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EVIDENCE FOR EPISODIC LATE-HOLOCENE SUBSIDENCE IN ESTUARINE
DEPOSITS NEAR ANCHORAGE, ALASKA: BASIS FOR DETERMINING
RECURRENCE INTERVALS OF MAJOR EARTHQUAKES

by

R.A. Combellick
Division of Geological and Geophysical Surveys
Alaska Department of Natural Resources
3700 Airport Way
Fairbanks, Alaska 99709

ABSTRACT

Borehole drilling and continuous sampling at nine locations in upper Cook Inlet confirm that
a partial record of prehistoric subsidence events, possibly associated with 1964-style major earth-
quakes, is preserved in estuarine sediments of Turnagain and Knik Arms. Multiple peat layers
submerged below present high-tide level and buried by intertidal silt and clay record cycles of
supratidal vegetation growth, tectonic subsidence, and rapid burial. Radiocarbon dating of these
peat layers provides close maximum ages of coseismic subsidence events responsible for their
burial and allows calculation of fong-term subsidence rates.

Because of uncertainties in some of the radiocarbon-age data and incomplete correfations
with data from other studies in the region, it is not yet possible 10 construct a reliable regional
chronology of events. However, the number of buried peats suggests a minimum of six to eight
earthquakes during the past 4,200 radiocarbon yr, which translates to a maximum average recur-
rence interval of about 525 to 700 yr (590 to 780 yr for about the past 4,700 calendar yr if cal-
culated on the basis of tree-ring calibrated ages). In upper Turnagain Arm, three buried peat lay-
ers that date to within 100 yr of each other suggest that recurrence intervals may have been as
short as several decades. Radiocarbon ages of shallow submerged peat layers at five locations in
both Turnagain and Knik Arms suggest that the most recent major subsidence event prior to the
1964 earthquake was at or before about SO0 y.a. The data indicate net subsidence rates of 0.23 to
0.30 cm/yr in upper Turnagain Arm for the past 4,200 radiocarbon yr and 0.13 to 0.17 cm/yr in
upper Knik Arm for the past 2,100 radiocarbon yr.

INTRODUCTION

Following the catastrophic great Alaska earthquake of March 27, {964, geoscientists began
to address the question of how soon another damaging earthquake is likely to strike this area of
southcentral Alaska, which is home to nearly 60 percent of the state‘'s 500,000 residents. Seis-
mologic monitoring of smaller events has aliowed detailed mapping of the Benioff zone and
megathrust-interplate boundary and has improved estimates of earthquake-recurrence intervals
based on analyses of slip rates and strain release. Considering that the instrumental seismologic
tecord extends only back to about the turn of the century and that the 1964 event is the only
known great earthquake in this segment of the Aleutian megathrust during historic time, recur-
rence estimates of great earthquakes based on these historic data must be regarded as tentative.
However, a reliable geologic record of major prehistoric subduction-zone earthquakes in this
region for the past several thousand years would complement the historic record and would
greatly improve the credibility of recurrence estimates. A chronology of these events would also
provide a measure of variability from the average recurrence interval.

The 1964 earthquake caused vertical ground displacements over a 100,000-mi?
(260,000-km?) area (fig. 1). This vertical deformation consisted of an asymmetric uplift zone
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Figure 1. Tectonic deformation associated with the great Alaska earthquake of March 27, 1964
(from Plafker, 1969).



parallel to the arc and an adjacent landward zone of subsidence (Plafker, 1969). Geologic evi-
dence indicates that similar deformation occurred during the late Holocene, or last 5,000 yr. A
total of 131 & (40 m) of uplift occurred at Middleton Istand (fig. 1) during at least five distinct
uplift pulses during the last 4,470 yr, based on radiocarbon ages of driftwood and peat on marine
uplifted terraces (Plafker and Rubin, 1967). This represents a linear uplift rate of about 0.4 in./yr
(L cm/yr). A terrace is presently forming on Middleton Island due to 10.8 ft (3.3 m) of 1964 up-
lift. Based on the known ages of uplifted terraces, the recurrence interval for megathrust earth-
quakes like the 1964 earthquake is 500 to 1,350 yr (Plafker and Rubin, 1967).

Knik and Turnagain Arms, located at the northeastern limit of Cook Inlet in the subsidence
zone of the 1964 earthquake (fig. 1), are likely basins in which to find sedimentary evidence of
subsidence events associated with major earthquakes. Based on post-1964 survey data, the Knik
Arm tidal flats subsided at least 2 ft (0.6 m) during the 1964 Alaska earthquake (Foster and Karl-
strom, 1967; Plafker, 1969). Subsidence was due to tectonic lowering of the crust and to com-
paction of unconsolidated materials underneath the tidal flats. This resulted in extensive tidal
flooding and in deposition of intertidal silts over the 1964 soil horizon in at least the south-
western half of the flats,

A similar post-1964 cycle (subsidence, saltwater incursion, vegetation kill, intertidal deposi-
tion, and revegetation) has been documented for the upper part of Turnagain Arm southeast of
Anchorage (Ovenshine and others, 1976; fig. 2). This cycle for upper Turnagain Arm has re-
stored the sediment surface to its pre-earthquake level (Kachadoorian and Ovenshine, 1984;
Bartsch-Winkler and Garrow, 1982). In 1964, this region subsided about 7.9 ft (2.4 m), although
as much as 1.8 ft (0.55 m) of rebound occurred following the earthquake (Brown and others,
1977). About 5.2 ft (1.6 m) of intertidal silt has been deposited on the 1964 soil horizon (fig. 3),
which is about the amount of deposition to be expected for the net subsidence of the region.

