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Abstract

We report on the Sr isotopic composition of pore fluids recovered
during Integrated Ocean Drilling Program Costa Rica Seismogene-
sis Project Expeditions 334 and 344. Pore fluid samples were acid-
ified and loaded directly onto columns containing EICHROM Sr-
Spec resin, followed by analyses using a NU multicollector induc-
tively coupled plasma-mass spectrometer at the Keck Collabora-
tory, Oregon State University.

Sites drilled on the upper plate exhibited a decrease in the 8 Sr/8Sr
ratio to values as low as 0.70762 in the upper 200-300 m of the
sediment column, suggesting the role of ash alteration. The un-
conformity between the slope sediment sequence and underlying
framework rock, sampled at Sites U1378-U1380, is characterized
by intense fracturing. The fluids sampled within the unconfor-
mity at these sites have #Sr/8Sr ratios ranging from 0.70834 to
0.70844.

Fluids sampled from the incoming plate sediment show evidence
of ash alteration and carbonate diagenesis, but the deepest sedi-
ment here may also be modified by diffusion of fluids from the
underlying oceanic crust. Intense carbonate recrystallization in
the lower 66 m of Site U1414 results in Sr concentrations that are
almost an order of magnitude higher than those measured at the
base of Site U1381. The deepest pore fluid sample measured at
both Sites U1381 and U1414 has a 87Sr/8Sr ratio of 0.7086.

The strontium systematics in this margin, used in the context of
other ongoing studies, may be used to unravel processes at this
margin, such as carbonate diagenesis, ash alteration, fluid migra-
tion, and diffusive exchange with the underlying oceanic crust.

Introduction

The Costa Rica Seismogenesis Project (CRISP) was designed to un-
derstand the processes that control fault zone behavior during
earthquake nucleation and rupture propagation at erosional sub-
duction zones. The CRISP study area, located offshore the Osa
Peninsula of Costa Rica, is part of the active and long-lived sub-
duction erosion from Guatemala to Costa Rica (Ranero et al.,
2000a, 2000b; Vannucchi et al., 2004). This area is characterized
by low sediment supply, fast convergence rate, abundant plate in-
terface seismicity, and change in subducting plate relief along
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strike (Expedition 334 Scientists, 2012a; see also the
“Expedition 344 summary” chapter [Harris et al.,
2013a]). Arcward of the trench, the lower slope con-
sists of a 10-12 km wide frontal prism, where a mod-
ern sediment apron overlies older sediment that may
have been deposited in a fore-arc basin setting (A.
Sakaguchi, pers. comm., 2013). The first phase of the
CRISP focuses on sampling sediment, fluid, and
crustal rock because fluid and associated diagenetic
reactions affect hydrological parameters (e.g., perme-
ability and pore pressure) and may regulate the me-
chanical state of the plate interface at depth. To this
aim, seven sites were drilled on this margin during
Integrated Ocean Drilling Program (IODP) Expedi-
tions 334 and 344, which targeted sites on the upper
and incoming plates (Fig. F1).

Because the isotopic composition of strontium does
not undergo biological fractionation (Mook, 2001),
it has proven to be valuable in establishing fluid-rock
reactions, sources, and fluid mixing (e.g., Teichert et
al., 2005; Torres et al., 2004; Solomon et al., 2009; Jo-
seph et al., 2012). Potential source materials that
may alter a de facto seawater 87Sr/%Sr ratio of inter-
stitial fluids are continental detritus (3’Sr/3Sr =
~0.7119-0.7133), Dbiogenic calcite (8’Sr/8Sr =
~0.7075-0.7092), volcanic ash (8/Sr/8Sr = ~0.706-
0.704), and oceanic crust (8’Sr/8¢Sr = ~0.703) (Veizer,
1989). Here we report on pore water strontium isoto-
pic composition of subsamples collected from the
seven sites drilled during Expeditions 334 and 344.

