APPENDIX: INTERLABORATORY COMPARISON OF LEG 69 AND 70 BASALT STANDARDS!

Hans-W. Hubberten,? Institut fiir Petrographie und Geochemie der Universitat Karlsruhe, Karlsruhe,
Federal Republic of Germany

and

Joan H. Splain, Rosenstiel School of Marine and Atmospheric Science, University of Miami, Miami, Florida

To provide an interlaboratory comparison, the labo-
ratories that participated in the analysis of the Leg 69
and 70 basalts were asked to analyze three samples
taken from Holes 510 and 504B. Sample IC I was Sam-
ple 501-10-1 (69-83 cm), pieces 115 and 116. Sample IC
IT was Sample 504B-36-1 (91-110 cm), piece 301. Sam-
ple IC III was Sample 504B-40-2 (72-88 c¢cm), piece 532.
All the samples were fine-grained, homogeneous, and
relatively fresh in hand specimen. Sample weights ex-
ceeded 150 g.

The samples were taken to Karlsruhe, cleaned with
distilled water, crushed with help of a hydraulic press,
and powdered using an agate mill. The samples were
then homogenized and split by using a sample divider.
After the samples were divided into eight portions, por-
tions 1, 3, 5, 7 and 2, 4, 6, 8 were put together again,
forming divisions labeled A and B. These divisions were
divided again into eight portions each, for a total of 16
portions for each sample. One or more of these portions
were sent to 12 laboratories, 9 of which returned results.
The results for the major elements are presented in
Tables 1 to 3. The nine laboratories (and, where given,
publications that give the results of hard-rock analyses
made therein) are the Woods Hole Oceanographic Insti-
tution (WHOI), the Vernadsky Institute of Geochem-
istry and Analytical Chemistry, Moscow (VIG, Sharas-
kin et al., this volume), the Department of Geology and
Geography, University of Alabama (ALA), the Centre
Oceéanologique de Bretagne, Brest, France (COB, Etou-
bleau et al., this volume), the Institut fiir Petrographie
und Geochemie der Universitat Karlsruhe, Karlsruhe,
Federal Republic of Germany (UKAR, Hubberten et
al., this volume), the Department of Geology, Universi-
ty of Newcastle upon Tyne, United Kingdom (UNUT),
the Institute of Geology of Ore Deposits, Petrography
Mineralogy, and Geochemistry, Moscow (IGOD, Pert-
sev and Boronikhin, this volume), the Institut Dolo-
mieu, Université de Grenoble, France (UGRE, Laverne
and Vivier, in press), and the Centre de Sédimentologie
et Géochimie de la Surface, Strasbourg, France (CSGS,
Honnorez et al., in press).?

! Cann, 3. R., Langseth, M. G., H , 1., Von Herzen, R. P., White, S. M., etal.,
Init. Repts. DSDP, 69: Washington (U.S. Govt. Printing Office).

2 Present address: Inst. de Geologie, Universidad Autonoma de Nuevo Leon, 67700
Linares, N.L., Mexico.

Analysts and methods used, as given by analysts, are as follows: WHOI—G. Thomp-
son, XRF, ignition; VIG—A. A. Migdisov, chemical, INAA, AAS (preliminary results only);
ALA—S. H. Stow, AAS; COB—O. Corre and H. Bougault, XRF, ignition; UKAR—M,
Griinhduser and U, Kramar, XRF, INAA; UNUT—P. J. OQakley; IGOD—G. S. Esikova and
S. 1. Vronskaya, XRF, AAS; UGRE—G. Vivier, XRF; CSGS—Y. Besnus, spectrométre
d'arc.

To permit the analyses to be compared, each analysis
was recalculated to a dry and reduced state and then
normalized to 100 percent. In Tables 4 to 6 these values
are presented along with their means and standard devi-
ations (SD). The results of the Vernadsky Institute of
Geochemistry (VIG) were not used in calculating the
mean and SD because they were sent as preliminary data
only.

To present one example of the variations among dif-
ferent laboratories in a different way, the FeO* and
MgO values obtained on the three standard samples are
plotted in Figure 1 as well as the calculated mean.

The homogeneity of the samples can be tested by
comparing the analyses for the portions in Divisions A
and B of Sample IC I. As can be seen from Table 4, the
agreement between IC I A and IC I B is good, with vari-
ations that lie within the SD for either. In further discus-
sions the portions in Divisions A and B are therefore
considered identical within the uncertainty of analysis.

