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Geochemical Characterization of Seaplane Lagoon Sediments,
Alameda Naval Air Station

1. Background

Our objective in the characterization of sediments long-term hazard of the sediments if they are

. from Seaplane Lagoon at the Alameda Naval left in place and the short-term hazard if they
Air Station (NAS) (Fig. 1) was to determine the are dredged.
geochemical interacti~ns that control the parti-
tioning of cadmium, chromium, cobalt, copper,
lead, mercury, nickel, and zinc between the sedi-
ments and the porewaters. Our approach was to
collect several cores at the east outfall location
of the Seaplane Lagoon. We determined the
porewater chemistry by (1) making in situ micro-
electrode measurements, (2) extracting porewa-
ters, and (3) modeling geochemical reactions. We
determined the sediment chemistry by measuring
(1) elemental abundance, (2) mineralogy, and
(3) trace-element speciation. This information
should help the US. Navy determine the

We did not fully examine the geochemishy of
sediments from the West Beach Landfill Wet-
lands site, because these sediments were distinct
from the Seaplane Lagoon sediments. Our initial
motivation for studying the Landfill Wetlands
site was to determine the trace-element geochem-
istry in Seaplane Lagoon sediments that had been
dredged and then disposed in the Landfill Wet-
lands. Unforhmately, the location of these
dredged sediments is unknown. The cores we sam-
pled were not from the Seaplane Lagoon.

Figure 1. Study site: Seaplane Lagoon at the former Alameda Naval Air Station.
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2. Sample Storage and Preparation

In this section, we discuss the cores collected at
the Seaplane Lagoon and Landfill Wetlands
sites, the storage of these samples, and the
preparation techniques used for the geochemical
analyses (Table 1; p. 5). Additional details of
sample preparation can be found in Section 3. We
sampled twelve cores at the east outfall location
in the Seaplane Lagoon and two cores in the
northern pond in the Landfill Wetlands. Table 2
(p. 6) lists temperature, pH, salinity, conductiv-
ity, dissolved oxygen, and turbidity in the Sea-
plane Lagoon at the time of core collection. These
measurements were not made for the cores from
the Landfill Wetlands.

2.1 Site 17: Seaplane Lagoon,
Gratdty Cores

At the Seaplane Lagoon, three 1- to 2-m cores
(GH-CC-C1, Q, and -C3) were collected in
aqlic Skeves USiIIg gravity coring methods.
These cores were wrapped with insulation
material, stored upright in a 50-gallon drum that
contained dry ice, and transported from the
Alameda NAS to Lawrence Livermore National
Laborato~ (LLNL) between 1S00 and 1903 on
July, 8,1997. In the LLNL geochemistry labora-
tory, these cores continued to be stored upright at
220C for 10 to 20 days until they could be sec-
tioned for sediment analysis. No attempt was
made to keep the overlying waters oxygenated.
Geochemical characterization of these cores was
limited to bulk mineralogy and total metal con-
centrations of the sediments with depth, and spe-
ciation of trace metals in a few sediment samples.
Porewaters were not analyzed because gravity
coring disturbed the porewater chemistry. All
three cores contained large (2-8 mm) pockets of
trapped gas and/or water and disturbed “bubble
tracks” up the length of the cores. Over time, sig-
nificant settling of the sediments occurred (e.g.,
3 cm of settling over a 1.2-m depth of sediment
during 2 to 3 days).

2.1.1 Core GH-CC-CI
Core GH-CC-C1 was extruded directly from
its core sleeve into photochemical trays, and
a Teflon spatula was used to section the core into

=~ents 3 to 213~ long. The coherent 10wer-
most sediment sections were extruded first;

consequently, the samples were numbered from
the bottom up. The uppermost 5 cm of sediment
was lost during the extrusion. Sediment subsam-
ples were taken from the top of these sections,
and loaded into airtight bags for use in making x-
ray absorption spectroscopy (XAS) samples (-1 g)
and freeze drying (-10 g). The remainder of the
material was discarded, The sediment remained
in the bags at lab temperature (-22 oC) for 2 hr
before processing. During this time, light gray-
brown streaks formed in the sediment suggesting
that some oxidation occurred.

2.1.2 Cores GH-CC-C2 and GH-CC-C3
To avoid the processing problems that resulted in
significant sediment loss during extrusion of the
GH-CC-C1 core, we chose to prwess gravity cores
GH-CC-C2 and -C3 using a technique similar to
that described for the push cores in Section 2.2.
We scored the core sleeves with a rotary saw so
that 3-cm sections could be sequentially removed.
The overlying water was siphoned off. A steel
hacksaw blade was used to cut through the wall
of the core sleeve. A Teflon plate was inserted to
isolate the section from the remainder of the core.
The newly exposed sediment at the top of the core
sleeve was then capped with Parafilm and a
clean core cap. From the center of each section, we
removed -1 g of sediment for trace metal specia-
tion and also removed and froze -10 g of sediment
at -20” C in freezedry flasks for use in x-ray dif-
fraction and bulk chemical analyses. Sediment
nearest to the sleeve walls was discarded.

2.2 Site 17: Seaplane Lagoon,
Push Cores

We chose a push core method to collect sediments
and porewaters for detailed geochemical charac-
terization because this coring method does not
disturb the sediments. Nine 0.5-m sediment cores
were collected in Plexiglas sleeves (10 cm OD, 9.5
cm ID) fit to a 4- to 5-m plastic pipe, which was
pushed into the sediment by hand from a boat.
A ball valve between the core sleeve and the
extension pipe created a suction that held the
sediment in the sleeve as it was raised to the sur-
face of the water. The bottom of the core sleeve
was capped underwater and then loaded into the
boat, labeled, stored upright in an ice-cooled and
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insulated sample box, and transported to the geo-
chemistry laboratory at LLNL. The cores were
stored upright at 220 C and particulate-free
(HEPA-filtered) laboratory air was bubbled into
the water overlying each core to mimic conditions
at Seaplane Lagoon.

2.2.1 Cores GH-CC-SC1 and
GH-CC-SC3

Core GH-CC-SC1 was discarded because it had a
large water-filled void at its base, and the over-
lying sediment had progressively cracked as the
sample stood on the benchtop after arrival at
LLNL. Only solid samples were collected from
core GH-CC-SC3, because it was used to develop
porewater extraction protocols.

2.2.2 Cores GH-CC-SC2 and
GH-CC-SC4

The processing of GH-CC-SC2 was optimized to
provide information about the porewater redox
chemish’y. A gold-amalgam electrode was used to
determine the in situ porewater concentrations of
02, S(–11), Fe, and Mn in successive krn sections
down the length of the core. All sample process-
ing (with the exception of the top 5 cm of micrc-
electmde measurements, core sleeve scoring, and
porewater squeezing during which the sediment
was enclosed inside the core squeezers) was done
under nitrogen in a glove box.

The processing of GH-CC-SC4 was optimized to
provide information about the trace-metal con-
tent of the sediments. All sample processing
(with the exception of the scoring and cutting of
the core sleeve) was done in a lamimr flow hood
that contained positive-pressure, HEPA-filtered
laboratory air to provide a clean work space.

For both cores, the sleeves were deeply scored
at 3-cm intervals down the length of the core.
The overlying water was then removed with
a syringe. Sectioning of the core was done in a
nitrogen-purged glove box for core GH-CC-X2

and at ambient laboratory conditions for core GH-
CC-SC4. A steel hacksaw blade was used to cut
through the wall of the sleeve. Care was taken to
ensure that the blade only contacted the sediment
within >10 mm of the core sleeve wall. A 10-cm-
wide Teflon plate was inserted to isolate the sec-
tion from the remainder of the core. The core cap

was then removed, and a subcore was made by in-
serting a 3-cm-deep by 7.6-cm-wide Teflon cup
into the sediment. The Teflon-enclosed sediment
was immediately transferred to the laminar flow
hood for trace-element sampling (core GH-CC-
sC4), or was loaded into the core squeezer in a
nitrogen glove box (core GH-CC-SC2). The newly
exposed sediment at the top of the core sleeve
was then capped with Parafilm and a clean core
cap. Samples for trace-metal speciation were
made under a stream of nitrogen or argon gas in
the laminar flow hood, sealed with Mylar tape,
and placed directly into a -20” C freezer. The re-
mainder of the sediment that had been enclosed
by the Teflon cup (-W mL) was placed in a freeze-
dry flask and was frozen at -20”C. Excess sedi-
ments oukide of the Teflon cup from core GIi<C-
sC4 were used for pH measurements with an
Orion SureFlow semi-mimoelectrode. All plas-
ticware that contacted the sediment was rimed in
distilled and deionized water, washed in a
phosphate-free detergent, and then thoroughly
rinsed again in distilled and deionized water
before drying on KayDry paper towels.

2.2.3 Cores GH-CC-SC5 to GH-CC-SC9
Cores GH-CC-SC5 to -SC9 and core GH-CC-SC2
were used to investigate the spatial and tempo-
ral variation of chemistry within the oxic-to-
suboxic-to-anoxic sediments at Seaplane Lagoon.
Samples for trace-metal speciation were also
taken from subcores to investigate the impact of
freezing our samples prior to analysis.

2.3 Site 2, West Beach Landfill
Wetlands, Push Cores

At the Landfill Wetlands site, two push cores
were collected in Plexiglas sleeves (10 cm OD,
9.5 cm ID) by pushing the sleeve directly into the
sediment. The sediment had a high clay content,
which limited the sampling to only the first
21 cm. The bottom of the core sleeve was capped
underwater, labeled, stored upright in an ice-
cooled and insulated sample box, and transported
to LLNL. The cores were stored upright at 22°C
and particulate-free (HEPA-filtered) laboratory
air was bubbled into the water overlying each
core to mimic conditions at Seaplane Lagoon.
Microelectrode measurements of the top 5 cm were
made prior to sectioning the core.
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2.3.1 Cores WI-CC-SCI and
WI-CC-SC2

Using a technique identical to that used for the
Seaplane Lagoon push cores, we scored the core
sleeves with a rotary saw so that 3-cm sections
could be sequentially removed. The core sleeves
were then uncapped, and the overlying water was
siphoned off. A steel hacksaw blade was used to
make the final cut through the wall of the core
sleeve at the uppermost score. Care was taken to
minimize the blade’s contact with the sediment.

A IC-cm-wide Teflon spatula was inserted to iso-
late the uppermost 3-cm section from the remain-
der of the core. The newly exposed sediment at
the top of the core sleeve was then capped with
Parafilm and a clean core cap. About 1 g of sedi-
ment was removed with a plastic spatula from
the center of each 3-cm-thick-sediment section to
make samples for tracemetal speciation, and
-10 g of sediment were removed from the center of
each section and frozen at -20” C in freeze-dry
flasks to further process sediments. Sediment
nearest to the sleeve walls was discarded.

4
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Table 1. Summery of cores and geochemical measurements at Alameda Neval Air Station, Califor-
nia: Site 17—Seeplane Lagoon; Site 2—West Beech Landfill Wetlands.

Latitude/ Date
Core Iongituds cored Time Analysis Notas

iite 17, Seaplane Lagoon, East Outfall

GH-CC-C1 3T46.22’/ 7/8/57 100I -X-ray diffraction Samples prepared:

122”17.92’ -Bulk sediment chemistry 7/18/%
-Trsce-metal speciation

GHCC-C2 37%6.%’/ 7/8/97 1402 -X-ray diffraction Samples prepared:

122“17.94’ -Bulk sediment chemistry
-Trace-metal speciation

7122/98

GH-CC-C3 37%.’7S1 7/8/97 1515 -X-ray diffraction Samples prepared:

122”17.93’ –Bulk sediment chemistry
-Trace-metal speciation

7/28/%

GH<C-SC1 37’346.779’/ 7/10/97 11:15 Discarded

122”17.958’

GH-CC-SC2 37”46.774’/ 7/10/97 11:30 -Pomwater redox chemistry Core processing 0 pti-

122 “17.965’ -X-ray diffraction mfzed for porewater
–Bulk sediment chemistry redox chemistry
-Trace-metal speciation 7/1>14/98

GH-CC-SC3 37”46803’/ 7/10/97 11:45 -X-ray diffraction POrewaterprotwol

122“17.968’ -Bulk sediment chemistry development
-Trace-metal speciation 7/11/98

GH-CC-SC4 37”46.783’/ 7/10/97 1200 -Major- and trace-porewater Core processing

122”17.949’ concentrations optimized for pore-
–X-ray diffraction water trace-element
–Bulk sediment chemistry concentrations
–Trace-metal speciation 7/12/94

GH-CC-SC5 a 11/10/97 -lzcm –Porewater redox chemistry Measurements made

11/18/98

GH-CC-SC6 a 11/10/97 -lzm –Porewater redox chemistry Measurements made

11/19/98

GH-CC-5J27 a 11/10/57 -121nl -Porewater redox chemistry Measurements made

11/19/98

GH-CC-SC8 37”46750’/ 4/8/98 -lZCQ -Porewater redox chemistry Measurements made

122”17.920’
4/10/98

GH-CC-SC9 37”46.735’/ 4/8/98 -12SQ -Porewater redox chemistry Measurements made

122”17.945’
4/10/s8

Site 2, West Baach Landfill Wetlands

W1-cc-scl 37”47 .138’/ 4/8/98 -1492 Measurements made:

122”19.823’ 4/9/98

w 1-CC-SC2 37”47,088’/ 4/8/9% -14C0 Measurements made

122”19 .753’ 4/9/98

‘Global rmsitioninrzsystem (GPS) instrument could not acquire the three satellites necessary for location deter-

mination. Cores GH-CC-SC5 to -SC7 were coOected approximately 2 m apart, and from the same general location

as the previous short cores taken from the SE comer of the Seaplane Lagmm.
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Geochemical Characterization of Seaplane Lagoon SSdimente

able 2. Temperature, PH, salinity, conductivity, dissolved oxygen, and turbidity in tha Seaplane
~goon at the time of core collection.

Temperature
Core

Salinity Conductivity Dissolved oxygen
(“c) PH (parts per thousand) (mS/cm) (mg/L) Turbidity

GH-CC-Cla 25.1 8.0 2Z3 423 4.7 59

GH-CC-C2= 23.6 8.3 W,3 42,4 4.5 78

GH-ccx3a 25.3 8.0 W,3 42,4 5.1 105

GH-cc-sc2a 21.0 8.3 283 43.7 9.0 43
(represents

-Scl to -8C4)

GH-CC-SC5 to 16.9 7.9 25.5 40.0 8.4 7

GH-cc-sc7b

GH-CC-SC5 to 16.6 8,0 293 44x 8.3 7

GH-CC-SC7C

GH-CC-SC13to 142 8.3 15.5 25.6 12,2 10

GH-CC-3C9C

‘Measurement made immediately above sediment-water interface.
b

Measurement made in surface waters

?@asurement made in overlying waters at l-m depth

6



Carroll, Esser, Randall, ODay, Bono, and Luther

3. Experimental Methods and Materials

3.1 Porewater Chemistry
Geochemical characterization of porewaters as
a function of sediment depth is limited by the
amount of water that can be extracted from the
sediments. We employed three different methods
to obtain dissolved major- and trace-element and
oxidation-reduction species needed to understand
the partitioning of the trace metals from the
sediments to the porewaters. In situ concentra-
tions of dissolved 0,, S(-11), Mn(II), and Fe(II)
were measured with a gold-amalgam microelec-
trode down the length of GH-CC-SC2 and within
the top 5 an of cores GH-CC-SC5 to -SC9, and
W1-CC-SC1 and -SC2. Porewater collection from
core GH-CC-SC2 was optimized for Fe(II), S0.2-,
and HS” concentrations; porewater from core GH-
CC-SC4 was optimized for trac~element concen-
trations (Cd, Cr, Cu, NI, Pb, and Zn).

3.1. f Microelectrode Measurements
Gold-amalgam electrodes were used to determine
the in situ porewater concentrations of O= S(-11),
Fe(II), and Mn(II) down the length of core GH-
CC-SC2 and within the top 5 cm of cores GH-CC-
SC5 to -SC9 from the Seaplane Lagoon and cores
W1-CC-SC1 and -SC2 from the Landfill Wet-
lands. The electrode was a fine-tipped (45 mm x
!KHIpm) glass-based Au/Hg amalgam (1OO-IUIO
electrode with AgC1-reference and Pt-counter
elwtmdes. Calibrations of the electrode using
square-wave voltamme&y were conducted with a
MnC12-4 H,O standard in seawater purged with
nitrogen. Sensitivity ratios of Fe(II) and S(-11)
were calculated from relative Mn(II) ratios
[Brendal and Luther, 19951. Oxygen sensitivity
(linear-sweep voltammetry) was checked against
the fully aerated water (overlying water from
the core) and Mn(II):O~ sensitivity ratios. The
Fe(III)- and FeS-colloid signals correspond only
to those particles that can react at the electro-
chemical double layer. Therefore, colloid distri-
butions are reported in current, but their absolute
concentrations are unknown. All experiments with
the cores were conducted at mom temperature
(19.5-22”C).

3.1.2 Analyses of Porewafers Exfracfed
by Core Squeezer

Processing of core GH-CC-SC2 was optimized for
porewater oxidation-reduction chemistry. Imme-
diately after we made the microelectrode meas-
urements, we used Reeburgh-type pneumatic core

squeezers tO extract the pOrewaters frOm succe=
sive &m sections. Core sections were loaded in a
nitrogen-purged glove box and then removed to a
laminar flow hood for water extraction. Individ-
ual vials were filled under a stream of argon to
minimize oxidation. Immediately after collec-
tion, Fe(II) was measured, total sulfur and carbon
samples were stored at 4“C, and sulfur speciation,
nitrogen and phosphorous samples were stored at
-20°C. Nitrogen and phosphorous measurements
were not made. Procedural blanks were made by
filtering distilled and deionized water from
trace-metal, clean, high-density polyethylene
(HDPE) bottles through the core squeezers in the
laminar flow hood.

3.1.3 Analyses of Porewafers
Extracted by Cenfrifugafion

Processing of core GH-CC-SC4 was optimized for
porewater trace- and major-element concentra-
tions. All sectioning of this core was done at am-
bient laboratory conditions, but great care was
taken to minimize oxidation of sediments by
loading and sealing argon-filled centrifuge tubes
with the sediments under an argon stream. The
sediment samples were centrifuged at 5000 rpm
for 60 minutes to separate particles greater than
l-~m diam. No attempt was made to control the
temperature of the samples in the centrifuge.
These waters were then filtered with 0.22-~m
polycarbonate filters and previously cleaned sy-
ringes (ultrapure nitric acid, and distilled and
deionized water). Immediately after collection,
trace- and major-element samples were acidified
to pH <2 with ultrapure nitric acid and were
stored at 4“C; total chloride samples were stored
at 4“C; and sulfur speciation samples were stored
at -20”C. Samples were taken for nitrogen and
phosphorous analyses, but these measurements

7
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were not made. Several procedural blanks were
processed through the same protocols as the
porewater samples. Bottle blanks were also mn
by leaching acid-cleaned bottles with pH 2 nitric
acid over the sample storage time.

