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Abstract

This report summarizes data acquired in 1995 for the gas-hydrate
portion of the USGS project "Permafrost and gas hydrate as possible sources
of methane" of the USGS Global Change and Climate History program. The
report is the final addition to data summarized in the initial report entitled
“Methane in coastal sea water, sea ice, and bottom sediments, Beaufort Sea,
Alaska.” (USGS Open-File Report 95-70) which covers the years 1990-
1994.

The objective of this project has been to test the hypothesis that
methane hydrate deposits of the Beaufort Sea continental shelf are
destabilized by the ~ 10°C temperature increase that has resulted from the
Holocene transgression of the Arctic Ocean. To test this idea we have
selected an area off the north coast of Alaska between Harrison Bay and
Camden Bay. During 1995 we concentrated on the central part of this area
between the Colville River and Sagavanirktok River. We measured the
concentration of methane in surficial sediments, in the water column when
ice is present and absent, and in seasonal sea ice. Our results show that more
methane is present in the water when ice is present than when ice is absent,
and that methane is also present within the ice itself, often at higher
concentrations than in the water. The Beaufort Sea shelf of Alaska is a
likely seasonal source of methane. The primary source of this methane is
probably microbial (813C = -51.0 to -77.0 %o), but a small, epheremeral
source of thermal methane (813C = -46.4%o), possibly from dissociated
methane hydrate, may also contribute.

Introduction

Methane is an important trace component of the atmosphere. Its
concentration is increasing at a rate of about 0.9% per year (Khalil and
Rasmussen, 1983; Steele et al., 1987; Blake and Rowland, 1988), although
this rate has decreased recently (Steele, et al., 1992). Because methane is
radiatively active, it is a "greenhouse" gas that has a global warming
potential 20 times larger than an equivalent weight of carbon dioxide when
integrated over a 100-yr. span of time (Shine et al., 1990). The earth's
atmosphere has a wide variety of sources and sinks for methane (Cicerone
and Oremland, 1988), including gas hydrate. Gas hydrate exists in
metastable equilibrium with its environment and is affected by changes in
pressure and temperature. The amount of methane that is trapped in gas
hydrate is perhaps 3,000 times the amount in the atmosphere (Kvenvolden,
1988). A large release of methane from gas hydrate could have a significant
impact on atmospheric composition and thus on the radiative properties of
the atmosphere and likely warm the earth (MacDonald, 1990).

Gas hydrate deposits of polar continental shelves are currently
believed to be the most vulnerable to climate change (Kvenvolden, 1988).



These areally extensive shelves, formerly exposed to very cold surface
temperatures (yearly average -10° to -20° C) have been and are being
transgressed by a much warmer polar ocean (~0° C). As a result, the polar
shelf surface in water depths greater than ~5 m, has experienced an
approximately 10° C or more temperature increase over the past 10,000
years. Although pressure on shelfal gas hydrate deposits has increased
owing to a rise in sea level of about 100 m, this pressure increase which
would stabilize the gas hydrate, is more than offset by the large temperature
increase that destabilizes the gas hydrate. The amount of methane released
by this process has been estimated to be about 4 Tg (1012 grams) year-!
(Kvenvolden, 1991) or about 1% of all current sources of atmospheric
methane. If this suggestion and estimate are correct, then escape of methane
from gas hydrate deposits of polar continental shelves should be observable.
To test this idea, beginning in 1990 we conducted surveys of methane in
sediment, water, and ice in an area of the Beaufort Sea continental shelf
offshore from the north coast of Alaska. Previously, measurements of
atmospheric methane concentrations at Barrow, Alaska, about 200 km
northeast of the study area, showed a seasonal increase during August
through Feburary, perhaps due in part to methane venting from Arctic
shelfal waters (Figure 1). This report summarizes our data collected in
1995. Data from the years 1990-1994 can be found in the companion report
of Lorenson and Kvenvolden (1995).

Methods

In our 1995 survey, we measured methane concentration in sea water under
the ice on four primary transects from nearshore to the shelf break at water
depths ranging from 2.5 to 58 m from the Colville River Delta east to the
Endicott oil production facility, Alaska (Figure 2). The surveys were
undertaken during the first week of May 1995, and the later portion of
August 1995. At each station in May, a 23-cm diameter hole was drilled
through the 2-m thick ice. Niskin bottles (1.7 L) were attached at intervals
to a line lowered to the seafloor and subsequently tripped to collect water
samples for methane determinations. In August 1995, when partially open
water was present, a boat was used to transit to stations. As each Niskin

bottle was recovered, 100 cm3 of water was transferred to a 140 cm3

syringe. At the end of each day’s field work, 40 cm3 of ultra-pure nitrogen
was added to each of the syringes, and methane was extracted from the
water into the nitrogen at room temperature by shaking the syringe,
following a method modified from McAullife (1971). A portion of the
resulting gas mixture was measured for methane content by gas
chromatography. Multiple extractions were used on several samples to



















































Table 1. Methane concentrations (nM methane per liter seawater), methane carbon isotopic composition,
methane oxidation rates (nanoM methane per liter per day), and dissolved inorganic carbon (microM carbon
er kilogram seawater).