The results from the different laboratories are in fair-
ly good agreement. However, the standard deviations
are larger than in earlier DSDP interlaboratory compar-
isons (Wright, 1977; Kirkpatrick et al., 1979; Natland et
al., 1979 and Staudigel, 1980). There are also systematic
deviations from the mean for some of the oxides ana-
lyzed by the laboratories (Table 7). The deviations from
the mean do not represent deviations from ‘‘correct”’
values, since the calculated mean is based on only 8
analyses. However, they make it clear that care must be
taken when data from one laboratory are compared
with data from another. Furthermore, they indicate that
these data, which were produced as routine analyses,
must be considered to have a larger uncertainty than
previous data on standard shipboard samples. Differ-
ences between different laboratories of 1.5% in SiO,,
1% in Al,O;, 1% in FeO*, 0.6% in CaO, 0.5% in MgO
and 0.5% in Na,O are larger than satisfactory, in our
opinion, even for routine analyses.

The trace element data (Tables 8 to 10) show about
the same percentages of variation as the major element
data (the VIG data are preliminary).

In conclusion, there are systematic differences be-
tween the laboratories involved in the investigation of
the Costa Rica Rift basalts. The differences are too
large to allow comparison of the data from different
laboratories for such purposes as detailed discussions of
chemical stratigraphy. However, the variations are not
large enough to affect the normative classification of
the rocks or general elemental variations resulting from
such processes as crystal fractionation.
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Table 1. Major element composition of Sample IC I as reported.

ICIA ICIB

COB UKAR UNUT VIG IGOD ALA UGRE WHOI VIG ALA COB CSGS
Si0; 49.59  50.1 509  50.1 49.98 4988 4973 5032 50.5 5057 50.03 505
Tiog 075 075 081 08 077 08 082 077 08 0% 075 070
AlO3 1505 155 157 168 1570 1534 1551 1580 16.65 1534 15.03 151
Fey03  9.60 1.83 191 246 242 1042  1.B9 — 200 1034 9.64  9.20
FeO — 7.01 698 694 676 — 6.87 880 738 — — —
Ca0 13.62 137 13.2 13.00 13.29 13.41 1291  13.42 1292 13.63 13.56 134
MgO 833 8.39 826 7.62 835 178 812 860 760 799 8.12 8.00
MnO 015 046 016 015 016 048 017 016 012 0.8 016 024
Nas0 1.80 1.9 178 165 1.86 1.90 1.86 147 L7219 212 LT3
K20 002  0.02 0.03 002 006 003 006 001 003 003 002 <0.05
P705 0.10 0.5 - 005 002 — - 009 005 — o =
H0~ 021 — - - 047 — - 020 — - 0.17 0.0
Hz0* - 0.38 - 070 031 056 1.33 - 060 038 — -
COy — 0.18 — - - - - - — - - -
L.O.12 038 - - — - - - 0.47 — - 038  0.00

2 Loss on ignition.

Table 2. Major element composition of Sample IC II as reported.

Table 3. Major element composition of Sample IC III as reported.

