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ABSTRACT

During Ocean Drilling Program Leg 200, ~45 Ma igneous basement,
was cored in the northeastern Pacific at Site 1224. The basement surface
was inferred to be 28 meters below seafloor (mbsf). Basement lithology
down to 170 mbsf is divided into three major units: Unit 1 = massive
flow, Unit 2 = pillow breccia, and Unit 3 = intermixed pillows and thin
flows.

The bulk compositions of Site 1224 rocks have high abundances of
the high-field strength elements (HFSE) Y, Zr, and Nb relative to normal
and even enriched mid-ocean-ridge basalts. Chemical stratigraphic dif-
ferences among the three units at this site are clear. Unit 3 rocks have
the highest FeO/MgO ratio and HFSE concentration, and Unit 2 lavas
have the lowest. Unit 2 lavas also have the highest Y/Zr ratios. Unit 1 is
separated into lower and upper flow units based on differences in HFSE
content. Clearly, there were significant differences in the petrogenetic
processes that created these units.

Compositional and lithologic differences among the basement units
correlate with differences in physical properties among the units de-
scribed by the Leg 200 Shipboard Scientific Party. Physical properties
are therefore associated with petrological features.

INTRODUCTION

Site 1224, at the Hawaii-2 observatory in the northeastern Pacific
Ocean (Fig. F1), is situated west of isochron 20 (45 Ma) and was formed

F1. Location map, p. 7.
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between the Pacific and Farallon plates at a fast half-rate of ~71 mm/yr
(Atwater, 1989; Cande and Kent, 1992).

In the northeastern Pacific Ocean, Deep Sea Drilling Project (DSDP)
and Ocean Drilling Program (ODP) operations have recovered igneous
basement at few sites. Only three DSDP and ODP holes penetrated >100
m into igneous basement—DSDP Leg 65 Hole 483B; ODP Leg 203 Hole
1243A, and ODP Leg 200 Hole 1224F—although several other sites have
penetrated <100 m of igneous basement (Shipboard Scientific Party,
2003a, 2003b) (Fig. F1, Table T1). Therefore, studies of igneous base-
ment at Site 1224 are critical to constrain the temporal and geographi-
cal variation of mid-ocean volcanism at the East Pacific Rise.

LITHOLOGY

At Site 1224, basaltic basement was recovered from four holes (Holes
1224A, 1224D, 1224E, and 1224F) out of the six that were drilled. At
this site the top of igneous basement was inferred to be at 28 meters be-
low seafloor (mbsf). Igneous basement down to 170 mbsf is divided
into three lithostratigraphic units: Unit 1 = massive flow, Unit 2 = pil-
low breccia, and Unit 3 = intermixed pillows and thin flows (Shipboard
Scientific Party, 2003a) (Fig. F2).

Cores from Unit 1, the shallowest unit, had recovery of 30%-50%.
This unit shows massive structure with some altered layers and vein de-
posits. The primary mineral phases are plagioclase, clinopyroxene,
opaque minerals, and rare pigeonite. The majority of the basalt is ho-
locrystalline to hypocrystalline lava flows. This unit is divided into two
thick lava flows based on grain size, stratigraphy, and alteration layers.

Intermediate-depth Unit 2 differs from Unit 1; however, core recov-
ery was so low (<10%) that the characteristics of the in situ rock are dif-
ficult to describe. Many of the small pieces retain almost
circumferential alteration halos and thus were not significantly
rounded by churning of rubble broken from the hole by the bit. Several
pieces still retain fresh or altered glass, most probably representing
pieces of chilled margins of pillow lava. Some calcite-cemented hyalo-
clastite layers were also found. The difference in induration between
Units 1 and 2 is so great that the drill bit broke at the boundary.

Unit 3, the deepest unit, shows features similar to Unit 1. Fracture
and alteration patterns are similar to those of Unit 1, with reddish
brown stains forming halos on small pieces and parallel fractures lined
with iron oxyhydroxides and calcite in larger pieces. Portions of at least
two cooling units were recovered, possibly more. Recovery in Unit 3
was lower than that in Unit 1 but higher than that in Unit 2 (~20%-
30%).