Station | Latitude N. | Longitude W. | Date | Sampie | Meth | Methane |  Methane | DIC . Comments
' | | | depth (m) | (nM) | Isotopic | Oxidation Rate | uM/kg
\ i ] | ‘ | Composition . (nM/day) | ]
i i | I : | (ppty f :
955001 | 7024.540 | 14831470 | S/6/95 ¢ 3 | 210 | 6343 | 0.007 | West Dock, Prudhoe Bay
] ' | i i i
955010 | 7030.008 | 15008.860 | 5/595 | 3 ' 1970 | 6026 | 8.668 5 km SW of Thetis Island
i I i !
955040 | 70 44.068 150 13.434 | 5795 3 l 33.6 18m contour about 6 nm west of Transect | Oliktok
955040 | 70 34.068 150 13.434 5795 | 10 54.8 18m contour about 6 nm west of Transect 1 Oliktok
955040 1 70 44.068 15013.434 | 5795 ¢ 17 35.4 -67.87 0.177 18m contour about 6 nm west of Transect 1 Oliktok
: | I |
955041 | 7042.035 | 14939986 | 57951 3 . 467 0043 ! 18m contour about 6 nm east of Transect | Oliktok
955041 | 7042.035 | 14939986 | S7R51 9 1 43.0 0019 | 18m contour about 6 nm cast of Transect | Oliktok
055041 | 7042.035 | 14939986 | 57795 | 14 | 455 bl | 18m contour about 6 nm cast of Transect | Oliktok
955041 | 7042.035 | 14939986 5195 ! 17 329 62.63 0.027 ] 18m contour about 6 nm east of Transect | Oliktok
] 1 ! | | !
055042 | 7048.959 | 14939784 | 57195 | 3 Lo214 | | 0.0i8 24m contour about 6 nm east of Transect | Oliktok
+
955042 | 7048.959 | 14939.784 | 57M5! 10 | 312 g | 0.134 ! 24m contour about 6 nm east of Transect 1 Oliktok
955042 © 7048959 | 14939784 15795 17 ! 459 | i 0.225 i |24m contour about 6 am east of Transect | Olikiok
955042 7048959 | 14939.784 | 57195 23 . 350 | 6196 | 0.025 | | 24m contour about 6 nm east of Transect 1 Oliktok
; T i : i | | !
955103 : 7031950 . 14953.210 | 5/595 2 | 303 | | bdl i I Transect 1 3 m Oliktok Point
? i ' ! E ' | :
955114 7038.094 ' 14953014 | 5/5095 3 . 412 | 7158 | bdl | iTransect | 14 m Olikiok Point
955114 | 7038.094 14953013 | 5/595 7 - 431 | 6307 | bdl ! ‘Transect | 14 m Oliktok Point
955114 7038.094 14953014 | 5/505' 11 - 360 | -68.84 | bdl | I Transect | 14 m Oliktok Point
955114 7038094 | 14953014 1555 14 ' w0 | 5683 0014 | | Transect 1 14 m Oliktok Poiat
! ‘ i |
9551125 7040041 ' 14953064 | 5795 . 12 ' 4234 | 6668 | | ‘Transect 1 Oliktok 12 m shoal outboard ice island
i i ! ' ] ] | i
955115S 7041065 ' 13954540 | 5/895 3 L7183 | | 0.023 | ‘Transect 1 15 m Oliktok Point shoal outboard ice istand
9551155 7041.065 14954540 ' 57895 7! s32 1 940 0.064 ' i Transect 1 IS5 m Oliktok Point shoal outboard ice island
955115S 7041065 ' 14954540 | 5/8/95 12 48.6 - : 0.131 : 'Transect 1 15 m Oliktok Point shoal outboard ice island
9551155  7031.065 14954540 | S/895 0 13 . 428 . 6330 0.141 ' ITransect | 15 m Oliktok Point shoal outboard ice island
' i ! :
955118 7042431 14953768 ! 5/5M5 17 487 ‘ | ‘Transect 1 18 m Oliktok Point
} | . ’ ‘
95SLIBR  7042.431 149 53.768 - 57795 3 58.6 ! 'Transect 1 18 m Ofiktok Point
95S118R 7042431 14953.768 _ 5/7/95 9 59.0 0.313 : ‘Transect | 18 m Oliktok Point
955118R _ 7042.431 149 53.768 __ 5/1195 14 563 bdl ‘Transect | 18 m Oliktok Point
955118R 7042431 14953768 ' 57195 17 H49 6031 0.308 Transcct | 18 m Otiktok Point
955118X 70 42.431 149 52768 5/8/95 3 583 . -T3.83 ' Transect | 18 m Olikiok Poiat repeat #2
955118X 7042431 14952768 ' SRMS . T 63.0 -72.10 Transect | 18 m Oliktok Point repeat #2
9SS5118X 70 42.331 149 52768 S/%9S 10 ' sl -73.90 ‘ ‘Transect | 18 m Oliktok Point repeat #2
955118X 70 42.431 14952768 ' 5/8/95 14 S1.6 . -70.03 | Transect 1 18 m Oliktok Point repeat #2
955118X 7042431 i 14952.768 _ S;89S 17 | 462 6549 : ‘Transect | 18 m Oliktok Point repeat #2
' H ' o
955120 7047074 14952852 | SM495 ! 3+ 198 ' 7120 . bdl : | Transect 1 20 m Oliktok Point
955120 7047.074 | 14952.852 15495 1 219 |  .71.06 bdl : 'Transect 1 20 m Oliktok Point
955120  7047.074 | 14952852 | 5/495 i 1l 283 -70.65 | bdi ' ‘Transect 1 20 m Oliktok Point
955120  7047.074 ‘' 149 52.852 | 5/4/95 ' 15 1 320 | .1099 bdt ' 'Transect | 20 m Oliktok Point
955120  7047.074  14952.852 | 5/4/95 19 210 | o388 0.020 | Transect | 20 m Oliktok Point
] ' ] | ! '
955120R 7047074  14952.852 ! 795 3 216 | i 0.004 | ‘Transect | 20 m Oliktok Point repeat #1
9SSI20R _ 7047.074 14952852 ( S/795: 9 2238 : bdl i {Transect 1 20 m Oliktok Point repeat #1
955120R  7047.074 | 14952.852 | S/1/95 14, s03 | i 0.080 i ‘Transect 1 20 m Oliktok Point repeat #1
95S120R_ 7037.074 14952852 ' 5795 . 19 452 6336 | 0.565 ! Transect | 20 m Oliktok Point repeat #1
| ] | | ] ‘
955125  7051.246 _ 14952.692  5/5/95 3 18.4 6620 . 0.004 'Transect | 25 m Oliktok Point
955125 7051.246  14952.692  5/5M95 10 18.9 66.61 bl ‘Transect | 25 m Oliktok Point
955125 7051.246 149 52.692  5/5/95 15 209 | 6183 bdl Transect 1 25 m Oliktok Point
955125 7051.246 14952692 5/5/95 20 240 6428 . 0.003 ‘Transect 1 25 m Oliktok Point
955125 7051246 14952.692  5/5M5 25 32 | 6285 . bdl Transect | 25 m Olikiok Point
I
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Table 1. Methane concentrations (nM methane per liter seawater), methane carbon isotopic composition,
methane oxidation rates (nanoM methane per liter per day), and dissolved inorganic carbon (microM carbon
er kilogram seawater).