In 19885, geotechnical drilling at two Turnagain Arm sites, one at Girdwood and one at
Portage, confirmed the presence of multiple organic layers interbedded with tidal deposits below
the 1964 soil horizon. Organic layers are each overlain by 2 to 10 ft (0.6 to 3 m) of fine silty
sand, sandy silt, and clayey silt and are interpreted to record episodic prehistoric subsidence in
Turnagain Arm similar to that resulting from the 1964 great earthquake (Combellick, 1986).
Radiocarbon ages of these organic layers are reported in Table 1. Four peat Jayers were observed

Table 1. Radiocarbon ages of samples from two boreholes drilled near Girdwood (TA-B1) and Portage
(TA-B8) in upper Turnagain Arm in 1985. Calibration to calendar years BP is based on data sets for
tree rings of known ages (Linick and others, 1985, 1986; Kromer and others, 1986; Pearson and
Stuiver, 1986; Pearson and others, {986; and Stuiver and Pearson, 1986).
BOREHOLE- LABORATORY MATERIAL RADIOCARBON CALIBRATED AGE (yr BP)
DEPTH BER D GE (yr BP 1o mip, (cal. m eg) 1o max.
TA-B1-10.0 GX-11344 Sedge peat 19354 tS0 1710 (1881) 2039
TA-B1-20.0 GX-11347 Wood-sedge peat 27354145 2749 (2848) 2989
TA-B1-22.0 GX-11348 Wood-sedge peat 2660+ 100 2739 (2767) 2859
TA-B125.5 GX-11349 Wood-sedge peat 3365+ 155 3459 (3628) 3829
TA-B8-16.0 GX-12199 Sedge peat 1320+340 930 (1277) 1550
TA-B8-21.2 GX-11351 Sedge peat 1915+£130 1710 (1870) 2039
TA-B8-25.0 GX-11352 Organio silt 3205195 3219 (3459) 3683
TA-B8-30.2 GX-11353 Woody peat 26351145 2549 (2757) 2869
" GX-11740 (Same sample) 28504150 2789 (2957) 3209

Weighted average of above two analyses 27394104 2759 (2849) 2949
TA-B8-35.2 GX-11354 Orgaoic silty clay 3790+ 175 3295 (4154, 4194, 4222) 4429
TA-B841.5 GX-11358 Plant fragments 42401195 4529 (4841) 50416




Figure 2. Oblique northwest aerial view of the Portage area, Seward Highway, and upper Tumagain Arny.
This area subsided about 7.9 fi (2.4 m) during the great Alaska earthquake of 1964, causing extensive
tidal flooding. The influx of salt water killed most trees in the central part of the photograph and
caused rapid deposition of silt on the submerged flat. Silt deposition and about 1.8 f1 (0.55 m) of
postseismic rebound have restored this part of the flat to predominantly supratidal conditions
{photograph by R.A. Combellick, 1984).
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Figure 3. Vegetation and peat layer submerged during the great Alaska earthquake of 1964 and buried be-
neath approximately 5.2 ft (1.6 m) of post-1964 iptertidal silt. Part of the overlying silt layer has
been removed by erosion. Exposure is in tidal channel near Girdwood in upper Tumagain Arm
(photograph by R.A. Combellick, 1984),



below the 1964 peat to a depth of 26 ft (8 m) at the Girdwood site. Radiocarbon ages of these
peats indicate four pre-1964 subsidence events during the past 3.5 Ka. At the Portage site, or-
ganic layers to depths up to 41 ft (12.5 m) indicate five pre-1964 subsidence events during the
past 4.5 Ka. Because sampling at these sites was not continuous, the possibility of additional
buried peat layers means that the number of subsidence events suggested by avzilable data must
be considered minimal. Buried peat layers are documented at numerous other sections in the
intertidal zone of upper Cook Inlet by Bartsch-Winkler and Schmoll (1987).

The purpose of this project was to drill boreholes with continuous sampling at the same sites
drilled at Girdwood and Portage in 1985 and at new sites along Knik Arm to document late-
Holocene sedimentation and coseismic subsidence events as completely as possible in two sepa-
rate basins. This study has confirmed that at ieast a partial record of prehistoric subsidence events
is preserved at the drilled locations in both estuaries. Although a complete record of all observed
peats has not yet appeared at any single borehole location, radiocarbon ages of several peats can
be correlated among two or more locations and with dated terraces on Middleton Island in the
£964 uplift zone.

FIELD PROGRAM
Equipment and Logistics

Boreholes were drilled at nine locations on vegetated supratidal flats, including sites at
Girdwood and Portage along Turnagain Arm in September, 1988, and at Goose Bay and Palmer
Hay Flats along Knik Arm in January and February, 1989 (fig. 4). All boreholes were drilled
using a truck- or track-mounted CME-7S drill rig operated by the Alaska Department of Trans-
portation and Public Facilities (fig. 5). The 40,000-1b reaction load of this drill rig allowed the
sampler to be pushed into the sediment without the use of a hammer, reducing artificial sample
compaction and disturbance. Because all Knik Arm boreholes were drilled at off-road sites on
wetlands within state game refuges, permit stipuiations required drilling from a track vehicle
during winter when the ground was frozen and snow covered t0 minimize surface disturbance.

Sample Collection

Samples were collected using a CME continuous-sample-tube system in conjunction with the
hollow-stem auger (fig. 6). The sampler consisted of a S-ft-long (1.5-m), 3.25-in. (8.3-cm) [.D.
split steel barrel connected to the drill rig through the auger with non-rotating rods. Two clear
plastic liners, each 2.5 ft (76 cm) long and 2.5 in. (6.4 cm) diam were placed end-to-end in the
barrel. The cutting head of the sampler extended a short distance ahead of the lead auger, which
rotated around the sampler. Drilling and sampling occurred simultaneously as the sampler was
pushed into the sediment 5 ft (1.5 m) at a time, Samples were retrieved by lifting the sampler to
the surface through the hollow-stem auger, disassembling the split barref, and removing the filied
sampie liners.

As the full sample liners were retrieved from the sampler, the ends were immediately cov-
ered by plastic caps and sealed with electrical tape. Sample material caught in the cutting head
was retained in sealed plastic bags. A generalized sample log was prepared in the field in con-
junction with the drilling log (appendix A), but detailed sample logging was postponed until the
samples could be opened in the laboratory.