ANALYTICAL METHODS

Bulk rock compositions were determined for 51 samples from Site
1224 using a Rigaku 3270 X-ray fluorescence (XRF) spectrometer at the
Ocean Research Institute, University of Tokyo, Japan. Major element
analyses were conducted using glass beads. Samples were cut into slabs,
washed with distilled water, and finely ground in an agate ball mill.
One gram of powdered sample was dried at 110°C for ~10 hr and
weighed to obtain weight percent H,O loss. The dried samples were
then ignited at 950°C for ~4 hr and weighed to obtain loss on ignition

T1. Holes with penetration >10 m,
p- 17.

F2. Lithologic summary of igneous
basements, p. 8
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(LOI). Fused disks were prepared with a lithium tetraborate (Li,B4O;)
flux at a dilution ratio of 1:10. Trace element analyses were performed
using pressed powder pellets (~4 g of sample) made with a polyvinyl ac-
etate ring holder (after Goto and Tatsumi, 1991). XRF major and trace
element data are presented in Table T2.

Mineral phases were analyzed using a JEOL-733 electron microprobe
also at the Ocean Research Institute, Japan, using 15-kV accelerating po-
tential, 1.2 x 108 A sample current, 1-uym beam diameter, and natural
mineral standards (Bence and Albee 1968; Nakamura and Kushiro
1970).

RESULTS AND DISCUSSION

Bulk Rock Alteration

All samples analyzed were selected to exclude obvious signs of alter-
ation (i.e., veined material); however, some alteration characteristics,
such as brown color, were observed in the rocks, especially those from
Units 2 and 3.

The effect of alteration on the bulk rock chemistry of pillow basalts
have been studied extensively in Hole 504B (e.g., Kempton et al., 1985;
Sparks, 1995). They concluded that K and Sr are mobile in the upper
pillow section where seawater interaction is greatest. Emmermann
(1985) divided alteration in pillow lavas into upper oxidative and lower
nonoxidative zones, with K, S, and iron oxidation ratios being the most
effective discrimination measures between these zones.

Fig. F3A shows LOI vs. HO(-) for Site 1224 rocks. Many samples, es-
pecially those from Unit 1, show negative LOI results. This characteris-
tic indicates that the weight increase arising from oxidation of Fe?* to
Fe3+ (FeO to Fe,0O3) is higher than the weight loss caused by removing
volatiles from the mineral structures. All samples have low H,O(-) (<1.4
wt%) and LOI (<0.8 wt%). Fig. F3B is K;O vs. H,O(-). Some samples
with high water content show high K,O. However, K;O content does
not increase with increasing water content (Fig. F3B). We therefore con-
sidered the Site 1224 rocks to show a low degree of alteration. Neverthe-
less, we recognize that K and Rb contents were affected by alteration
processes.

Major and Trace Element Geochemistry

In Site 1224 basalt, SiO, ranges from 48 to 53 wt% as MgO varies over
narrow range of 5 to 7 wt% (Fig. F4A). FeO/MgO ratios of rocks from all
three units are higher (1.3-3.0) than typical mid-ocean-ridge basalt
(MORB) ratios, which are normally 1-1.5. Unit 2 has the lowest (1.2-
1.8), Unit 3 has the highest (2.3-3.0), and Unit 1 has intermediate (1.6—
2.6) (Fig. F4A).

Site 1224 rocks show interesting trace element characteristics (Fig.
F4B). Most compatible and incompatible trace elements of the three
units overlap, and they do not show clear crystal fractionation trends.
However, the HFSE (e.g., Y, Zr, and Nb) compositions of the three units
are remarkably different: Unit 2 has the lowest concentration, Unit 3 has
the highest, and two different concentrations are observed in Unit 1.

The most important trace element characteristic is that Site 1224
rocks have higher HFSE content than typical normal (N-) and enriched
(E-) MORB, as compiled by Sun and McDonough (1989). Y and Zr con-

T2. XRF analysis, p. 18.
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centrations are two to three times higher than those of N- and E-MORB,
and Y is nearly twice that of oceanic island basalt (OIB) (Fig. F5A). The
average Y/Zr ratios in these rocks are similar to that in E-MORB. In de-
tail, Unit 2 has a slightly higher ratio than the other two units. This
higher Y/Zr ratio for Unit 2 at similar Y and Zr content reflects a differ-
ent petrogenesis for this unit. It is likely that the high trace element
contents of these rocks are a result of extensive crystal fractionation.