Study sites

Five sites were drilled on the overriding plate and
sampled the upper and middle slope regions and the
prism toe. Two additional sites were drilled in the in-
coming Cocos plate (Fig. F1). Complete descriptions
of the drilling results are given in Expedition 334 Sci-
entists (2012a) and in the “Expedition 344 sum-
mary” chapter (Harris et al., 2013a).

The shallowest site along the CRISP transect, Site
U1379, was drilled into the upper slope of the Costa
Rica margin, 34 km offshore the Osa Peninsula. This
site is thought to overlie the locked portion of the
subduction zone seismogenic zone in an area where
the plate boundary is 4.5 km below seafloor. Sedi-
ment from Site U1379 is divided into five lithostrati-
graphic units (Fig. F2A).

Site U1378 was drilled into the middle slope of the
Costa Rica margin, 41 km offshore the Osa Peninsula
(Fig. F1). This site is located above the unlocked por-
tion of the plate boundary, as indicated by interplate
earthquake relocation and geodetic measurements
(LaFemina et al., 2009). The margin here consists of

an upper plate framework wedge underlying ~550 m
of slope sediment. Drilling at this site penetrated a
landward-dipping reflector interpreted as a normal
fault cutting through the whole upper plate, which
may be directly linked with the plate boundary. The
sediment at Site U1378 is dominantly composed of a
monotonous sequence of silty clay to clay that alter-
nates with widely interspersed centimeter-scale
sandy layers, and was divided into three main litho-
stratigraphic units (Fig. F2).

Site U1380 is a complementary site to nearby Site
U1378 where only the upper part (~400 [meters be-
low seafloor [mbsf]) of the slope sediment was drilled
during Expedition 334. Site U1380 was drilled to in-
vestigate the deeper portions of the upper slope se-
quence and underlying wedge sediment. The site was
cored between ~395 and 480 mbsf during Expedition
334 but was abandoned before science goals were
achieved because of hole instability. Hole U1380C
was cored during Expedition 344. The sedimentary
succession recovered from the framework wedge re-
vealed an alternating terrestrially sourced, turbiditic
upper slope (Units I and III) to shelf (Unit II) se-
quence, eventually being influenced by deltaic-de-
rived sediment (Fig. F2).

Farther north, Site U1413 was also drilled in the mid-
dle slope region within a 3-D seismic volume col-
lected in 2013 (Bangs et al., 2013). Three lithostrati-
graphic units (Fig. F3) can be distinguished in the
sediment of Site U1413. The frontal sedimentary
prism at the base of the slope was drilled at Site
U1412 (Fig. F1). The primary goal of this site was to
penetrate the décollement and investigate the fluid
flow regime within the sediment as well as the oce-
anic crust. Three units were distinguished in the sed-
imentary rock (Fig. F3). Unfortunately, due to hole
instability, the décollement and underthrust sedi-
ment were not sampled at Site U1412.

To understand seismogenic processes in convergent
margins we need to fully characterize the sediment
and oceanic crust entering the seismogenic zone. To
this aim, two sites were drilled on the subducting
aseismic Cocos Ridge. Incoming sediment thickness
at Site U1414 is 380 m, and a much thinner section
(<100 m) was recovered at Site U1381 located higher
on Cocos Ridge. The upper 50 m of Site U1381 is
composed of a predominantly monotonous se-
quence of silty clay to clay (Unit I), which is under-
lain by a more pelagic sequence (Unit II) character-
ized by abundant biogenic components (Fig. F4).
The contact between the basement and the overly-
ing sediment was recovered at ~95 mbsf in Hole
U1381B and at ~104 mbsf in Hole U1381C.
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Analytical methods

Pore fluid was collected from whole-round cores that
were cut on the catwalk immediately after recovery,
capped, and taken to the laboratory for processing
using a titanium squeezer, modified after the stain-
less-steel squeezer of Manheim and Sayles (1974).
Gauge pressures up to 30 MPa were applied using a
laboratory hydraulic press to extract pore water. Pore
fluid was passed through a prewashed Whatman No.
1 filter fitted above a titanium screen, filtered
through a 0.2 pm Gelman polysulfone disposable fil-
ter, and subsequently extruded into a precleaned
(10% HCI), 60 mL plastic syringe attached to the bot-
tom of the squeezer assembly. Details of this proce-
dure are given Expedition 334 Scientists (2012b) and
in the “Methods” chapter (Harris et al., 2013d).