ICIA ICI B IC 111 A IC I B
WHOI VIG ALA COB UKAR UNUT IGOD UGRE CSGS WHO!I VIG ALA COB UKAR UNUT 1GOD UGRE CSGS
S0y 5072 50.2  50.31 4999 50.0 51.0 49.55  49.76  50.3 Si0; 49,70 495 4885 4942 490 50.75 48.95  48.56 4.7
TiO, 095 09 106 09 09 09 094 103 084 TiOy 081 087 0.8 079 078 0.84 082  0.83 0.72
AO3 1541 159 1498 1467 150 153 1536 1517 145 AlO; 1680 1750 1618 1576 162 1635 1628 1653 154
FeaO3 - 262 1110 1053 238 230 303 231 100 FegO3 = 216 991 937 189 165 261 193 8.9
FeO 9.50 7.34 — _ 7.25 7.04 6.88 7.08 — FeO B8.49 6.79 _ — 6.64 6.79 6.27 6.62 —_
Ca0 1247 1233 1219 1265 126 121 1223 1191 124 Cad 12,99 1233 1317 1343 132 126 1277 1247 129
MgO 8.58 770 1.87 8.58 8.32 8.27 8.42 8.15 7.94 MgO 8.99 8.00 B.10 878 8.78 8.57 8.74 8.56 8.23
MnO 0.17 0.12 0.18 0.16 0.17 0.17 0.17 0.17 0.25 MnO 0.15 0.11 0.17 0.16 0.15 0.16 0.15 0.16 0.23
Na0 179 201 217 200 231 203 245 213 1.94 NagO 167 189 1.9 1.9 208 L& 204 14,2 178
K20 000, 002 003 001 00 002 005 012 <0.05 k0 0006 002 001 002 o001 0 00 DM <003
P05 011° 007 — 013 006 g 003 — iy P05 009 007 — 008 003 — 003 — -
H0- 051  — - - 047  — e HO . 045 = - 037 - FE= 043 — 0.00
Hy0+ - 076 107 — 0.6 - o6k LW - H30 — 071 1.00 0.68 - 079 183 -
€Oz = - - = 0.4  — - e = co - = = 0.4 — - - —
LOI® 061 — — o071 @ — = = = 037 LO.L2 073 — = am = s = = 0.58
2 Loss on ignition. A Loss on ignition.
Table 4. Major element composition of Sample IC I when recalculated to a dry and reduced state and normalized to 100 percent.
ICIA ICIB ICIA+ICIB
COB UKAR UNUT VIG2 IGOD ALA UGRE Mean WHOI VIG ALA COB C(CSGS Mean Mean SD
Si_02 50.58 50.44 51.14 50.42 50.42 50.52 50.87 50.66 50.65 50.71 50.64 50.75 51.53 50.89 50.65 0.36
TiOy 0.76 0.76 0.81 0.83 0.78 0.84 0.84 0.80 0.78 0.82 0.9 0.76 0.71 0.79 0.79 0.05
AlyO3 15.35 15.61 15.77 16.91 15.84 15.54 15.87 15.66 15.90 16.72 15.36 15.25 1541 1548 15.59 0.24
FeO* 8.81 8.72 8.74 9.21 9.02 9.50 8.77 8.93 8.86 9,22 9,32 8.81 B.45 8.86 8.90 0.31
CaO 13.89 13.79 13.26 13.08 13.41  13.58 13:21. 13.52 13.51 12.97 13.65 13.76  13.67 13.65 13.57 0.22
MgO 8.50 8.45 8.30 7.67 842 7.88 8.31 8.31 8.56 7.63  8.00 8.24 8.16 8.24 8.28 0.22
MnO 0.15 0.16 0.16 0.15 0.16 0.18 0.17 0.16 0.16 0.12 0.18 0.16 0.24 0.18 0.17 0.03
Naz0 1.84 2.00 1.79 1.66 1.88 1.92 1.90 1.89 1.48 1.73 1.91 2.15 1.76 1.82 1.86 0.17
K20 0.02 0.02 0.03 0.02 0.06 0.03 0.06 0.04 0.01 0.03 0.03 0.02 0.05 0.02 0.03 0.02
P05 0.10 0.05 — 0.05 0.02 —_ _ 0.06 0.09 0.05 — 0.11 — 0.10 0.07 0.04
Total 100.00 100.00 100.00 100.00 100.01 99.99 100.00 -_— 100.00 100.00 99.99 100.01 99.98 _ = ==

2 Values were not used to calculate means and standard deviations.
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APPENDIX: INTERLABORATORY COMPARISONS

Table 5. Major element composition of Sample IC Il when recalculated to a dry
and reduced state and normalized to 100 percent.

ICITA ICIIB ICHA+B
WHOI VIGE ALA COB UKAR UNUT IGOD UGRE CSGS Mean SD

Si0y 50.87 50.69 50.93 50.70  50.62 51.54 50.30 50.98 51.74 50.96 047
TiOp 0.95 1.00 1.07  0.54 0.92 0.97 0.95 1.06 086 09 0.07
AlpOq 15.46  16.05 15.17 1488 15.19 15.46 15.59  15.54 1492 1528 0.28
FeO* 9.53 979 1011 9.61 9.51 9.21 9.76 9.39 9.26 9.55 029
Ca0 12.51 12,45 12.34  12.83 12.76 1223 12.41 12.20 12,75 12,50 0.25
MgO 8.61 .77 797 870 8.42 B.36 B.55 8.35 8.17 839 023
MnO 0.17 0.12 0.18 0.16 0.17 0.17 0.17 0.17 026 0.8 0.03
Naz0 1.80 2.03 220 203 2,34 2.05 2.18 2.18 1.99 210 016
K20 0.002  0.02 0.03 0.01 0.01 0.02 0.05 0.12 005 0.04 0.04
Pa0s 0.11 0.07 - 0.13 0.06 - 0.03 — - 0.08 D0.05

Total 100,01  99.99 100.00 99.99 100.00 100.01 99.99 99.99 100,00 - —_

2 Values were not used to calculate means and standard deviations.

Table 6. Major element composition of Sample IC III when recalculated to a dry
and reduced state and normalized to 100 percent.