Chemostratigraphy

Significant chemical stratigraphic (chemostratigraphic) differences
among the three units at Site 1224 are clearly shown in element con-
centration vs. depth diagrams (Fig. F6). The highest FeO/MgO ratios
and abundances of TiO,, Y, Zr, and Nb are in Unit 3; the lowest are in
Unit 2, which also has the highest Y/Zr. Also, the two flows in Unit 1
are indicated by abrupt downhole decreases in abundance of TiO,, Y, Zr,
and Nb.

It is important to note that each lithologic unit has different P-wave
velocity, bulk density, and other physical properties (Shipboard Scien-
tific Party, 2003a). It is thought that physical properties are associated
with lithologic features (massive flows and breccia, degree of alteration,
etc.).

Mineral Chemistry

At Site 1224, plagioclase and clinopyroxene are the major mineral
phases, and they are potential fractionating phases. Clinopyroxene
groundmass composition is consistent with bulk composition; that is,
groundmass clinopyroxene in Unit 2 has higher Mg# than in Unit 3
(Fig. F7). In contrast, these units have no systematic differences in their
plagioclase groundmass compositions (anorthite content= 40-70; mean
= ~60).

Petrogenesis

As a group, Site 1224 basalts display positive correlation between
abundances of the incompatible trace elements Y, Zr, and Nb and the
FeO/MgO ratio and negative correlations between FeO/MgO and Sr, Nj,
and Cr (Fig. F8), which are compatible in plagioclase, olivine, and cli-
nopyroxene, respectively.

Sun and McDonough (1989) compiled chemical data for N-MORB, E-
MORB, and OIB and published typical compositions of these basalts.
Studies of basalt from deep basements on the Costa Rica Rift (Hole 504B
and Leg 148) showed that the compositional variation of these basalts
dominantly reflect crystal fractionation (e.g., Brewer et al., 1996). In
comparison, Site 1224 basalt is much more evolved (FeO/MgO of 1.3-
3.0), and abundances of Zr and Y are higher by a factor of two. Clearly,
Site 1224 lavas experienced unusually large amounts of crystal fraction-
ation within the crust.

SUMMARY AND CONCLUSIONS

1. Basement at Site 1224 is separated into three lithologic units:
Unit 1 (massive flow; ~26-62 mbsf), Unit 2 (pillow breccia; ~62-
135 mbsf), and Unit 3 (intermixed pillow and thin flows; ~135
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mbsf). Unit 1 is divided into two subunits (upper and lower flow
units) based on grain size of groundmass and distribution of al-
teration halos. Unit 2 is divided into two subunits based on re-
covery and differences in alteration effects.

2. Differences in HFSE and compositions among the three units are
remarkable. Unit 3 has the highest content of these elements,
and Unit 2 has the lowest. Units 1 and 2 are divided into two
subunits on the basis of these elements, and this classification is
consistent with lithologic characteristics. It is thought that these
chemical differences reflect differentiation process (i.e., fraction-
ation of clinopyroxene).

3. Variations in physical properties and downhole logging data cor-
respond to the lithologic and chemostratigraphic changes that
define the units and subunits.

4. The basement rocks have high incompatible element contents
(e.g., higher HFSE content than N-MORB), and some element
contents are similar to OIB (cf. Sun and McDonough., 1989).
Based on their high abundances of immobile HFSE (Zr and Y)
and high, MORB-like Zr/Nb, we conclude that these are MORB
that fractionated the mineral phases, olivine, clinopyroxene,
and plagioclase within the oceanic crust.

ACKNOWLEDGMENTS

We recognize the major contributions of J. Kasahara, R. Stephen, and
other shipboard scientists; marine technicians; and the crew of the
JOIDES Resolution to the success of drilling efforts at Site 1224. This re-
search used samples and/or data supplied by the Ocean Drilling Pro-
gram (ODP). ODP is sponsored by the U.S. National Science Foundation
(NSF) and participating countries under management of Joint Oceano-
graphic Institutions (JOI), INC. Funding of this research was provided
by Grant-in-Aid No. 14340147 from the Ministry of Education, Science,
Sports and Culture, Japan.




S. HARAGUCHI AND T. ISHII
DATA REPORT: IGNEOUS BASEMENT

REFERENCES

Atwater, T., 1989. Plate tectonic history of the northeast Pacific and western North
America. In Winterer, E.L., Hussong, D.M., and Decker, RW. (Eds.), The Eastern
Pacific Ocean and Hawaii. Geol. Soc. Am., Geol. of North America Ser., N:21-72.