Strontium concentrations in pore fluids collected
during Expedition 334 were measured postcruise by
inductively coupled plasma-optical emission spec-
trometry (ICP-OES) at Oregon State University, as re-
ported by Torres et al. (2014). During Expedition
344, pore fluid Sr concentrations were measured on
board by inductively coupled plasma-atomic emis-
sion spectroscopy (ICP-AES), and the data are re-
ported in the “Expedition 344 summary” chapter
(Harris et al., 2013a).

High-precision chloride concentrations were ac-
quired on board during both Expeditions 334 and
344 using a Metrohm 785 DMP autotitrator and sil-
ver nitrate (AgNO;). International Association for
the Physical Sciences of the Oceans seawater was
used as the standard (Expedition 334 Scientists,
2012b; see also the “Methods” chapter [Harris et al.,
2013d)).

During Expedition 334, sulfate data were obtained
using the shipboard ICP-AES, and the data are re-
ported by Vannucchi, Ujiie, Stroncik, and the Expe-
dition 334 Scientists (2012). During Expedition 344,
sulfate concentrations were determined with a
Metrohm 861.004 advanced compact ion chromato-
graph (IC). Details of the procedure and results are
given in the “Methods” chapter (Harris et al,,
2013d).

For analysis of the 8 Sr/#Sr ratios, aliquots of acidi-
fied pore fluid samples containing ~300 ng Sr were
directly loaded onto chromatographic columns.
Samples were collected in acid-washed Nalgene bot-
tles and acidified with ultrapure HNO; at a ratio of
20 pL acid per milliliter of sample. Strontium separa-
tion was carried out using 50 pL Sr-Spec resin from
EICHROM. Isotopic analysis was performed using
the NU multicollector inductively coupled plasma
mass spectrometer (MC-ICPMS) housed in the W.M.

Keck Collaboratory for Plasma Spectrometry in the
College of Earth, Ocean and Atmospheric Science at
Oregon State University (USA). Instrument mass bias
was corrected using an #Sr/8Sr ratio of 8.375209,
and &Sr/%Sr ratio data were normalized to the NBS
987 standard, with a reported &Sr/%Sr ratio of
0.71025, with an internal error of £0.00005 (26 ,can; 7
= 91). Replicate analysis of an in house standard
yielded a #Sr/8¢Sr ratio of 0.70819 + 0.00006 (26 mean;
n=79), representing our external error.

Results and discussion

A total of 187 pore fluid samples were analyzed, and
the data are listed in Table T1. Figures F2, F3, and F4
show downhole Sr concentration and 8’Sr/%Sr ratio
depth profiles, in the context of the corresponding
lithology and supporting pore fluid data.

Overriding plate

The upper sediment sections cored at all sites drilled
on the upper plate show a significant decrease in the
Sr isotopic ratios consistent with in situ alteration of
tephra.

Site U1379

At Site U1379, ash alteration is more pronounced
within the sediment of lithostratigraphic Subunit IIC
and corresponds to an increase in strontium concen-
trations (Fig. F2). Release of nonradiogenic Sr during
alteration of ash is well documented, and this reac-
tion explains the decrease in Sr isotopic values at this
site from a near-seawater ratio of 0.70908 to a mini-
mum value of 0.70757 at 369 mbsf. The isotopic ra-
tios within the remaining fluids of Unit II range
from 0.70757 to 0.70829. Unit III is dominated by
coarser grained sediment as well as several fault
zones below ~600 mbsf that host freshened fluids, as
exhibited by the broad interval of low Cl, which de-
creases sharply from ~560 mbsf and reaches its low-
est concentration at ~680 mbsf (Expedition 334 Sci-
entists, 2012c; Torres et al., 2013). Concomitant with
the Cl decrease, dissolved Sr increases from ~41 pM
at 560 mbsf to a broad maximum of ~70 pM, in spite
of the overall dilution trend evidenced in the Cl pro-
file. In this zone, Sr isotopes have a less radiogenic
component.