Station ' Latitude N. | Longitude W. | Date | Sample | Methane | Methane ' Methane | DIC C.
! ! | | depth (m) ' (nM) | Isotopic | Oxidation Rate | pM/kg |
’ j { ! ‘ | Composition . __(nM/day) | |
| ' ] | i T (ppt) ! |
955150 « T111.132 « 14952.994 ' S5/4/95 3 22.2  dost i 0.003 . 1 Transect | 58 m Olikiok Point
955150 ' TI1L.132 i 14952994 i 54/951 10 i 228 ‘ 6176 | bdl | Transect | 58 m Olikiok Point
955150 © 7L 11132 14952954 : SM4m951 20 259 | .63.04 | bdl i i Transect | 58 m Oliktok Point
955150 . 7L 11.132 | 14952994 | 5/4/95 ' 30 210 | 5781 | bdl | | Transect 1 58 m Oliktok Point
955150 . 71 11132 ' 14952.994  Si4mS | 40 72 | .55.04 \ bdl | Transect 1 58 m Oliktok Point
955150 | 7111132 | 14952.994 | 5/4/95 50 218 . .s288 bdl | Transect | 58 m Oliktok Point
955150 | 7111.132 | 14952.994 | 5/4195 57 197 | 5202 0.008 ! Transect | 58 m Olikiok Point
! | i
955218 | 7046989 | 15049.122 | 5/8M5 3 1509 124 | 0.031 Transect 2 18 m Colville River Delta
955218 | 7046989 | 15049.122 | 5/885 9 ' a3 7219 | 0013 Transect 2 18 m Colville River Delta
955218 | 7046.989 | 15049.122 | 5/8/9S i 141 480 | 707 0.043 ! Transect 2 18 m Colville River Delta
955218 | 7046989 ' 15049.122 ! 5/805 | 17 . 80.6 | _ -72.16__: 0.005 . Transect 2 18 m Colville River Delta
T
. | i \ ! ! ! :
955418 703617 1484445 | Smes' 3 ' 217 | 6308 bdl ' Transect 4 18 m Kaparuk River
955418 7036.17 148 44.45 | 5/m5 | 9 .« 223 6112 ! 0.009 : | Transect 4 18 m Kaparuk River
955418~ 7036.17 1484445 | 5895 ' 14 228 | 6842 0.007 ! | Transect 4 18 m Kaparuk River
955418 70 36.17 1484445 1 S®ES! 17 | 198 . -5657 ! 0.123 i | Transect 4 18 m Kaparuk River
b ' | ) ' |
955503 7021.176 _ 14757.041 5295 ' 3 1373 . .75.08 1 { Transect 5 3 m Endicout
. : ]
| ! '
955518 7032.018 147 57.006 _ 5/3/9S 3 1 206 | 6100 : 'Transect 5 18 m Endicout
955518 7032018 14757.006 | 5/8/95 9 ' 218 6653 0.009 . | Transect 5 18 m Endicott
955518 7032.018 147 57.006 ' 5895 14 . 229 ! 6829 . 0.011 ‘ i Transect S 18 m Endicou
955518 7032.018 1 147 57.006___S/89S 18 442 7696 ! 0.044 ! 'Transect § 18 m Endicott
] i | | ) i
958010 70 30.88 15008.95 /1895 2 89 6129 'S km SW of Thetis Island
I v ) ! i
958040 70 44.08 149 13.17__ 8/1795 3 177 | 6280 | 1359.9i7.0 nm bearing 104° true from 958118
958040 70 44.08 149 13.17__ 8/17/95 8 36.8 -$4.99 | 1958.6'7.0 nm bearing 104° truc from 958118
958040 70 44.08 14913.17  '817/95° 13 373 5413 © 2035.0!7.0 nm bearing 104° true from 958118
958040 70 44.08 149 13.17 1 8/17/95 18 56.0 -63.26 |_2097.8.7.0 nm bearing 104° truc from 958118
i
958041 70 42.03 149 39.56 8/19/95 3 276 -62.08 i About_6 nm east of station 9581 18, |8m contour
958041 7042.03 149 39.56  8/199S 8 0.4 -56.52 ' About_6 nm east of station 9581 18. 18m contour
958041 7042.03 149 39.56 /1995 13 463 -62.67 iAbout 6 nm east of station 9581 18. {8m contour
9SKO41 70 42.03 149 3956 &/19/95 17 521 -67.85 ' About_6 nm cast of station 9581 18. 18m contour
958043 T043.46 1500252 8/18/95 1 9.7 -60.23 " 1215.4.3.49 nm bearing 108° truc from 958118
95843 70 43.46 150 02.52  8/18/95 3 113 -63.42 1293.313.49 am bearing 108° truc from 958118
958043 T043.46 15002.52  8/18/95 8 374 -57.98 1988.9!3.49 nm bearing 108° true from 958118
958043 7043.46 15002.52  8/1895 13 358 -58.52 2045.6 3.49 nm bearing 108° true from 958118
958043 7043.46 150 02.52  8/13195 17 $3.7 -65.58 2109.5'3.49 nm bearing 108° truc from 958118
958044 70 42.65 149 48.68  8/19/95. 3 223 1 6923 1 About_3 nm east of station 958118, 18m contour
958044 70 42.65 149 48.68  8/19/95 8 413 -60.86 About 3 nm east of station 958118, [8m contour .
958044 704265 ' 14948.68  8/19/5 13 412 ' 607 : i{About_3 nm east of station 9581 [8. [8m contour
958044 70 42.65 14948.68 ' 8/1995. 17 548 | 6737 ‘ 1About_3 nm east of station 958118, 18m contour
958045 704500 ' 1502335  8/1895 3 124 5956 - 1 About [0 nm west of 958118
958045 70 45.00 1502335 ®/1895. 8 3712 . ' About 10 nm west of 958118
958045 70 45.00 15023.35 ' 8/1895. 13 363 5609 - - About 10 nm west of 958118
958045 7045.00 15023.35  8/18/95 17 41.0 -56.76 i About 10 nm west of 958118
958046 70 40.49 149 19.88 8/19/95 3 ' .2 -65.00 ' | About 9 nm east of station 958118. 18m contour
958046 70 40.49 149 19.88  8/19/95 8 322 -57.50 About_9 nm cast of station 958118, 18m contour
958046 70 40.49 149 19.88  8/19/95 13 459 6697 . . ' About 9 nm east of station 958118, 18m contour
958046 70 4049 149 19.88  8/19/95 17 483 -68.14 About 9 nm east of station 9581 18, [8m contour
958047 70 33.05 148 28.89 8720195 3 4.0 -59.67 { About 6 nm cast of station 958420, |18m contour
958047 70 33.08 148 28.89 8720195 8 27.2 -61.85 about 6 nm east of station 958420. 8m contour
958047 70 33.05 148 28.89  8/20/95 13 319 - 6288 about 6 nm cast of station 958420, [8m coatour
958047 70 33.05 148 28.89 8720095 17 320 -62.64 .about 6 nm east of station 958420. 18m contour
958103 7032.10 14953.08  ®/17/95 2 6.6 -56.32 1695.7 Transect | 3 m Oliktok Point
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Table 1. Methane concentrations (nM methane per liter seawater), methane carbon isotopic composition,
methane oxidation rates (nanoM methane per liter per day), and dissolved inorganic carbon (microM carbon
er kilogram seawater).