Sample recovery ranged from 78 to 94 percent (see appendix A). Two circumstances re-
sulted in occasional incomplete sample recovery. First, if the sampler encountered very firm
material, such as dense peat, frozen soil, or a large pebble, over less firm material, occasionally
the firm material plugged the cutting head and forced the softer material to the outside of the
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Figure 4. Location map of region near Anchorage, Alaska, showing locations of
boreholes drilled on supratidal flats in 1988 and 1989.



Figure 5. Borehole drilling at site KA4 near Goose Bay in
January 1989 (see fig. 4 for location).



Figure 6. Cross section of hollow-stem auger with continuous-sampling system (sotid black). Drilling and
sampling occur simultaneously in 5-ft (1.5-m) ipcrements as the non-rotating sample barrel pushes
ahead of the auger.



sample barrel as the sampler penetrated farther. Second, when sampling loose wet sand or siit
with no clay for cohesion, occasionally part of the sample flowed out of the sampler while lifting
it to the surface.

Samples were placed upright in crates for transport to Fairbanks and stored in the crates
until they were opened in the laboratory.

Borehole Locations and Elevations

Latitudes and longitudes of borehole locations TA1 at Girdwood and TA8 at Portage were
determined by surveys referenced to local monuments with theodolite and electronic distance
measurement (EDM). Locations of boreholes KA1 through KA6 at Goose Bay and Palmer Hay
Flats were determined visually by reference to aerial photographs and 1:63,360-scale topographic
maps. Lack of sufficient local horizontal control precluded a straightforward theodolite survey of
these locations. However, {ocal vertical controt was sufficient to determine ground-surface eleva-
tions at all borehole locations using theodolite and EDM. Borehole locations and elevations are
included with the sampie log in Appendix B.

Relative elevation of the ground surface to mean higher high water (MHHW) at each bore-
hole location was calculated using the surveyed ground elevation relative to mean sea tevel
(MSL) and published statistics from the nearest tide-gage stations (U.S. Department of Com-
merce, 1988). The level of MHHW relative to the borehole samples must be known in order to
show that the subsurface peat layers are presently below the minimum elevation at which they
could have formed and to document the minimum amount of subsidence and sedimentation that
has occurred since their submergence and burial,

LABORATORY ANALYSES
Core Logging and Subsampling

Each core sample was split in half by cutting the plastic liner on opposite sides with a small
high-speed saw and slicing through the sample with a sharp knife or thin wire, Each sample was
kept in its semicircular tiner halves, which served as trays for handling and storage. After clean-
ing and smoothing the surface, the sample was described in detail (appendix B) and photographed
at two scales with high-resolution black-and-white fiim, A tape measure was placed by each sam-
pie and registered to the top of the sample so that photographs could be keyed directly to sampie
logs.

Subsamples for radiocarbon dating and granulometric analyses were collected from one side
of the split samples. Intact (archive) halves and the remainder of the subsampled halves were
covered by plastic wrap and stored in core boxes for possible future use. Exact [ocations of all
subsamples were recorded in the sample log (appendix B).

Peat subsamples for radiocarbon dating were normally 0.1 ft (3 cm) thick and were taken
from the top of each peat layer so that radiocarbon ages approximate the ages of the ground sur-
face when burial occurred. If the peat layer was less than 0.1 ft thick, the entire layer was re-
moved from the sample haif to ensure sufficient quantity for dating. A total of 43 subsamples
were collected from the nine boreholes for possible radiocarbon dating.

Some subsamples collected for radiocarbon dating were of organic silt or disseminated fine
organic matter that may represent relict peat layers or may contain reworked or transported or-
ganics, These samples were collected primarily to obtain ages for calculation of sedimentation
rates in portions of cores that were devoid of peats. Radiocarbon ages obtained from these sam-
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ples are regarded with some suspicion because they may be contaminated by older organic mate-
rial,

Omne or more subsamples were collected from each texturally distinet stratigraphic unit for
granulometric analysis. These subsamples were also normally 0.1 ft (3 cm) thick. Rare excep-
tions included layers of a distinct texture that were less than 0.1 ft thick and layers of coarser
material for which more material was needed to provide an adequate sample for sieving. A total
of 55 subsamples were collected for grain-size analysis.

Following completion of logging, photography, and subsampling, each core-sample half was
wrapped in clear plastic and stored in a core box for possible future use.

Radiocarbon Dating

Subsamples- coliected for radiocarbon dating were dried in an oven at about 75°C, weighed,
wrapped in aluminum foil, and sealed in plastic bags. Dry subsample weights ranged from 3.6 g
for peat to 149 g for silt with disseminated organic matter. Each subsample was examined macro-
scopically for contaminants, such as roots of younger plants or transported older organics, which
were removed.

Of 43 organic subsamples collected from the cores, 38 were selected for submission to
Geochron Laboratories Division, Krueger Enterprises, Inc., for radiocarbon dating. Three of the
core samples required acceleration mass spectrometry because they contained too little carbon for
conventional gas-proportional age determination. Two additional samples, KA7-3.0 and KA7-
3.5, collected along the Matanuska River bank at location KA7 (fig. 4) were also submitted.
Sample KA7-3.0 consisted of flattened fragments of wood branches lying parallel to bedding at a
depth of 3.0 ft (0.9 m). Sample KA7-3.5 was collected from a thin (<0.1 ft or 3 cm) buried peat
at 3.5 ft (1.1 m) below the ground surface.

Reported radiocarbon ages (table 2) are based on the Libby half life for 14 C (5570 yr) and
referenced to AD 1950. A correction for '3 C/!2C was applied to adjust for natural isotopic frac-
tionation. Conventional ages were calibrated to tree-ring ages (tables 1 and 2) using a procedure
described by Stuiver and Reimer (1986).

Plant Identification

Twenty two of the organic samples were submitted to the University of Alaska Museum for
identification of plant remains comprising the submerged peat layers. Plant identifications are
presented in Table 3.