IC I A ICIHIB ICHIA+B
WHOI  VIG*® ALA COB UKAR UNUT IGOD UGRE CSGS Mean SD

Si02 49.85 49.99 49.70  50.16  49.71 5104  49.71 49,84 §1.23  50.15 0.62
TiOp 0.81 0.88  0.91 0.80 0.79 0.84 0.83 0.85 0.74 0.82 0.11
AlpOq 16.85 17.67 16.46  16.00 16.43 16.44  16.53 16.97 15.87 16.44 0.37
FeO* 8.52 8.82  9.08 8.56 8.46 8.33 8.75 8.58 8.26 8.57 0.26
CaD 13.03 1245 13.40 1333 13.39 1267 1297 12.80 1330 13,11 0.28
MgO 9.02 8.08 824 8.91 8.91 8.62 8.87 8.79 8.48 873 0.26
MnO 0.15 0.11 017 0.16 0.15 0.16 0.15 0.16 0.24 0.16 0.03
NayO 1.68 191 2.02 1.99 212 1.88 2.07 1.97 1.84 1.95 0.14
K20 0.006 0.02 001 0.02 0.01 0.02 0.08 0.04 0.05 0.03 0.03
P05 0.09 0.07 — 0.08 0.03 —_ 0.03 - - 0.06 0.02

Total 10000 100,00 99.99 100.01 100.00 100.00 99.99 100.00 100.01 —_ i

2 Values were not used to calculate means and dard deviati
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Figure 1. FeO*-MgO plot of the recalculated values from Tables 4 to 6 for the three Leg 69 and 70
samples.
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Table 7. Deviations from the mean value for all major elements for
the different laboratories.

Table 9. Trace elements in Sample IC II as reported.