Station ; Latitude N. | Longitude W. ! Date ,1 Sample | Methane | Methane | Methane DIC Comments
‘ ' i I depth (m)| (nM) | Isotopic | Oxidation Rate | uM/kg
! | | | | Compasition | (nM/day) ‘
! . | | ! | (ppt) °
958110 | 7053.16 1 1495275 |8/1995] 3 9.6 | 6631 | ' 1508.9 Transect | 10 m Oliktok Point
958110 ' 7053.16 | 1495275 [819m5! 6 164 | 6667 | | 1686.5. Transect | 10 m Oliktok Point
958110 | 7053.16 | 1495275 | 8/19/95 9 272 6952 | 19235, Transect | 10 m Oliktok Point
! t f
958114 | 7038.20 14953.08 | 8/17/95 3 1 118 6492 1643.1 Transect | 14 m Oliktok Point
958114 | 70 38.20 1495308 81795, 8 | 323 -67.50 1970.3 | Transect 1 14 m Oliktok Point
958114 | 70 38.20 1495308 | 8/1795! 13 05 | 7019 20433 Transect | 14 m Oliktok Point
| | i i )
958115s | 7040.89 | 1495271 |8/1795 3 148 -64.76 |_1373.2: Transect 1 15 m Oliktok Point shoal
958115s | 7040.89 | 1495271 {8/1795 8 362 -59.14 | 1963.4'Transect 1 1S m Oliktok Point shoal
9s58115s | 7040.89 | 1495271 | 81795 12 | 427 6356 20245, Transect 1 (S m Oliktok Point shoal
9s811Ss | 704089 | 1495271 | 8/17/95 16 ‘[ 503 | .71.08 2071.6} Transect 1 15 m Oliktok Point shoal
! ! i !
958117 | 704119 | 1495275 | 8/19/95 3 1 2851 | e i ‘Transect 1 17 m Olikiok Point
958117 '~ 7041.19 1495275 | 8/1995 8§ | 319 | 6L16 ! ' Transect ! 17 m Ofiktok Point
958117 704119 ' 1495275 |8/19M95! 13 | 409 | 6181 | | 'Transect | 17 m Oliktok Point
958117 | 704119 © 1495275 [8199s! 17 ' 495 ' e694 | ; ‘Transect 1 17 m Oliktok Point
‘ ; T ! i | !
OSBL18 704248 . 1495255 18/17@9S] 3 233 | 6530 ' 1715.6 Transect | 18 m Olikiok Point
958118 . 704248 1495255 |8n79sl 8 i 374 | 5937 | | 1989.3. Transect | 18 m Olikiok Point
958118 ' 704248 1495255 181795 12 ' 387 |  60.66 | | 2029.6. Transect | 18 m Oliktok Point
9S8118 . 704248 1495255 : 8/17/95 16 ' s02 ! .70.11 ’I [ 2086.3' Transect 1 18 m Otiktok Point
| { i i | 1
9SRUIBX! 704243 1495312 81995 3 | 334 €953 ! i -Transcct | 18 m Oliktok Point repeat
958118X 704243 . 1495312 ' 81995/ 8 | 398 5993 ! Transect | 18 m Oliktok Point repeat
9SRIIRX  7042.43 14953.12 (81995 13 | 407 $83% | ! “Transcet | 18 m Oliktok Point repeat
0S8UIBX 704243 . 1495312 ' 8&/19/S. 17 | 484 | 6467 | ' Transect | 18 m Olikiok Point repeat
\ . ! . | | | | i
958120 70 45.68 1495267 181795 3 i 363 | 6150 | 1582.9 Transect 1 20 m Oliktok Point
958120 ' 704568 ' 1495267  &/17/95 8 48 ' 5343 | ' 2006.5 Transect 1 20 m Oliktok Point
958120 70 45.68 149 52.67 | 81795 13 - 268 '  .8438 | | 2051.1 Transect 1 20 m Oliktok Point
958120 70 45.68 1495267 | 8/1795° 18 213 6312 ' 2098.1 Transect | 20 m Oliktok Point
958210 7035.01 15049.05 " R/IR/9S. 3 . 188 -70.93 Transect 2 10 m Colville River
958210 7035.01 150 49.05 ' 8/18/95 7 38.6 472 Transect 2 10 m Colville River
958215 704092 15049.20 . &/18/95 3 113 6230 Transect 2 15 m Colville River
958215 7040.92 1504920 " ®/18M95. 1 26.8 5417 Transect 2 15 m Colville River
958215 104092 15049.20  8/18/95 u 316 -58.67 ‘ Transect 2 15 m Colville River
958215 7040.92 1504920  W/I8MS - 14 5.4 6187 - Transect 2 15 m Colville River
958218 70 46.89 150 49.31 . W/I8MS 3 108 ' 5184 Transect 2 18 m Colville River
958218 70 36.89 1504931 '8/1895. 8 333 49.19 ¢ : Transect 2 18 m Colville River
958218 | 70 46.89 1504931 (R85 13 . 328 4889 ! ' Transect 2 18 m Colville River
958218 70 46.89 1504931 8/18/95 17 292 1 3708 ' ‘Transect 2 18 m Colville River .
] ‘.
: T . . . - ‘
958410 70 29.35 148 43.62 | 8/19/95 3 1 885 I .5691 Transect 4 10 m Kuparuk River
958410 7029.35 1484362 !&/19/95. 6 ' 99 5130 .Transect 4 10 m Kuparuk River
958410 702935 1484362 181995, 9 | 208 . 6267 Transect 4 10 m Kuparuk River
| , ' i .
958420 70 36.25 1484427 ' 8/19/951 3 102 ' 5736 | 1 Transect 4 20 m Kuparuk River
958420 7036.25 1484427  819/9S| 8 245 | .s823 | : “Transect 4 20 m Kuparuk River
958420 - 703625 - 1484427 &/199S! 14 237 - 46013 ' “Transect 4 20 m Kuparuk River
958420 ' 7036.25 1484427 {81995 : 9 - 287 ' 6241 : 'Transect 4 20 m Kuparuk River
. B i , I i} |
958502 70 2151 1475754 8005 2 1 60 | SL02 : Transect § 2 m Endicou
i . i
958503 7021.33 1745665 1872095' 2 ' 68 SS81 . Endicott Dock
958505 7023.04 147 56.78 ' 83720095 1 7.8 -50.36 Transect 5 S m Endicou
958505 1023.04 1475678 132095 4 6.7 -55.98 ‘ Transect § § m Endicott
958518 70 32.41 14801.31 8720195 3 7.4 5346 Transect 5 18 m Endicott
958518 703241 1480131 82095 3 183 -55.95 Transect 5 18 m Endicott
958518 703241 1480131 8720/95 13 pr¥ ] -59.28 Transect S 18 m Endicott
958518 703241 14801.31 872095 18 34 -$9.27 Transect 5 |8 m Endicott
|bdl=_below_detection limit (<0.0001 1/day)
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Table 2. Seawater nutrient concentrations (mM, millimoles nutrient per liter seawater) measured in 1995.

