Precision was estimated by complete quadruplicate analysis (i.e.,
from the powder weighing step onward) of Sample 152-918A-10H-
4, 145-150 cm. For the elements determined by ICP-ES, precisionis
always better than 3% (conservative), except for Ba, which iswithin
10%. For the elements determined by ICP-MS, precision is ~5% for
V, Ni, Cu, Y, and Ce; ~10% for Zn, La, Pr, Gd, Tb, and Ho; ~15%
for Cr, Co, Nd, Sm, Eu, Dy, Er, and Pb; and between 15% and 20%
for Tm, Yb, and Lu. Unfortunately, not all sampleswere analyzed for
Ni and Cu because of machine difficulties. Accuracy was more diffi-
cult to assess. Standard Reference Material BCSS-1 (an estuarine
sediment from the Gulf of St. Lawrence, available from the National
Research Council of Canada) was analyzed with the samples. Results
of this analysis were consistently 5%—10% lower than the accepted
(yet poorly constrained) values for many of the more refractory ele-
ments, although elementa ratios show good agreement. We noted,
however, that our preparation scheme did not completely digest
BCSS-1, asevidenced by the presence of several (~10) dark grains at
the end of the dissolution protocol. Such incomplete dissolution was
not observed in the preparation of the Leg 152 samples themselves.
Wetherefore estimate that accuracy iswithin precision. In fact, these
contrasts in dissolution are consistent with the different lithology of
the Gulf of St. Lawrence SRM and the open ocean Leg 152 samples.
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RESULTS

Analytical results for ICP-ES analysis are given in Table 1, and
the results for ICP-MS analysis are given in Table 2.
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Table 1. ICP-ESresults, bulk sedimentary chemistry of inter stitial water squeeze cakes, L eg 152.

Core, section, Depth P Mn Fe Al Ca Ti Sr Ba
interval (cm) (mbsf) (ppm)  (ppm) (%) (%) (%) (%) (ppm)  (ppm)
152-914A-
1H-2, 140-150 2.90 580 770 4.68 6.98 3.26 0.487 260 500
152-914B-
15R-1, 69-77 216.79 520 720 6.94 6.67 241 1.19 330 450
17R-4, 140-150 241.40 470 580 6.97 6.36 190 101 200 340
152-915A-
1R-1, 145-150 1.45 520 730 4,70 6.78 2.90 0.453 140 440
15R-1, 0-5 121.20 2450 1950 8.13 3.93 8.18 0.362 260 300
18R-2, 140-150 151.50 1900 6450 7.06 6.19 19.4 1.01 20 90
19R-2, 140-150 161.00 870 630 14.7 12.6 0.095 212 bdl 130
21R-5, 46-56 173.30 480 600 9.15 851 1.07 1.26 250 370
22R-2, 145-150 180.45 460 650 9.23 8.67 0.709 127 75 280
152-916A-
13R-2, 140-150 81.50 1910 1450 10.6 9.39 1.05 1.08 80 160
152-918B-
1H-3, 145-150 4.45 720 810 5.09 6.54 373 0.722 250 410
152-918A-
2H-4, 150-155 7.75 810 820 5.44 7.48 3.28 0.717 275 520
152-918B-
2H-4, 145-150 12.75 770 690 3.93 6.99 3.86 0.465 380 570
3H-5, 145-150 23.75 770 790 5.40 7.08 331 0.644 280 490
152-918A-
4H-4, 145-150 26.75 790 730 532 7.73 2.66 0.556 300 750
152-918C-
1H-4, 145-150 31.75 660 950 5.83 5.74 6.22 0.915 300 290
152-918A-
7H-4, 145-150 55.25 780 650 4.63 6.88 3.10 0.534 290 620
10H-4, 145-150 83.75 850 1430 7.66 6.35 6.22 1.22 290 230

13H-4, 145-150 112.25 760 650 6.03 7.56 247 0.619 240 650
16H-4, 140-150 139.20 1010 1190 8.37 6.80 5.68 1.25 310 250
19H-4, 140-150 167.70 850 1190 7.76 6.98 5.32 1.13 170 210
23X-4, 140-150 205.70 750 910 6.19 6.09 391 0.990 170 350
26X-4, 140-150 232.40 920 1110 8.24 6.87 4.57 1.20 150 210