Bence, A.E., and Albee, A.L., 1968. Empirical correction factors for the electron
microanalysis of silicates and oxides. J. Geol., 76:382-403.

Brewer, T.S., Bach, W., and Furnes, H., 1996. Geochemistry of lavas from Hole 896A.
In Alt, J.C., Kinoshita, H., Stokking, L.B., and Michael, PJ. (Eds.), Proc. ODP, Sci.
Results, 148: College Station, TX (Ocean Drilling Program), 9-19.

Cande, S.C., and Kent, D.V., 1992. A new geomagnetic polarity time scale for the Late
Cretaceous and Cenozoic. J. Geophys. Res., 97(10):13917-13951.

Emmermann, R., 1985. Basement geochemistry, Hole 504B. In Anderson, R.N., Hon-
norez, J., Becker, K., et al., Init. Repts. DSDP, 83: Washington (U.S. Govt. Printing
Office), 183-199.

Fryer, P., Pearce, J.A., Stokking, L.B., et al., 1990. Proc. ODP, Init. Repts., 125: College
Station, TX (Ocean Drilling Program).

Goto, T., and Tatsumi, Y., 1991. Quantitative analysis of rock samples using X-ray flu-
orescence analyzer. Rigaku Janaru, 22:28-44.

Kempton, P.D., Autio, L.K., Rhodes, J.M., Holdaway, M.J., Dungan, M.A., and
Johnson, P., 1985. Petrology of basalts from Hole 504B, Deep Sea Drilling Project,
Leg 83. In Anderson, R.N., Honnorez, J., Becker, K., et al., Init. Repts. DSDP, 83:
Washington (U.S. Govt. Printing Office), 129-164.

Nakamura, Y., and Kushiro, 1., 1970. Compositional relations of coexisting orthopy-
roxene, pigeonite, and sugite in a tholeiitic andesite from Hakone volcano. Con-
trib. Mineral. Petrol., 26:265-275. doi:10.1007/BF00390075

Shipboard Scientific Party, 2003a. Leg 200 summary. In Stephen, R.A., Kasahara, J.,
Acton, G.D., et al., Proc. ODP, Init. Repts., 200: College Station TX (Ocean Drilling
Program), 1-72. [HTML]

Shipboard Scientific Party, 2003b. Leg 203 summary. In Orcutt, J.A., Schultz, A,
Davies, T.A., et al., Proc. ODP, Init. Repts., 203: College Station TX (Ocean Drilling
Program), 1-30. [HTML]

Sparks, J.W., 1995. Geochemistry of the lower sheeted dike complex, Hole 504B, Leg
140. In Erzinger, ]J., Becker, K., Dick, H.].B., and Stokking, L.B. (Eds.), Proc. ODP, Sci.
Results, 137/140: College Station, TX (Ocean Drilling Program), 81-98.

Sun, S.-S., and McDonough, W.E, 1989. Chemical and isotopic systematics of oceanic
basalts: implications for mantle composition and processes. In Saunders, A.D., and
Norry, M.J. (Eds.), Magmatism in the Ocean Basins. Geol. Soc. Spec. Publ., 42:313-
345.


http://dx.doi.org/10.1007/BF00390075
http://www-odp.tamu.edu/publications/200_IR/chap_01/chap_01.htm
http://www-odp.tamu.edu/publications/203_IR/chap_01/chap_01.htm