Site U1378/U1380

At Site U1378, drilled in the middle slope, Cl shows a
more pronounced decrease relative to Site U1379.
Site U1380 is a continuation of the sequence drilled
at nearby Site U1378, and pore fluid data obtained
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here show discrete anomalies that mark the uncon-
formity separating the slope apron from the underly-
ing wedge material (Torres et al., 2013) (Fig. F2). The
Sr isotopic data in fluid from Site U1378 show a
steady decrease from seawater value, which points to
alteration of tephra throughout Unit II. This process
is more pronounced within the sediment interval
from 360 to 425 mbsf, where 87Sr/86Sr ratios show a
broad minimum ranging from 0.70802 to 0.70791.
Immediately below the zone displaying this broad
minimum, & Sr/%Sr ratios increase rapidly in samples
collected just above the framework sediment, from
450 to 500 mbst. The Sr isotopic composition in this
zone ranges from 0.70834 to 0.70844, values that are
similar to those measured within the unconformity
drilled at Site U1379. The Sr concentration within
the unconformity at Site U1380 is lower than that
measured at Site U1379, reflecting the larger degree
of dilution by fluid freshening in the middle slope
region. Below the unconformity, Sr isotopic values
show a steady increase with depth to a value of
0.70868 (at 552 mbsf), accompanied by a general in-
crease in dissolved Sr concentration.

Site U1413

At Site U1413, Ca and Mg concentrations decrease
from seawater values at the seafloor to a minimum
of 1.1 and 39.8 mM, respectively, at the Unit I/II
boundary (see the “Upper slope Site U1413” chap-
ter [Harris et al., 2013e]), possibly reflecting precipi-
tation of authigenic carbonates, an observation that
is consistent with the sharp decrease in dissolved Sr
concentration in these shallow sequences (Fig. F3).
Strontium, however, is not fractionated during car-
bonate precipitation, and therefore the observed
steady decrease in #Sr/®Sr ratios from a near-sea-
water value of 0.70916 in the shallowest sample ana-
lyzed (4.4 mbsf) to 0.70899 at 24.4 mbsf indicates a
component of ash alteration. Tephra were com-
monly observed in Unit I to a depth of ~35 mbsf. In
Unit II, both the Sr concentration and its isotopic
composition remain relatively constant in the depth
interval from 24.4 to 135 mbsf, below which there is
a marked decrease in #Sr/%Sr ratio, which sharply
declines from 0.70890 to 0.70824 at 178 mbsf. There
is only a single, thin tephra layer reported in sedi-
ment from 40 to 140 mbsf, but increased occurrence
was noted from 135 to 180 mbsf. These observations
suggest that the alteration of reactive ash is con-
trolling the Sr isotopic composition. Although not
apparent in lithology, the CI and Sr profiles display a
different behavior below 200 mbst. Cl shows a steady
decrease, whereas Sr remains relatively constant.
87Sr/#6Sr ratios also remain fairly constant to the bot-
tom of the site at 578 mbst.

Site U1412

At Site U1412, drilled on the prism toe, borehole in-
stability precluded sampling the décollement and re-
covering the underthrust sediment and igneous
basement. The geochemistry of pore fluids largely in-
dicates in situ diagenetic reactions. Because of the
poor sample coverage, we grouped the Sr isotope
data into three regions, constrained by sample recov-
ery. In the shallowest section, the Sr isotopic values
steadily decrease with depth, from the near-seawater
value of 0.70918 at 1.4 mbsf to 0.70888 at 111 mbsf,
likely reflecting volcanic ash alteration. Only three
samples were analyzed between 176.4 and 196 mbsf,
with values ranging from 0.70843 to 0.70856, and
correspond to the Unit I/II boundary. Only five sam-
ples were analyzed from the deepest sections, 328.8-
369.02 mbsf, and these display the lowest measured
values at this site, from 0.70887 to 0.70837.