3.1.4 Water Analyses

3.1.4.1 Trace Elements

Al-urn, cadmium, chromium, copper, iron,
lead, manganese, nickel, and zinc were measured
in Seaplane Lagoon porewaters using a Hewlett-
Packard HP450U inductively coupled plasma-
mass spectrometer (ICP-MS). Foraluminum, man-
ganese, and iron analyses, very small (<1-mL)
aliquots of porewater were diluted to a salinity
of I psu with ultrapure 27. nitric acid. Diluted
samples were spiked with an internal standard
(10 ng/mL SCand Y) and run under normal plasma
conditions. Calibration was against matrix-
matched standards prepared by adding known
amounts of Al, Mn, and Fe to a seawater reference
standard (NASS-4) diluted to 1 psu. The calibra-
tion range was 0.05 to 50 ng/mL. The ‘Al, ‘iMn,
and ‘Fe count rates were normalized against 4%
and ~ internal standards to account for changes
in instrumental response over time. Detection lim-
its were determined from the reproducibility (3
s.d.) of procedural blanks, and are 1,0.1, and lCQ
ng/mL for Al, Mn and Fe, respectively. Stated er-
rors (2 s.d.) are generally less than 5-10%, and in-
clude propagated errors from count rate, calibra-
tion, and blank.

For cadmium, chromium, copper, lead, nickel, and
zinc, small (10-mL ) aliquots of porewater were
weighed into 30-mL acid-cleaned Teflon vials,
and were equilibrated with a mixed enriched iso-
tope spike by heating for 48 hours. The enriched
isotope spike solution contained:

. lllCd (95.3 at.%),

● ‘G (98.2 at.’%),

. ‘iCu (99.6 at.%),

. 2WPb(99.7 at.%),

. 61Ni (88.8 at.%),

. 67Zn (94.6 at.%).

Trace metals were extracted from the equili-
brated porewater solutions by precipitating
Mg(OH), from seawater at PH 10, whi~

8

scavenges a number of trace metals. Careful
washing of the precipitate with pH 10 ultrapure
ammonium hydroxide solution removes sea salts
(Na, CL etc.), and produces a trace-metal concen-
trate suitable for isotope dilution ICP-MS analy-
sis [Boyle and Wu, 19971. After preconcentration,
samples were analyzed for isotopic composition,
and concentration was determined by applying
the isotope dilution equation to measured
● ,, Ocd/mcd and l]Wd/’llCd,

● =Cr/=Cr,

● fJcu/=Cu,

. ~b/mPb and ‘l%/ml%,

. ‘NU”Ni and aNi/61Ni,

● %Z@Yn,

When two ratios were used, both ratios gave the
same concentration after application of the iso-
tope dilution equation. Chromium and copper
were determined from aliquots of the preconcen-
trated solutions run under cd plasma conditions
to reduce Arc and ArMg interferences. The ‘iCu
was corrected for interference from ‘A~Mg, the
largest source of uncertainty, using measurd mass
66/68 count ratio. Lead and zinc were determined
from aliquots of the preconcentrated solutions run
under hot plasma conditions to enhance sensitiv-

iv at high mass= Yields fOr Cd and Ni by
Mg(OH)2 precipitation are low, and most of the
Cd and Ni in the origiml porewater solution ends

UP in the supema~nt Or in the washes. TO remver
this majori~ fraction, the supematant and
washes were combined, and residual trace metals
were extracted using an automated precOncentra-
tion/matrix elimination system, the Cetac Corpo-
ration DSX-1OO. Processed solutions were am-
Iyzed under hot plasma conditions.

For all isotope dilution deterznimtions, the error
in the measured ratios was less than 10% (2 s.d.)
and generally in the range of 14%. Error was not
propagated though the isotope dilution equation,
but samples were spiked close to the geometric
mean of the natural and spike ratios to reduce the
~mifimtion of the concentration error. A con-
servative estimate of 2-standard-deviation
precision in the concentration measurements is
10-15% for Cr, Ni, Cd, and Pb; and 15-20% for Cu
and Zn. Detection limits were determined from
the 3-standard-deviation reproducibility in
prmedural blanks.
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Filtered leachate samples were collected in acid-
cleaned 60- and 120-mL HDPE bottles, and were
adjusted to pH <2 with ultrapure nitric acid. The
DSX-1OO was used to preconcentrate the solutions
5 to 10 times. The preconcentrated solutions were
spiked with an internal standard (10 rig/g w, Y,
In, Tb, and Bi), and were run under hot plasma
conditions. Quanti tation was by external calibra-
tion against a series of standards in 2% nitric
acid, and by internal standardization to correct
for matix effects and instrument drift. Reported
errors include both measurement and calibration
uncertainties. Yields were determined by process-
ing reference seawater standards to which meas-
ured amounts of amlyte metals had been added
and equilibrated. Yields for Mn, Ni, Cu, Cd, Pb,
and U were 60-657.; the yield for Zn was 80%,
and the yield for Cr was 40%. Yields varied by
10-15%, which limited the reproducibility of
thk trace-metal anaIyses. Detection Iimits were
determined by processing ion-exchange resin
beads through the DSX-lLW chemishy under the
same conditions as the Ieachate samples. No sig-
nificant differences were seen in different batches
of resin. Accuracy was asssssed by determining
metal concentrations in two seawater reference
standards, NASS-4 and CASS-3. Metals were
also determined in water from Long’s Marine
Laboratory in Santa Cruz, California, collected
at a different time than the water used in the
leachate study.

3.1.4.2 Mejor Elements

All aqueeus samplss were dOuted ten times with
distilled and deionized water, and were ana-
ly.zsd by a Fisons Instruments (Medel 3560) induc-
tively coupled plasma-atomic emission spec-
trometer for total dissolved Al, Ca, Fe, K, Mg,
Mn, S, and Si. The reproducibility of this tech-

fique WaS better than 270. Calibration ~mes
were made with 5 standards in distilled and
deionized water. Calibration was checked after
10 sample analyses.

3.1.4.3 Sulfur

Sulfur speciation was determined by ion chroma-
tography using a Beckman 421A controller, a LDC
Milton Roy Conducto Monitor 111conductivity ds-
tector, and a Waters 4.6x 150 mm IC-Pak Anion
HC column. The mobile phase was 0.45-pm fil-
tered (helium-purged) 5-mM scdium phosphate
dibasic. The flow rate was 2 mL per minute. The
injection volume was lCOyL.

Sulfide, stdfate, suIfite, and thiosuIfate were ex-
amined. Samples were diluted for the sulfide
analysis, and undiluted for the sulfate, sulfite,
and thiosulfate analyses. Multi-point calibration
curves of Na$9H20 for sulfide, Na2S0, for sul-
fate, Na,SO, for sulfite, and Na,S,03 for thiosul-
fate were performed prior to analysis. Calibra-
tion checks were performed before, in the middle
and after sample snalysis. Matrix spikes of the
samples were performed and were within 10% of
the true value. The limit of detection for thk
analytical method was 5 mg/L for each of the
analytes of interest. Precision and accuracy
were *1 O%.

3.1.4.4 Chloride

Chloride concentration of the samples were de
termined using an ion-specific probe. A multi-
point NaCl calibration curve in distilled and
deionized water was made prior to analysis.
Calibration checks were performed before, in the
middle, and after sample analysis. Matrix spikes
of the samples were performed and were within
10% of the true value. The limit of detection for
this analytical method was 0.010 mg/L. Precision
and accuracy were >10%.

3.1.4.5 Total Carbon

Analysis for total inorgardc carbon (TIC), total
organic carbon CKK), and total carbon (TO were
made with a O. L Analytical TOC 700 carbon
amlyzer. To measure total inorganic carbon, the
water samples were acidified to pH c 4 and were
heated to 100 “C; the evolved CO, was trapped in
a cooled in-line molecular sieve; after 2 minutes,
the trap was heated, and CO, was detected with
an infrared cell. Total orgardc carbcm was then
measured by oxidizing dissdved organic carbon
with sodium persulfate at 1(M0C to COZ, which
was trapped and detected. Total carbon was
measured directly by combining the TIC and TOC
methcds into a single step; COZ was trapped and
detected.

3.2 Sediment Chemistry

3.2.1 Mineralogy
Sediment mineralogy was determined by x-ray
diffraction (XRD) on freeze dried and ground
sediment samples from cores GH-CC-C1 to -C3
and GH-CC-’X2 to -SC4 and four clsy-size
(<2-~m) fractions from cores GH-CC-SC2 and
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GH-CC-SC4. Data were collected from random
orientation powder samples with a Scintag PAD
V instrument using a Cu K-a source at 45 kV and
3S mA from 2 to 92 deg 2@ in 0.02-deg steps. X-ray
entrance slits were 1 x 2 mm and exit slits were
0.3 x 0.2 mm. Raw data were calibrated against
known standards (a Si, W, Ag compmite, and a
mica). Calibration was verified every 5 to 6
scans. The mineralogy of each sample was deter-
mined by comparison of sediment patterns with
known standards for pure minerals phases. XRD
cannot detect amorphous solids or minerals that
are present at <2 to 5 wt%.

The clay-size fractions (Q pm) from two samples
were separated from the top sediment (sections of
cores GH-CC-SC2-1 and -SC4-1) and two samples
from deeper sediment (sections GH-CC-SC2-7 and
-SC4-7) by dispersion in 85 mL of distilled and
deionized water and cenhifugation at S0+3rpm for
nine minutes to settle out >Z-wm particles. The
suspension was decanted, and the process was re-
peated six times. To concentrate the clay miner-
als, Mgcll was added to IN, and the solution was
centrifuged and then decanted. The MgCIZ was
removed from clay minerals by rinsing in dis-
tilled and deionized water, spinning down the
suspension, decanting the solution, and repeating
the process. XRD spectra were collected on air-
dried and ethylene-glycol-saturated samples to
separate some of the diagnostic day peaks (e.g.,
smectite from chlorite). The air-dried samples
were made by drying a smear of the clay slurry in
a 100% humidified environment for 4S hours and
then in air. The sample was then saturated with
ethylene glycol for 12 to 24 hours. Diffraction
patterns were collected from 2 to 62-deg 26 for the
air-dried samples and 2 to 42-deg Z@for the eth-
ylene-glycol-saturated samples.

3.2.2 Bulk Chemistry
The sediments were digested with UA2 acid mix-
tures (Unisolv, Inc.) in a microwave and neutral-
ized and stabilized with UNSA2 solutions
(Unisolv, Inc.). These solutions were analyzed
for Ag, AL As, B, Ba, Ca, Cd, Ce, Co, Cr, Cu, Fe,
K, LI, Mg, Mn, Mo, Na, Ni, Pb, S, Sb, Ss, Si, Sn,
Sr, Ta, Th, Ti, Tl, U, V, W, and Zn. Analysis
protecol adheres to EPA SW-546 Method 601OA
augmented to include all elements listed above.
A scandium spike was added to all samples to
correct for viscosity effects resulting from the
high silica centent of these sediments. The quartz

content prevented recovery of silica concentra-
tions because silica did not stay in solution.
The external standard was the National insti-
tute of Standards and Technology Buffalo
River sediment.

3.2.3 Trace-Element Speciation
Trace-element speciation in the reacted and
leached Seaplane Lagoon sediments were deter-
mined from XAS for Cd, Cr, Pb, and Zn. We were
not able to determine CU. Hg, or Ni speciation in
the sediments because the concentrations were too
low to yield interpretable spectra. Absorption
spectra of defrosted wet sediments (ceres GH-CC-
Cl, <3, and -W24) and fresh sediments (core GH-
CC-SC9) were collected at Stanford Synchrotrons
Radiation Laboratory on beamlines 4-1 and 43 at
reem temperature under dedicated conditions
(3 GeV, 40-90 mA) for Cd, Cl, Pb and Zn using Si
(220) and Si (111) monochromator crystals and an
unfecused beam. The sediment samples were undi-
luted and fluorescence spectra were collected
with a four-element Ge array detector providd
by P. Allan and colleagues at Lawrence Berkeley
National Laboratory, or a 13-element Ge array
detector provided by the Stanford Synchrotrons
Radiation Laboratory. Reference solids (minerals
and fresh precipitates) were collected in trans-
mission-mede using Ar- or Kr-filled ion chambers.
Energy calibration was obtained by simultaneous
collection of an Ag (for Cd), Cr, Pb, and Zn foil
spectrum. Harmonic rejection was achieved by
detuning the inceming beam by 50% of maximum
intensity. Typically 10 to 35 scans were collected
and averaged for each sample. Data reduction
and analysis and reference phase-shift and am-
plitude functions were generated using FEFF6
[Rehr, 1993;RehretaL,19921 based on atomic
clusters frem known crystal structures and were fit
to experimental XAS spectra for model compounds
to estimate values for u 2and S02.

3.3 Leaching Experiments
Three samples of Seaplane Lagoon sediment GH-
CC-SC411 were leached with filtered seawater
from the Pacific Ocean (Long’s Marine Lab-ara-
tory, University of California, Santa Cmz) to
determine the rate at which trace elements are
released into waters when exposed to oxygen-rich
waters. The experiments were performed in flOw-
through reactors at reem temperature [Knauss and
Wolery, 19861. An identical control experiment
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with seawater was also mn to provide procedural
blanks for the trace-metal analyses. Reaction
vessels and water bottles were cleaned in a Class
100 clean mom. In these experiments, the rate of
trace element leached is proportional to the
change in concentration between the input and
output solutions. Input and output solutions were
collected 20 times over a three month period.
Sample pH was measured immediately after the
sample was collected. Samples for traceelement
analysis were acidified with trace-element-
grade acid to prevent precipitation; sample bot-
tles were double bagged and stored in a Iaminar
flow hcod or a class 100 clean mom until they
were analyzed by ICP-MS (see Section 3.1.4.1).
At the end of these experiments, the sediments
were loaded into x-ray absorption holders and
stored at -200 C until metal speciation analysis at
the Stanford Synchrotrons Radiation Laboratory
(see Section 3.2.3).

3.4 Geochemkal Modeling
of Porewaters

The aqueous data were amlyzed with the Geu-
chemist’s Workbench geochemiml code [Bethke,

1994] and SUPCRT92 database IJohnson et al.,
19921 modified to include zinc-, cadmium-, and
lead-carbonate, and zinc- and cadmium-
hydroxide phases (Table 3, p. 12). For these cal-
culations, we used porewater trace and major-
element concentrations, HS-and S0,2- concentra-
tions to calculate Eh, sediment pH from core GH-
CC-SC4, field temperature, and alkalinity from
total inorganic carbon analyses from core GH-CC-
Y2Z. Manganese concentrations used were an av-
erage of the ICP-AES and ICP-MS measurements;
aluminum, cadmium, chromium, copper, iron,
lead, nickel, and zinc were measured by ICP-MS;
calcium, magnesium, potassium, silica, sodium
were measured by ICP-AES. Alkalinity is taken
as HC03- concentration, and is calculated as a
function of depth for core GH-CC-SC4 from a lin-
ear regression of the inorganic-carbon concentra-
tion measured in core GH-CC-SC2 data. For the
surface sediments at 1.5 cm, alkalinity is calcu-
lated from measured pH and atmospheric COv
because the linear extrapolation yielded nega-
tive values. The solution was charge balanced by
adjusting the chloride concentration.
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Table 3. Thermodynamic equilibria and constants K used in the geochemical modeling of
the porewater chemistry in the Seaplane Lagoon sediments.

ICWK
(25oC) Reference

Al(OH)Jgibbsite) + 2H+ = Al’+ + 3H,0 7.76 Pokrovskii and Heleeson,

AIOOH(boehmite) + 3H+ . 2A1S++ 2H,0

CaCO@cite) = Ca’+ + CO/-

CaMg(CO,),(dolomite) = Ca2’ + M& 2C0,’-

CaS04*2H20(gypsum) . Ca’+ + SO,’- + 2H20

Cd2++ H20 = CdOH+ + H+

Cd” + 2H20 = Cd(OH); + 2H+

Cdz++ 3H20 = Cd(OH)J + 3H+

Cd’+ + 4H,0 = Cd(OH)~” + 4H+

(M’+ + CO;-= CdCQO

Cd’+ + 2CO~” = Cd(COJ;-

Cd’+ + CO,’- + H’ = CdHC03’

Cd’+ + S042- = CdSO,”

Cd(OH)2(beta) + 2H+ = Cd” + 2H20

CdS = S2- + Cd’+

CdS04(angelsite) = Cd’+ + S042-

CdCO,(obwite) = Cd’++ CO~-

CdO(monteponite) + 2H+ = Cd’+ + H*O

CrS + H’ + 0.25Q(aq) = 0.5H,0 + C& + S2-

Cr,O,(eskolaite) + 6H+ = 3H,0 + Z@

CuS(cOvellite) = S’-+ Cuz

CuFeS,(chalcopyrite) = F&++ Cu’+ + 2S2-

Cu,CO,(OH),(malachLte) + 2H+ =
HZO + C032- + 2CU2+

CuO(tenorite) + 2H’ = Cu” + H,O

FeS,(pyrite) + H,O =
F@+ 2S2- + OSO,(aq) + 2H+

FeS(pyrrhotite) = Fe’+ + S’-

FeCO,(siderite) = Fe’+ + C0,2-

FeOOH(goethite) + 2H+ =
Fe’+ + 1.5H,0 + 0.2S0,(aq)

Na,,,Fe,AlnSi ~,,,O,,(OH),(Na-nontionite) + 5.32H”
= 2Fe2+ + 0.50,(aq) + 0.33Na’ + 3.67Si0, + 3.66H,0

Mg,A12Si,0,0(OH)8 (7-A chlorite) + 16H+ =
2A13+ + 12H,0 + 3SiOJaq) + 5M#’

7,56

-8.48

-18.14

-4.48

-10.08

-20.34

-33.29

-47.33

3.00

6.40

11.83

-0.003

13.64

-28.84

-0.11

-12.1

15.1

16.46

7.64

-35.77

-58.43

4.40

7.66

-85.10

-16.65

-10.52

-7.96

-28.51

70.61

-.
1995

Pokrovskii and Helgeson,
1995

Helgeson et al., 1978

Helgeson et al., 1978

Robbie et s1., 1979

Baes and Mesmer, 1976

Baes and Mesmer, 1976

Baes and Mesmer, 1976

Baes and Mesmer, 1976

Stipp et al., 1993

Stipp et al., 1993

Stipp et al., 1993

Wagman et al., 1982

Baes and Meamer, 1976

Wagman et al., 1982

Wagman et al,, 1982

Stipp et al., 1993

Cox et al., 1989

Dellien et al., 1976

Wagrnan et al., 1982

Helgeson et al,, 1978

Helgeson et al., 1978

Helgescm et al., 1978

Helgeson et al., 1978

Helgeson et al., 1978

Helgeson et al., 1978

Helgeson et al., 1978

Robbie et al., 1979

Wolery, 1978

Helgeson et al., 1978
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Table 3 (Continued). Thermodynamic equilibria and constants K used in the aeochemical
modeling’ of the por~water cherktry in the Seaplane Lagoon sedimants. -

log K
(25”C) Reference

MnS(alabandite) = Mn2+ + S’- –13.33 Helgeson et al., 1978

MnCO,(rhodcxhrosite) = Mn2’ + C0,2- -10.52 Helgeson et al., 1978

NiS,(vaesite) + H,O = Niz+ + 2S’- + 0.50,(aq) + 2H+ +7.21 Helgeson et al., 1978

NiS(millerite) = Ni’+ + S’- -20.97 Vaughan and Craig, 1978

NiCO, = CO,’- + Ni’+ -6.82 Wagman et al., 1982

Ni(OH), + 2H+ = Ni2+ + 2H,0 7.64 Wagman et al., 1982

PbS(galem) = Pb’+ + S2- -27.28 Wagman et al., 1982

Pbz++ H,O = PbOH+ + H+ -7.7 Smith and Martell, 1989

F%2++ 2H,0 = Pb(OH)I+ 2H+ -17.09 Smith and Marten, 1989

Pb’+ + 3H,0 = Pb(OH)j + 3H+ -28.09 Smith and Marten, 1989

#’+ co:- = Pbco, 6.58 Bilinski and
Schindler,1982a

Pb’+ + 2CO~- = Pb(CO,)’- 9.40 Bilinskl and
SchindIer,1982a

PbCO,(cermsite) = Pb” + C0,2- -13.54 Johnson et al., 1992

PbJCO,),(OH),(hydrocemssite) + 2H+ = -18.81 Smith and Marten, 1989
2C03’- + 3Pb’” + 2H20