S. HARAGUCHI AND T. ISHII
DATA REPORT: IGNEOUS BASEMENT 7

Figure F1. A, B. Location maps showing Site 1224 (Hawaii-2 Observatory [H2O]; star), Site 1243 (Ocean
Seismic Network [OSN]-2; diamond), and previous drill sites with penetration >10 m into Pacific crust (cir-
cles) (modified from Shipboard Scientific Party, 2003b [A], 2003a [B]). FZ = fracture zone.
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Figure F2. Lithologic summary of igneous basements cored at Site 1224 (modified from Fryer, Pearce, Stok-
king, et al., 1990).
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Figure F3. (A) H,O(-) vs. loss on ignition (LOI) and (B) KO vs. H,O(-) for Site 1224 rocks.
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Figure F4. A. Major elements vs. MgO for Site 1224 rocks. (Continued on next page.)
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Figure F4 (continued). B. Trace elements vs. MgO for Site 1224 rocks.
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Figure F5. (A) Y vs. Zr and (B) Rb vs. Sr for Site 1224 rocks compared with typical compositions of normal
mid-ocean-ridge basalt (N-MORB), enriched MORB (E-MORB), and oceanic island basalt (OIB) (Sun and Mc-
Donough, 1989).
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Figure F6. A. Downhole variations of major elements and FeO/MgO at Site 1224. (Continued on next
page.)
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Figure F6 (continued). B. Downhole variations of trace elements and Y/Zr at Site 1224.
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Figure F7. Core compositions of clinopyroxene groundmass in Site 1224 rocks from the upper and lower
subunits in Units 1, 2, and 3.
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Figure F8. Major elements, trace elements, and element ratios vs. FeO/MgO for Site 1224 rocks compared with typical depleted MORB in the Costa

Rica ridge, Site 896, ODP Leg 148 (Brewer, 1996).
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Table T1. Summary of DSDP and ODP holes in Pacific
crust with penetration >10 m.

Basement  Sediment

Site/ Age penetration thickness

Leg Hole (Ma) Latitude Longitude (m) (m)
DSDP 16 163 72 11°15'N  150°18'W 18 176
DSDP 54 420 3.4 09°01'N  106°06'W 29 118
DSDP 54 421 3.4 09°01'N  106°04'W 29 85
DSDP 54  429A 4.6 09°02’'N  106°46'W 21 31
DSDP 63 469 17 32°37’N 120°33'W 58 391
DSDP 63  470A 15 28°54'N  117°31'W 48 167
DSDP 63 471 12 232N 112°30'W 82 741
DSDP 63 472 15 23°00'N  114°00'W 25 112
DSDP 65  483B 1.7  22°53'N  108°45'W 157 110
DSDP 92  597B 29 18°48’S 129°46'W 25 48
DSDP92 597C 29 18°48'S  129°46'W 91 53
DSDP 92  599B 8 19°27’S 119°53'W 10 41
ODP 136 843B 95 19°21'N  159°06'W 71 243
ODP 200 1224D 46 27°53'N  141°59'W 36 29
ODP 200 1224F 46 27°53'N  141°59'W 145 29
ODP 203 1243A 12 05°18'N  110°05'W 107 117

ODP 203 1243B 12 05°18'N  110°04'W 85 113
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Table T2. Major and trace element XRF analysis of Site 1224 basalts. (Continued on next page.)

Core, section, Depth Major element by XRF (wt%)
interval (cm) (mbsf) SiO, TiO, Al,O4 Fe,0; MnO  MgO CaO Na,O K,O P,05 Total H,0O(-) LOI