Station | Depth| PO4 | Si | NO3 | NO2 | NH4

' (m) | (mM)| (mM) | (mM) | (mM) | (mM)
955001] 2/ 0.86/ 1550/ 1.83; 0.14! 0.12
|
955010 3, 1.08; 19.00] 3.871 007 0.32
!
955040 3] 075 12.84] 150l 011 0.16
955040 10] 0.84 11.66] 1.71] 0.10] 0.03
955040 17| 1.06/ 2056/ 5.21 006/ 0.10

955041 3| 0.91] 13.541 2231 009 0.19
955041 9l 0.86/ 13.63] 228/ 0.09] 0.76
955041 14/ 0.88] 13.99/ 2391 0.08/ 0.06
955041 17! 1.00i 19.91° 4.27) 0.06] 0.08
l !
955042 3] 078 13.62] 1.54! 0.12] 0.01
955042 10/ 0.76/ 12,637 1.821 0.09] 0.00
955042 17/ 091! 13.671 2.61i 0.06; 0.07
955042 231 096! 19.66' 4.57{ 0.06i 0.06
T | !
955103] 2! 0.89, 24681 3.64! 0.10! 0.32
I | i i
955114 3] 0.88 13.58) 247, 0.06/ 0.65
955114 7\ 0.86; 13.53' 243/ 0.05, 0.08
955114 11! 096, 13631 258/ 0.05/ 0.10
955114 14! 0.95' 17.74] 348/ 0.05' 0.06
| % ! I i
955115/ 3 0.80° 0.78° 1.39; 0.08, 0.09
955115: 7- 0.85 15.37! 224 006 0.01
955115; 12; 0.88' 13.931 244" 0.05. 0.0
955115 14 093 1779/ 3.22, 0.05 0.04

955118 3 0.97 11.88 238 0.06 0.03
955118: 3 079 15.87' 0.00: 0.12° 0.00
955118, 7 086 1533 233 006 0.00
955118: 9: 0.88 1458 237 0.07 0.00
955118! 10 0.87. 14.15; 2.38, 0.06 0.10
955118 14 0.95 12.75! 253, 0.06; 0.02 .
9551181 14° 090! 1478/ 2.73| 0.05/ 0.00
955118, 17! 1.02' 15311 3.51i 0.05: 0.08
955118| 17! 0.83 14.89] 3.02] 005 0.02
i i i ! |
955120| 30 1.12° 20.33' 5.20' 0.06' 0.00
9551201 31 0.91; 877] 139 0.120 0.21
9551201 7' 0.87 12.64 249 0.11: 0.00
9551201 9 0.82° 8.50 1.39/ 0.12: 0.08
955120! 11. 0.87' 1231y 248 0.12' 0.05
955120! 14" 0.87 11.97) 2.18 0.07. 0.0
955120, 15 083 12.12: 2.67 0.3 0.05
9551201 190 0.84 11790 138 0.12. 0.23
955120; 190 097 18.16' 434 006 0.3

955125 3 079 11.18 135 0.13 0.01
955125 100 081 11.83° 135 0.3 0.0l
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Table 2. Seawater nutrient concentrations (mM, millimoles nutrient per liter seawater) measured in 1995.

Station! Depth| PO4 | Si | NO3 | NO2 | NH4

I (m) | (mM)| (mM)i (mM) | (mM) ! (mM)
955125,  15; 0.82] 12.48] 145' 0.12' 0.2
955125 200 1.01] 17.39] 3.22; 0.06] 0.1
955125/ 25 1.10] 22400 5.73: 0.06! 0.00

1 | |
|

955150| 31 0.96] 13.04] 1.88° 0.07. 0.06
955150| 100 0.91] 13421 1.88] 0.06; 0.09
9551501 20/ 0.92] 13.66! 1.97] 0.06: 0.03
955150/  30{ 1.03| 19.86/ 3.92] 0.01i 0.00
955150 401 1.31] 2447, 627 0.06 0.90
955150 50/ 1.50| 33.30 8.71] 0.06] 1.55
955150 57 1.84! 38.56] 9.49. 0.08/ 2.58
] | | |
955218| | 079 12.84' 1401 0.11! 004
955218 9\ 0.80/ 12.82' 145. 0.1l 0.00
955218! 14: 096! 1991 3.37' 0.04, 0.00
955218, 17 0.79] 15.89: 0.00/ 0.12' 0.00
& | \ ’ i ‘
955418. 3 078 13.63 135 0.I1' 0.00
955418, 9 076 14.65: 1.49. 0.12: 0.03
955418 14 0.80; 1295. 1.74, 0.12' 0.00
955418’ 170 091! 1733 3.13 0.091 0.00

|

i
i !

955518’ I 077 13.04 127 0.10° 0.00
! : | ! ! !
958010 2 027/ 1291 0.01' 000 0.00
I X i i :
958013 2 026 1484 0.09 000 008
958040 3 0300 820 002 000 0.10
958040 8 099 1591 005 000 1.13
958040 13 039 1479 0.13 013 225
958040 18 057 939 005 000 0.17

0.04. 465 0.13 0.04 0.00

958043 1
958043 3 017 5.02. 003 000 045
958043 8. 048 11.82 0.02 0.00 0.02 -
958043. 13- 0.511 7.24. 0.01° 001" 0.02
17

958043 0.76: 1791 0.00° 0.0!. 0.00

) | 1 '

958045. 3 026 572 0.00. 000 046
958045 8 046' 636 000 0.01' 000
958045 13, 0541 7.00 035 0.15 007
958045  17. 0.88. 6.04 0.0 0.03 0.32

1
1

958047 3 036 7.29 0.00. 0.00. 0.00
958047 8 052! 11.60- 0.00 0.000 0.09
958047, 13 057 737 0.000 000 0.09
958047 17 0720 7.600 0.06 0.000 1.14

958110 3 020 797 001 0.00 004
958110 0.38' 7.01 0.00 0.00 040
958110 9 039 12.82. 0.00- 0.00 0.00

o
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Table 2. Seawater nutrient concentrations (mM, millimoles nutrient per liter seawater) measured in 1995.