31X-4,0-10 275.10 880 630 531 7.67 251 0574 280 650

37X-5, 90-100 322.00 840 1000 6.99 6.62 4.36 1.10 320 330
152-918D-

13R-1,0-5 403.90 700 630 4.67 7.11 2.96 0.550 300 590

22R-2, 140-150 486.70 560 890 6.51 6.66 3.74 1.05 200 340
25R-3, 149-157 515.86 560 750 452 5.78 5.06 0.686 180 410
28R-3, 140-150 546.20 650 750 6.45 7.82 243 119 180 360
31R-CC, 5-8 57175 420 600 7.26 6.91 175 1.04 120 360
34R-1, 2-10 599.62 400 550 4.92 5.38 173 0.866 120 400
37R-1, 140-150 630.00 480 480 6.27 7.08 4.83 0.847 340 360
40R-1, 140-150 658.90 470 380 534 5.88 6.02 0.708 340 450
44R-2, 139-150 698.99 480 440 5.00 5.39 9.75 0.699 470 450
47R-1, 50-60 725.10 470 460 6.75 6.19 3.71 0.983 190 630
51R-2, 140-150 766.10 470 400 5.15 5.84 8.50 0.800 480 710
55R-4, 112-122 807.42 400 310 5.65 5.79 515 0.770 370 630
62R-1, 121-129 870.51 360 450 4.94 4.82 5.16 0.724 290 360

68R-1, 91-100 925.91 960 440 7.59 5.42 161 0.976 120 450
74R-1, 3-14 982.73
80R-1, 0-11 1040.60 1040 860 438 5.10 4.16 0.693 140 420

83R-1, 136-141 1070.96 400 950 4.10 4.82 3.84 0.555 130 470
88R-1, 93-100 1118.73 540 1990 6.87 3.87 16.9 0.844 560 320
91R-1, 119-129 1147.69 1110 350 6.18 6.40 5.04 0.812 400 2700

95R-2, 140-150 1182.20 100 310 107 4.30 0.385  0.480 40 190
152-919A-
1H-2, 145-150 2.95 840 1160 7.02 6.64 5.97 1.07 390 330
1H-4, 145-150 5.95 850 840 6.11 7.62 3.07 0.644 260 620
2H-2, 145-150 10.95 730 990 6.48 6.03 4.67 0.925 190 300
2H-4, 145-150 13.95 780 980 6.44 5.99 6.00 0.950 220 260
3H-2, 145-150 20.45 800 960 5.96 7.12 4.72 0.840 270 440
3H-4, 145-150 23.45 800 1120 6.83 6.16 5.58 104 200 240
4H-2, 145-150 29.95 900 1100 7.57 6.75 4.84 0.991 180 250
4H-4, 145-150 32.95 750 830 6.20 6.76 2.98 0.800 140 380
5H-2, 145-150 39.45 830 1260 7.13 6.73 6.46 1.07 240 210
5H-4, 145-150 42.45 790 1220 8.00 6.57 5.98 119 190 200
6H-3, 145-150 50.45 710 1140 7.15 6.05 6.53 1.08 240 220
7H-3, 145-150 59.95 580 540 4.33 711 2.27 0.458 120 440
8H-3, 145-150 69.45 1200 1110 6.74 6.56 5.18 110 350 360
9H-3, 145-150 78.95 850 740 5.82 6.61 3.38 0.813 160 310
10H-3, 145-150 88.45 730 1150 6.81 6.61 6.17 1.08 210 260
152-919B-
3H-3, 145-150 94.45 700 890 6.90 6.45 3.74 0.927 160 320
4H-3, 145-150 103.95 780 900 6.47 6.99 4.16 0.890 170 290
7H-3, 145-150 132.45 900 720 6.06 7.69 2.62 0.623 260 700

Notes: For Site 918, data are arranged in order of depth (mbsf), not according to hole. For Section 152-918D-74R-1, no |CP-ES data were gathered. bdl = below detection limit.
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Table 2. ICP-M Sresults, bulk sedimentary chemistry of interstitial water squeeze cakes, L eg 152.