200-1224A-
5X-1, 14-22 30.84 5035 274 13.07 14.65 0.21 6.23 10.67 275 022 025 101.14 0.94 -0.28
6N-1, 7-11 32.07 49.61 270 1275 1511 0.20  6.31 10.46 272 017 025 100.28 1.01 -0.32
200-1224D-
1R-1, 51-57 26.01 50.03 270 1297 1480 0.19 6.41 10.52 275 013 0.25 100.73 1.09 -0.28
1R-2, 80-85 27.74 5049 270 1295 1493 0.21 6.22 10.66 270 0.31 0.25 101.41 090 -0.10
1R-3, 16-23 28.26 50.42 273 1316 1447 0.8 6.14 10.35 285 018 0.25 100.73 1.3 -0.16
1R-3, 44-49 28.54 49.64 266 1279 1521 0.20 6.49 10.44 275 0.3 0.24  100.57 1.01 -0.34
1R-4, 6-10 29.05 49.83 272 1297 1429 020 6.11 10.69 280 017 025 100.01 1.01 -0.03
2R-1, 19-25 3529 4946 272 1298 1470 0.19 6.33 10.07 291 0.15 0.25 99.77 136 -0.22
2R-2, 15-20 3644 4997 276 13.00 1438 0.17 6.38 10.14 295 012 025 100.11  1.06 -0.20
2R-2,114-120 37.53 5033 273 13.01 1440 0.16 6.33 10.02 287 019 0.24 100.28 1.09 -0.10
2R-3, 70-76 3841 5013 273 13.07 1431 0.17  6.31 10.34 284 019 025 100.32 1.05 -0.18
2R-4, 73-79 39.76  49.67 2.67 1284 1484 0.18 6.47 10.32 2.81 0.14  0.24 100.21 1.09 -0.24
3R-1, 52-54 4522 4993 269 1287 1480 0.19 6.37 10.38 2.81 0.16 0.25 100.44 1.11 -0.27
3R-2, 57-62 46.24 4949 268 1264 1529 020 6.65 1035 271 0.12 0.24 100.38 0.99 -0.28
3R-2,126-132 46.96 49.71 289 1282 1597 015 543 9.55 282 075 0.25 100.34 1.35 0.44
3R-3, 41-50 47.55 49.81 244 1435 1277 0.6 527 12.06 3.03 040 025 100.54 037 0.52
4R-1,12-19 49.42 50.14 236 13.64 13.00 0.15 6.95 10.65 293 014 0.21 100.17  1.32 -0.01
4R-1, 69-74 4999 5029 229 1338 1338 0.16 7.08 10.67 273  0.25 0.20 100.44 1.21 -0.08
4R-2, 28-34 50.90 5036 229 1350 13.10 0.17 6.89 11.05 2.71 0.14 0.20 100.40 0.94 -0.11
5R-1, 61-70 5191 4984 236 1375 1287 017 687 11.12 275 013 0.21 100.06 1.13 0.11
200-1224E-
3R-2, 51-53 2890 49.67 267 1290 1445 017 6.31 10.19 277 014  0.24 99.50 1.10 -0.12
200-1224F-
1R-2,133-136 3047 4983 270 1289 14.62 0.21 6.16  10.59 279 018 024 100.23 1.01 0.01
1R-4, 46-49 3255 4988 274 13.10 1434 0.17  6.41 10.23 283 017 0.25 100.13 0.99 -0.11
1R-4, 61-62 3270 5047 280 1325 1416 0.17 6.12 10.30 299 045 0.25 10096 1.02 0.65
1R-4, 118-120 33.27 50.05 268 1294 1476 0.18 6.50 10.02 277 020 0.24 10033 1.17  -0.07
1R-5, 57-59 34.09 5147 279 1328 1274 0.17  6.11 10.22 292 0.55 0.25 100.49 1.03 0.71
2R-1, 14-17 39.84 5132 277 13.26 1275 0.16 6.37 10.22 293 033 025 10036 1.24 0.63
2R-1,91-93 40.81 51.73  2.81 13.78 11.80 0.15 6.17 10.60 299 034 025 100.63 1.29 0.62
2R-3,10-12 4272 50.59 262 13.05 1435 020 6.29 10.51 268 037 025 10091 0.72 -0.23
2R-4,138-140 4514 4956 2.76 13.07 14.61 017 6.47 10.24 282 014 0.25 10010 0.86 -0.21
3R-1,10-13 47.40 5029 273 1287 1517 0.8 6.42 10.16 279 016 0.25 101.01 0.78 -0.34
3R-1, 90-95 48.20 50.53  3.01 13.62 14.02 0.14 6.27 9.85 3.00 0.17 0.26 100.88 1.20 -0.04
3R-3, 90-93 5093 50.74 247 1429 1189 016 6.65 11.34 284 043 0.21 101.03  0.90 0.23
4R-1, 75-77 57.15 50.63 231 13.40 13.77 020 6.73 11.35 256 026 0.20 101.38 0.62 -0.20
4R-2, 84-86 58.14 50.29 234 1339 1384 020 6.50 11.41 252 024 021 100.93  0.59 -0.12
4R-3,1-3 58.81 49.44 228 1332 13.14 0.17 6.80 11.02 272 016 0.20 99.24 0.76  -0.11

4R-3, 134-136 60.14 4992 230 1340 13.22 0.7 6.72  11.03 2,67 0.14 0.20 99.77 0.64 -0.16
4R-5,120-122 62.21 50.52 234 13.71 1295 0.16 6.80 11.01 2.76 0.16 0.20  100.61 0.66 -0.19

4R-6, 24-27 62.72  50.51 209 1405 1257 018 6.63 11.63 2.57 035 0.19  100.78 0.91 0.06
5R-1, 93-96 66.83 5140 212 1429 1036 0.17 6.92 1191 265 032 018 10033 066 -0.03
6R-1, 97-99 7597 50.68 2.02 13.68 13.00 0.19 6.56  11.50 2.51 0.52 0.18 100.83 0.86 0.33
7R-1,97-99 8547 5090 206 13.76 1238 0.18 6.70 11.37 263 030 0.18 100.48 0.58 -0.14