Station | Depth| PO4 | Si | NO3 « NO2 | NH4
i (m) | (mM)! (mM)i (mM)i (mM) ! (mM)
958114/ 3. 037, 9.58 006 002 055
958114! 8/ 0.331 1646 0.07 001 0.1l
958114 13 0611 6.92] 0.03' 000 0.04
| f
958115 3i 021 1227/ 007 0.00° 0.0l
958115 8 0.63] 991/ 006 000 093
958115 12] 175 15.27] 0.00 008 9.27
958115! 16! 0.79! 11.67{ 0.06/ 0.00: 0.00
1 | :
958117, 3i 028 6.03 0.00 000 0.76
958117! 8 051, 7.86] 0.001 0.01' 026
958117: 12/ 052 691] 0.00; 002 061
958117! 16! 0.73' 10.58! 0.00 001. 021
1 | | | |
958118 3 040 14.63! 009 000 0.00
958118! 8 0.55 1227, 0.08 0.00 037
958118! 12 0.57- 8.93 0.02° 000 0.8
958118! 160 073 947, 001, 001 033
| | | i 1'
958120/ 3 049, 11.80i 003 0.00 0.14
958120! 8 0.66: 15371 005 0.02° 022
958120, 13- 0.59' 11.76! 0.07 0.00 0.01
958120! 18  0.84 12.02' 0200 001 0.88
i | : : !
958210, 31 034 10050 0.00 000 0.17
958210 7. 035 550 29.13 0.17 0.23

[

'

958215 3 032 777 002 000 000
958215 7 0490 667 0.00 0.00 091
958215 11 063 558 000 001 003
958215 14 076 556 000 001 044

958218 3 026 548 001 000 022
958218 8 040 572 000 001 0.18
958218. 13 063. 622' 000 0.01 0.00
958218 17 093 7.13 000 002 032 .

958502. 2 021 748 014 0.03 091

958503 2 036, 10290 0.09. 000 127

958505 1. 034 1049' 0.000 0.00 -0.01

958505' 4 047 848 000 000 028
! !

958518 3 0200 832. 000 0.00 022

9585181 8 053 869 00l. 006 0.31

958518 13 037 959 000 001 002

958518' 18- 0.65 692 000 000 0388
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Table 3. Methane concentrations (nM, nanomoles methane per liter melted ice water), and methane carbon isotopic composition in ice.

Station ' Latitude N. ' Longitude W., Date ' Core ' Methane Carbon Carbon Description
' . ' interval | (nM) ! Isotopic Isotopic
T (em) | Composition (ppt) | Composition (ppt) -
i | | duplicate
955001  7024.54 148 31.47 | 5/6/95 |0-10 1532 - ‘West Dock
702454 1483147 { S/6/95 |40-50 136, ; “West Dock
'7024.54 1483147 ! 56195 |80-90 4.99! -West Dock
7024.54 __ -148 31.47 | 516195 1120-130 4.030 West Dock
7024.54 148 31.47 } 5/6/95 [180-10 491 West Dock
. ; i | !
955010 7030.008  |15008.860 | 5/4/95 |0-10 i 70835 -$7.61 i 'S Km SW of Thetis I.
7030008  :15008.860 | 5/4/95 130-40 | 80558 8499 { :5 Km SW of Thetis I.
7030008 [15008.860 | S/4/95 [80-90 | 21.88) : :5 Km SW of Theds L.
7030008 115008.860 ! 5/4/95 |130-140 | 9.54| - -5 Km SW of Thetis L.
7030.008  15008.860 | 5/4/95 1180-190 | 4.800 » "5 Km SW of Thets L.
] t ! .
955103 7031.950 14953210 | 5/5/95 |0-10 324.88! $4.73 1 Transect 1 03 m Oliktok Point
7031950 ‘14953210 ' 5/5/95 |20-30 10.48! ! Transect 1 03 m Oliktok Point
7031950 114953210 5/5/95 14050 | 1028 ; ‘Transect 1 03 m Oliktok Point
7031950 14953210 ' 5/5/95 l90-100 3.13 - “Transect | 03 m Oliktok Point