Grain-size Analyses

Subsamples for grain-size analyses were dried at about 75°C and weighed. Subsample
weights ranged from 50 g to 290 g. Six coarse-grained subsamples were analyzed with conven-
tional 8-in.diam (20.3-cm) sieves. The remaining 49 fine-grained subsamples were analyzed with
a Micromeritics Sedigraph SOO0ET rapid sediment analyzer, which uses a scanning x-ray beam to
determine the weight-percent distribution of fine particles from their settling velocities in a solu-
tion of known density and viscosity.

Two splits of about 1.5 g were obtained from each fine-grained sample for Sedigraph analy-
sis. Any organic material was removed, using hydrogen peroxide if necessary, and the sample
was dispersed in a solution of 0.55 percent sodium hexametaphosphate. Part of each sample was
injected into the x-ray cell directly from the dispersed suspension and results of the analysis were
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Table 2. Radiocarbon ages of samples from boreholes drilled in vicinity of Tumagain and Knik
Arms in 1988 and 1989. Calibration to calendar years BP is based on data sets for tree rings of known
ages (Linick and others, {985, 1986; Kromer and others, 1986; Pearson and Stuiver, 1986; Pearson
and others, 1986; Stuiver and Pearson, 1986; and Stuiver and others, 1986).

BOREHOLE- LABORATORY MATERIAL

RADIOCARBON CALIBRATED AGE (yr BP)

DEPTH ()  NUMBER DATED AGR (yr BP) 1o min. (cal. mean apes) tao max,

TAl-6.4 GX-15208 Sphagnum-sedge peat  negative (post-1950)

TAl-8.8 GX-15209 Woody moss-sedge peat 5104130 480 (532) 660

TA1-12.8 GX-15210 Sedge peat 81S+11S 670 (723) 907

TA1-19.7 GX-15212 Sphagnum-sedge peat 2100478 1988 (2066, 2098, 2100) 2285

TA1-21.2 GX-15211 Sedge-wood peat 1875125 1635 (1829) 1950

TAL-22.6 GX-15213 Woody moss-sedge peat 275580 2774 (2856) 2950

TA1-25.5  GX-15214 Sphagnum-sedge peat 3455145 3559 (3703) 3909

TAL-35.3 GX-15215 Organie silt 10,375+ 310 (100 oid 1o calibrate)

TA8-4.9 GX-15216 Sedge blades & roots 3304150 0¥ (327, 363, 431) 520

TAS8-7.0 GX-15217-AMS  Scattered organics 1030+ 130 790 (943) 1060

TAB-12.7 GX-15218 Sphagnum-sedge peat  885+120 690 (786) 930

TA8-13.4 GX-15404 Sedge peat 14951165 1280 (1386) 1550

TA8-20.3 GX-15219 Mozss-sedge peat 1695480 (527 (1605) 1709

TAS8-21.5 GX-15405 Sedge peat 2630480 2740 (2756) 2792

TA8-24.8 GX-15220 Woody moss-sedge peat 2675480 2749 (2775) 2857

TAS8-30.3 GX-1522% Moss-sedge peat 2705 +8S 2754 (2789) 2876

TAB8-36.2 GX-15222 Thin peat 3015+140 2989 (3217, 3233, 3243) 3379

TA841.5 GX-15223 Thin pest 4150+130 4455 (4648, 4672, 4721, 4757,
4816) 4859

TA8-50.8 GX-15224 Organic silt 10,730+ 525 (too old o calibrate)

KA1-1.7 GX-15406 Wood-sedge-moss peat  negative (post-1950)

KA1B-2.7 GX-15225 Wood-sedge-moss peat 470170 489 (S16) 544

KA1-5.85 GX-15226 Sedge peat 955475 784 (917) 943

KA1-11.75 GX-15227 Sedge peat 2080+ t30 1890 (2054) 2307

KA1-18.2 GX-15228 Scattered organics 7240 £295 7729 (8037) 8369

KA1-28.2 GX-15229-AMS Organic silt 8850+ t20 {too old to calibrate)

KA4-0.7 GX-15230 Wood-sedge peat negative (post-1950)

KA4-3.3 GX-15231 Wood-sedge peat 515175 507 (534) 628

KA4-242 GX-15232-AMS  Orgaaic silt 4533 184 4996 (5099, 5141, 5166,
5284) 5317

KA4B-3.1 GX-15407 Wood-sedge peat 14575 0% (0*, 18, 144, 212, 266) 290

KA4B-5.8 GX-15233 Wood-sedge-moss peat  510+70 507 (532) 623

KA4B-12.7 GX-15234 Organic silt 92554420 (too old to calibrate)

KAS5-5.0 GX-15235 Wood-moss-sedge peat 1080485 930 (976) 1066

KA6-2.3 GX-15236 Silty wood-sedge peat 1854130 0* (0%, 3, 156, 183, 279) 424

KAG6-3.0 GX-15237 Sedpe peat 560470 523 (549) 650

KA6-4.35 GX-15238 Sedge peat 930115 720 (800, 838, 845, 907) 950

KAG-7.55 GX-15239 Organic silt 28104200 2749 (2893, 2904, 2934) 3219

KAG6-7.85 GX-15240 Woody peal 1800125 1560 (1723) 1880

KAG-25.3 GX-15241 Organic silt 11,4004720 (too old Lo calibrate)

KA7-3.0 GX-15466 Wood fragments 520+70 510 (536) 628

KA7-3.5 GX-15465 Wood-sedge peat 4954120 472 (525) 641

0* = negative calibrated age BP (post-1950).
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SAMPLE-

DEPTH (ft)
TAL -6.4

TA1-8.8

TAl-12.8
TAL-19.7
TAl -21.2
TAL - 22.6
TAL1-255
TAS8 - 12.7
TA8 -20.3

TA8-24.8

TAS8 -30.3

TA8B - 7.0
KA1 - 5.85
KAL - 11.75
KAIB-2.7
KA4-33

KA4B - 5.8

KAS -5.0

KA6-2.3
KA6-3.0
KA6 - 4.35

KAG6 - 7.85

Table 3. Identification of plant fragments in buried peats and organic-rich layers (identifications by
A.R. Batten and B.M. Murray, University of Alaska Museum, 1989).

co ION
Moss-sedge peat (Calliergon and Sphagnum).