8R-1, 108-111 9468 50.59 209 1382 12.04 0.18 6.84 11.59 2.61 0.31 0.19  100.25 0.63 -0.09
9R-1, 46-49 103.16 50.40 2.07 13.88 1230 0.18 6.87 11.54 263 038 019 10043 0.83 0.10
10R-1,125-129 113.05 52.12 229 14.50 996 0.17 642 11.92 282 037 019 100.77 0.93 0.19
11R-1,119-122 122.29 50.49  2.21 1418 1148 0.18 635 11.69 268 044 0.9 99.90 1.23 0.43
12R-1, 46-48 12896 52.55 226 1445 9.12 017 648 11.96 2.87 035 0.20  100.40 0.55 0.11
13R-1, 22-24 133.74 50.89 349 1257 1583 0.19 4.72 9.91 286 020 0.31 100.97 1.27 0.21
14R-1,114-116 14434 50.03 333 1265 1525 0.17 596 9.54 296 048 0.30 100.66 1.29 0.47
14R-2, 66-72 145.26 49.46 3.20 1222 1685 0.20 597 9.59 282 021 0.29 100.80 096 -0.28
15R-1, 95-97 15335 50.10 3.25 1247 16.76 0.20 5.81 9.85 275 018 0.29 101.66 0.92 -0.29

Notes: Accuracy is calculated based on analysis of standard sample, mainly igneous rock standard samples of Geological Survey of
Japan, as linear fit note accuracy. Accuracies of XRF analysis: SiO, = 0.27%, TiO, = 0.017%, Al,0; = 0.23%, Fe,0; = 0.11%,
MnO = 0.0047%, MgO = 0.11%, CaO = 0.098%, Na,O = 0.19%, K,O = 0.038%, P,05 = 0.0042%, Co = 2.7%, Cr = 18.0%, Ba
=4.1%, Nb = 14.3%, Ni=9.3%, Pb = 17.6%, Rb = 18.2%, Sr=1.9%, Th = 29.0%, Y = 2.4%, and Zr = 1.8%.
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Table T2 (continued).

Trace element by XRF (ppm)