7031950 14953210 5/5/95 {150-160 370’ , Teansect 1 03 m Oliktok Point
| t
955114 7038.094  14953.014 . 5/5/95 10-10 : 8.87| Transect 1 14 m Oliktok Point
7038094 14953014 5/5/95 140-50 5.91; Transect ! 14 m Oliktok Point
7038.094  '14953.014 ' 5/5/95 [100-110 4.24] i Transect 1 14 m Oliktok Point
7038.094 14953014 | 5/5/95 |160-170 | 3.27! Transect | 14 m Oliktok Point
i |
955120 7047.074___ 14952.852 5/4/95 :0-10 | 9.98' Transect 1 20 m Oliktok Point
i 7047074 14952852 5/4/95 140-50 567 — Transect 120 m Oliktok Point
7047.074 149 52.852 5/4/95 180-60 : 4.60! Teansect 1 20 m Oliktok Point
7037.074 _ 14952.852 5/4/95 1120-130 3.95 Transect | 20 m Oliktok Point
7047.074 _ 13952.852 5/4/95 1160-170 5.13! Transect | 20 m Oliktok Point
! |
955150 7111132 14952.944 5/4/95 :0-10 472, Transect | 50 m Oliktok Point
710132 14952944 5/4/95 _30-50 333’ Transect | 50 m Oliktok Point
i TUIL132. 1495294 5495 90-100 470 T ~Transect | 50 m Oliktok Point__
CTUILIY 14952944 5/4/95 1140-150 278 Transect | 50 m Otiktok Point
DA W 1 Y 2 149 52,944 5/4/95 180-190 4.41 Transect | 50 m Oliktok Point
955503 7021.176  14757.041 51395 0-10 5671 : CEndicott Dock -
7021176 147 57.041 S/395 1020 69.99 Endicott Dock
T 7021176 137 57.041 5/3/95 20-30 47.76 Endicott Dock
7021176 137 57.041 5/3/95 3040 -39.49 -39.20 Endicott Dock
7021176 147 57.041 5/3/95_40-50 Endicott Dock
7021176 147 57.041 513195 S0-60 Endicott Dock
7021.176 - I ... Endicont Dock .
7021176 147 57. Endicott Dock
7021176 147 57.041 5/3/95 Endicott Dock
7021176 .13757.04] 5/3/95_90-100 -Endicott Dock
CUTTI021176 14757.041 S/3095 1100-110 T Endicott Dock o
7021176 14757041 . 5/3/95 |1i0-120 Endicott Dock
7021176 1137 57.041 57395 '120-130 Endicott Dock
7021.176 147 57.041 51395 1130-140 Endicott Dock
7021176 '14757.041  : 5/3/95 |140-150 | Endicott Dock -
7021.176  :14757.041 - S5/3/95 {150-160 ‘ Endicott Dock
7021176 14757.041 | S/%95 [160-170 .Endicott Dock
7021176 137 57.041 5/3/95 -170-180 - :Endicott Dock
7021176 147 57.041 5/3/95 ;180-190 Endicott Dock
021176 14757041 53M5 1 . Endicott Dock
955503 7021176 '147 57.041 516/95 10-10 3.53 Endicott Dock repeat
7021.176 147 57.041 5/6/95 10-20 2035 Endicott Dock repeat
7021.176 147 57.041 5/6/95 20-30 64.58. 4776 Endicott Dock repeat
_ 7021176 14757041 5/6/95 13040 . 3045 5929 . ...EndicotDockrepeat .~
7021176 147 57.041 5/6/95 "40-50 19.63. Endicott Dock repeat
7021.176 147 57.041 5/6/95 '50-60 12.711 Endicott Dock repeat
7021.176 147 57.041 5/6/95 '60-70 10.80 Endicott Dock repeat
7021.176 147 57.041 516/95 170-30 14.47 Endicott Dock repeat
C 7021176 | 14757.041 . 5/6/95 '80-90 1093, v EndicotDockrepeat |
7021.176 147 57.041 5/6/95 '90-100 10.88 Endicott Dock repeat