Sedge-moss (Sphagnum?) peat (mostly sedge). Some wood up to 3 mm diameter.

Sedge peat with some moss and wood.

Moss (Sphagnum?)-sedge peat with twigs up to 5 mm diameter.

Well-preserved sedge peat with lots of wood (maximum diameter 3 mm).

Moss (Sphagnum?)-sedge peat with some wood up to 4 mm diameter.

Sphagnum peat with a few sedges.

Sphagnum(?) peat with a few sedges and fine (1-2 mm) woody roots or twigs.

Silty moss-sedge peat, mostly moss (non-Sphagnum?). No twigs apparent.

Decomposed moss (non-Sphagnum?)-sedge peat with some woody twigs up to 2 mm diameter.

Moss-sedge peat (mostly moss, Drepanocladus and Calliergon), with a few woody twigs up to
2 mm diameter.

Sand with sedge & wood fragments.

Well-decomposed scdge peat.

Silt with some sedge-like organic fragments. Possibly some wood fragments.

Well-preserved sedge peat with abundant wood with bark; twigs maximum diameter 4-5 mm.
Sedge peat with abundant well-preserved wood with bark (maximum diameter about 1 cm).

Moss-sedge peat (Sphagnum?) with abundant wood (and bark?) fragments. Well-preserved
twigs, maximum diameter 5.5 mm.

Moss-gedge peat (moss compoaent Tomenthypnum and Sphagnum) with several twigs
(maximum 3 mm diameter) with bark and leaf scars. Tomenlhyprum is often calcarcous.

Silty sedge peat with wood twigs (maximum diameter 3 mm). No moss apparent.
Sedge peat with some moss (non-Sphagnum). No wood apparent.
Sedge peat, possibly with some woody roots. No mosses apparent.

Pine-grained minerat with wood fragments up to 9 mm diameter, 2 cm long.

recorded automatically by the Sedigraph on chart paper. The graph was then scated in full or half

phi (¢) units to compute size distributions in weight percent.

The Sedigraph was calibrated and periodically checked for accuracy with reference powders.
A third split was analyzed for any sample when results for the first two splits had an error greater

than § percent in the size distribution. Mean grain size, standard deviation (sorting), skewness
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(asymmetry), and kurtosis (peakedness) were calculated from phi-size distributions using stan-
dard procedures for moment measures (Friedman and Johnson, {982) and are reported with pec-
cent gravel, sand, silt, and clay in Appendix C.

RESULTS
Lithology and Stratigraphy

Subsurface sediment encountered in the boreholes is predomirantly clayey silt to fine sandy
silt, similar to material on the modern intertidal flats (see fig. 7 for graphic logs, appendix B for
detailed sample descriptions), although layers of coarser sand and gravel are present in the upper
parts of the Girdwood and Portage boreholes. Gravel comprising the upper 6 ft (2 m) of borehole
TA1 at Girdwood is probably road fill. Fine to medium sand in the upper 10 ft (3 m) of borehole
TA8 at Portage displays more distinct layering, coarser grain gizes, and size grading than the re-
maining fine-grained samples and is interpreted as fluvial overbank deposits from Portage Creek.

The fine sediment making up the remainder of the borehole samples is mostly structureless
to faintly laminated clayey silt and silty clay (see appendix C for graphic logs of grain-size statis-
tics). Contorted bedding is rare and is attributed in most cases to disturbance during sampling and
handling. In these cases, contorted bedding is restricted to soft sediment adjacent to the void at
the top of the cores and extends downward along the core walls. Strongly contorted bedding that
cannot be attributed to disturbance appears only in the bottom 3 ft (1 m) of borehole KA6 in up-
per Knik Arm at depths of 40.5 to 43.5 {t (12.3 to 13.3 m)(appendix B). No peat layers are
clearly associated with contorted bedding at this or any other location.

Subsurface peat layers were encountered at afl borehote locations. These peats are composed
of fresh-water grasses, mosses, and some wood (table 3), In boreholes KA2, KA3, and KAS on
Palmer Hay Flats and in KA4 and KA4B at Goose Bay, the peat layers all occur within 6 ft (2 m)
of the surface, immediately below zones that could not be sampled because of the wet, very loose
condition of the soil beneath the frozen ground. Therefore, it is not possibie to determine from
these samples whether these near-surface peats are buried beneath intervening layers of silt or are
parts of a single surface layer of peat, although the latter seems most likely.

Deeper subsurface peats interlayered with silt appear in boreholes TA1 and TAS8 in Turna-
gain Arm, KAl and KA6 on Palmer Hay Flats, and at section KA7 exposed in the bluff at the
mouth of the Matanuska River near KAl. In borehole TAI at Girdwood, four distinct peat layers
0.3 to 1.3 ft thick (0.1 to 0.4 m) are overlain by 0.3 t0 6.5 ft (0.1 to 2.0 m) of nearly organic-
free silt, minor sand, and some pebbles. Two additional peat layers at 8.5 and 21.1 ft (2.6 and
6.7 m) depth appear below sample breaks and may or may not be separate layers. The deepest
peat layer is at 25.5 ft (7.8 m); all are below present MHHW.

In borehole TAS8 at Portage, six peat layers 0.1 to 0.8 ft thick (3 to 24 cm) are overlain by
0.2 to 6.7 ft (0.06 to 2.0 m) of organic-free clayey silt and fine sandy silt. Two additional thin
peat seams (less than 0.05 ft or 1.5 cm) in otherwise uniform silt appear at 36.2 and 41.5 ft depth
(11.0 and 12.7 m) and may also represent former supratidal surfaces. Al subsurface peats in this
borehole are below present MHHW.