Core, section, Depth \Y Cr Co Zn Y La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu Pb
interval (cm) (mbsf)  (ppm)  (ppm)  (ppm) (ppm)  (ppm) (ppm) (ppm) (ppm) (ppm) (pPm) (pPm) (pPM) (PPm) (pPm) (ppm) (ppm) (pPm) (ppm) (ppm)  (PpmM)
152-914A-
1H-2, 140-150 2.90 158 122 27 104 133 223 429 527 19.6 357 092 314 038 255 042 122 018 121 019 757
152-914B-
15R-1, 69-77 216.79 280 319 44 166 207 380 728 823 295 5.52 1.28 480 0.64 393 0.60 18 0.22 148 024 AT7
17R-4, 140-150 241.40 171 189 26 122 183 469 875 11.02 418 7.47 174 572 093 550 080 241 044 273 037 7.06
152-915A-
1R-1, 145-150 1.45 142 113 25 9% 122 226 428 563 21.3 3.73 1.07 341 043 276 042 136 0.22 120 020 855
15R-1, 0-5 121.20 242 148 37 107 291 244 562 564 213 421 117 459  0.69 412 065 206 0.26 165 026 271
18R-2, 140-150 151.50 192 133 30 68 432 312 797 933 421 930 284 1030 152 1045 177 569 083 524 091 407
19R-2, 140-150 161.00 398 364 7 153 180 217 50.6 6.53 278 5.65 1.83 581 085 584 093 283 041 284 056 7.00
21R-5, 46-56 173.30 286 292 60 162 180 218 477 5.44 205 4.09 116 358 052 315 046 138 019 135 023 488
22R-2, 145-150 180.45 318 424 51 595 175 247 537 6.44 281 5.55 161 538 0.75 487 082 229 038 230 036 771
152-916A-
13R-2, 140-150 81.50 293 311 67 135 29.0 174 322 478 209 4.70 151 492 0.76 534 091 28 039 270 044 344
152-918B-
1H-3, 145-150 4.45 183 126 23 84 195 263 500 6.81 280 5.19 144 473 0.63 402 067 207 030 191 027 852
152-918A-
2H-4, 150-155 7.75 150 98 24 98 180 358 656 854 355 6.21 1.65 564 077 506 080 244 034 242 037 1153
152-918B-
2H-4, 145-150 12.75 123 97 18 70 163 274 511 6.78 26.8 473 1.29 394 055 341 062 173 023 193 025 873
3H-5, 145-150 23.75 150 96 23 9%5 175 309 574 7.49 308 5.42 1.50 457 077 425 067 204 033 18 033 933
152-918A-
4H-4, 145-150 26.75 130 113 25 116 154 421 760 9.88 37.1 6.28 157 504 0.69 381 061 192 032 177 028 1161
152-918C-
1H-4, 145-150 31.75 164 130 27 93 219 198 427 505 225 4.81 151 500 0.79 468 084 252 034 193 033 542
152-918A-
7H-4, 145-150 55.25 149 101 21 95 171 297 533 6.96 284 4.85 1.33 427 057 343 058 187 0.26 174 024 8%
10H-4, 145-150 83.75 299 141 47 139 30 20 42 567 2259 503 151 549 084 540 089 280 039 249 041 273
13H-4, 145-150 112.25 131 93 22 115 164 392 706 887 352 5.80 1.66 543 071 448 077 246 037 206 030 1228
16H-4, 140-150 139.20 298 131 49 134 265 149 328 438 182 4.33 1.38 441  0.65 449 079 227 029 196 031 298
19H-4, 140-150 167.70 273 114 40 115 258 194 382 545 247 5.36 1.78 583 0.88 587 097 308 042 298 041 483
23X-4, 140-150 205.70 192 238 46 97 226 279 510 7.04 299 5.97 1.70 557 084 601 095 31 048 318 045 7.00
26X-4, 140-150 232.40 277 107 38 125 259 216 434 6.39 275 5.84 175 6.46  0.97 6.47 106 332 043 275 043 548
31X-4,0-10 275.10 126 97 20 110 156 395 707 936 347 6.05 1.52 506 0.75 437 0.68 199 027 203 028 1246
37X-5, 90-100 322.00 271 215 44 132 258 202 429 514 210 4.64 131 441 0.63 369 0.63 176 024 162 026 450
152-918D-
13R-1, 0-5 403.90 121 97 22 91 142 320 574 730 301 4.71 1.44 449  0.59 3.68 056 185 0.28 163 030 10.73
22R-2, 140-150 486.70 210 136 27 92 202 230 429 6.0l 252 5.16 111 516 0.74 501 084 223 033 229 037 904
25R-3, 149-157 515.86 130 72 18 75 156 232 444 6.03 24.2 4.48 113 420 0.60 412 066 201 034 21 033 1236
28R-3, 140-150 546.20 224 105 27 114 213 318 625 844 344 6.84 1.98 6.85 094 606 102 309 043 303 050 1177
31R-CC, 5-8 571.75 205 108 24 94 162 289 554 712 29.8 5.45 149 525 071 471 083 247 030 223 043 1239
34R-1, 2-10 599.62 161 109 20 81 144 224 428 6.01 237 4.83 1.25 416 074 3.78 0.69 179 029 202 035 12.09
37R-1, 140-150 630.00 212 1 28 106 183 276 529 717 267 5.02 1.29 460 0.69 429 070 200 0.30 195 029 10.89
40R-1, 140-150 658.90 153 76 18 96 159 247 488 6.66 26.7 5.20 131 454  0.67 402 067 210 033 201 029 1471
44R-2, 139-150 698.99 186 87 21 102 164 217 415 526 214 4.39 111 400 0.59 365 063 186 024 168 029 1054
47R-1, 50-60 725.10 191 106 34 149 188 260 539 7.28 29.9 6.35 175 578 0.82 555 074 249 036 271 043 1660
51R-2, 140-150 766.10 166 69 23 126 177 260 527 7.14 288 5.97 1.61 518 0.82 487 08 215 027 229 040 1521
55R-4, 112-122 807.42 156 72 19 119 144 234 485 6.65 25.6 5.37 1.30 475 0.67 430 073 216 030 203 031 10.62
62R-1, 121-129 870.51 171 101 29 99 127 183 318 416 16.6 315 096 298 043 279 042 130 o021 141 020 7.99
68R-1, 91-100 925.91 208 145 28 154 184 252 482 6.66 26.0 5.48 141 493 074 446 072 208 027 18 029 7.23
74R-1, 3-14 982.73 175 130 31 133 177 367 662 10.05 385 7.45 1.85 6.48 0.90 553 089 238 035 226 033 973
80R-1, 0-11 1040.60 146 139 19 105 202 278 453 6.36 239 4.55 1.20 455 0.63 399 065 189 0.26 177 024 6.26
83R-1, 136-141 1070.96 99 132 18 77 108 16.0 282 420 167 3.10 1.01 317 048 276 041 129 021 125 021 649
88R-1, 93-100 1118.73 140 575 64 662 15.1 181 355 485 213 4.29 114 441  0.62 426 0.67 197 028 202 034 6.80
91R-1, 119-129 1147.69 207 136 40 229 223 233 509 6.04 231 5.18 1.66 473 0.75 432 074 200 031 192 031 431
95R-2, 140-150 1182.20 211 154 59 146 100 115 203 312 138 313 080 321 047 262 045 128 017 118 017 356
152-919A-
1H-2, 145-150 2.95 259 206 45 130 259 189  40.7 488 202 4.33 1.34 435 0.63 398 064 193 0.26 175 024 405
1H-4, 145-150 5.95 168 133 27 122 182 374 688 863 341 5.65 1.60 514  0.69 415 065 202 027 204 027 1039
2H-2, 145-150 10.95 200 7 28 123 264 273 538 723 329 6.81 181 6.67 1.02 6.46 104 346 046 331 059 816
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Table 2 (continued).