Incoming plate

Site U1381

Site U1381 was cored during both Expeditions 334
and 344. The data collected during both expeditions
show highly consistent values (Fig. F4). The shallow-
est sample (1.45 mbsf) analyzed at this site has an
87Sr/86Sr ratio of 0.70918, which is within the uncer-
tainty of the seawater value of 0.70917. The geo-
chemical profiles obtained shipboard at Site U1381
indicate that the deep sediment at this site are influ-
enced by diffusional communication with a fluid in
the igneous basement (Expedition 334 Scientists,
2012d; see also the “Input Site U1381” chapter
[Harris et al., 2013c). Most characteristic of this effect
are sulfate profiles that show a reversal to seawater-
like values at the bottom of the hole as observed here
as well as in sites drilled offshore Nicoya during
Ocean Drilling Program Legs 170 and 205 (Silver et
al., 2000; Morris, Villinger, Klaus, et al., 2003). At Site
U1381, Sr concentration increases with depth, con-
comitant with a decrease in the Sr isotopic values,
corroborating the inference that the pore fluid
within the upper basement has been modified by al-
teration of the basaltic crust.

Site U1414

The pore fluid composition in the uppermost 80 m
of Site U1414 shows trends in alkalinity, sulfate, and
ammonium characteristic of organic matter reminer-
alization (see the “Input Site U1414” chapter [Harris
et al., 2013b]). In addition, the alteration of ash lay-
ers commonly observed throughout the sediment se-
quence lead to the observed decrease in 8Sr/#Sr ra-
tios, from 0.7091 measured in the shallowest sample
analyzed (0.56 mbsf) to 0.70874 at ~150 mbsf, at the
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lithostratigraphic Unit I/II boundary. The dissolved
Sr concentration remains relatively constant within
this interval, suggesting that the main reaction in-
volving strontium in Unit I is ash alteration, and
there is very little carbonate precipitation. The large
increase in Sr concentrations within Unit II, which is
dominated by nannofossil-rich calcareous ooze, is
the result of carbonate recrystallization, as has been
observed in other pelagic carbonate-rich sediment
(e.g., Site 1039 off the Nicoya Peninsula of Costa
Rica; Shipboard Scientific Party, 1997). At the Unit
II/1II boundary (~300 mbsf) there is a sharp increase
in Sr concentrations, with a maximum value of 941
pM at 327 mbst (~10 times seawater value), suggest-
ing more intense diagenetic reactions. This concen-
tration change coincides with a seismic reflector and
the onset of carbonate cementation (see the “Input
Site U1414” chapter [Harris et al., 2013b]). The low-
ermost 66 m of the sediment column at Site U1414
(Unit III) is characterized by a sequence of lithified,
calcareous, and siliceous cemented silt- and sand-
stone that probably lost its biogenic components as a
result of diagenetic recrystallization. Fluids in this
deepest sediment display the largest changes in Sr
concentration as well as in its isotopic composition,
which decreases from 0.70884 at 308 mbsf to
0.70861 measured in the deepest sample analyzed at
~337 mbsf. Basement was contacted at ~375 mbsf,
but the deepest sediment was too cemented to ob-
tain pore fluid samples. The 8Sr/8¢Sr ratio in the
deepest sample analyzed is less radiogenic than the
one measured at Site U1381 (0.70860). Intense car-
bonate recrystallization of these deepest sediments
results in Sr concentrations that are almost an order
of magnitude higher than those measured at the
base of Site U1381.
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Data report: strontium isotope analyses of pore fluids

Figure F1. A. Location map of sites drilled during IODP CRISP program. B. Location of Sites U1378-U1381
drilled during Expedition 334 along the A-A’ transect from the incoming plate to the upper slope. During Ex-
pedition 344, new holes were drilled at Sites U1380 and U1381, as well as at Sites U1412-U1414. C. Schematic
transect showing locations of sites along the A-A’ transect and indicating projected locations for Sites U1413

and U1414 (Vannucchi, Ujiie, Stroncik, and the Expedition 334 Scientists, 2012; see also the “Expedition 344
summary” chapter [Harris et al., 2013a)).
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Data report: strontium isotope analyses of pore fluids