PbSO,(anglesite) = Pbz++ S0,2- -7.85 Helgeson et al., 1978

SiO,(quartz) = SiO,(aq) -4.0 Helgeson et al., 1978

SiO,(a-cristobalite) = SiO,(aq) -3.45 Helgeson et al., 1978

SiO,(sm. si.) = SiO,(aq) -2.71 Helgeson et al., 1978

ZnS(sphalerite) = Zn2+ + S’- -24.38 Helgeson et al., 1978

Zn’+ + H,O = ZnOH+ + H’ -3.96 Bourcier and Barnes, 1987

Zn2++ 2H,0 = Zn(OH),O + 2H+ -28.04 Wagman et al., 1982

znz+ + 3H20 = Zn(OH),” + 3H+ -28.83 Wagman et al., 1982

%2+ + 4HZ0 = Zn(OH),- + 4H’ 41.61 Wagman et al., 1982

.ZnZ’+ C03> + H’ = ZnHC03+ 8.91 Bourcier and Barnes, 1987

Zn’+ + cQ~ = ZIIC03” 3.9 Zachara et al., 1989

Zn2’ + SO,’- = ZnS040 -0.026 Wagman et al., 1982

ZII(OH),Q3) + 2H+ = Zn’+ + 2H,0 11.93 Wagman et al., 1982

zn(oH),(e) + 2H+ = Zn2+ + 2H,0 11.66 Wagman et al., 1982

Zn(OH),(y) + 2H+ = Zn2+ + 2H*0 11.88 Wagman et al., 1982

ZnS04(solid) = Zn2++ S0.2- 3.55 Wagman et al., 1982

ZnCO$smithaenite) = Zn2++ C03z- -9.87 Johnson et al., 1992

Zn,(OH),(CO,), (hydrozincite) + 6H+ = 9.65 Schindler et al., 1969

5zn’+ + 2C032-+ 6H20

“Bilinski and Schindler, 1982 experimental values extra@&d to I = O.
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4. Results

4.1 Porewater Chemistry

4.1.1 Porewatei Chemistry Across Oxic,
Suboxic, and Anoxic Boundaries

Cycling of trace metals among the water column,
surface sediments, and deeper sediments in estu-
fry sediments is linked to oxygen, manganese,
won, and sulfur chemistxy. For this reason, we
measured dissolved 0,, Mn(II), Fe(II), and total
S(-11) concentrations and relative concentrations
of Fe(III)- and FeS- and elemental S-colloids in
the top 5 cm of push cores collected from the east
outfall location of Seaplane Lagoon cm July 10,
1997, November IO, 1997, and April 8,1998. Two
cores were also collected at the Landfill Wet-
lands site on April 8,1998.

The greatest opportunity for the mobility of Mn,
Fe, S, and associated trace metals is within the
suboxic sediment zone. We define the suboxic zone
at sediment depths below the dissolved-oxygen
minimum and above the dominance of dissolved
sulfide. The results of our study show that depth
or size of the suboxic zone in the Seaplane Lagoon
sediments may exceed 5 cm, and varies spatially
over a short distance and over the course of the
year (Table 4, pp. 41-51; Figs. 24, pp. 20-22).

Although the size of the suboxic zone varies, the
porewater profiles are consistent with general
oxidation-reduction reactions (Fig. 5, p. 23). As an
example, we use the porewater profile from Sea-
plane Lagoon core GH-CC-SC2 (Fig. 2, p. 20). An-
aerobic respiration occurs within the first 3 mm
and is shown by the depletion of dissolved oxygen
from the overlying waters into the surface sedi-
ments. Oenitification most probably occurs be-
tween measurable oxygen and Mn(II) (the elec-
trode does not detect nitrogen species). Manganese
reduction is shown by the accumulation of dis-
solved Mn(ll) at 14 mm. Precipitation of manga-
nese as Mn(IV)-oxides at depths less than 14 mm
and as MnCOS or MnS at depths greater than
18 mm is indicated by lack of dissolved Mn(II) in
the porewaters. Iron reduction begins at 18 mm as
dissolved Fe(II) and Fe(III)-colloid increase with
depth. Precipitation of FeS or FeS2 is shown by an
increase in dissolved S(–11) and a decrease in dis-
solved Fe(II) and Fe(IID-colloids at 40 mm. Note
that dissolved Fe(II) concentrations include the

Fe(III)-colloids because Fe(III)-colloids are re-
duced to dissolved Fe(II), which is further re-
duced at the electrode surface [Brendal and Lu-
ther, 19951. At the present time, it is not possible
to quantify the Fe(III) colloid component. Sulfate
reduction occurs at depths greater than 40 mm and
is shown by the increase of dissolved S(-11) with
depth. The reproducibility of the dissolved oxy-
gen and sulfide data shows that aerating the
overlying waters in the core maintains the chem-
istry profile in the core.

Figure 3 (p. 21) shows porewater profiles of cores
GH-CC-SC5, -SC6, and -SC7 collected within
seven meters of one another on November 10, 1997.
Comparison of these three cores shows that local
disturbances, such as bioturbation, increase the
diffusion of oxygen into the sediments and extend
the size of the suboxic zone. Moving from east to
west, core GH-CC-SC5 is the most reduced with
trace concentrations of Mn(II) and Fe(fI) from 15
to 40 IIIA4and increasing dissolved S(-11) concen-
trations at depths greater than 31 mM. The trace-
iron and -manganese concentrations in core GH-
CC-SC5 compared to other cores indicates that
sulfide minerals precipitate at these depths.
Core GH-CC-SC6 is the most oxidized sample
with dissolved oxygen to 10 mh4, increasing con-
centrations of dissolved Fe(II) and Fe(III)-
colloids from 15 to 50 mM, with no detectable dis-
solved S(-11). The oxidation-reduction state of
core GH-CC-SC7 is between that of the other two
cores with higher concentrations of dissolved
Fe(II) and Fe(IIl)-colloids than those in core GH-
CC-SC5.

Figure 4 (p. 22) shows porewater profiles Of cOres
GH-CC-SC8 and -SC9 collected within a few me-
ters of one another on April 8,1998. These cores
show similar local heterogeneity observed in the
November 1997 cores, with core GH-CC-SC8 being
more oxidized than core GH-CC-SC9 as is indi-
cated by the absence of dissolved sulfides in core
GH-CC-SC8.

Figure 6 (p. 24) shows the porewater profiles of
Landfill Wetlands cores W1-CC-SC1 and -SC2
taken on April 8, 1998. The porewater profiles are
distinct from one another showing local heterog-
eneity within the wetlands pond. The most nota-
ble difference between the two cores is the
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absence of dissolved Fe(II) and Fe(IID-colloids in
core W1-CC-SC2. There are several distinctions
between the Seaplane Lagoon cores and the Land-
fill Wetland cores. The Landfill Wetland cores
have a smaller oxic zone with dissolved 0, de-
pletion within 1 mm below the sediment-water
interface, and with dissolved S(-11) increases at
more shallow depths (1 to 9 mm). Additionally,
the Wetlands cores have small amounts of dis-
solved Mn(II) in waters directly above the sedi-
ment-water interface, and in one core, elemental
sulfur was detected.

4.1.2 Porewater Chemistry to
50-cm Depth

The porewater chemistry of the Seaplane Lagoon
sediments is shown as trace- and major-element
chloride, HS-, S0,2-, SO~-, and pH for core GH-
CC-SC4; and as HS-, SO,’-, SO-, total carbon, to-
tal inorganic carbon, and total organic carbon for
core GH-CC-SC2 CTables 5 and 6, pp. 52A3; Fig. 7,

PP. 25_2~. In cOre GH-CC-SC4, there are distinct
trends in the porewater composition with depth.
Calcium, magnesium, potassium, scdium, and
chloride and sulfide concentrations increase with
depth to 25.5 cm and at greater depths are ccm-
stant. The manganese depth profile is more com-
plicated. Manganese decreases to a minimum at
4.5 cm, increases to a maximum at 16.5 an, and de-
creases at greater depths. Aluminum concentra-
tions are quite low and constant (with the excep-
tion of one outlying data point). Silica concentra-
tions incmx+seby about two times between 1.5 and
4.5 cm and are constant at greater depths. Iron
concentrations could only be detected above 4.5
an. Cadmium, chromiuxw and lead concentrations
increase with depth following similar trends ob-
served for their eediment concentrations. Zinc con-
centrations increase to maximum at 22.5 cm, de
crease to 28.5 cm, and increase at greater depths.
Copper concentrations are constant to 22.5 cm, and
increase at greater depths. Nickel concentrations
show a slight decrease with depth. In core GH-
CC-SC2, the dissolved total-inorganic and the
sulfide concentrations increase with depth.

4.1.3 Geochemical Modeling
We summarize the porewater geochemishy of
Seaplane Lagoon sediments in Table 7 (pp. 54-55)
as sulfide, carbonate, oxide/hydroxide, and sili-
cate saturation versus depth. The thermodynamic
saturation index S1 for a solid phase is equal to

the ratio of its ion activity product IAP and its

equilibrium volubility constant f%

(1)
KSP

A solution is supersaturated, undersaturated or at
equilibrium, if log S1 is greater than, less than, or
equal to zero, respectively. The uncertainty of the
log S1 values is ffl.5.

Dissolved trace-element concentrations are not
limited by sulfide phases, despite the fact that
the Seaplane Lagoon porewaters are dominated
by dissolved sulfides. With the exception of
chromium and manganese, the porewaters are su-
persaturated with respect to all sulfide phases
by several orders of magnitude. The porewaters
are close to MnS saturation, and are 10 orders of

m%@~de belOw CIS ~~ratiOn (we dO nOt ~ve
thermodynamic data for Cr$J Nor are the dis-
solved traceelement concentrations limited by
the volubility of pure secondary carbonates or ox-
ides /hydroxides. Cadmium, copper, lead, nickel,
and zinc are all undersaturated with respect to
CdCO, (otavite) and Cd(OH)v CU,CO,(OH),
(malachite), CUO (tenorite), PbCO, (cerussite),
NiCO, and Ni(OH)z and ZnCO, (smithsonite),
and &Zn(OH)r Dissolved chromium concentra-
tions are 10 to 13 orders higher than CrZO~
(eskolaite) saturation. Dissolved manganese con-
centrations are close to MnCOg saturation.

Dissolved silica concentrations are close to satu-
ration with respect to ~-cristobalite, a quartz
polymorph, but supersaturated with respect to
quartz. ‘I’M result agrees with many .groundwater
studiee. The diseolved aluminum concentrations
are close to saturation with respect to AI(OH)S,
gibbsite and not 7-Achlorite, which was identi-
fied in the XRD analysis of the sediments. The
dksolved calcium concentrations are undereatu-
rated with respect to CaCO~ (calcite) in the sur-
face sediments (1.5 cm), but supersaturated at
greater depths. In the top 5 cm, dissolved iron
concentrations are closest to FeOOH (goethke)
saturation. At depths greater than 5 cm, iron
volubility decreases to levels below the detection
limit.

4.1.4 Leaching Experiments
The results from the flow-through leaching ex-
periments of Seaplane Lagoon sediment at 31.5 cm
depth (GH-CC-SC411) are shown in Figs. 8 and 9
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(pp. 2*29) and Table 8 (pp. 56-57). Cadmium and
zinc are the most reactive, and chromium is the
least reactive trace elements in these sediments.
The net release of the trace elements to seawater
relative to the initial trace-element concentra-
tion in the sediment is plotted versus time in
Fig. 8 (p. 28) (a ratio of 10001 means all of the
trace element has leached from the sediment).
These curves are simple integrations of the trace-
element release rates normalized to the sedi-
ment’s traceeIement concentrations. After 90
days of reaction, 2@40% of the cadmium, 6-12%
of the zinc, 1-4 % of the copper, manganese,
nickel, and lead, and less than 0.2% of the chro-
mium have been leached into the seawater.

Figure 9 (p. 29) is a plot of the trace-element con-
centrations measured in the output and input solu-
tions versus time. The difference between the
these concentrations is proportional to the leach-
ing rate at that point in time. Cadmium and zinc
leaching rates increase during the first 20 days,
and then begin to decrease, approaching the
blank concentrations at the end of the experiment.
Copper leaching behavior is similar to cadmium
and zinc, but the absolute concentrations are much
lower. Manganese leaching rates decrease from
the onset of the experiment to near blank concen-
trations at the end of the experiment. Lead-
and nickel-leaching rates are constant and low.
Chromium leaching rates are minimal or
nonexistent.

4.2 Sediment Chemistty
Seaplane Lagoon sediment chemistry was deter-
mined at the east outfall location from three
push cores (GH-CC-SC2, -SC3, and -SC4) and
three gravity cores (GH-CC-C1, -C2, and -C3) at
km inte~elS from the surface sediments to about
40 cm from the push cores and to about 100 cm from
the gravity cores. Major- and trace-element
chemistry is reported in Table 9 (pp. 58-63) (B, K,
Na, Si, and Sn are not tabulated because B and
Sn are present in the digestion solutions, because
of poor recoveries of K and Na, and because Si
was incompletely dissolved in the dig=fion
procedure).

We discuss the depth profiles of cadmium, chrc-
mium, cobalt, copper, lead, mercury, and zinc plus
the depth profiles of iron, manganese, and sulfur
Figs. 10 and 11, pp. W-33), because iron, manga-
nese, and sulfur have important roIes in the over-
all oxidation-reduction state of the sediments.

Cadmium, chromium, copper, lead, mercury, and
zinc trace-element concentrations increase from
low values in the surface sediments to higher
values at depths greater than 20 to 30 cm below
the sediment-water surface. The concentrations
range from 10 to 40J ppm (1203 ppm in sample
GH-CC-C1-2) for cadmium, from 231 to 1150 ppm
(1730 ppm in sample GH-CC-C1-2) for chromium,
from 100 to 240 ppm for copper, from 180 to 1400
ppm for lead, from 0.6 to 2 ppm for mercury, and
from 240 to 630 ppm for zinc. Trace-element con-
centrations are low in the deepest samples of the
gravity cores. Cobalt and nickel concentrations do
not increase with depth. Cobalt concentrations
are low and vary between 14 and 30 ppm, and
peak concentrations at depths of 20 to 40 cm are as
high as 160 ppm. NickeI concentrations vary tlom
110 to 180 ppm. Iron concentrations increase from
about 4.5 wt% in the surface sediments to about
5.5 wt% at a depth of 16.5 cm, and decrease at
depths greater than 35 cm. Sulfur concentrations
increase from 1 wt% in the surface sediments to
about 1,5 wt% at depths of 30 to 40 cm, and are
constant at greater depths. Core GH-CC-C1 is an
exception, with half as much sulfur as the other
cores. Manganese concentrations are constant with
depth and are about 450 ppm (950 ppm in sample
GH-CC-C1).

4.3 Sediment Mineralogy
The sediments are primarily quartz with about
10-15 wt% in the clay size fraction (<2 pm).
There is no difference in the bulk mineralogy as a
function of depth. Minerals identified in XRD
patterns are 80-90% quartz, -2 wt% hornblende,
-2 wt% mica, -2 wt% chlorite, -2 wt% smectite,
-2 wt% illite, and -2 wt% pyrite. Reported min-
eral abundances are estimated by assigning mini-
mum XRD detection limits to the trace-mineral
components (-2 wt%).

4.4 Trace-Metal Speciation
Table 10 (pp. 64-65) and Figs. 12-18 (pp. M)
show XAS results of cadmium, chromium, lead,
and zinc speciation in representative sediments at
the .Seaplane Lagcon, Concentrations of cobalt,
mpper, merm~, and nickel are too low to yield
interpretable x-ray-absorption spectra. We
present our results with both the absorption
edge spectra and x-ray absorption fine structure
(XAFS) spectra. We examine speciation
differences in the surface sediments (samples
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GH-CC-SC41 at 1.5 cm and GH-CC-SC9-1 at
Ocm) and the deeper sediments (samples GH-cC-
SC412 at 34.5 cm and GH-CC-SC9-12 at 30 cm);

spedatiOn differences be~een sediments leached
with oxygen-rich seawater for three months
(GH-CC-SC4-11 at 31.5 cm) and the above sam-
ples; and speciation differences resulting from
freezing samples to preserve them (core GH-CC-
SC4) and fresh (core GH-CC-SC9) samples.
We also show results from samples GH-CC-C1-2
at S5 cm for cadmium and GH-CC-C3 at 55 cm
for zinc.

4.4.1 Cadmium
Cadmium is present as a disordered CdS solid in
the deeper Seaplane Lageon sediments [Table 10
(pp. 6465); Figs. 12 and 13 (pp. 3435)1. Cadmium
XAFS spectra are identical (despite the poor
data quality for GH-CC-SC9-12) and indicate
cadmium coordination by only first-neighbor sul-
fur atoms, which is characteristic of crystalline
CdS(s) cempounds (greenockite and hawleyite).
However there is no evidence for Cd or Fe atoms
beyond the first-neighbors, which is expected
from well-crystallized CdS or CdS-FeS mixtures.
We compare the sediment spectra with freshly
precipitated CdS-FeS spectra to distinguish be-
tween sorbed or precipitated cadmium. For all
precipitated samples, regardless of the initial
selufion ratio of cadmium-to-iron, the spwtra are
identical and show only first-neighbor sulfur at-
oms, and no evidence for second-neighbor cad-
mium or iron neighbors. Quantitative results from
least-squares fits are the same for the sediment
samples and these laboratory precipitates. These
results suggest a high degree of local disorder in
precipitated CdS(s) and no evidence for solid so-
lution with iron. Cadmium concentrations in the
surface sediments are below the detection limit of
the analytical technique.