Borehole KA1 on Palmer Hay Flats containg two thin peats overlain by silt below the surface
organic layer. These peats occur at 5.8-6.0 ft (1.77-1.83 m) and 11.7-12.0 ft (3.57-3.66 m) be-
low present MHHW. Borehole KA6 contains three well-developed peats interlayered with silt at
3.0-3.2 ft (0.91-0.98 m), 4.3-4.6 ft (1.31-1.40 m), and 7.8-7.9 ft (2.38-2.41 m). An additional
0.05-ft or 1.5-cm-thick organic-rich fayer that appears to be a weakly developed peat is present at
7.5-ft (2.3-m) depth. The uppermost peat layer is about at the level of present MHHW.
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A 6-ft-high (1.8-m) bluff section near the mouth of the Matanuska River at the edge of
Palmer Hay Flats (location KA7 on fig. 4) is composed entirely of silt with scattered organics and
roots near the surface and has a layer of compressed wood fragments at 3.0 ft (0.9 m) and a thin
layer of peat at 3.5 ft (1.1 m). These organic layers are slightly above MHHW. The peat layer
was initially thought to represent the pre-1964 vegetation, because its depth corresponds ap-
proximately to the amount of subsidence documented in this area for the 1964 earthquake, How-
ever, radiocarbon dating places both the wood layer and peat at an uncalibrated age of about 530
yr BP, corresponding to basal ages obtained for near-surface peats in several other boreholes.

Stratigraphic relations of several buried peat layers indicate that their development and sub-
sequent burial began with gradual shoaling and sparse vegetation growth, then dense vegetation
and peat development, followed by sudden burial. Examples are peat layers at 13 ft (4.0 m) and
25.5 ft (7.8 m) in borehole TA1 and at 30.5 ft (9.3 m) in borehole TAS8 (fig. 8). Silt deposits be-
fow these peats show a gradual increase in plant and root material in an upward direction, a gra-
dational contact at the base of the peat, and a sharp upper contact between the peat and overlying
silt, which is nearly devoid of organics or has only scattered sedge blades or twigs. Scattered or-
ganics and a large twig in silt overlying the peat at 13 ft in TA1 (fig. 8A) may be analogous to
the buried pre-1964 vegetation preserved in tidal channels near Girdwood. There deposits of
Placer River Silt (Ovenshine and others, 1976) encase the branches of small bushes that were
growing on the supratidal flat at the time of the earthquake on March 27, 1964, Silt immediatety
overlying the peat at 25.5 ft contains negligible organics but shows a gradual upward increase in
organics within about 1 ft (0.3 m) toward the base of the next higher peat layer at 23 ft depth
(7 m)(fig. 8B).

In addition to the peats, layers of organic silt were encountered in the boreholes that may or
may not represent buried remnants of former supratidal surfaces. These include zones of scattered
plant fragments or dark gray, disseminated fine organic matter embedded in silt (fig. 7). Because
of the strong possibility that this organic material was retransported, I assume that these layers
are not remnants of peats and use their radiocarbon ages only for calcutation of maximum ages
and approximate sedimentation rates.

Radiocarbon Ages

Radiocarbon ages of selected peats and organic-rich layers are shown in relation to borehole
stratigraphy in Figure 7. All ages are reported in uncalibrated radiocarbon years before present
(yr BP), referenced to A.D. 1950. The most significant effect of tree-ring calibrations is to in-
crease the ages of the oldest samptes (> 3000 yr) by up to several hundred years (tables 1 and 2).
As these differences are probably not significant relative to other sources of error and have no
major effect on the conclusions of this report, uncalibrated ages are used in figures to simplify
comparisons.

In borehole TA1 at Girdwood, the shaltowest subsurface peat tayer has a negative radiocar-
bon age (post-1950) and is assumed to be the surface vegetation that was buried following sub-
mergence during the 1964 great Alaska earthquake. Its depth at this location i about the same as
the known pre-1964 peat in nearby tidal channels. Dated peat layers below the pre-1964 peat
yield radiocarbon ages of 510+ 130, 815+ 1185, 2,100+75, 1,875+ 125, 2,755+ 80, and
3,455+ 145 yr BP (table 2; fig. 7). A thin layer of organic silt at 55.3 ft (16.9 m) has a radiocar-
bon age of 10,375+310 yr BP, providing a minimum age for deglaciation comparable to the
10,180+350-yr age obtained for a sample of compressed wood and peat in a gravel pit at Gird-
wood (Bartsch-Winkler and Schmoll, 1984a).

The 510-yr date at 8.8 ft (2.7 m) in TAI is for a sample collected at the base of a peat layer
that is immediately below a sample break. It is not possible to determine from these samples
whether this peat is a separate layer or is continuous with the peat at 6.4-7.4 ft (2.0-2.3 m).
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Figure 8. Buried peat layers in borcholes TA) and TA8, showing gradual upward increase in roots and
plant fragments below the peats, sharp upper contacts, and nearly organic-free silt and clay overlying
the peats. A, peat layer at 13-ft depth (4.0 m) in borebole TA1 (radiocarbon age 815+ 115 yr). Nole
twig at 12.1 ft (arrow). B, peat layer a1 25.5-ft depth (7.8 m) in borehole TA1 (radiocarbon age
3,455+ 145 yr). Upper pari of photo shows gradational lower portion of peat layer at 23 ft (radio-
carbon age 2,755 180 yr). C, peat layer at 30.5-ft depth (9.3 m) in borehole TA8 (radiocarbon age
2,705+ 85 yr).
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The 1,875-yr peat layer at 21 ft (6.4 m) in TA1 is also immediately below a sample break
and is discordant with the ages of peats above and below. A plot of age versus depth (fig. 9A)
shows that this sample's age is inconsistent with the long-term sedimentation rate indicated by the
other radiocarbon ages. The disturbed top of this core sample and the anomalously young age
suggest that the sample may be contaminated by younger organic material. Although a separate
peat layer may be present at this depth, the age of sampled material is clearly anomalous. Because
recovery was not continuous in this sample interval, it is not clear whether there are two separate
peats or one continuous peat between 19.7 and 22.2 ft (6.0-6.8 m).