Figure F2. Downcore profiles for Sr/8Sr, Sr, and Cl in pore fluids from (A) Site U1379 (in the upper slope) and
(B) Site U1378/U1380 drilled in the middle slope. Lithostratigraphic units are from Vannucchi, Ujiie, Stroncik,
and the Expedition 334 Scientists (2012) and the “Expedition 344 summary” chapter (Harris et al., 2013a).
Blue circles = samples collected during Expedition 334, red circles = samples from Expedition 344. Blue arrows
= seawater values, yellow zone = a highly fractured horizon that marks the unconformity between the upper
slope and framework rock at Sites U1378/U1380.
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N. Ross et al. Data report: strontium isotope analyses of pore fluids

Figure F3. Downcore profiles for 8Sr/8¢Sr, Sr, and Cl in pore fluids from Sites U1412 (at the prism toe) and
U1413 (middle slope). Lithostratigraphic units are from the “Expedition 344 summary” chapter (Harris et al.,
2013a). Blue arrows = seawater values.
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N. Ross et al. Data report: strontium isotope analyses of pore fluids

Figure F4. Downcore profiles for 87Sr/8Sr, St, and SO, in pore fluids from Sites U1381 and U1414, drilled in the
incoming Cocos plate. Lithostratigraphic units are from Vannucchi, Uijiie, Stroncik, and the Expedition 334 Sci-
entists (2012) and the “Expedition 344 summary” chapter (Harris et al., 2013a). Blue circles = samples col-
lected during Expedition 334, red circles = samples from Expedition 344. Blue arrows = seawater values.
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Data report: strontium isotope analyses of pore fluids

Table T1. Strontium concentrations and #Sr/2¢S ratios in pore fluid, Expeditions 334 and 344. (Continued on
next page).