Cadmium speciation changes when the sediments
are exposed to oxygen-rich seawater. In the
leached sample, cadmium is associated with an
oxide or carbonate solid as well as with a sulfide
as is shown by the first-neighbor oxygen and sul-
fur distances. However, the absence of second-
neighbor atom(s) in the spectrum precludes direct
identification of this new “oxygen” component,
We estimate that 66% of the Cd is present as the
oxide or carbonate solid, and 33% is present as the
sulfide phases from the ratio of fitted peak
heights for sulfur and oxygen.
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4.4.2 Chromium
Chromium is present as Cr(III) sorbed to clay or
iron hydroxide surfaces in the surface and deeper
Seaplane Lagoon sediments [Table 10 (pp. 64-65);
Figs. 14 and 15 (pp. 3637)]. The absorption edge
of chromium is rich in spectral features and re-
flects the Cr(III) or Cr(VI) oxidation states. From
qualitative comparison with reference solid com-
pounds, it is readily apparent that the sediment
spectra lack the prominent pre-edge feature in-
dicative of Cr(VI); the sediments contain only
Cr(III). The absorption edge features are very
similar among the surface and deeper sediments
and among the fresh and frozen sediments. Fur-
ther comparison of the sediment edge spectra
with reference spectra indicates chromium is not
bonded by sulfur. This is corroborated by least-
squares fits of XAES spectia, which show Cr-O
bonding. In the fresh sediments, we fit only the
first-neighbor Cr-O distances typical of Cr(III) in
octahedral coordination. Sample GH-CC-SC4-12
has better signal-tc-noise than the other two
samples and, ccmsequently, more dktant atomic
neighbors were fit. In addition to a first-neighbor
Cr-O dktances, two second-neighbor iron atoms
can be fit, although it should be noted that other
third-row transition metals near to iron will also
produce an adequate fit. The nearest second-
neighbor peak is at 3.43 A, which is a character-
istic distance for bidentate comer-sharing among
transition metal octahedra, that can be ex-
plained by chromium sorption to a clay or hy-
droxide surface. The absence of second-neighbor
atoms at =3,0 A suggests that Cr is not nucleating
a CrOOH-like phase and forming edge-shared
clusters with iron or manganese as found in labe-
ratmy studies of chromium sorption and cc-
precipitation. We have not yet analyzed chrc-
mium in the leached sample.

4.4.3 Lead
Lead is associated with an oxide or carbonate
phase in the deeper Seaplane Lagoon Sediments
Uable 10 (pp. 64-65); Fig. 16 (p. 38)]. Comparison
of the energy position of lead absorption edges of
model spectra and sediments shows that lead in
the sediments is bonded by oxygen and not by sul-
fur. Two distinct Pb-O distances (2.39A and 2.63-
2.65 A) can be resolved in two of the sediment

sPectra (GH-CC-SC9-12 and GH-CC-SC4-I 2), al.
though the relative peak amplitudes for the two
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distances are very different between the’ two
samples. The fitted Pb-O distances fall with the
range of those found for a variety of lead oxide,
hydroxide, and carbonate minerals. However,
the spectra do not support the possibility of lead
associated with residual paint that may have
been used at Alameda NAS, primarily in the
form of lead chromate (PbCr,O,) and lead oxides
(PbO, PbO,). The shorter Pb-O distance of 2.39A
in the sediment spectra does not match the short-
est Pb-O distance in lead chromate (2.52 A), and
there is no evidence for chromium atoms at 3.32 to
4.I4 A, which should be apparent in a crystalline
mineral. Likewise, both forms of crystalline lead
oxide (PbO-tetrahedral and PbO-orthorhombic)
and lead dioxide (PbOJ have first-neighbor oxy-
gen atoms at distances shorter than those found
for lead in the sediments (2.15-2.32A) and sec-
ond-neighbor lead atoms at distances less than
4A, which are not evident in the spectra of the
sediment sample.

We observe no changes in lead speciation when
the sediments are exposed to oxygen-rich seawa-
ter. The edge spectrum of the leached sample is
identical to that of the other samples. On the ba-
sis of the similarity among the lead-edge spec-
tra, we assume that lead is still associated with
oxide, hydroxide, or carbonate mineral. We only
collected lead-edge spectrum on the leached
sample, because of limitations of the beamline
setup at the time.

4.4.4 Zinc
Zinc is present as two solid components in the sur-
face and the deeper Seaplane Lagoon sediments
[Table 10 (pp. 64-65); Figs. 17 and 18 (pp. 39-40)].
Analyses of zinc XAFS spectra show t3rst-
neighbor sulfur and oxygen atoms, with sulfur
atoms dominating the total signal (=70--85%
based on the ratios of fitted peak heights).

Least-square fits show that the spectia can be de-
convoluted into a sulfide component with intera-
tomic distances matching the sphalerite (ZnS)
structure, and an oxide component with distances
consistent with the substitution of zinc into clay
minerals m sorption onto edge sites of the octahe-
dral layers. In the sphalerite structure, first-
neighbor atoms are sulfur, and the nearest second-
neighbor atoms are zinc at a distance of 3.82 A. In
the sediment spectra, there are clearly second-
neighbor atoms at 3.13-3.16 A that are not present
in sphalerite and must be associated with the ox-
ide component. The oxide component contains a
first-neighbor oxygen (1.96-2.02 A),and scatter-
ing from the second-neighbor atoms can be rea-
sonably, although not uniquely, fit with iron. The
fitted distances are similar to metal-metal dis-
tances found for edge-shared octahedra in phyl-
losilicstes and layered hydroxides with brucite-
like structures. Fits to the XAFS spectra can be
improved by including second-neighbor Zn-S1 at
3,47-3.4s A, consistent with interatomic distances
found for the substitution of zinc into the octahe-
dral layer of phyllosilicates.

Zinc speciation changes when the sediments are
exposed to oxygen-rich seawater. The zinc spec-
trum for the leached sediment sample shows a
significant reduction in amplitude of the sulfide
component (about 25%) and a corresponding in-
crease in the oxide component (about 75%). In-
teratomic distances from the fitted spectrum are
the same (within error) as the other samples for
the sulfide component. The oxide component pres-
ent after Ieachmg is different from that found in
the other samples. Second-neighbor atoms are
best fit with either iron or zinc, or a mixture of
the two at 3.13 and 3.32 A, rather than with sil-
ica atoms. This result suggests that as the zinc
sulfide dissolves, it reprecipitates in the sedi-
ment as a zinc-iron oxyhydroxide.

19



Geochemical Characterization of Seaplane Lagmn Sediments

Aqueous spades (IW)

“00-

1 GH-CC-SCZ
I ‘\

o

t~

-h
--- -

■ 02

I ● Mn(lll
A Fe(n)

10 ~

\

A Fe(lll)-collold

❑ S+of

4 ~+ ‘(4’)
-F
& ?
~zo

8

34

40

so
o 1 2 3 4 5 6

Collolds (nA)

Figure 2. Microelectrode results of porewater chemistry from Seaplane Lagoon core GH-CC-SC2
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20



50100130200250304350

‘m
10

F
g,
.20

:

30

40I!!!k54
2468

Ssst

Aqueous species (M

40100150300250s03

I I I I I I

i-?

GH-CC-SCS

■ 02
. Mn(llJ

:5
A Fe(n)

+ 5(-II) _

A Fe(lll)-collold
O FeS.co[lold

-\- ,,

2345
Collold (nA)

50 104 150 200 2S4 3W

F

west
w

7m

Figure 3. Microelectrcde results of porewater chemistry from Seaplane Lagoon cores CC-GH-SC5,
-SC6, -SC7 collected on Nov. 10, 1997 and meaaured on Nov. 18 and 19, 1997.

21



Geochemicsl Characterization of Seaplane Lagoon Sediments

Aqueous SPC!4S (LM)

o 20 40 60 80
-10 I I I

GH-CC-SCS

‘: m ‘r
o —

■ 02

● Mn(ll)
A Fe(n)

E
g + S(-11)

~ 20 A Fe(lll)+ollold

8
0 Fee-collold

30
—

“ ‘\kl :
.-

L —

.~12 o~2 ~ ~ ~ 6 ,
-202

Callold (nA)

1

)

Figure 4. Microelectrode results of porewater chemistry from Seaplane Lagoon ceres CC-GH-SC8
and GH-CC-SC9 collected on April 8, 1998 and measured on April 10, 1998.
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Oxidation of organic carbon

Anerobic respiration:
CH,O + O&) = C02(g) + H@

Oenih’ification

CH20 + 4/5~ + H+=
C02(g) + 2/5N2(g) + 715H@

Manganesereduction:

CH20 + 2Mn02 + 4H+=
COJg) + 2Mn2+ + 3Hz0

Ironreduction.
CH20 + 4Fe(OH)3(am) + 8H+.

C02(g) + 4F~+ + 11H20

Sulfatereduction
CH20 + 112S0- + 112H+=

CO@ + 1/2HS + H20

Secondary rexlox and precipitation reactioas

Imn and manganese oxidation
‘2h@ + 4HCq + 02(s) .

2Mn02 + 4CO@ + 2H$3

4Fp + SHCOj + 02Q)+ 2H20 =
4Fe(OH)@m) + 8COZ(S)

2F$+ + M.% + 2H~ + 2H,0 =
2Fe(OH)3(aml + Mrt2+ + 2CO&)

Carbomte and sulfide pmcipitatimr
Fe2+ + 2HC0j . RCQ + CO&# + HP

Mn2++ 2HC03 = MnC03 + COAg)+ H20

F&++ 2HC03 + H# = Fe5 + 2CO&j + 2Hz0
Mn2++ 2HCO; + H~ . MIS + K@@) + 2H2cJ

Figure 5. Generalized oxidation-reduction and precipitation reatilons with depth in estuary sedi-
ments, where CHZO is generic organic carbon.
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Figure 6. Microelectrode results of porewater chemistry from West Beach Landfill Wetlanda cores
W1-CC-SC1 and -SC2 collected on April 8, 1998 and measured on April 9, 1998.
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Figure 12. (a) Cadmium WFS, and(b) radial distribution tintions (not wrrected forphaseshifi)
for Seaplane Lagoon pediments CdS and CdO.,6Fe0.T& precipitates.
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Figure 13. (s) Cadmium adsorption edge spectra comparing CdS and CdSO, references with
unreacted snd leached Seaplane Lagoon sediments; (b) cadmium XAFS; and (c) radial distribu-
tion functions (not corrected for phase shift) for the leached sediment showing Cd-S and Cd-O
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Figure 14. Chromium adsorption edge spectra, comparing Cr,Ot, Cr& and KCr@T references with
surface and deeper sediments from Seaplane Lagoon; (b) chromium XAFS of surface and deeper
aedimenta from Seaplane Lagoon.
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Figure 15. (a) Chromium WFSand(b) m4aldistibution functions (not comected forphasestifl)
for Seaplane Lagoon sediment from 34.5-cm depth (sample GH-CC-SC4-12). Dashed Iines are fits
to the data.
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Figure 16. (a) Lead adsorption edge spectra compadng PbS and PbC03 references with unreacted
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Figure 17. (a) Zinc XAFS and (b)radial distribution funti}ons (not corrected forphaseshift) for
Seaplane Lagoon sediments at 2.5-, 34,5-, and 55-cm depth.
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Figure 18. (a) Zinc XAFS and (b) radial clstribution functions (not mrrected for phase shift) for un-
reacted and leached Seaplane Lagoon sediments showing Zn-sulfide and Zn-oxide components.
Dashed lines are fits to the data.
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Table 4. Dissolved 0,, Mn(ll), Fe(lI), and total 5(–II) concentrations and relative concentrations of
Fe(lll)- and FeS- and elemental S-colloida in the top 5 cm of the push coras collected from the east
outfall location of Seaplane Lagoon on July 10, 1997, November 10, 1997, and April 8, 1998, and
at the West Beach Landtill Wetlands on April 8, 1998.

Table 4-1. Seaplane Lagoon, Core GH-CC-SC2.
Analvzed on July 10, 1997.

)epth
(mm)
_
-10.0

-1.5

-1.0

0.0

1.0

2,0

10.0

120

14.0

16.0

18.0

20.0

220

24.0

28.0

30.0

320

340

36.0

38.0

40,0

42.0

42.0

44.0

44.0

46.0

46.0

9.0

-

(% *—
232.7 9.7

257.3 13.7

238.2 6.7

123.5 8.6

15.8 9.6

;(-11)
w) *—

8.2

45.0

45.0

662

245.5

2.7

5.4

3.4

4.9

18;

q
(.A) i

1.7

2.1

2,5

2.9

33

3.3

4,4

2.8

2.5

3.0

2,8

2.5

2.5

2.5

2.6

2.7

2,6

1.8

0.0

0.0

0.3

0,1

0.4

0.4

0.3

0.0

0.0

0.2

0.3

0.1

0.0

0.4

0,1

0.0

0.2

0.0
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‘able 4

Depth
(mm)_
–10.0

-1.5

-1.0

0.0

1.0

2.0

12.0

14.0

16.0

18.0

20.0

22.0

24.0

26.0

28.0

30.0

32.0

34.0

36.0

38.0

40.0

40,0

42.0

44.0

46.0

48.0

m.o

50.0

Seeplane I

(J% *—
219.1 11.9

214.5 6.3

214.0 7.6

136.3 4.3

47.9 1,2

14.8 5,0

11.6 3.0

13.7 0.0

10.5 0.0

{-CC-SC2.

ce(ll)
w) +—

?S.6 4,2

49.0 2.1

53.5 0.1

48.5 120

48.5 1,7

49.0 2.1

56.5 5,9

53.5 5.1

32.7 4.2

0.0 0.0

0.0 0.0

44.6 16,6

69.4 27.C

79.3 9.1

86.2 29.4

69,4 12s

57.5 W.(

66.4 4.5

alyzed cm .

S203“
w) *—

23.2 0.4

423 15.4

54.2 4.7

6s.4 9.0

773 3.1

793 1.8

92.1 3.5

y13, 1997

S(-11) i
w)—

2.0 0.2

0,0 0.0

6.7 0.8

6.6 1.0

313 8.2

43.7 5.3

51.0 7.2

55,0 6.9

54.3 7.7

56.1 7.4

118.9 8.8

‘e(lll)
(nA) *

1.6 0.3

2.6 0,1

2.3 0.4

2.3 0.3

1.8 0,2

3.0 0.1

3.9 1,1

3.5 0.6

3.7 0.1

3.7 0.2

3.6 0.2

3.0 0.3

2.1 0.3

1.9 0.3

2.4 0.2

3.1 0.2

3.0 0.1

2.5 0,0

2.1 0.1

1.8 0.0

1.7 0,1
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Ible 4

)epth
~

.Ioa.o

-1.5

-0.5

0,0

0.5

1.0

1.5

2.0

2.5

3.5

16.5

17.5

18.5

19.5

20.5

21.5

225

23.5

24.5

25-5

26,5

W.5

28.5

31.5

32.5

32.5

33.5

34.5

35.5
36-5

37.5

385

39.5

39.5

405

41,5

42.5

43,5

44.5

455

46.5

47.5

48.5

49.5

Seaplane I

$) *—
M.3,8 3.0

246.3

227.2

222.9

175.9

124.9

90.8

39.0

25.0

0.0

14.4

2.2

1.1

6.3

4.1

3.2

6.6

3.1

loon, Core

W(n)
(yM) i—

0.0

25.9

303

W.9

272

30-5

23.2
19.7

23.2

7,1

5.6

7.1

5.6

8.1

20.2

19.7

0.0

43

3.8

2.1

O.c

3.5

13.(

5.6

6.i

2.5

42

2.!

4.:

0.[

i-CC-SC5. Analvzed on November 18.1997

Fe(n)
(w) *

0.0

33.9

48.2

77,2

74.9

36.7

.%.4

0.0

0.4

7.9

3.7

0.0

3,7

-
3(-II)
w) *

34.9

42.5

529

67,7

i8.6

85.4

121.9

155.3

1540

S02.8

274.9

331.9
331.9

321.2

3S3.2

349.0

368.2

3.i

2.4

1,$

02

lJ

3.:

9.!

7;

IU

19.’

18.’

4.2

6.:

4.!

4:

379.3 3.!

S&)
i

3.6

7.0

29.6

33.8

38.1

2.5

0.6

0.4

0.9

0.5

—

‘e(lll)
(.A) +

1.7

1,6

0,6

m

—

FeS
(nA) i

—

6.8

9,9

5.3

7.2

6.!

n]

2.;

0.{

—
m. not reported
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Table 4-4. Seaplane Lagoon, Core GH-CC-SC6.
Analvzed on November 19. 1997.

Depth
(mm)_
-5.0

-1.5

-1.0

4.5

0.0

0.5

1.5

2.5

3,5

4.5

5.5

7.5

9.5

11.5

14.5

16.5

20.5

22.5

24.5

26.5

28.5

33.5

36.5

38.5

40.5

42,5

44.5

46.5

48,5

50.5

ag
226.4 3.8

230.0 3.5

227.5 1.2

227.9 5.0

190.2 1.2

1S3.3 5,1

342 3.8

24.8 1.0

25.0 1.2

16.9 2.5

14.5 3.3

0.0

nr. not reported.

Fe(n)
(PW *—

86.2 nr

67.0 nr

543 m

108.6 m

95.8 m

124.5 nr

79.8 nr

73.4 m

79.8 nr

143.7 nr

166.0 nr

137.3 nr

217.1 nr

290.5 nr

325.7 m

344.8 m

Fe(lll)
(.A)

_

2.4

2.6

1.8

2.7

3.1

2,9

3.5

5.6

3.9

4.0
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Table 4-5. Seaplane

lepth
(mm)
_

-330,0

-1.5

-0.5

0.0

0.5

1.0

1.5

2.0

2.5

4.0

8.0

9.5

10.5

11.5

12.5

13.5

14.5

15,5

15.5

16.5

175

18.5

19.5

20.5

21.5

22.5

24.5

265

2e.5

30.5

32.5

33.5

35.5

35.5

36.5

375

38.5

40.5

425

44.5

46.5

43.5

30.5

@%)*
243.4 2.4

212?3

197.2

152.7

en.7

54.2

32.8

13.3

7,3

0.0

5.3

4.1

6.4

5.7

5,6

5.6

2.3

1,9

—

loon, Core GH-CC-SC7. I

Mn(ll)
(wM) +—

0,0

19.5

30.9

47,1

61.1

613

45,8

33,9

44.0

37.9

30.7

35.7

3CL9

25.9

36.5

35.9

44.4

249.8

33,8

54.7

0.8

0.8

3.9

8.4

7.3

9.3

0.6

120

10.5

21.5

26.1

15,2

tle.c
543.2

102.

392

303

Fe(n)
(wM) i

0.0

178.5 40,7

266.2 22.4

279.9 19.6

3c0.3 225

329,3 327

319.5 17.5

305.5 22.0

310.2 16.5

233.5 3,0

288.5 9.0

309,2 9.0

314,8 729

212.0 216;

225.2 21,0

224.7 110:

212,2 1.0

16a.5 122

93.3 20.(

Iyzed on I

mode
3(-II)
(PM) i—

0.0

15.2 3.4

19.5 0.(

27.6 2.?

89,1 0.4
42.6 234

0,0

24.9

44.8

73.4

45.7

.57.7

621

eo.o
122.7

160,8

1.!

8:

0.4

5.(

4.1

1.1

4.(

1.!

2.!

191,0 11:

0,0

5.4
11.1
17.0
17.2
ml
19.3
2U.3
22.1
24.3
20.1
19.2
17.2
13.0
9.6
0.0

2.8

3,4

1.5

5.2

0.3

2.3

0.0

3.5

1.2

1.1

0.6

0.4

1.5

4,6

—
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Geochemical Characterization of Seaplane Lagoon Sediments

Table 4-6. SeerXane Lagoon, Core GH-CC-SC8. Analyzed On
)ril 10

)epth

(mm)
_

47.0

-2.0

–1.0

0.0

1.0

2.0

3.0

4.0

5.0

6,0

7.0

8.0

8.0

9.0

10.0

15.0

16.0

17.0

18.0

19,0

20.0

22.0

24.0

26.0

28.0

30,0

32.0

38,0

40.0

42.0

44.0

46.0

48.0

50.0

‘98.”