Table 4. Hydrocarbon gas concentration in sediments (UM gas per liter wet sediment).

Sample Location | Water | Date | Lat.N. | LongW. : Core | Cl1 | C2|C2:1; C3 | iC4 |
| [ depth m | Intervalcm = ... pI/L wetsediment - .. .
955001'West Dock 3 |5/6/95] 70 24.540! 148 31.470] 0-10° 14.71/ 0.13; 0.21' 0.17] 0.04] 0.00! 0.02
: | | ! | !
955010'Skm. SW Thetis L. 3 15/5/95] 70 30.008| 150 08.860 0-10, 3.34) 0.00{ 0.00! 0.07! 0.00/ 0.00| 0.00
955010!5km. SW Thetis L. 3 15/5/95| 70 30.008] 150 08.860 30-40.  7.75! 0.13] 0.29; 0.17] 0.45 0.01] 0.01
| ! .l | | !
955103 Transect 1 3m 3 5/5/95{ 70 31.950| 149 53.210 0-10: 3.34| 0.00{ 0.00; 0.00] 0.00| 0.00| 0.00
955103 Transect 1 3m 3 5/5/95| 70 31.950{ 149 53.210 25-35! 10.62| 0.01{ 0.00; 0.05; 0.00! 0.00| 0.00
‘ ! ;
955114 Transect 1 14m 14 15/5/95! 70 38.094| 149 53.014 20-30:  6.84; 0.05| 0.00: 0.07] 0.00; 0.00! 0.00
a | | | . | !

955120 Transect 1 20m | 20 15/4/95) 70 47.074] 149 52.852' 0-10  4.15) 0.00; 0.00° 0.00! 0.00! 0.00! 0.00
955120 . Transect 1 20m | 20 ;5/4/95 70 47.074] 149 52.852, 20-30  5.53, 0.00] 0.00 0.00; 0.00{ 0.00; 0.00
; ] ; ! | } ; ! : | |
955503 Endicott Dock 13 [5/2/95'7021.176! 147 57.041 0-10  6.81! 0.05! 0.00 0.04! 0.00! 0.00; 0.00
955503 Endicott Dock | 3 :5/2/95i7021.176' 147 57.041’ 20-30- 18.42' 0.20' 0.00 0.04: 0.00! 0.00] 0.00
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Appendix 1

Water Temperature - Salinity - Methane concentrations plotted with
water depth for each station
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Appendix 2

Methane concentrations in water plotted with water depths grouped by
transects from each survey
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Appendix 3

Water column cross sections of methane concentrations and carbon
isotopic composition grouped by transects from each survey
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Appendix 4

Dissolved inorganic carbon in water plotted with water depth grouped in
transects conducted In August 1995
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Appendix 5

Methane oxidation rates of water plotted with water depth grouped in
transects conducted in each survey
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Appendix 6

Methane concentrations of ice plotted with ice depth, grouped in
transects
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