VIG UKAR COB WHOI ALA UGRE IGOD CSGS
CSGS COB  UKAR UNUT VIG 1GOD ALA UGRE WHOI
; Rb 5 —_ 1.13 2.0 —_ <10 3.7 —
5i0y  IC1 088 +0.J0 =-021 +049 -023 023 -013 +0.22  +0.00
2 cn :0,75 to.zo ~0.34 :o.sa -0.27 -0.66 -0.02 :u,oz :Eo,w Sr 123 67 60 54.9 — 50 68 56
ICII  +1.08 +001 -041 +089 —-0.16 -041 -045 -031 -030 Ba s it — <20 S 12 50 1
Tiop ICI -g.oa -0.03 -0.03 +0.02 +0.04 -0.01 +005 +005 -0.01 Li 7 o - ekl 10.3 RS 6 -
wcn -0.10 -0.02 -0.04 0.01 0.4 -0.01 o0.11 +0.10 -0.01 o
ICHI —008 _002 —003 1002 +006 <001 +009 +003 —0.0l Y - 28 28 29.0 = = o= 25
A0 1CH 036 o0 005 1018 S0 o3 —om 026 +013 Z a4 o = NE a2 o
028 UM 00 SO0 GOT pRM DB ahd 9l Co 38 44 47 349 65 36 48
ICHI -0.57 -044 -001 000 4123 +008 4002 +0.51 404l .
FO* ICI 045 009 _048 016 1031 012 1060 013 _00¢ Ni 83 91 95 102.8 93 128 79 118
I -029 +0.06 -0.04 -034 +0.24 +0.21 +0.5 -0.16 -0.02 Zn 79 83 55 63.0 75 — 75 62
o AR ZEM 88 ML Cuaf em L Lol oM &8 B D5 - - - = = = =
Ca s . +0. -0 -0. -0, +0. =0. =0,
ICH 4025 4033 4026 -027 -005 -009 -016 -030 +0.01 Cu 87 97 ] 89.7 90 66 109 113
o ICHT  +0.19 +022 +0.28 044 —0.68 -0.14 +029 -031 -0.08 Cr 374 377 — 2979 356 346 — 319
ICT —012 +0.22 +0.17 4002 -0.61 <014 —-040 +0.03 +0.28 — _ —
ICH —022 +031 4003 003 062 +0.16 -042 -004 4022 ch 46 23; 04 39 285 288
ICIT —025 +0.18 +0.18 —011 -0.65 +0.14 -049 +0.06 +0.29 == m— = = = =
MnO  ICT 4007 -002 -001 -0.01 -002 -0.01 +001 2000 -001 Nb —_ —_ 1 0.8 — — — —
ICIT 4008 —002 -001 -001 -0.06 -001 £0.00 -001 —0.01 La 2.15 1.15 - — — - — —
ICIL 4008 4000 -001 +000 -005 -001 +001 <000 -0.01 Ce 6.4 5.41 _ _ _ _ _ _
Naz0  IC1 000 -002 +0.4 -007 -020 +0.02 +0.06 +0.04 —0.18 X #
ICI -0.01 =007 +024 -005 -0.08 +0.08 +0.10 +0.08 ~-030 Nd — 4.07 —_ — — — — —
ICHT -0l +0.04 +017 -0.07 -0.04 402 4007 +0.02 -0.27 Sm 1.75 2.01 - - — — — —
K20 IC1 4002 -001 001 +000 -001 +0.03 +0.00 +0.03 002 Eu 0.68 0.81 _ _ _ _ _ _
ICI +001 =003 -003 =002 =002 +0.01 =001 +0.08 -0.04 : :
ICHT +002 -001 -002 —-0.01 -0.04 +0.05 -002 +001 -002 %1 FSS g:g e — - = v -
Ho — 091 —  — - s B e
Tm — 0.46 —_ —_ —_ — == =
Yb 2.7 2.91 —_ —_ —_ - —_ —_
Lu 0.49 0.46 — — — — — —
Table 8. Trace elements in Sample IC I as reported. Table 10. Trace elements in Sample IC III as reported.
VIG UKAR COB WHOI ALA UGRE I1GOD CSGS VIG UKAR COB WHOI ALA UGRE IGOD CSGS
Rb 6 — 1.24 1.3 — <10 4.6 — Rb 7 - 1.07 1.9 —_ <10 3.7 _
Sr 52 59 51 43.5 — 42 58 48 Sr 100 69 65 56.6 —_ 51 69 57
Ba — — — <20 — 11 224 2 Ba _ _ — <20 —_ 11 18 -_—
Li 5 o —_ w— 8.1 —_ 4.6 —_ Li 7 — — — 7.0 - 37 -
Y — 23 24 22.6 _ - — 20 Y - 27 24 24.2 —_ —— — 20
Zr — 1 38 50.9 —_ — —_ 36 Zr - s 49 55.5 — - — 41
Co 42 43 —_ 46.3 35.7 69 38 46 Co 36 41 — 40.7 35.0 67 k] 45
Ni 72 77 836 91.8 B6 120 74 107 Ni 114 131 131 140.4 131 169 118 134
Zn 68 66 58 64.3 74 — 70 64 %2 Tg s 67 41.5 53.3 71 — 64 52
Pb 05 o — — — = — — ; - - - - - — -
Cu 100 108 — 96.5 98 78 104 108 Cu 217 86 — 82.8 82 59 88 9
Cr 405 425 Et 368.1 409 418 — 370 Cr 434 462 — 356.8 415 425 — 386
v = == — 2.7 2719 280 — 245 ; o 270 — 246.0 265 253 = =
Sc 43 42 _ — —_— —_ — — - —_ —_ —_ —_ — iR
Nb - o 1.2 1.4 a - i Nb — — 1.5 1.0 - — — —
La 0.6 0.87 — —_ — = oy = La 1.05 0.78 —_ — —_ — —_ —
Ce 5.9 235 — — = — = — g; 7.8 ;- ;: = - =t = — —
Nd — 3.08 — = - — — — - . - - — = - -
Sm 1.4 1.52 —_ — — - = P Sm 1.63 1.72 —_ _ —_ . —_ —_
Eu 0.68 0.62 — —_ = fre = — gl:l 0.89 g;i —_ —_ — . — —_
Gd — 2.9 — —_ — == B 2 —_ % _— iy i iy i _
Tb 0.72 0.48 _ —_ —_ — A == 'II-IE 1.03 g ;g —_ _ — —_ — —-
H . 083 — = = = i = = . = = = = = =
T:'l — 0.41 — — —_ == = Py Tm - 0.37 — —_ — ju — e
Yb 216 219 — = = = — = Yo o 278 248 — = = - = =
Lu 0.30 032 — — i i s - Lu 0.34 0.37 — — — — — —
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