02
IIM) i—
:49.5 13.0

20.6 5.2

79.8 15.1

35,8 4.2

10.6 3.2

0.0

!n(ll)
:vM) i—

0.0 0.0

4.4

6.3 3.1

12.8 5.0

15.1 6.3

14.4 4.2

153 3.3

10.0 4.2

4.8 0.9

8,8

4.4 4.2

6.0 3.3

7.3 5.5

10.0 0.0

7.5 0.0

8.2 1.6

8.4 3.9

5.6 0.0

6,9 3.1

5.6 O.c

4.4 0.(

0.0 O.c

‘e(n) *

w)

0.0 0,(

8.8 5.!

16.6 8.’

212 8.’

28.5 5!

32.6 Od

44.5 8.

e(lll)
~nA) +
—

0.0 0.0

2.3 0.5

2.6 0.4

4,4 O.c

6.4 0.2

7.5 I.f

11.4 0.4
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Table 4-7. Seaplane

)epth
~

-ee.o

-2,0

-1,0

0,0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

7.0

8.0

9.0

10.0

11.0

12.0

13.0

14.0

15,0

16.0

17.0

18.0

19,0

20.0

21,0

22.0

23.0

24.0

25.0

26,0

26.0

27.0

28.0

29.0

30.0

31.0

32.0

33.0

34.0

35.0

35.0

36.0

-

h% *
?79.3

182.8

218,2

Z20.6

[44.2

45,4

2.8

0.0

0.0

15.5

8.1

11.4

22.9

19,2

1.2

0.0

dn(ll)
(wM) +
—

0.0

4.4

3.8

6,5

6.0

6.3

6.9

5.2

7.1

7.5

7.8

8.5

8.2

9.1

11.9

13.5

16.5

15.4

11.9

11.0
7.8
6.0
6,3
0.0

0,0

4,4

3.9

6.0

2.8

[1.1

2,2

3.9

3.9

0.0

5s

1.1
4.4
1.1
3.1
1.1
3,3
1.1

O.c

3:

1.1

1.1

0.(

:e(ll)
‘w) *-

loon, Core GH-CC-SC9. Analyzed on

3(-II)
w) *

0.0

28.5

36.5

39.9

35.7

35.0

37.3

35.0

306

26.9

20.7

20.7

20.2

21.8

23.3

34.2

29.5

12.4

11.7

17.1

225

24,1

23.3

21.8

0.0

2.2

2.7

2.2

5.5

2.7

5.5

2,7

9.8

9.8

5.9

8.1

7.8

5.5

0.0

0.0

2.7

11.(

8,2

8.2

5.5

0,0

0.5

0.7

0,9

2.3

5.5

11.0

9.6

8.1

6,6

3.9

3.4

2,6

2.1

8.5

13.7

O,c

0.2

0.1

0.?

0.!

0.1

2.!

43
3,<

2.!

I.!

O.t

0,(

0..
3:

10:

il 10, 1998

e(lll)
(nA) *

0.0

1.9

4.1

4.8

6.2

6.6
5.6

5.8

3.8

3.2

2.5

2.3

3.0

4.9

5.2

4.9

7.5

1,3

0.0

0.0
2.1

1,5

2.1

1.8

0.5

1.3

0.2

0.3

1.0

0.4

0.0

0.5

0.3

1.2

2.3

6.8

1.0

0.0

FeS
(.A) +—

6.0

3.0

6.2

4.1
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‘able 4

Depth
(mm)

37.0

38.0

39.0

39.0

40.0

41.0

42.0

43.0

44.0

45.0

46.0

47,0

48.0

49.0

50.0

(Continue,

@%) i
—

Seaplane L

Mn(ll)
(uM) +

14.8 13,7

27.5 5.9

0.0 0.0

I-CC-SC9.

:J-4;
*-

8.5

7.7

8.3

18.4

34.4

53.7

51.5

49.0

42.1

32.8

21.6

13.7

10.5

12.8

2.6

1,1

1.1

4.8

12.9

5.0

2.8

9.3

6.7

9.2

6.9

4.6

4.8

4.5

16.9

ilyzed on A

‘e(lll)
(nA) *

I 10, 1998,

FeS
(nA) i
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Table 4-8. Landfill W(

Depth
(mm)_
-2.5

–1,5

0.0 -

1,0

2.0

3.5

4.5

5.5

6.5

7.5

8.5

9.5

10.5

11.5

12.5

13.5

14.5

15.5

16.5

17.5

18.5
19.5

2D.5

21.5

22.5

23.5

24.5

25.5

26.5

27S

28.5

29.5

30,5

31.5

325

33.5

34.5

35.5

36.5

37.5

38.5

39.5

(&) *—
276.4 16.2

273.9 39,8

160.1
7.9 1.5
0.0 0.0

rids. Core WI -CC-SC1. Analvzed on /
-
L4n(ll)
w) *

0.0 0.0

1.5

4.8 4.0

6.0

7.0

8.4 16.2

4.2 4.7

6.9 8.9

8.4 5.4

8.1 2.1

9.6 115

8.7 2,3

4.8 2.2

9,1 6.0

8.1 10.7

6.2 2.3

7.2
7.8 9.1

7,2

6,7 17.8

12.5 15.2

33,1

24.7 19,1

W.2 4.7

183 15,2

0.0 0.0

‘e(n)
(PM) +—

0.0 0.0

11,2

26.0 21.2

26.7 22.5

44.8 9.6

43.7 26.1

53,8 3.8

54,7 11.0

49.7 0.5

53.1 24,4

50.5 1.1
54.0 41.5
54.5 18.7
57.3 9.3
56.3 8.0
51,4 113
48.6 26.4
38.5 16.5

448
64.5 4.9
63.3 33.’7
37.1 26.1
0.0

-
3J-I;)

*—

0.0

0,2

0.4

0,3

0.2

0.2

0.5

0.6

1.7

1.6

1.8

3.3

3.8

4.6

5.9

6.4

6.7

6.9

7.1

6,2

5.7

6.9

8.8

10,5

11,8

13.1

13.4

11.9

0.0

0.1
0.1
0.0
0.1
0.2

0.0

0.4

1.0

0.4

0,4

0.4

0.6

0.1

of

0.4

0,1

0,4

02

0.4

0.1

0.(
(Jf

1.[

0.4

O.f

0.1
0<

9, 1998.

e(lll)
(rIA) i—

0.0

0.8

0.5

0.4

0.4

0.7

0.9

1.5

1.4

1.5

1,6

1.6

2.3

1.9

1.9

1.5

2.1

2.0

2.1

2.0

1.8

1.7

1.5

1.5

1.8

1.9

1.6

1.7

1.4

0.9

1,2

0.0

0.0

0.4

0.4

0,2

0.7

0.4

0.0

0.1

0.0

0,2

0.1

0.2

1.2

0.2

0.0

0.4

1.4

0.6

0.5

0.0

0.2

0.4

0.0

0,5

0.4

0.7

0.0
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Table 4-8 (Continued). Landfill Wetland a, Core WI -CC-SCI. Analyzed on
ADril 9. 1998.

-
Depth

(mm)
_

40.5

41.5

41.5

42.5

42.5

43.5

44.5

45.5

47.5

49.5

(La * Mn(ll)

(uM) +

Fe(n)

@M) +
—

S(-11)
w) *—
9.4 1.8

10.3 2.7

11.9 0.6

9.5 0.4

11.3 0.4

13.9 2.5

14.2 0.1

16.9 0.5

15.1 2,0

18.2 0.4

Fe(lll)
(.A) +
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able 4-9. Landfill Wetland a, Core WI -C C-SC2. Analyzed on
wil 9, 1998.

Depth
(mm)
_

-2.0

-1.0

0,0

1.0

2.0

3.0

4.0

5.0

7.0

9.0

11.0

13.0

15.0

17.0

19.0

21.0

23.0

25.0

27.0

29.0

31.0

33.0

35.0

37.0

39.0

41,0

43.0

45.0

47.0

49,0

50.0

& i—
278.8 24.6

263.4 29.5

198.4 35,4

9,6 1.5

0.0 0.0

Jn(ll)
(w) +—
14.9 3.4

16.9 0.0

14.8 1.3

25.1 0.0

20.1 0.9

17.9 1.3

18.2 0.0

14.8 1.3

11,0 1.3

9.1 0.4

7.2 0.4

4.7 0.4

3.1 0.0

3.8 0.0

0,0

s(o)
(.A) i

—
0.6 0.1

0.4

0.0 0.0

S(-11)
w) *

0.0 0.0

0.5 0.3

0.4 0.2

0.5 0.2

0.7 0.6

0,7 0.4

3.1 I .0

5.4 1.0

3.5 2.3

1.7 0.9

2.2 0.8

4.8 1,0

16.9 2.3

20.9 0.3

22.7 0.5

21.7 0.5

18.0 0.4

23.4 1.0

Y.3 19.6

92.0

76,0 31.9

64.0 14.7

59.9 12,8

55.4 9.2

66.4 3,5

60.4 11.1

n.2 23.0
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Geochemical Characterization of Seaplane Lagoon Sediments

Table 5. Porewater trace- and major-elements extracted from Seaplane Lagoon core GH-CC-SC4
on July 10, 1998. Celcium, iron, potassium, magnesium, manganese, sodium, and silica were
measured by ICP-AES. Aluminum, cadmium, chromium, copper, iron, lead, manganese, nickel,
and zinc were measured by ICP-MS. Uncertainty for potassium waa not reported.

,m

L
GH-CC-SC4-2ME

GH-CC-SC43ME

GH-CC-SC4-4ME

GHCC-SC4-5ME

GH-CC-SC4-6ME

GH-CC-SC4-7ME

GHCC-SC44ME

GH-CC-SC4-9ME

GH-CC-SC4-1OMI

GH.CC-SC4-llMI

GH<C-SC4-12MI

4.5

7.5

10.5

13.5

16.5

19.5

225

255

28.5

31,5

34.5
—

(p~m) *—
327.0 1,1

3545

349.5

388,3

3%.4

4G9.8

43C2

444.4

437.8

434.1

435.6

427.4

0.5
1.6
1.0
1.3
2.3
1.5
2.4
1.1
1.7
3.C
1.5

—

(p~m) *—
220 O.LK

o.m O.K

<0.2
<0.2
<0.2

4.2
<0,2
0.69 O.(X
CU.2
<0.2
<0.2
<0.2

3;ppm)

h

345.9

373.7

397.9

434.8

473.6

4W.8

495.8

%e.3

461.1

5294

3(%%*
1016.8 1.8~

1132.9 2.0

1192.4 2.3

1367.9 3.4

1413.8 4.4

1492.6 3.4

1545.6 5.4

1619.8 5.5

16044 3.7

1632.6 3.9

1638.8 29

1639.8 4.6

m

ppm) *—
0.366 O.CU

0.195 0.00:

0.182 O,LW

0.275 0.CCt

0,375 O.m

0.431 0.!33

0.271 O.(W

0.173 0.03

<0.1

<0,1

<0.1

(p~m) *
!

7869.0 15.0

343e.o 20.3

S601.8 33.5

9538.7 22.9

98027 37.3

104225 1563

108S5.5 %.6

11520.6 78.3

11421.2 65.1

11724.8 29.3

11777.1 29.4

<0.1 11766.6 94.1

.s

(mm) *—
14.38 0.lY

20.90 O.w

22.39 O.m

231M O.ix

21.25 0.ol

20.88 O.w

21.33 O.W

21.40 O.m

21.57 O.CC

21.15 O.IX

21.65 O.lx

21.89 O.M

ICP-MS

Depth Al
Ssmple ID (cm) (ppb) * (:P%) * (p%b) + (p~b) * (;P:) * (!PI) * (p~b) *

GH-CC-SC4-lTE 1.5 2.4 0.2 0.19 0.02 053 0.06 0.52 0.09 3m 62 395 4.0 Z.ce 0.24

GH-CC-SC4-2TE 4.5 6.2 0.1 0.14 0.02 1.89 0.23 0.46 0.08 1400 70 16s 1.7 1.% 0.17

GH<C-SC4-3TE

GH-CC-SC44TE

GH-CC-SC4-5TE

GH-CC-SC4-6TE

GH.CC-SC4-~

GH-CC-SC4-8TE

GH-CC-X4-9TE

GHJ2C-SC4-1OTI

GHJ2C-SC411T1

~GHzc-*4-12Tl

7.5

10.5

13.5

16.5

19.5

22.5

255

28,5

31.5

34.5

2.6 0.1

6.6 0.1

2.2 0.1

3.8 0.3

5.3 0.2

3.5 0,2

8.2 0.3

38.4 0.8

4.4 0.2

8.3 0.2

0.80 0.10

0.12 0.01

0.20 0.02

0.08 0.01

0.12 0.01

0,25 0.03
<0.06
0.29 0.03
0,24 0.03
0.63 0.08

2?.5 0.28 0.35 0.06 1W2
2s0 0.34 0.55 0.09 Km
291 0.35 0.92 0.16 c110
4.19 0.5a Ice 0.17 <110
5.40 0.65 0.76 0.13 <110
5.74 0.69 2.67 0.45 <110
6.04 0.72 1.97 0.33 <110
751 0.90 1.08 0.18 <110
9.61 1.15 0.69 0.12 <110

15.381.85 0.94 0.16 <110

:P-MS (Continued

Ssmple ID

GH-CC-SC&lTE

L
GH-CC-SC4-2TE

GH-CC-SC4-3TE

GH-CC-SC44TE

GH-CC-$J24-5TE

GH-CC-SC4-6TE

GH-CC-SC4-7TE

GH-CC-SC48TE

GH-CC-SC4-9TE

GH-CC-SC4-30TE

GH.CC.SC4-l ITE

GHIC-?C4-12TE

—
)epth
(cm)
-

1.5

4.5

7.5

10.5

13.5

16.5

19.5

22.5

255

2&5

31.5

34.5
—

Pb
ppb) i
—
0.19 0.02

0.43 0.05

0.30 0.04

0.46 O.ffi

0.34 0.05

0.s6 0.30

1,06 0.13

1.05 0.13

0.67 0.08

1,58 0.19

I.ffi 0.20

4.07 0.49

Zn
ppb) ~
—
4,32 0.70

4.CQ o.4a

2.82 0.48

3.21 0,55

5.61 0.95

6.83 1.16

7.% 1.25

9.45 1.61

6.28 1.07

5.04 0.86

6.62? 1.37

8.64 1.47

70

25

—L
175 3.5 1.34 0.16

263 5.3 1.37 0.16

462 9.2 1.25 0.15

536 10.7 1.23 0.15

304 3.0 1.18 0.14

188 1.9 1.19 0.14

52 0.5 4.2

10 0.3 1.20 0.14

2 0.1 I.lw 0.12

<1 0.97 0.12
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Table 6. Porewater mncentrations of HS-, S0,2-, SOS-, total cation (TC), total in0r9anic
carbon (TIC), and total organic carbon (TOC) Cl- and PH from Seaplane Lagoon cores
ollected on July 10, 1998.

:ore GH-CC-SC2

Depth
(cm) (rpsm) (%% (:%)

Depth TC TIC
Sample ID

TOC
Sample 10 (cm) (ppm) (ppm) (ppm)

GH-CC-SC2-OS S4s 118 294 GH-CC-SC24 c NA NA NA

GH-CC-3C2-1 S

GH-CC-SC2-2 s

GH-CC-SC2-3 S

GHCC-SC2-4 s

GH-CC-SC2-S s

GH-CC-SC2-6 s

GH-CC-SC2-7 S

GH-CC-SC2-8 S

GH-CC-SC2-9 S

1.5 369 1G9 236

4.5 977 163 322

7.5 S16 99 195

10.s 907 110 2W

13.5 736 101 216

16.5 346 9U 202

19.5 782 79 147

22.5 339 S5 205

25.5 S36 1C6 241

Core GH-CC-SC4

Depth H5- >

Sample ID (cm) (ppm) (%m) (~%

GH<C-SC4-1 S 1.5 2593 119 204
GH<C-SC4-2 s 4.5 93s 115 211
GH<C-SC4-3S 7.5 973 240 Ss4
GH-CC-SC&4S 10.5 1024 191 356
GH-CC-SC4-5S 13.5 1053 135 204
GH-CC-SC4-6S 16.S 1207 316 575
GH<C-SC4-SS 19.5 1196 316 734
GH<C-SC4-7S 225 1274 208 215
GH<C-SC4-9S 25.5 1242 248 163
GH<C-SC4-1OS 2s5 1242 315 433
GH-CC-SC4-llS 31.s 1438 191 10s
GHCC-SC4-12S 34.s 1398 194 162

GH-CC-SC2-lC

GH-CC-SC2-2C

GH-CC-SC2-3C

GH-CC-SC24 C

GH.CC-SC2-5C

GH-CC-SC2-6C

GH-CC-SC2-7C

GH-CC-SC2-SC

GH-CC-SC2-9C

1.5

4.5

7.5

10.5

13.5

16.5

19.5

225

25.5

NA NA NA

30 <14

95 36 <14

100 34 18

123 119 17

147 161 <14

182 NA NA

230 250 <14

259 NA NA

cl-

G:%:::LI :: :

GH-CC-SC4-CL2 17.9 7.S2

GH-CC-SC4-C13 %.7 8.ffi

GH-CC-SC4-CL4 20.2 8.W

GHCC-SC4-CU 21.7 7.74

GHJ2C-?C4-CL6 21.6 7.33

GH-CC-SC4-CL7 24.7 7.4s

GH-CC-SC4CL3 25.2 7.75

GH-CC-SC4-CL9 255 7.54

GH-CC-SCKLIO 26.1 7.33
GH-CC-SC4CL11 26,0 7.76
GH<C-SC4-CL12 27.5 7.39
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Table 7. Porewater water chemistry from Seaplane Lagoon, Alameda NAS compared with sulfide,
carbonate, oxide, hydroxide, and silicate minerals reported as the saturation index at 25” C (log S/).
Calculations used trace and major elements; sulfide and sulfate are from core GH-CC-SC4, and
total inorganic carbon is from core GH-CC-SC2.