Radiocarbon ages were obtained for 11 layers in borehole TA8 at Portage, including six peat
layers greater than 1 in. (2.5 cm) thick, two thin peat seams, and three layers of organic silt. The
peats yield ages of 885+ 120, 1,495+ 165, 1,695 +80, 2,630+ 80, 2,675+ 80, 2,705+ 85,
3,0154 140, and 4,150+ 130 (table 2; fig. 7). An age discordance occurs between the organic-
rich layer at 7.0 f (2.1 m) and the peat layer at 12.6-13.3 ft (3.8-4.0 m). Although either of these
ages could be wrong, I regard the 1,030-yr age of the layer at 7.0 ft with suspicion because its
organic content is very low, requiring accelerator mass spectrometry (AMS), and the fine-grained
organic matter may have been retransported. Also, the 885-yr age at 12.7 ft (3.9 m) correlates
closely with the 815-yr age at about the same depth in borehote TAY.

A radiocarbon age of 10,730+ 525 yr BP for organic silt at 50.8 ft (15.5 m) near the base of
borehole TAS at Portage is comparable to the lowermost age obtained at TA1 at Girdwood and
provides a minimum age of deglaciation of the Portage area. Previously, the oldest radiocarbon
age obtained in the Portage area was 8,230+ 100 yr BP on wood fragments at the base of a 93-m
core about | mi (1.6 km) northwest of TA8 (Bartsch-Winkler and others, 1983). The discrepancy
between the depths of these samples and their ages casts doubt on the validity of one of the ages;
the fact that the shallower sample in TA8 gives the oldest age and results in a sedimentation rate
about one seventh that of the remainder of the section may be reason to suspect that the 10,730-yr
age is erroneous and may represent transported material. However, the 10,730-yr age correlates
closely with the 10,375-yr layer at about the same depth in borehole TA1 at Girdwood (fig. 7),
50 the question of which date is invalid remains uaresolved. Even if the 10,730-yr organics in
TAS8 were retransported, the date is still a valid minimum age for deglaciation at Portage because
the site had to be ice-free at the time the organics were deposited.

In borehole KA1 (Palmer Hay Flats), a thin (< I ft or 30 cm) layer of organic silt separates
peat at the surface from a buried peat at 1.7-2.8 ft (0.52-0.85 m)(fig. 7, appendix B). A sample at
the top of this buried peat layer yielded a negative radiocarbon age (post-1950), and a sample at
its base dated at 470+70 radiocarbon yr BP. This latter age correlates closely with ages obtained
on layers of wood fragments and peat in nearby tidal-channel section KA7 (fig. 4 for location),
which dated at 520+70 and 495 + 120 radiocarbon yr BP (table 2). Deeper buried peat layers at
5.8-6.0 ft (1.77-1.83 m) and 11.7-12.0 ft (3.57-3.66 m) in KAl yielded radiocarbon ages of
955475 and 2,080+ 130 yr BP, respectively. Thin layers of organic siit at 18.2 and 28.2 ft (5.55
and 8.60 m) yielded radiocarbon ages of 7,240+ 295 and 8,850+ 120 yr BP, respectively, but
may represent transported material.

No buried peat laysrs were encountered below the surface peat in boreholes KA2 and KA3
on Palmer Hay Flats (fig. 4; fig. 7), so no radiocarbon ages were obtained. Nearby, in borehole
KAS, it was not possible to sample the upper 4.7 ft (1.43 m) of soft, wet peat below the ice.
However, a basal peat sampfe at 5.0 ft ({.52 m) yielded a radiocarbon age of 1,080+8S yr BP.
This may be the age of the base of the surface peat layer or may be the age of a buried peat that
correlates with the peat at 5.8 ft (1.77 m) in KAL.

Three well-developed buried peats were encountered in borehote KA6 on Palmer Hay Flats

at 3.0, 4.3, and 7.8 ft (0.91, 1.31, and 2.38 m), yielding ages of 560+70, 9302 115, and
1,800+ 125 radiocarbon yr BP, respectively (fig. 7). A 185+ 130-yr age for organic matter in silt
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at 2.3 ft (0.70 m) at the top of the first core probably represents surface peat mixed with silt
through sample disturbance. Layered organic siit at 7.55 ft (2.30 m) yields a radiocarbon age of
2,8104200 yr BP, which is discordant with ages above and below (fig. 9F), but correlates
closely with ages of well-developed peats in boreholes TA1 and TAS8 at Girdwood and Portage.
A deeper lamina of organic silt at 25.3 ft (7.71 m) dates at 11,400+720 yr BP, which, if valid,
provides a new minimum age at this location for retreat of glacial ice after the late-Wisconsin
Elmendorf advance (Reger and Updike, 1983).

At borehole KA4 (Goose Bay), a negative radiocarbon age (post-1950) was obtained for peat
at the base of the recovered portion of surface organics (fig. 7). A sample break at 1.2-3.0 ft
(0.37-0.91 m) makes it difficult to determine whether peat at 3.0-3.35 ft (0.91-1.02 m) is the base
of the surface organic layer or is buried under intervening silt. The age of a sample at the base of
this layer is 515475 radiocarbon yr BP. A similar condition exists in the upper 6 ft (1.8 m) of
nearby borehole KA4B, where an age of 145+ 75 radiocarbon yr BP was obtained for a sample at
3.1 ft (0.95 m) midway in the surface(?) peat layer and an age of 510470 radiocarbon yr BP was
obtained for a sample at the base of a peat at 5.8 ft (1.77 m), which may be the base of the sur-
face organic layer or may be buried under intervening silt.