Core, section, Depth Sr Core, section, Depth Sr
interval (cm) (mbsf)  (UM)  &Sr/86Sr interval (cm) (mbsf)  (uM) & Sr/86Sr
334-U1378B- S0X-5,104-132 4053  81.8  0.70799
1H-1,138-150 14 811 070918 52X-2,118-118 4202 760 0.70829
1H-2, 138-150 29 732 070917 53X-3,118-118 4305 69.7 070813
1H-4, 46-58 50 673 070916 57X-3,118-150  467.7  62.6 0.70797
2H-3,138-150 9.7 665 070915 58X-4,90-90 4777  59.2 0.70782
2H4,138-150 112 649 070916 60X-4,118-150 4965 541 070781
2H6,138-150 142 60.2 070917 62X-4,68-100 5146  59.8 070806
3H-1,138-150 162 548 070916 65%-6,78-114 5453  47.9 070810
3H:3,138-150 192 550 0.70914 68X-4,88-120 5705 429 070777
3H-6,133-145 237 548 070914 70X-4,92-92  589.9 559 0.70762
4H3,138-150 279 553  0.70912 72X-2,88-120 6054  69.4  0.70821
SH6,138-150 427  69.8 070914 74X-4,74-107 6265 729 0.70834
7H2,138-150 557 511 0.70900 81X-2,100-132 6822  63.1 0.70823
8H-2,138-150 639 482 0.70899 85X-1,77-112 7173 754 070815
9H-2,138-150 747 371 0.70898 89X-2, 0-40 7518 69.2 070812
10H-4,138-150  87.2  28.7 0.70889 92X-3,94-131 7791 553 070813
12H-3,138-150  99.9 324  0.70885 98X-4,79-115  837.4 381 0.70779
15H-2,118-130 1185  29.7 0.70876 103X-2,34-60 8814 0.70777
16H-3,133-145 1248 257 0.70869 344.01380C.
18X-3,113-130 1364  39.8 0.70871 W3, 114044 4519 438 070834
23X-6,109-126 1889 356 0.70873 RS 112142 4547 - 070846
20X-3,45-83 2369 529 070869 2R, 5181 weer — o7osse
32%-3,73-105 2600 567 0.70862 SR-3,107-137 4707  37.6 0.70838
SOt A e s ae: 6R-3,122-153 4813 369 070833
' : 00 7R3,120-150 4910  41.8 070842
Py agIe e 8T e 7R-5,87-107 4934 392 070837
' : S 8R-2,116-146  499.1  41.6 070835
46X-2,115-150 3744 331  0.70789 oR1 102132 5072 463 07084
49X-3,106-138 3948 222 0.70791 oR6 79105 3133 460 07084
52X-5,70-102 4252 27.3 070799 TOR4 5378 5195 524 070846
55%-2,81-117 4490 339 070823 10RG 6490 5215 343 070851
57%-3,63-99 - 4695 39.1 070862 11R-2,59-89 5269  59.2 0.70854
61%-4,102-138 5103  33.8 0.70844 11R4 87117 5295 393 070856
62X-1,54-81 5104 37.7 070840 12R-2,79-113  537.6 687 0.70860
63X-4,84-122 5189 330 070840 12R-4,78-108  539.6 703  0.70864
334-U1379C- 12R-8,62-92 5437 712 0.70867
1H-4, 140-140 60 704  0.70908 13R-3,50-80 5480 721 0.70868
2H-2,140-140 9.7 568 0.70903 13R-6,58-88 5519 753  0.70868
2H:5,140-140 142 47.6 070909 134.01381A.
3H-3,138-138 20,6 456  0.70909 R, 6171 131 802 070919
4H-4,92-92 297 549 070908 4R-1, 46-56 228 817 070914
SH-4,149-149 362 53.6 070905 5R-2,135-150 348 832 0.70910
7H-2,138-138 454 353 0.70891 6R-3,135-150 459  86.8 0.70903
8H-4,130-130 550  61.8 070892 Rz 60-75 59 923 070900
10H-1, 88-88 624 798 070911 8R-2,135-150  63.6  97.5 0.70895
11H-3, 78-78 67.3 717 0.70901 8R-4,135-150 666  97.9 0.70889
12H-4,103-103 733 67.7 0.70904 oR1 135150 718 105 070887
15H-3,100-100 862  59.9 0.70886 oR3 135150 748 104 070886
1711, 76-76 910 63.5 070880 10R-1,145-158  81.4 103  0.70882
20%-3,137-137 1151 67.9 070873 1IR1 135150 909 103 070873
22X-6,138-138 1381  68.1 070851 1IR3 120135 938 992 070870
24X3,133-133 1543 68.2 0.70840
27%-6,113-130 1880  47.3  0.70850 344-U1381C-
28X-6,133-133 1968  47.0 0.70854 1H-1,140-150 15 830 070919
29X-4,120-137  204.6  48.3 0.70858 2H-4, 140-150 14.1 81.2 0.70914
30X-2,133-133 2116 467 0.70853 3H-4,140-150  23.6 831 0.70910
31X-2,133-133  219.4  50.6 0.70859 4H:3,140-150 316 823  0.70907
32%-2,133-133 2292 51.5  0.70858 5H-3,140-150 411 848 070901
33%-5,78-100 2626 641 0.70876 6H-3,135-150  50.6  88.0 0.70892
36X-5,128-128 2718 58.6 0.70865 7H-3,135-150  60.0 920 0.70862
39X-3,129-129 2993 48.7 0.70827 8H-3,136-157  69.6 969 0.70884
41X-4,128-128 3204 537  0.70772 9H-3,135-150 790 103 0.70880
43X-6, 81-107 341.5 75.8 0.70768 10H-2, 140-150 87.1 106 0.70870
45X-4,118-140  358.5 103 0.70767 10H-6, 140-150 93.1 108 0.70868
46X-5,75-100  368.6  94.6 0.70757 11H-3,140-150 981 106  0.70864
48X-6, 63-63 386.4 97.6 0.70764 11H-6, 140-150 102.6 104 0.70860
49%-6,75-100 3960  90.9 0.70764
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Table T1 (continued).