;ulfides

Depth Cus CuFeS~ Fe.% FeS MnS NiS

Sample ID

PbS ZnS

(cm) CdS CrS Cevalfit. ChSWE P@e PWWW A!atw&5 htilkrite &3&8 S@+M

GH-CC-3C4-1 1.5 10.6 -10.8 9.0 19.7 14.4 4.6 0.5 5.9 10.4 9.5

GH-CC-5C4-2 4.5 10.1 -10.7 8.4 17.7 12,5 3.3 -!3.1 5,5 10.4 9.2

GH-CC-SC4-3 7.5 12,5 -10.3 8.3 0.5 6.1 10.7 9.6

GH<C-SC44 10.5 10,6 -10.4 8.3 0.7 6.2 10.7 9.7

GH-CC-SC4-5 13.5 10.5 -10.4 8.5 0.6 5.8 10.3 9.6

GH-CC-SC4-6 16.5 10.2 –10.2 8.6 0.8 5.9 10,7 9.8

GH-CC-SC4-7 19.5 10.2 -10.1 5.4 0.4 5.7 10.2 9.7

GH-CC-3C4+3 22.5 10.6 -10.0 5.9 0.2 5,8 10.6 9.8

GH-CC-SC4-9 25.5 -10.1 S.8 -0.5 10.2 9.5

GH-CC-SC4-1O 28.5 10,1 -10.0 5.5 -1.5 5.3 10.5 9.1

GH-CC-SC4-11 31.5 10.6 -9.7 5.3 -1.7 5.s 10.7 9.7

GH-CC-SC4-12 34.5 10.6 -9.6 5.5 5.4 10.9 9.4

;arbonates

Depth CaCOq CdCO~ CuzCO~(OH)Z FeCO, MnC03 PbCOs ZnC03
Sample ID (cm) Calcite OtaMtO Maladlii S&ire Rtcdmhm$its NiC03 Gafussite SmiOnonile

GH-CC-SC4-1 1.5 -1,1 -6.0 -27.3 -1.4 -2.2 4.1 -3.7 4,7

GH-CC-SC4-2

GH-CC-SC4-3

GH<C-SC44

GHCC-SC4-5

GH-CC-SC44

GH-CC-SC4-7

GH-CC-SC4-S

GH-CC-SC4-9

GH-CC-SC4-1O

GH-CC-SC4-11

C.w.r’c.cr’..l 7

4,5 4.7

7.5 0,4

10.5 0.9

13.5 0.8

16.5 1.0

19.5 1.0

22.5 1.1

25.5 1.0

2S.5 0.9

31.5 1.5

UK In

-5.9

-3.1

4.5

4.4

-4.6

-4.5

-4.1

-4.3

-s9

-7 R

-27.4

-26.7

-26.1

-23.s

-23.6

-23.9

-24.9

-23.2

-23.8

-26.0

.?s.9

-2,1 -2.2

-1.1

-0.5

0.0

4.1

-0,4

-0.5

-1.1

-2.0

-2.3

-7.9

-6.s

4.4

-6.5

-5.3

4.4

4.2

-6.5

4.1

4.5

-3.1 -4.6

-2.4 -3.7

-2.0 -3.2

-2.1 –3.0

-1.7 -2.7

-1,6 -2.8

-1.6 -2.6

–1.8 -2.s

-1.5 -3.1

-1.3 -2.5

-1.0 –2.7
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Table 7 (Continued). Porewater water chemistry from Seaplane Lagoon, Alameda NAS compared
with sulfide, carbonate, oxide, hydroxide, and silicate minerals reported es the saturation index
at 25° C (log S1). Calculations used trace and major elements; sulfide and sulfate are from core
GH-CC-SC4, and total inorganic carbon is from core GH-CC-SC2.

Oxides/Hydroxides

Depth AI(OH)3 Cr.20s Cuo FaOOH
Sample ID (cm) Gitke.it.g cd(OH)2 ESIZ+4i Termite Fe(OH)~ ~~ Ni(OH)z Mn(OHk p-Zn(OHk

GH.CC-SC4-1 1.5 0.5 -10.3 10.0 -12.7 -42 4,9 -6.1 -6.4 –5.1

GH-CC-3C4-2 4.5 0.s -10.2 11.5 -12.8 -5.0 -1.6 -5.9 4.4 4.8

GH-CC-SC4-3 7.5 4,1 -7.4 12,5 -12.4 -4.9 -5,4 -’LO

GH-CC-3C44 10.5 0.2 -9.2 12.7 -12.4 4.s -5.2 -3.9

GH-CC-SC4-5 13.5 0.1 -9.7 12.2 -12.5 -5.6 -5.7 4.3

GH<C-SC44 16.5 0.2 -10.0 12.7 -12.4 –5.4 -5.5 4.1

GH<C-SC4-7 19.5 0.5 -10.1 12.7 -12.7 -5.7 -6.0 4.4

GH-cc-sC4-e 225 0.3 +.7 12.8 -12.2 -5.6 4.0 4.2

GH.CC.X4-9 2S5 0.8 12.5 -12.5 -7.0 -4.7

GH-CC-SC4-1O 28.5 1.7 -10.4 12.3 -12.9 -6.4 -s1 -5.2

GHJ2C-SC4-11 31.5 0.4 -9.7 13.3 -12.8 -5.6 -s1 4.3

GH-CC-SC4-12 34.5 1.0 -10.0 13.0 -13.0 4.4 -4.9

$iIicstas

Depth SiOz aioz Mg3AlAfi~hl~OH),
Sample ID (cm) Quartz p-Cristialiie

GH-CC-Y24-1 1.5 0.7 4.3 0.0

GH-CC-SC4-2

GH-CC-SC4-3

GH-CC-5C4-4

GH-CC-SC4-5

GH-CC-SC44

GH-CC-SC4-7

GH<C-SC4-8

GH-CC-SC4-9

GH-CC-SC4-1O

GH-CC-SC4-11
cwcr.cr,t.l 7

4.5 0.9 4.1

7.5 0.s 4.2

10.5 0.9 4.2

13.5 0.8 -0.2

16.5 0,8 -0.2

19.5 0.8 -0.1

22.5 0.s -0.2

2S5 0.9 4.3

28.5 0.9 4.3

31.5 0.8 -0.1

?.!s 0.9 4.1

2,8

6.4

7.7

4.0

5.2

9.4

4.7

3.9

3.5

4.9

2.6
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Table 8. Results of Ieachina experiments with sediment GH-CC-SC4-I 1 (runs A, B, C, and blank) as
dissolved trace-metal con~ent;etions.

‘able 84. C

Sample ID
—
SC4-11-A-1

924-11-A-2

SC4-11-A-3

SC4-11-A-4

SC4-11-A-5

SC4-11-A-6

SC4-11-A-7

SC4-1l-A-8

SC4-11-A-9

SC4-11-A-1O

SC4-11-A-11

X4-11-A-12

SC4-11 -A-13

SC4-21 -A-14

SC4-11-A-15

X4-11-A-16

SC4-11 -A-17

SC4-11 -A-18

SC4-1 l-A-19

SC4-11 -A-20

rable 8-2. I

Sample ID
—
SC4-11 -B-1

SC4-1 1-B-2

SC4-11 -B-3

SC4-1 1-B-4

SC4-11 -B-5

SC4-11 -B-6

5C4-1 l-B-7

SC4-1 1-B-8

SC4-21 -B-9

SC4-11-B-30

SC4-11 -B-11

SC4-11 -B-12

x4-11-a-13

SC4-11 -B-14

SC4-11 -B-15

SC4-11 -B-16

SC4-11 -B-37

SC4-11 -B-18

SC4-11 -B-19

SC4-1 1-B-20

‘e G}

R-i-
iays)
-
0.47

1.42

2.35

3.34

4.41

5.42

6.39

7.37

11.36

14.19

18.43

21.23

23.72

33.36

39.91

47.75

54.75

62.91

76.%

91.41
—

2C-SC4

‘Icw rate
(g/day)
_

a

41.92

42.65

42.97

43.47

43.5a

43.91

43.75

44.64

45.04

45,31

43.s3

46.56

46.91

47.81

41.16

4460

4430

48.08

47.53

)re GH-CC-S~

Time
days
.
0.47

1.42

2.35

3.34

4.41

5.42

6.39

7.37

11.36

14.19

18.4s

21,23

25.72

33.8t

39.91

47.7?

54.75

62.91

76.%

91.41

Flow rate
(g/day)

—
a

41.52

42.12

42.59

43.10

a

43.73

43.34

44.77

45.36

4.S43

46.81

47.68

43.92

93.83

41.34

44.49

44.76

42.20

49.85

l-A.—

PH
-
8,01

7.78

7.81

7.82

7.87

7.87

7.83

7.81

7.93

7.82

7.82

7.s4

7.77

7.32

7.87

8.05

7.s1

7.85

7.87

7.94
—

(~b) i
—
0.78 0.02

2.12 0.03

3.95 0.05

6.5C 0.C9

tn.

mm

11.20 0.14

ram

16.14 0.Z5

13.74 0.31

12.77 0.16

11.54 O.C-!

10.92 0.13

9.45 0.21

. .

mm

10.11 0.23

6.93 0.14

2.B1 0.C4

1.34 0.10

I l-B.

x
7.98 0.42 0.02
7.8s In.

7.32 4.89 0.05

7.36 9.71 0.11

7.84 . .

7.34 mm

7.34 11.59 0.13
7.84 12.32 0.42

7.93 18.20 0.18

7.79 19.87 0.35

7.s4! 21.20 0.24

7.W 23.01 0.0$
7.52 18.43 0.2$
7.81 14.20 1.41
7.86 8.27 0.0$

7.36 7.42 1.?s
7.79 7.74 O.zf

7.30 6.70 0.74

7.87 3.49 O.w

7.87 15.24 0.2$

Cr
ppb) ~
—
0.75 0.s1

0.44 0,24

0.24 0.13

0.31 0.11

. .

mm

0.22 0,31

l!ara

0.32 0.05

0.28 0.B4

0.31 0.36

0.26 0.10

0.39 0.28

0.41 0.05

mm

0.38 0.09

0.44 0.11

0.41 0.15

0.41 0.23

0.36 0.21

Cr
ppb) t
-
mint

mm

ldld

0.32 0.113

. .

mm

0.37 0.114

0,28 0.074

0.26 0.033

0.37 0.04!

0.33 0.0s7

0.45 0.096

0.33 0.276

0.38 0.050

0.37 0.045

0.42 0.087

0.40 0.111

0.44 0.14$

0.34 0.134

0.46 0,214

Cu
ppb) +
—
3.82 0.11

1,29 0.10

1.34 0.B4

1.47 0.B5

. .

. .

1.85 0.13

*.

2.66 0.10

2.63 0.12

2.64 0.07

2.34 0.07

3.31 0.04

2.43 0.08

. .

1,99 0.08

2.9a 0.09

2.39 0.06

1.77 0.04

1,30 0.01

Cu
ppb) *
—
0,91 0.04

. .

1.C6 0.L?4

1.41 0.09

ram

. .

2.07 0.06

1.85 0.12

2.57 0.12

2.85 0.12

3.01 0.07

2.% 0.11

2.s4 0.11

2.46 0.10

3.31 0.07

2.35 0.06

2.61 0.31

2.49 0.08

2.08 o.ffi

1,84 0.03

Ni I Pb
ppb) + (ppb) i

2.98 0.08 I 1,26 0.01

2.20 0.03 1.92 0.B2

1,79 0.03 2.67 0.03

1.42 0.B4 2.98 0.01

.* mna

. . mm

1.55 0.03 2.84 0.01

m. mm

2.18 O,CA 2.82 0.03

1.92 0.02 2.65 0.01

1.92 0.04 2.51 0.03

I.m 0.03 2.50 0.01

2.03 0.02 3.01 0.01

2.00 0.04 2.32 0.05

. . ma.

2.21 0.30 2.X 0.21

2.10 0.07 3.33 0.01

1.76 0.01 2.21 0.06

1.16 0.03 1.38 0.02

0.88 0.02 1.02 0.0!

DNi
ppb) +

1

1.26 0.04

. .

1.S4 0.05

2.21 0.04

m..

. .

1.45 o,m

Idld

2.04 0.03

2.12 0.07

2.25 0.04

2.22 0.04

2.17 0.C4

1.85 0.04

1.61 0.01

1.84 0.13

1.70 0.05

1.46 0,05

1.10 0.C4

4.16 0.05

Pb
]pb) *
—
1.&3 0,05

. .

3.51 0.03

3,87 0.04

ram

mm

3.03 0.02

2.54 0.08

3.69 0.o4

3.72 0.05

3.61 0.04

3,3a 0.04

2.99 0.06

3.G9 0.29

2.62 0.07

3.31 0.35

3.6$ 0,10

3.36 0.23

2.57 0.C6

2.62 0.21

Zn

(wb) *—
16.45 0.37

11.39 0.10

16.59 0.24

17.55 0.23

. .

. .

17.36 0.37

m.

23.43 0.16

22.48 0.43

18.8$ 0.14

17.41 0.24

18.63 0.24

12.82 0.2C

mm

. .

~

18.08 0.41

11.91 O.z

7.58 0,06

ku?2
q
ppb) *
—

6.88 0.25

mm

13.64 0.16

17.59 0.26

. .

.na

19.62 0.33

19.94 I.ffi

23.71 0.23

24.53 0.16

24.59 0.17

22.65 0,18

19.27 0.32

22.52 3.77

15.25 0.25

. .

19.64 1.02

15.42 2.17

8.68 0.12

13.79 0.36

‘ F30w rate not recorded.
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Table 8-3. Core GH-CC-SC4-1 l-C.

Sample ID
—
3C4-11 -C-1

SC4-11 <-2

3C4-21 -C-3

3C4-1 1-C-4

%4-11 <-5

SC4-11 -C-6

SC4-11 <-7

3C4-1M2-8

5C4-11 -C-9

SC4-11-C-1O

3C4-11-C-11

3c4-1 1-C-12

5c4-11 -c-13

X24-11-C-14

5C4-11-C-15

3C4-11-C-16

3c&11-c-17

3C4-11 <-18

X4-II-C-19

G
days

G

1.42

2.35

3.34

4.41

5.42

6,39

7.37

11.34

14.19

18.42

21.22

25.72

33.%

39.91

47.75

54.7E

62.91

76.X
—

rable 8-4. Blank

;ample ID
—

B-1

B-2

B-3

B-4

B-5

B-6

B-7

B-8

B-9

B-IO

B-11

B-12

B-13

B-14

B-15

B-16

e-17

B-18

B-19

B-20

ii-e
jays.
0.47

1.42

2.35

3.34

4.41

5.42

6.39

7.37

1126

14.19

18.43

21.23

25.72

33.86

39.91

47.75

54.75

62.91

76.%

91.41
—

Iw rate

;glday)
_

a

41.64

42.49

43.00

43.67

43.e4

44.19

44.33

4S.42

4.$02

47.27

47.04

48.10

543.5$

34.43

39.49

43.85

4658

51.01

low rate
[g/day)

a

4024

41.16

41.55

42.10

a

42.87

42.96

44.27

44.61

45.33

45.53

46.33

47.11

49.35

39.18

41.97

43.29

46.33

49.13

—

PH
-
7.96

7.66

7.e4

7.3s

7.83

7.86

7,84

7.36

7.91

7,83

7.3U

7.74

7.81

7.86

7.85

7.89

7.87

7.83

7.88
—

—

PH
.
8.01

8.04

8.02

8

8.02

7.97

7.%

8.1

7.96

8

7.94

8

7.9

7.92

7.92

7.87

7.89

8.06

8

7.92
—

cd
ppb) +
—
0.52 0.01

1.15 0.01

2.50 O.cm

4.35 0.02

mm

14.59 0.20

16.04 0.C6

15.70 0.07

2354 0,21

22.85 0.24

19.52 0.17

19.52 0.10

23.94 3.95

13.77 0.26

10.33 1.13

mm

10.53 0.21

3.61 0.07

1.59 0.28

Cd
ppb) +
—
3.62 0.020

1.20 0.W13

).19 0.023

D.22 0.002

0.14 o.m13

0.13 o.@35

0.10 o.@34

0.12 O.MM

0.10 0.005

0.13 O.mlz

0.11 0.1332

0.20 0.1137

0,10 0.014

* O.000

m O.coo

0.11 0.017

0.11 0.017

0.10 0.014

0.11 0.016

0.09 0.IM2

Cr
opb) +

1.04 0.51

0.30 0.24

0.34 0.13

0.32 0.11

. .

0.45 0.07

0.29 0.11

0.27 0.07

0.23 0.05

0.39 0.04

0.29 0.c6

0.26 0.10

Id 0.28

0.41 0.05

0.43 0.04

0.51 0.09

0.40 0.11

0.57 0.15

0.38 0.13

JCr
,pb) *

1

3.4 0.510

0.3 0.244

0.5 0.130

0.2 0.113

0.3 0.173

0.3 0.069

d 0.114

0.2 0.074

0.3 0.053

0.3 0.045

0,2 0.037

0.9 0.W6

d 0.276

0.1 0.050

0.1 0.045

id 0.13S7

0.2 0.212

0.2 0.148

0.2 0.134

0.2 0.214

Cu
‘ppb) +
-
13.71 0.26

2.09 0.10

2.07 0.06

2.02 0.07

M.

1.38 0.07

1.34 0.05

1.54 O.CLI

2.05 0.12

2.43 0.15

2.ec 0.19

2.97 0.06

5.95 0.22

3.73 0.14

2.37 O.ffi

4.10 0.19

3.54 0.11

3.69 0.10

2.17 0.05

2U
lpb) +
—
2.6 0.048

1.6 0.026

1.1 0.047

0.9 0.034

0.9 0.020

0.6 0.044

0.5 0,025

0.5 0.029

0.4 0.037

0,5 0.030

0.5 0.015

0.8 0.035

0.5 0.022

0.4 0.030

0.4 0.029

0.4 0.017

0.4 0.030

0.4 0.016

0,4 0.025

0.6 0.015

Ni
ppb) *—
4,96 0,12

1,97 0.06

1,65 0.03

1.49 0.05

. .

1.17 0.03

1.67 0.06

m.

2.3U 0.03

2.33 0.08

2.21 0.02

. .

2.07 0.31

2.08 0.03

. .

. .

2.57 0.09

1.76 0.04

1.13 0.30

Pb
ppb) *—
2.13 0.02

1.% O.co

2.21 0.02

2.06 0.01

mm

3.97 0.03

4.09 0.04

3.63 0.04

6.34 0.05

4.73 0,%

6.32 0.07

4.28 0.03

3.94 0.41

4.41 0.04

2.97 0.23

4.26 0,54

4.39 0.15

5.19 0.04

3.37 0.40

Zn
{ppb) +
—
22.43 0.31

10.96 0.15

13.31 0.13

12.71 0.13

. .

21.49 0.36

21.71 0,13

2T165 0,23

29.34 0,33

31.06 0.37

B,26 0.36

2536 0.IY3

mm

21.81 0.11

13.s8 2.22

. .

29.81 0.57

24.20 0.26

12.89 3.22

Ni Pb Zn
>pb) * (ppb) * (ppb) *

3.7 0.207 0.30 0.010 20.1 1.25
0.9

0.7

0.7

0.7

0.7

0.5

0.7

0.9

0.9

0.9

1.3

1.0

0.9

m

In

1.0

1,0

1.1

0.9

0.020 0.12 O.om. 6.1

0.023 0.09 0.002 4.5

0.015 0.08 0.C02 4.4

0.026 0.07 0.002 3.8

0.039 0.05 0.001 2.9

0.031 0.04 O.col 2.7

0.023 0.06 O.cml 3.3

0.032 0.04 O.OQ1 2.4

0.028 0.04 0.001 2.7

0.017 0.03 0.ool 2.4

0.033 0.04 0.IY31 3.0

0.075 d. 2.5

0.352 d. 2.1

O.cw Idm .

O.ccm M O.m .

0.108 0.03 0.002 3.1

0.092 Idln M

0s?64 d. 3.5

0.029 0.01 0.0V3 3.5

0.15

0.06

0.10

0.06

0.07

0.04

0.04

0.04

0.02

0.03

0.04

0.39

0.37

O.co

0.00

0.45

0.00

0.65

0.11

Now rate not recorded nd . not detected; na . not analyzed.
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Table 9. Bulk sediment chemistry from Seaplane Lagoon cores GH-CC-C1, GH-CC-C2, GH-CC-C3,
GH-CC-SC2, GH-CC-SC3, and GH-CC-SC4; reported as the average (+ uncertainty) of 2-4 replicate
analyses multiplied by 1.47 to correct for solution viscosity. If no uncertainty is reported, then repli-
cate analyses were not made. Mercury analyses were made by cold vapor extraction of a separate
fraction of the sediment sample and did not require a viscosity correction.

Table 9-1. Core GH-CC-CI.