Core, section, Depth
interval (cm) (mbsf)  CO CR Ba Nb Ni Pb Rb Sr Th Y Zr
200-1224A-
5X-1, 14-22 30.84 51 103 30.9 33 37.5 ND 28 119.1 0.3 47.2  176.2
6N-1, 7-11 32.07 46 96 24.9 3.2 36.6 1.2 1.6 117.1 0.6 463 174.1
200-1224D-
1R-1, 51-57 26.01 48 95 25.2 3.4 36.1 0.8 0.3 1189 1.3 46.0 173.6
1R-2, 80-85 27.74 48 91 22.4 33 352 04 42 1167 0.9 46.5 174.0
1R-3, 16-23 28.26 44 89 21.9 3.4 384 0.0 0.5 1218 1.0 46.7 1757
1R-3, 44-49 28.54 50 87 23.1 3.1 37.1 ND 0.6 117.1 0.5 455 1718
1R-4, 6-10 29.05 48 90 25.4 3.4 37.5 0.3 0.5 1226 0.1 47.5 1755
2R-1, 19-25 35.29 49 92 24.9 3.2 38.5 0.3 0.6 123.0 09 473  176.5
2R-2, 15-20 36.44 49 92 23.2 3.2 36.1 ND ND 1216 09 464 177.7
2R-2,114-120 37.53 46 97 24.5 3.2 37.5 ND 0.5 118.1 0.4 443 1736
2R-3,70-76 38.41 47 97 25.4 3.2 359 ND 0.7 1208 0.5 46.0 177.5
2R-4, 73-79 39.76 49 91 25.2 3.2 35.7 ND 0.5 1204 04 476 1775
3R-1, 52-54 45.22 48 98 225 3.4 342 0.1 0.1 1206 0.9 47.8 1789
3R-2, 57-62 46.24 43 95 24.7 3.1 356 0.4 0.2 1170 0.7 475 1729
3R-2, 126-132 46.96 46 81 29.9 3.1 379 ND 165 1163 04 476 169.0
3R-3, 41-50 47.55 46 128 244 238 46.0 ND 71 131.2 0.8 421 151.5
4R-1, 12-19 49.42 49 120 128 2.7 433 ND 03 1266 0.9 37.9 1489
4R-1, 69-74 4999 44 121 21.5 2.7 423 0.2 28 1218 04 38.5 1426
4R-2, 28-34 5090 46 128 19.7 2.8 42.5 ND 0.7 1251 0.6 39.2 1433
5R-1, 61-70 5191 47 124 200 27 439 ND 04 1272 06 39.2 148.1
200-1224E-
3R-2, 51-53 2890 48 93 22.0 3.1 378 ND ND 121.2 0.5 45.6 175.0
200-1224F-
1R-2, 133-136 30.47 49 89 229 33 37.0 0.5 0.8 1215 04 487 1748
1R-4, 46-49 32.55 47 89 25.0 3.2 373 ND 09 1227 04 464 1775
1R-4, 61-62 32.70 48 90 39.9 33 339 ND 122 1321 0.8 46.2 1763
1R-4, 118-120 33.27 49 91 16.2 3.2 35.7 0.1 09 1170 08 458 1713
1R-5, 57-59 34.09 60 93 50.7 3.4 43.5 ND 514 139.2 0.7 478 1779
2R-1, 14-17 39.84 53 92 36.1 3.2 36.0 0.1 183 136.2 0.1 459 176.9
2R-1,91-93 40.81 88 97 45.8 33 158.2 0.5 6.8  143.1 0.5 46.6 177.8
2R-3,10-12 42.72 50 94 26.3 3.4 37.2 ND 57 1197 08 486 181.8
2R-4, 138-140 45.14 50 84 18.3 3.2 36.2 ND 03 1219 0.8 47.0 1809
3R-1,10-13 47.40 46 93 233 3.1 347 ND 0.2 1179 04  48.1 175.0
3R-1, 90-95 48.20 56 82 232 3.5 524 0.0 0.2 1255 0.7 488 1838
3R-3, 90-93 5093 55 128 25.0 3.0 44.5 ND 144 1313 03 41.7 1523
4R-1, 75-77 5715 44 121 198 2.8 429 0.1 36 1177 04 389 142.0
4R-2, 84-86 58.14 46 123 19.9 29 43.0 ND 3.1 119.2 0.5 40.4 147.4
4R-3,1-3 58.81 52 129 158 2.8 414 ND 1.6 1241 0.6 38.4 144.2
4R-3, 134-136 60.14 46 125 208 27 41.8 3.7 0.5 1218 0.8 39.9 1434
4R-5, 120-122 62.21 45 126 229 28 432 04 06 1239 0.6 39.4  146.0
4R-6, 24-27 62.72 45 149 15.5 2.4 443 1.0 58 1187 09 38.4 1333
5R-1, 93-96 66.83 41 147 513 22 46.8 0.3 49 149.2 03 41.3 1383
6R-1, 97-99 75.97 43 144 352 2.0 33.6 ND 14.1 127.7 0.5 373 1283
7R-1, 97-99 85.47 43 143 137.1 2.2 424 ND 3.7 1406 0.6 39.1 1333
8R-1, 108-111 94.68 47 150 340 2.1 40.3 ND 59 131.0 0.1 40.1 134.0
9R-1, 46-49 103.16 46 140 30.5 2.1 40.1 ND 8.7 129.7 0.1 38.0 1325
10R-1,125-129 113.05 52 88 59.5 2.5 53.6 0.1 56 1675 0.0 43.6 1489
T1R-1,119-122 122.29 77 98 27.3 2.4 45.4 ND 9.4 135.8 0.2 40.4 141.7
12R-1, 46-48 12896 70 99 613 26 46.0 ND 29 1676 0.7 459 1475
13R-1, 22-24 133.74 39 59 25.4 4.0 221 ND 1.5 122.5 0.4 55.9 222.2
14R-1,114-116 14434 46 67 23.7 3.8 34.0 ND 18.6 1224 04 53.8 2136
14R-2, 66-72 145.26 50 56 20.9 3.6 27.1 0.0 1.1 1159 0.0 54.7  203.9
15R-1, 95-97 15335 52 68 19.3 3.7 29.6 ND 0.7 1158 0.5 53.4  202.7
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