Core, section, Depth Sr Core, section, Depth Sr
interval (cm) (mbsf)  (uM)  87Sr/86Sr interval (cm) (mbsf)  (uM)  8Sr/86Sr
344-U1412A- 344-U1413C-
1H-1, 138-150 14 829 0.70918 3R-1,90-122 188.6  49.8  0.70837
3H-5, 138-150 228 799  0.70907 5R-1,116-146 2083  57.4  0.70841
5H-3,118-135 362 857 0.70907 7R-2, 77-107 2288 640 0.70837
7H-5,103-120 559  88.3  0.70903 7R-6,101-131 2345 656 0.70831
9H-2, 128-150 658 927 0.70900 11R-1,114-151 2664  67.3 0.70819
11H-2,130-152 839  83.7 0.70898 15R-2,103-135 3061  68.9 0.70820
13H-2,124-146  93.6  79.7 0.70893 19R-5, 66-96 347.9 657 0.70836
15H-2,93-115  106.8 851 0.70887 27R-2,120-150 4231 723 0.70841
16X-2,126-148 111.0 851  0.70888 37R-5, 61-96 5236 737 0.70841
344.U1412B. 39R4, 116-151 5423 724  0.70845
s%1,120.140 1764 108 0.70851 43R-2,73-105 5777 673 0.70835
6X-2, 99-125 1867 122 0.70843 344-U1414A-
7%-2,51-73 1960 140  0.70856 1H-1, 51-61 0.6 845 0.70916
344.01412C. 2H-3, 131-141 61  78.6 0.70907
SR1, 0-36 388 314 070887 3H-2, 131-141 142 735 0.70913
6R1. 9-20 3386 309 070870 5H-2, 131141 332 709 0.70912
7R2,96-112 3503 270  0.70837 7H-2,140-150 524 758 070916
8RS, 5905 3641 251 070840 9H-2, 140-150 714 845 0.70908
9R-2, 58-88 369.0 262 0.70874 oH-5,140-150 759 85.3 070913
’ 11H-5,140-150 949 949  0.70902
344-U1413A- 13H-5,140-150  113.9 958  0.70894
TH-4, 110-122 56 880 0.70914 15H-2,140-150 1284 104  0.70880
2H-5, 138-150 14.0 83.2  0.70911 17H-4,135-150  150.3 131 0.70874
3H-6, 140-152 244 505 0.70899 19H-6,135-150 1707 171  0.70882
5H-5, 135-150 42.2 49.5  0.70902 21H-3,135-150  185.5 217 0.70883
9H-5, 135-155 772 446 070893 23X-5,130-150  207.5 279  0.70879
11H-5,130-152 96,1  38.5 0.70893 24X-4,94-114 2149 304  0.70879
13H-4,130-152  111.3 41.2  0.70895 25X-2,112-132 2220 318 0.70881
15H-2,130-152 1214 480 0.70894 26X-5,130-150 2363 358  0.70882
17H-4,128-150  134.6 51.9 0.70896 27X-3,130-150  242.9 372 0.70881
19X-4,97-122 1459  53.7  0.70890 28X-4, 6797 2529 402  0.70882
21X-3,125-150  164.1 48.9 0.70863 30X-2, 79-109 269.4 468 0.70885
25X-1, 48-84 179.9 487 0.70824 34X-1, 0-14 3022 494 0.70884
344.U1413B. 35X-1,15-39 3080 710 0.70884
1H-3, 140-150 44 879 0.70916 36R-2, 67-92 3140 711 0.70879
1H-5. 60-70 62 873 070912 37R-3,74-103 3195 861  0.70869
2H-5, 140150 140 836 0.70913 38R-1,123-145 3274 942 0.70865
3H-2, 144-154 182 0.70905 38R-2,66-102 3284 908  0.70869
3H-3, 142-152 19.7 562 0.70901 39R-1, 80-94 3367 904 0.70861
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