=

I
GH-CC<l-1 75.0
GH-CC-CI-2 55.0
GH-CC-C1-3 40.0
GH-CC-CI-4 20.0
GH-CC-C1-5 20.0
GH-CC<l-6 13.5
GH-CC-C1-7 10.5
GH-CC-C1-8 7.5
GH-CC<l-9 4.5
3H-CC<l-10 1.5

43
ppm) +
—

<3

44.6 &5

3.9 2.6

<3

<3

<3

<3

<3

<3

<3

Al
:ppm) *
—
34637 4445

31975 3340

41841 5212

446465248

46458 4773

4S?44 4849

47775 4131

43511 6381

43245 4623

47045 6121

~
GH-CC{l-11 75.0 I 46131 4095

4
GH-CC-C1-2 55.0 43393

GH-CCJC1-3 4L.O 51589

GH-CC-C1-4 30.0 34134

GH-CCZ1-5 20.0 55136

GH-CCK1-6 13.5 57634

GH-CC-C1-7 10.5 56%4

GH-CC-C1-8 7.5 55796

GH-CC-C1-9 4.5 54732

GH-CC-C1-1O 1.5 57539

3390

4038

4305

29%

3507

2514

4057

2973

4461

Sample ID
—
GH12C-C1-1
GH-CC-CI-2
GH-CC-C1-3

GHZC-C1-4

GH<C-C1-5

GH-CC421-f

GH-CC-C1-7

GH-CC-C1-8

GH-CC-C1-9

GH-CC-C1-11

~
_

75.0

55.0

40.0

200

20.0

13.5

10.5

7.5

4.5

1,5

s?
:ppm) *_
105 40

112 62

140 %

132 48

116 67

136 57

101 n

131 47

134 51

236 51’

M
:ppm) *
—
0.5 0.03

1.8 0.10

1.6 0.0$

2.4 0.13

1.6 0.09

1.2 0.07

1.1 O.ffi

1.1 0.C6

1.2 0.07

1.3 0.07

(p% *—
228 72

245 45

216 30

211 71

25062

242 79

240 78

205 59

215 76

202 63

z-
ppm)
-
<36
<36

<36

<36

-=36

<24

<36

d6

<36

46
—

=

1
163 15 9461 345

127 26 21925 6X

106 29 84S0 23!

16J2 23 8949 3%

167 19 3S11 191

135 30 8930 15?

120 30 8a37 201

156 37 10338 3X

131 36 9402 2M

104 27 9213 W

u
:ppm) *
_
264 2.6

30.4 3.0

37.9 3.3

41.0 4.2

41.6 1.8

444 0.9

43.3 1.2

40.9 0.2

41.7 1.5

34.4 0.9

(Yin) i

%73 2943

12234

13234

13216

13187

13s56

13726

14220

13871

13360

3432

3774

4235

38m

3737

4693

3936

45W
—

(P%) *—
1.4 0.2

1222.0 51.9

71.9 3.8

293 1.0

29.8 1.7

20.4 0.9

15.1 0.5

13.7 1.0

11.3 1.7

15.4 1.4

FGpi
21,5 1.8 159 9

1
18.9 0.8 1726 93

26.9 1.2 470 26

34.0 2.1 424 25

28.1 2.0 346 4

26.9 1.2 300 11

24.9 1.6 271 11

24.8 1.4 262 12

26.6 1.5 259 16

26.3 2.0 264 9

m
952 51 I 123.7 6.6

L
402 18 113.1 5.2

398 20 133.9 9.2

427 23 153.0 4.6

479 6 145.4 4.7

508 19 145.1 3.4

508 17 1442 2.6

505 25 1402 9.6

478 29 133.0 0.6

430 23 130.8 10.:

w
>pm) *
—
57 24

1396 135

645 69

475 53

347 55

241 27

195 24

1s5 37

188 21

206 45

p~m) * (p~m) * (Pi) * (p;m) * (P%) *

96.1 3.9 45.2 6.4 2179 313 134.0 6.2 108 14

155.3 5.6 40.8 6.0 2255 332 14L.4 6.3 574 61

S6.8 3.5 344 8.7 2608 389 173.9 8.9 373 42

87.5 3.8 5&4 7.7 2626 362 181,6 10.9 399 43

89.2 1.3 581 14.9 2753 297 171.9 Z7 34443

85,3 3.0 59.3 8.5 2835 33S 175.8 7.9 313 33

832 2.7 53.7 3.8 2775 312 171.9 7.3 282 27

89.4 4.3 37.2 11.9 2837 479 lffi.5 6.1 23044

8S2 4.9 60.1 10.2 2320 400 1661 9.7 235 31

343 8.3 56.9 13.9 2820 276 157.8 5.6 295 51

(P%)*—
39.6 3.9

232.0 8.1

1645 7.3

177.1 5.5

15L.4 3.8

137.2 3.3

118.4 6.9

116.0 6.0

115.8 6.6

123.1 10.2

4s
[ppm) *

3944 81

J
4774 475

4546 59

4739 479

47s5 46

Wo4 397

4399 1s9

4702

43%
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Table 9-2. Core GH-CC-C2

+

Samp4eID

GH-CC-C2-1

L
GH-ccr2-2

GH-CCZ2-3

GH-CCJ22-4

GHCC-C2-5

GH-CC-C24

GHKCK2-?

GH<C-C2-8

GH-CCC2-9

GH<C-C2-11

[

Samp4e ID

GH-CC<2-1

GH-CCC2-2

GH-CC-C2-3

GH-CC-C24

GH-CC<2-5

GH-CC<24

GH-CC-C2-7

GH-cc<2-f

GH-CC-C2-5

GH-CC-C2-11

4.5

7,5

10.5

13.5

20.0

30.0

40.0

35.0

Z5.o—

~

-
1.5
4.5
7.5
10.5
13.5
20.0

30.0
40.0

5S0
7S0—

h
ppm) *

<3
<3

..<3
5.9 3.3
<3
C5
3.7 3.0
9.2 4.5
17.8 4.3
4 L

43771 4473 <36

43772 61S3 <36

449S4 6170 <36

46145 6547 <36

4S379 6929 <36

44990 tG% <36

3~ 4862 <36

33388 4301 <36

31134 3710 46

(Pm) *—
513+?s 4599

51725 5988

52575 5433

533s3 5140

53297 5437

55273 5547

51980 4955

49204 4875

46153 4218

23337 1613

z
GH-CC-C2-I [ 1,5

L
GH-CCC2-2 4.5
GH-CC-C2-3 7.5

GH-CC-C2-4 10.3
GH-CC<2-5 13.5
GH-CC-C2-6 20.0
GH-CCf22-7 30.0
GH-CC-C2-S 40.0

GH-CC<2-9 55.0
GH-CC-C2-1O 75.0

w
,pm) *
_
1.3 0.07
1.2 0.07
1.3 0.07
1.4 0.0$
1.2 0.07
1.3 0.07
1.8 0.1[
1.8 0.1(
1.9 0.11
0.3 0.02

=
1s8 WI 36.3 4.7

!-
1S5 61 91.9 6.1

134 65 S3.1 4.6

181 60 S3.7 5.2

1S0 69 67,8 6.0

181 55 82.9 5.5

184 44 81.9 4.7

136 50 87.7 4.8

1$9 52 104.9 6.2

1S4 61 132.0 3.9

z
108 271 92S0 9ffi

L
138 23 9688 1315

103 35 3677 1033

112 21 916s 1057

44 57 9120 1103

90 31 9150 1124

117 10 9177 1039

% 12 9439 1018

94 8 12167 1280

103 17 1229I2 773

(PL) *—
3$.2 2.1

38.7 5.1

39.0 1.3

44.3 5.9

42.7 3.4

43.3 11.4

43.0 4.7

34.9 3.6

28.4 0.5

18.0 1.8

(~m) *

146s9 393a

14710 4CQ1

14528 3%2

154W 4079

15139 4039

1616Q 4304

15775 4214

14807 3953

13524 3467

6550 1798

cd
ppm) *
—
14,7 1.3

13.4 2.0

1s.3 2.1

%.1 7.1

16.4 1.9

19.8 2,5

39.6 4.1

729 9.7

274.3 33.9

1.1 0.4

=
434 411 136 12

1
442561?018
441 49 1s5 15

45S 47 140 15

440 52 141 16

434 53 150 17

414 41 154 15

350 35 173 20

4C6 38 114 12

341 24 73 5

63 13

6s 19

62 11

62 19

61 14

59 10

51 13

29 121
2732 445

2790 443

27S3 433

‘23aZ 404

2755 346

2456 323

2257 264

1677 117

140 16

16S 16

166 18

177 20

130 17

160 15

145 14

83 5 1
336 61

361 62

322 57

351 62

395 68

518 92

492 82

85 14

(p~m) *
—

26.7 1.8

27.2 2.6

28.o 2.6

28.1 2.1

27.4 2.6

28.0 2.7

43.7 3.9

156.9 17.:

19.8 1.4

14.4 0.7

.%
(pPm) *—

234 49

231 49

269 64

451 w

266 52

313 67

514 96

1169 231

895 162

55 13

—

Cr
>pm) i
_
265 24
264 32
281 30
373 37
278 29
309 33
455 44
544 51
774 73
100 6

(w%_
1180?
13014

1U5C

14193

14322

14933

14513

13482

16272

6571

Cu
ppm) *
-
126 1:
131 14
137 11
150 1:
132 E
146 1:
167 1:
227 15
197 14
19 3

?e
)pfn) +
_
95 42

112 52

7942

mm

92 42

98 37

79 55

es 52

116 46

9079

59
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-- L,- ,. - ---- .

1
GH<C-C3-3 7.5

GH-CC-C3-4 10,5

GH-CC<3-5 13,5

GH-CC-C3-6 20.0
GH-CC<3-7 30.0
GH-CC<3-8 40.0
GH-CC<3-9 53.0
GH-CC<3-1O 75.0
GH-CC-C3-11 95.0

F+Z
Sam@eID

GH-CC-C3-1 1.5
GH-CCZ3-2 4.3
GH-CC<3-3 7.5

GH-CC-C3-4 10.5

GH-CC-C3-5 13.5
GH-CC-C3-6 20.0

GH-CC-C3-7 30.0

uGH-CC-C3-8 @.O

GH-CC-C3-9 55.0
GH-CC-C3-1O 75.0
GH-CC-C3-11 95.0

a
GH<C-C3-1 I 1.5

1
GH-CC-C3-2 4.5

GH-CCC3-3 7.5

GH-CC-C34 10..5
GH-CC-C3-5 13.5

GH-CC-C3-6 20.0
GH-CC-C3-7 30.0
GH-CC<3-8 40.0
GH-CC-C3-9 35.0
GH<C-C3-1O 75.0
GH-CC-C3 -11 95.0

.CC-C3.

N
ppm) *

<3
<3
<3
<3
<3
<3
<3
6.3 2,5
18.5 4.4
21.9 4,4
<3

Cu

ppm) *
-
115.3 6.3
124.2 8.8
121.2 13.f
116.5 11.t
132.3 9.5
127.1 7.0
221.2 48.4

170.3 7.9
2U4.9 10.!
214.3 10.(
40.0 4,3

s

ppnJ

Zz
12332

1431(

14102

1447t

1496!

2796!

157G

I@&

1m4[—

1
47903 6175 <34

30566 t4776 <36

49165 6719 <36

51323 713a <36

46931 5789 <36

54123 15518 <36

40388 5348 <36

39818 5448 <36

31053 4113 <36

41747 5100 <34

(p~m) *
—
51693 312$
3S327 3934
56944 3597
55934 4637
57584 42C+
53039 329?
5e198 1164

3
49382 312i
47523 28%
49072 27G
52210 294

(r%*—
93 51

10+2 21

105 73

73 32

66 95

$0 45

97 30

76 36

63 52

72 47

122 86

(p% *
30 18

38 26

8825

59 17

37 18

44 17

3479

44 18

52 20

18 11

89

(PY%*—
9579 534

10T22 7642

9324 634

9396 830

9259 672

9723 620

9836 148$

9333 542

IU299 556

9999 G9

10521 660

~

T
1.2 0.07 38.9 0.6

1.1 0.06 4418 1.6

1.1 0.06 46.4 4.2

1.0 0.(?6 46.9 8.2

1.1 0.C6 43.6 4.4

1.2 0.07 40.1 1.7

49.9 17.6

fi

(p%*—
175 64

180 59

178 64

176 66

176 49

176 65

185 90

172 54

157 46

187 57

16s 64

(p%)*—
7.7 0.6

9.7 1.0

10,8 0.6

10,7 1.2

16.1 2.0

18.2 1.5

28.4 5.1

67.8 4.?

214.2 16.:

391.3 33:

0.9 0.6

(Wbm) *

26.0 0.7

24.9 1.2

23.7 1.7

24.4 2.5

27.6 3.C

256 2.3

%,7 7.2

1029 5,?

27.9 1.7

18.3 1.6

24.0 1.31
(p$:)*

238 14

232 16

264 16

262 20

232 15

276 15

475 89

511 24

792 34

869 43

134 9

M
km) * (c%* (PL)* (prm) *

15023 40141 434 281 132 91 182 29
15891 4337

1G30 440$

16375 4604

16963 5046

13-554 4220

18221 4279

461 35 136 11 201 39

528 34 146 10 2C9 38

518 44 148 15 1% 40

523 34 153 13 23346

44630 13+3 9 276 43

478 86 176 31 600 124

u
(p~m) * Jm) * (pYm) *

II

76.3 5.6 60 11 2492 157

86.3 6.1 56 13 24I38 2LX

80.6 3.2 63 14 2753 34

77.8 4.9 56 12 2633 212

81.7 4.4 69 13 2718 26!

3S.5 3.6 55 15 2359 184

90.5 19.9 34 23 2942 XL

82.1 4.5 58 13 2420 1=

850 2.7 57 15 2439 2C+

66.9 5.1 52 17 2147 Iff

541 5.8 57 17 2297 13?II
165 11 311 50

175 10 321 49

172 13 297 51

178 9 329 54

166 9 325 5U

206 34 531 123

167 7 426 56

155 6 486 69

144 8 428 61

149 6 125 17
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Table 9-4. Core GH-CC-SC2.

Cepfil #g
SampleID (cm) (ppm) (P;m) * (p?m

GH-CC-SC2-11 1.5 [ <3 }41695 49341 <36

I-L
GH12C-SC2-2 4.5
GH-CC-SC2-3 7.5
GH-CC-SC2-4 10.5
GH-CC-SC2-5 13.5
GH.CC-SC2-6 16.5
GH-CC-SC2-7 19.5
GH<C-SC2-8 22.5
GH<C-SC2-9 25.5

wuGH-CC-SC2-2 4.5

GH-CC-6C2-3 7.5
GH-CC-5C2-4 10.5
GH-CC-SC2-5 13.5
GH-CC-SC2-t 16.5
GH<C-SC2-7 19.5

GH-CC-SC2-8 22.5
GH-CC-5C2-9 25.5

l=-+Sam@e ID

GH-CC-SC2-1

uGH-CC-SC2-2
GH-CC-SC2-3
GH-CC-5C2-4
GH-CC-SC2-5
GH-CC-5C24
GH-CC-SC2-7
GH-CC-SC2-8
GH-CC-SC2-9

~
_

1.5

4.5

7.5

10.5

13.5

16.5

19.5

225

25.5

<3

<3

<3

<3

<3

<3

<3

<3—Ll
45278 4168 <36

46325 3934 46

49016 3434 46

4S353 3382 46

65134 3247 &

45476 4811 ~

44165 4045 &

45794 4279 <%

CA

PPm) *_
98.0 7.2

107.6 1.6

129.2 3.4

1.%.5 8.3

164.1 10.:

162.8 5.4

174.4 5.6

167.6 3.8

163.3 5.1

(p%_
97

111

163

157

142

114

145

121

127

—

*
.

54

48

99

90

114

83

63

77

77—

(p%*—
102 49

159 23

196 23

148 43

111 37

209 8

144 39

164 39

177 16

=
11014 9Q81 11.0 2.0

-L
9341 2C6 12.7 0.4

8512 334 18.8 0.2

s+322 405 28.1 1.8

8733 531 32.7 2.9

3508 408 30.4 0,8

20918 560 33.1 1.9

7773 213 38.9 0.9

eQ37 220 53.4 1.1

co
‘ppm) *
~
222 2,9
24.6 0,1
24,7 0.8
29.3 0.5
31.0 2.8
28.1 0.5
269 1.7
30.2 1.1
W6 2.47

Cr
ppm) *

230 24
248 7
284 14
355 21
385 32
386 20
392 20
425 18
494 27

Ml u W Mn Ni(p%)* r% s

(m) * (PPM) * (pm) (mm) * (pm) * (cm) * (mm)

41343 4723 1.1 0.06 28.4 5.7 7353 382 36 107.8 11.8 183 21 9934

4S682 1621 1.2 0.07 35.4 4.1 9177 447 8 125.1 1.9 200 21 13395

51752 1707

53706 2534

53371 3942

30425 133(

48963 322

46914 1643

47983 2750

(P%_
237

219

180

236

241

217

223

214

215

1.3 O.IJ

1,6 0.0!

1,8 0.1(

1,8 0.1(

1,9 0.11

2.0 0.1:

1.8 0,1(

1
61 90.4

98 95.8

125 89.5

92 90.8

98 143.8

78 38.1

36 87.0

*

7
2.3

2.3

5.1

4.7

3.7

6.3

2.7

4.4—

4__Lu
38.9 2.2 9837 4% 17 136.0 1.3 240 43 15754

43.3 3.8 I03Q3 467 24 147.8 9.4 365 27 16537

6.3 10326 459 33 146.6 10.8 415 28 16$24

39.2 1.0 93S7 424 16 139.1 2.4 387 46 15769

40.2 5.8 9438 402 19 138.1 8.1 414 44 14233

37.0 1.6 9434 336 12 137.4 3.2 453 36 13934

37.9 2.6 9792 384 17 146.0 4.0 568 42 13242

(PRO_
42.3

43,9

47.9

62.4

58.8

49.9

53.4

465

47.9

I n 1 v

* (mm) * (mm) *

II
1.3 2X9 245 126.4 12.!

10.5 2401 296 148.3 4.1

8.6 2720 393 158.6 8.0

7.3 2842 327 169.1 10.I

1.8 2342 318 170.4 14./

7.0 2722 333 163.2 8.8

12.0 2689 415 165.8 7.9

1.4 26S7 2$4 162.6 7.3

1.8 2723 380 170.0 8.81
Zn

:ppm) *

240 22
24a 31
298 28
357 29
395 25
349 36
373 41
373 39
389 39
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Table 9-5. Core GH-CC-SC3.

- w As
Samp4eID (cm) (ppm) * (p~m) * (ppm) * (pYm) * (pYm) *

Cr

(pYm) * (pYm) * (ppm) *

GH-CC-SC3-1 1.5 <3 41559 4264 <36 83 31 9276 216 16.6 0.9 22.6 0.2 248 8

GH<C-SC3-2 4.5 <3 42782 3767 <36 105 37 10285 428 15.5 1.2 21.4 1.8 240 12

GH-CC-SC3-3 7.5 <3 42935 4477 <36 187 30 13237 289 12,7 0.2 22.7 0.5 242 8

GH-CC-SC3-6 16.5 <3 41114 3377 46 99 29 10123 387 46.2 0.8 42.8 1.7 419 16

GH-CC-SC3-7 19.5 5.9 1.5 44527 5035 46 54 46 9109 555 83.8 5.2 69.1 4.7 35a 51

GH-CC-SC3-8 22.5 3.6 1.0 45771 66-34 <36 158 30 9332 1095 81.2 12.1 33.2 2.6 431 43

GH-CC-SC3-9 25.5 19,5 1.1 33548 3133 <36 129 14 1CW4 335 346,7 14.3 26.1

GH-CC-SC3-10 2s5

1.7 876 57
24.5 2.5 3S217 4292 <36 140 12 9%6 45 2348 8.2 19.7 0.2 865 33

GH-CC-SC3-11 31.5 21.6 2.7 37383 4041 <36 159 16 11217 573 35&2 23.7 22.2 1.9 1151 96

GH-CC-SC3-32 345 19.7 2.8 34611 5085 46 198 14 14118 1110 315.7 32.7 19.0 1.7 830 74

GH-CC-SC3-13 37,5 15.8 3.0 354C5 4935 39.3 37.0 101 27 10393 w 269.1 2..2 20.0 1.6 691 5?