Core, section, Depth \% Cr Co Ni Cu Zn Y La Ce Pr Nd Sm Eu Gd Th Dy Ho Er Tm Yb Lu Pb

interval (cm) (mbsf)  (ppm)  (ppm)  (ppm) (ppm)  (ppm)  (ppm)  (ppm)  (ppm)  (ppm)  (ppm)  (ppm)  (ppm)  (ppm)  (ppm)  (ppm)  (ppm)  (ppm)  (ppm)  (ppm)  (ppm)  (ppm)  (ppm)
2H-4, 145-150 1395 217 87 30 108 225 221 424 590 250 538 148 506 080 504 090 252 032 275 036 743
3H-2, 145-150 2045 158 88 27 101 193 327 616 815 325 614 171 538 08 536 08L 264 044 241 037 1138
3H-4, 145-150 2345 196 76 30 104 231 228 457 662 293 599 183 59 099 641 109 313 043 316 041 888
4H-2, 145-150 2995 188 80 31 109 247 241 475 687 286 669 197 642 099 655 112 315 040 310 050 7.62
4H-4, 145-150 3295 205 97 30 115 220 232 436 6.05 248 508 138 498 072 466 069 235 032 243 036 932
5H-2, 145-150 3945 219 100 33 102 222 181 364 523 236 537 165 58 08 607 097 298 043 295 049 559
5H-4, 145-150 4245 244 103 37 119 246 181 365 561 246 559 172 560 090 599 106 314 042 28 047 539
6H-3, 145-150 5045 251 117 37 102 216 177 338 494 218 489 150 510 069 524 077 246 037 246 035 519
7H-3, 145-150 5095 132 76 16 101 199 354 666 880 339 627 139 510 072 478 076 231 039 225 035 1945
8H-3, 145-150 69.45 271 96 1 58 142 135 277 207 435 551 223 488 142 522 075 448 067 207 028 183 031 519
9H-3, 145-150 7895 197 83 28 112 222 268 523 658 288 573 148 522 078 506 089 245 038 238 039 10.08
10H-3, 145-150 88.45 268 124 39 113 229 186 364 508 226 505 157 487 083 525 088 253 042 261 041 601

152-919B-

3H-3, 145-150 9445 192 79 31 110 217 227 456 597 272 561 158 560 080 555 088 290 045 272 046 917
4H-3, 145-150 10395 217 91 32 16 250 263 517 712 300 615 167 597 087 599 094 305 044 273 041 1027
7H-3, 145-150 13245 143 107 24 127 179 433 773 1010 395 647 159 531 076 450 072 235 032 229 035 1208

Note: For Site 918, dataare arranged in order of depth (mbsf), not according to hole.
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