F+_%SampleID

GH-CC-5C3-1 1.5
GHtC-SC3-2 4.5

L
GH<C-SC3-3
GH-CC-SC3-6
GH-CC-5C3-7

GH-CC-SC3-8
GH-CC-SC3-9
GH-CC-SC3-1(
GH-CC-SC3 -11
GH-CC-SC3-lZ
GH-CC-5C3-1:

7.5

16.5

19,5

22.5

25.5

2S.5

31.5

34.5

37.5—

(p~m) +
—
105,7 4.1
107.4 0,6
104.6 2.7
149.4 5.0
199.0 14.1
1622 17.(
216.4 9.4
2069 4.1
236.4 10.:
241.2 18:
224.5 13.(

(pPm) *

43743 1424
43339 I&m
44845 1610
4%91 877
49439 4574
36249 8423
47721 2873
49248 2493
52792 4420
48793 5956
49317 5337

m s
SampleID (ppm) (ppm) * (p~m) *

GH-CC-SC3-I 1.5 10719 110 44

GH-CC-SC3-2 4.5 1223a 102 36

GH-CC-SC3-3
GH-CC-SC3-6
GH-CC-5C3-7
GH-CC-SC3-8
GH-CC-’SC3-9
GH-CC-SC3 -1(
GH<C-SC3-1
GH-CC-SC3-1:
GH-CC-5C3 -1:L

7.5 13405 113 49

16.5 13737 104 47

19.5 14066 117 52

22.5 16358 152 1*

25.5 13659 124 70

28.5 17871 126 51

31.5 2G902 101 67

345 18926 938 145 80

37.5 18923 167 157 97

b W
($m) * (mm) * (mm) * (p~m) *

1.0 0.061 30,3 2.41 9417 2909 I 384 7 1
1.0
0.9
1.8
1.9
1.5
1.8
2.2
1.9
2.4
2.6l-l

0.05 33.4 4.6 10113

0.05 26.1 2.5 IL1944

0.10 34.6 0.8 11123

0.11 40.5 8.5 12262

0.08 42.5 8.6 13372

0,10 37.4 8.4 12413

0.13 38.9 8.5 12513

0.11 35.4 2.4 12442

0.13 33.0 4.8 11146

0.15 33.9 5.5 11374

7(p%)*
20438

21S 98

216 87
22(I 81

248 34

Z&l IMl

248 61

237 52

253 81

233 46

268 61

Sr
[ppm) *
—
8K4 1.8
101.0 2.3
1C9.6 2.2
93.3 2.9
76.4 4.4
91.1 9.9
93.3 5.5
37.2 2.2
95.5 6.6
104.7 6.8
95,0 5.8

m
(mm) *—

44.9 9.8

42.5 7.7

44.3 9.8

W.5 7.1

52.7 12:

64.2 7.2

49.0 9.6

4s2 13.!

52.3 8.5

48.6 11.!

55.6 13.!

2879

3321

3365

3331

34S2

3575

4032

3537

3613

3334

392 16

425 11

371 10

332 32

43664

440 24

429 12

399 28

36434

385 30

Ni
ppm) *_
112.4 2.8
111.9 4.4

117.4 1.2

146.9 1.0

186.3 10.1

1626 23,(

147,2 7.4

118.9 5.5

150.4 9.8

1367 16.(

124.8 11.(

(pPm) * (pPm) *

2447 351 I 131.0 4.3

L
2344 348 133.4 7.5

2501 403 141.0 5.1

2%2 358 156.2 6.3

2759 372 17Z9 15.5

2846 407 173.1 23.5

2937 332 146.3 10.2

2601 417 149.4 4.5

2524 348 2CY3.3 16.8

2472 347 150.2 12.9

2462 377 152.9 11.7

k%)*—
210 26

210 6

199 15

516 47

898 70

676 10:

955 63

1121 12!

1127 111

1226 1S4

734 lot

251 23
256 29

354 41

445 40

377 40

386 38

525 70

631 62

481 72

475 58
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Table 9-6. Core GH-CC-SC4,
I

k=

L
GH-CC-SC4-2

GH-CC-SC4-3
GH-CC.SC4-4

. GH-CC-SC4-5
GH-CC-SC4-6
GHCC-SC4-7
GH-CC-SC4-8

GH-CC-5C4-9
GH<C-SC4-1(
GH-CC-SC4-11
GH-CC-SC4-l;

-W ID

GH-CC-SC4-1
GH-CC-SC4-2
GH-CC-SC4-3
GH.CC-SC4-4
GH-CC-SC4-5
GH-CC-SC44
GH-CC-SC4-7
GHtC-SC4-8
GH-CC-SC4-9
GH-CC-SC4-11
GH-CC-SC4-I’
GH-CC-SC4-1:

H
i3-
4.5

7.5

10.5

13.5

16.5

19.5

22.5

25.5

28.s

31.5

34.5—

~

-
1.s

4.5

7.5

10.5

13.5

16.5

19.5

22.5

2.35

28.5

31.5

&?

J-1
<3 47132 6117 <36

<3 48311 6115 c.36

<3 48904 4864 46

4.5 2.1 4852s 4836 4

<3 47785 4641 <36

4.4 2.6 46820 4552 <36

5,8 2.7 44&57 4325 <36

3.7 1.7 48223 49@l <36

6.1 3.2 44703 7021 -2S6

15.8 4.7 462C4 6211 &

Sa Ca
,pm) * (ppm) * (pYm) * (p%m) *

8-22 11184 1061 14.7 1.8 23.5 2.1
75 23 97543 1119 17.1 2.4 24.8 1.7
74 47 9739 1103 18.7 1.5 25.3 1.1
115 50 10178 1212 15.4 2.3 26.3 1.4
110 23 10259 8% 21.0 1.9 25,6 1.5
64 26 10574 878 38,5 3.2 26.6 I .5
174 14 9194 780 37,6 3.4 27.8 2.2
w 19 9743 719 55.7 4.6 32.1 2.3
82 17 8923 635 65.7 5.4 36.3 1.7
14a 17 96?n 304 7Z6 3.3 46.6 1.3
89 29 14820 1280 135.6 14.3 27.0 1.8
53 20 10632 744 191.7 17.9 30.7 1.91

(p%*
243 22

275 27

278 28

279 29

280 21

327 24

351 26

422 27

456 26

493 15

584 38

766 45

Mn(s%* (p%* (#m) + (ptim) * k%) Ni m
* (ppm) * (ppm) * (mm) *

107.7 7.81 44039 39361 1.0 0.C61 31.6 2.21 1134U 34061 429 40 I 120 III 214 40

a

I
GH-CC-K4-I 1.5

GH-CC-SC4-2 4.5
GH-CC-SC4-3 7.5
GHJCC-SC4-4 10.5
GH-CC-K4-5 13.5

GH-CC-SC4-6 16.5
GH-CC-SC4-7 !9.5
GH-CC-SC4-8 22.5
GH-CC-SC4-9 25.5
GH-CC-SC4-1O 28.5
GH-CC-SC4-11 31.5

GH-CC-SC4-12 34.5

122.6

1S&8

133.2

12s3

128.6

147.8

172.4

166.3

185.8

201.8

i 209.8U
15.0 49103 47?Q 1.2

10.4 Sc650 4559 1.2

8.3 S2627 5140 1.2

11.1 51097 3726 1.2

12.9 51112 3631 1.3

11.6 50759 3558 1.5

11.3 49623 3134 1.8

10.5 4%96 2848 1.8

12.9 53770 1758 1.8

13.2 54212 4831 1.5

13.8 S3495 3S71 2,61
0.07 4C,S

0.07 41.4

0.07 41.6

0.07 39.1

0.07 39.3

0.08 42.7

0.30 42.0

0.10 W.8

0.10 39.5

0.08 3.4.7

0.25 37,4

&
KM59

11987

13282

13242

M672

152ml

14839

15279

16573

16702

17145—

L’__
3.6 13CQ1 3&3 443 46 130 15

4.6 14027 3.%7 474 48 132 12

1,9 146% 3633 504 54 138 17

3.4 15925 3139 .?33 ?a 137 12
1.9 15798 3226 5-43 40 139 1[

4.2 15875 3159 528 40 143 12

3,7 15619 3232 541 35 145 1[

0,5 15668 3110 526 30 148 1[

0.3 15383 3840 518 21 173 4

0.9 14949 4738 435 35 155 1:

2.2 15163 4342 422 34 155 11

s sl Sr m v
:ppm) * (ppm) * (ppm) * (ppm) ● lmtnl * lo~m) *

125 43 183 73 105.7 6.6 48
w 34 1s5 5$ 93.1 6.1 56 ]6 I 2589 2951 154 16

,-’

15 I 2312 193 I 138 12

89 55 1S0 62 89.0 4.6 59 16 2663 396 158 16

115 45 189 67 89.0 4.7 68 19 2758 422 164 16

95 46 156 W 86.5 3.8 54 12 2878 337 161 12

1
98 28

74 51

92 24

94 39

152 105

115 45

IC9 65

m 55

159 54

163 48

155 47

215 85

203 48

185 59

83.7 3.2

90.1 4.2

87.8 3.4

84.0 2.8

91.9 1.5

101.0 7.1

87.6 4.51--1
59 11

487

61 15

S3 9

639

58 12

58 18 L
2829 320 161 11

2891 324 165 12

2834 3C4 166 11

2910 359 171 10

2714 254 18S 6

2487 312 165 11

2625 229 148 10

242 49

249 45

242 42

251 33

338 47

393 55

593 79

562 69

831 97

946 1%

1269 22!

.zn
)pm) *
_
287 52

322 S7

318 S3

326 S4

331 40

346 43

374 45

426 52

432 47

46355

496 %

515 84

63
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Table 10. Trace-metal spe~iati,on from XAFS, whera R(A) isthediatance befween atom pairs, Nia

the coordination number, o(A) and A5(eV) are fitting parameters.

Table 10-1. Cd XAFS.

Sadiments Precipitates

COra (!) N“ $) :?) (~) N“ $, g?)

GH-CC-C1-2 Cd-S 2.50 4.1 O.m -I ,6 Cd,nS 2.51 4.7 o.a364 -1.5

55 cm

GH-CC-SC4-12 Cd-S 2.50 3.9 o.@33$ -1.4 Cd,.# 2.51 4.2 o.co51 –2.1

34.5 cm

GH-CC-SC9-12 Cd-S 2.W 4.4 0.0346 –1.6 Cdo.xS 2,51 4.5 o.cn153 -1.4

30 cm

GH<C-SC4-11 cd-sb 2.49 2.7 o.cn154 -1.5 Cda=S 251 4.6 o.c056 -2.7

Leached cd-oh 2.27 3.3 0.0194

31.5 cm

aScale factor (S02) = 1.4.

bRO/~ = 0.33.

Table 10-2. Cr XAFS.

Oxide Component

Cora (!) N ;:) &

GH-CC-SC412 Cr-O 1.97 5.7 0.00313 -7.0

34.5 cm Cr-Fe 3,43 3.7 O.olcm

Cr-Fe 4.79 3,4 o.cn139

GH-CC-SC9-1 Cr-O 2.01 5.3 0.CQ41 -1,5

2.5 cm Cr-Fe — —

GH-CC-SC9-12 Cr-O 1.9 5.7 O.mlsz -7.2

3Q.OCm Cr-Fe — —
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Table 10-3. Pb XAFS.

Oxids component

Cors (E) N $, :G)

GH-CC-SC4-12 - Pb-O 2.39 3.6 0.0202 -10.3

34.5 cm Pb-O 2.65 2,9 0.0174

GH-cc-SC9-12 Pb-O 2.39 2.1 0.0213 -5.6

30.0 cm Pb-O 2.63 3.5 0.0147

Table 10-4. Zn XAFS.
~.

Sulfide component

Zn-s 4,41 12.3 0.0210

GH-CC-SC41 Zrl-s 231 4.0 0.W72

2.5 cm Zn-Zn 3.82 1.5 0.0358

Zn- s 4.42 7.3 (0.0177

GH-CC-X4-12 Zn-s 2.32 4.0 0.LT372

w
I 31.5an Zn- s 4.44 10.1 0.0228

Oxide component

(!) N
RdR,a(i) :?)

Zn-O 2.02 1.1 0.(X64 -s.7 0.16

Zn-Fe b

Zn-Si b

Zn-O Z.rm 1.3 o.c075 -7.7 0,19

Zn-Fe 3.13 0.6 o.cmo

Zn-Si 3.47 1.0 o.cm130

Zn-O 1,% 1.2 0.0338 -7.9 0.27

Zn-Fe 3.16 0.6 0.0049

Zn-Si 3.4a 1.1 0.CC45

Zn-O 2.03 5,2 0.0096 -7.6 3.10

Zn-Fec 3.13 1.2 0.0352

Zn-Fec 3.32 0.9 0SW393

aRatio of fitted first-shell pesk heights of the oxide (R.) and sulfide (R,) components of the spectrum

b
BackScattering from these shells is present, but tca weak to be reliably fit.

%is component can be fit with either Fe or Zn atoms, or a mixture of the two.
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5. Discussion of Results

The increase in trace-element concentrations with
depth indicate that the Seaplane Lagoon sedi-
ments have been contaminated with cadmium,
chromium, copper, lead, mercury, and zinc (Figs.

. 10 and 11, pp. 30-33). Clearly, sediments deeper
than 20 to 25 cm are more contaminated than
shallower sediments. Nickel appears to be an ex-

> ception when compared with the other trace ele-
ments. Nickel concentrations decrease slightly
from the surface to the deeper sediments.

In this section, we discuss the mobility of trace
elements from the sediment to the porewater for
the sediments as they exist today and for dredged
sediments. We are concerned about the trace-
element reactions between the porewaters and
the sediments, because these reactions are related
to the hazard of these sediments. Simply stated,
the trace elements are more bioavailable if they
are dissolved in the waters than if they are assw
ciated with the sediments.

Although the sediments are a long-term source for
trace elements in porewaters, the absolute concen-
trations are limited by sorption, dissolution, and
precipitation reactions with the clays, carbon-
ates, and sulfides. The importance of these reac-
fions in limiting the trace-element concentrations
in the porewaters can be seen by comparing the
porewater concenkafions with the sediment con-
centrations (Fig. 7, pp. 2$27; Figs. 10 and 11,
pp. W33). Trace-element concentrations in the
sediments (100s of ppm) are several orders of
magnitude greater than trace-element concentra-
tions in the porewaters (10s of ppb).

5.1 lnSitu Geochemical Reactions of
Seaplane Lagoon Sediments

Trace elements are transferred from sediments to
porewaters in the suboxic region of the sediments
to 10-cm depth and potentially by diffusion from
the deeper sediments. Because we cannot measure
trace-element porewater concentrations directly
with the microelectrode, we show trace-element
mobility in the top 5 cm with the range of iron,
manganese, and sulfur measured in porewaters
(1) with the microelectrode across the oxic-
suboxic-anoxic boundaries (Figs. 2-4, pp. 2&22),
and(2) with the trace-metal leaching rates
(Figs. 8 and 9, pp. 28-29).

Iron, manganese, sulfur, and associated trace met-
als are transferred from the sediments to the
porewaters as the sediments cycle from oxidizing
to reducing environments and vise versa. Impor-
tant oxidation-reduction reactions from surface to
deeper sediments are organic carbon oxidation by
dissolved oxygen, then by nitrite, then by manga-
nese solids, then byiron(III) solids, and then
by dissolved sulfate. As the oxidation of organic
carbon produces dissolved C02, Mn(II), Fe(II), and
S(-11), manganese and iron form carbonate and/or
sulfide minerals decreasing the porewater concen-
trations. As sediments are oxidized, cadmium and
zinc will redissolved from sulfide phases, anda
significant portion of zinc and some cadmium will
be removed from solution by sorbing to an oxide
phase such as a clay or an iron-hydroxide. When
oxidized sediments are reduced, cadmium, iron,
and zinc concentrations will increase as the iron-
hydroxides and iron-rich clays dissolve, and then
decrease as CdS and ZnS precipitate. Copper,
mere-my,and nickel may behave similarly, but
we do not know with which minerals these trace
elements are associated because their concentra-
tions were too low to determine speciation by
XAS. Transfer of chromium and lead from the
sediments to porewaters within the suboxic zone
is minimal. Both chmmiumand lead areassoci-
ated with oxide (possibly carbonate for lead).
The dissolution of these phases is much slower
than the dissolution of CdS and ZnS.

Below the suboxic region, trace elements may also
diffuse from more concentrated porewaters in the
deeper sediments to the less concentrated shal-
lower sediments (Fig. 7, pp. =27), although we
have not calculated theporewater diffusion rate.
T& process would be enhanced as porewaters
move toshallow depths as older and deeper
sediments compact under the burden of new sedi-
ments. The higher porewater concentrationsat
depth cannot be explained with the available
thermodynamic data. It is likely that the trace
elements complex with dissolved organics in-
creasing the total solubllity. The concentration of
these organics need only be a few ppb, therefore
we would not expect to sw the difference between
total organic carbon and total inorganic carbon
dikolved in the porewaters (Fig. 7, pp. 25--27).
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5.2 Impact of Dredging on
Trace-Element Mobility

There are two major concerns regarding sediment
remediation by dredging. One concern is that
sediments will be oxidized, and the hazardous
metals will dissolve into the waters making
them more bioavailable. Another concern is that

. after dredging, the contaminated sediments must
still be disposed. If the Alameda sediments are
dredged, our results show there is greatest concern

, for cadmium, then zinc, then copper, nickel, and
lead, and the least concern for chromium (Figs. 8
and 9, pp. 28-29).

Cadmium and zinc are reactive when the reduced
sediments are exposed with seawater, because
they are present as sulfides, which are not stable
in the presence of dissolved oxygen. After cad-
mium and zinc dissolve, they partially sorb to
secondary oxide minerals. Eventually the leach-
ing rates are controlled by these sorption reac-
tions, which significantly lower the net amount

of cadmium and zinc in the water. Cadmium is
more of a concern than zinc because cadmium dces
not efficiently sorb to the secondary oxides. After
90 days, about 40% of the cadmium in the initial
sediment was lost to the seawater compared with
a loss of only 12% for zinc. This is also reflected in
the residual sediments, which contain about 30’%
Cd-O component compared with about 70% Zn-O
mmponenk

Chromium- and lead-leaching rates are low and
constant because they are present as stable or me-
tastable oxides or carbonates in both reduced and
oxidized sediments. Less than 2% of the lead and
less than 0.2% of the chromium was leached into
seawater after 90 days.

It is not possible to say much about the reactivity
of copper and nickel, because we were not able to
determine their speciation in the solid phases.
We can only say that their net leaching rates are
less than zinc and greater than chromium.
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