No buried peat layers are present below surface peats in boreholes KA4 and KA4B, although
there is a possibility that buried peats are deeper thano the drilled depth of about 27 ft (8.2 m).
Driiling was suspended at this depth because of -30°F temperatures and the resulting problems
with drilling equipment. An AMS radiocarbon age of 4,533 +84 yr BP was obtained for organic
silt at 24.2 ft (7.4 m) in borehole KA4, and a conventional radiocarbon age of 9,255+ 420 yr BP
was obtained at 12.7 ft (3.9 m) in borehote KA4B. Buried peat layers have been observed below
MHRBW in a nearby tidal-channel section at depths of about {2 and 25 ft (3.7 and 7.6 m) and are
dated at 1,595+ 75 and 3,270+ 90 radiocarbon yr BP, respectively (Bartsch-Winkler and
Schmoll, 1984b).

Comparison with Previous Data

A comparison of radiocarbon ages from boreholes drilled in 1988 at Girdwood and Portage
with data obtained at the same locations in 1985 (Combellick, 1986) shows some close agreement
and some serious disagreement between the data sets (fig. 10). Some peat layers that appear at the
same depth in adjacent boreholes correlate very closely in age, but others disagree by several
multiples of their laboratory standard deviations. For example, reported ages of the peat fayer at
about 25-ft (7.6 m) depth in adjacent Girdwood boreholes differ by only 90 radiocarbon yr, well
within the + lo range of both samples. In contrast, the reported 1,935+ 150 yr age of peat at
about 10 ft (3 m) in the 1985 borehole is clearly inconsistent with the much younger reported
ages (5104130 and 815+ 115 yr) of peats that appear slightly above and below it in the adjacent
1988 borehole. Similar discrepancies exist between adjacent boreholes at Portage, although peats
at 30.3 ft and 41.5 ft (9.2 and 12.7 m) correlate very closely (fig. 10).

Peat at 10-ft (3 m) depth in the 1985 and 1988 Girdwood boreholes is at about the same tevel
(taking into account earthquake subsidence in 1964) as a peat layer dated by Karlstrom (1964) at
700 +250 radiocarbon yr BP. This relation supports the validity of the 510- and 815-yr ages in
the {988 borehole and suggests that the 1935-yr age in the 1985 borehole may be erroneous.
Bartsch-Winkler and Schmoll (1987) obtained a radiocarbon age of 1,840+ 50 yr BP for a peat
sample collected by auger at a depth of about 22 ft (6.7 m) below the surface in the middle inter-
tidal 2one at Girdwood, which may correlate with one of the layers in the 20-23-ft (6.1-7.0 m)
depth range in Girdwood boreholes TA-B1 and TA1 but does not clearly resolve the age discrep-
ancies at that depth (fig. 10).

Until additional data are obtained at the Girdwood and Portage sites, the remaining age dis-
crepancies may remain unresolved. Possible reasons for the discrepancies include (1) strati
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graphic discontinuities between adjacent boreholes; (2) labeling errors; (3) contamination by
external organic matter or bacterial activity; (4) handling errors in the laboratory; or
(5) analytical errors arising from faulty equipment, poor technique, or calibration problems.

Tidal or fluvial channel migration disrupts stratigraphic continuity and is evident in numer-
ous other boreholes in the area. However, channel deposits observed in other boreholes are much
coarser than the host tidal deposits and are devoid of peat layers. Laboratory errors seem highly
uniikely considering that both sets of samples were analyzed at the same reputable laboratory.

Contamination by bacterial activity is a possible source of error in 1988 samples, consider-
ing that several months elapsed before subsamples could be submitted for radiocarbon dating.
Bacterial uptake of recent carbon dioxide is known to be responsible for anomalously young
radiocarbon ages in marine cores stored unfrozen for several years in unsealed core boxes, Geyh
and others (1974) showed that the effects of bacterial contamination become more pronounced
with age of the sediment, producing highly erratic resuits on saroples of Pleistocene age (more
than 10,000 yr old). In all cases, contamination results in a radiocarbon age that is younger that
expected. Severely contaminated samples of Holocene age can be in error by up to 2,500 radio-
carbon yr.

Unlike the resuits documented by Geyh and others (1974), results of this study at Girdwood
and Portage show the greatest discrepancies in the youngest samples (< 3,000 radiocarbon yr
BP). Additionally, although most of the apparent discrepancies in 1988 samples are due to radio-
carbon ages that are younger than expected, some are older. Other radiocarbon ages, particularly
for older samples, show close agreement with the 1985 results.

Regardless of sources of error, these discrepancies may weaken the significance of exact
ages of peat layers for constructing a history of events until a sufficiently large regional data base
exists. To avoid confusion and for the sake of consistency, the remaining discussion on sedimen-
tation rates, subsidence, and earthquake implications is limited to data obtained from 1988 and
1989 boreholes. All radiocarbon dating of these samples was performed at the same laboratory at
about the same time, which should eliminate any significant effect of differences in laboratory
methods,

DISCUSSION
Sedimentation and Subsidence Rates

Average sedimentation rates were computed from the 1988/89 data for intervals between
radiocarbon-dated layers and for each borehole section between the oldest dated layer and the sur-
face (fig. 9). If the model for restoration of Portage Flats after the 1964 earthquake
(Kachadoorian and Ovenshine, 1984) applies to previous subsidence events, actual sedimentation
rates are not constant between events but are very rapid immediately after an event, tapering to
very slow or zero for most of the remaining time before the next event. Consequently, reported
sedimentation rates between dated layers represent the average rates over periods during which
actual rates may have varied considerably.

At location TA (Girdwood), the data suggest an overall rate of 0.16 cm/yr for about the
past 10,400 radiocarbon yr. With exception of the anomaly caused by the outlier at 21.2 ft
(6.5 m)(fig. 9A), the net rate remained relatively constant between 0.13 and 0.40 cm/yr prior to
1964.

At location TA8 (Portage), the data suggest a similar average sedimentation rate of

0.14 cm/yr for the past 10,730 radiocarbon yr. However, this rate is based on a questionabte age
for the oldest dated sample and is considerably slower than the rate determined by Bartsch-Win-
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kler and others (1983) at a nearby borehole. If the rate is computed from the oldest, presumably
reliably dated peat at this location (4,150+ 130 yr BP at 41.5 ft or 12.7 m), the long-term sedi-
mentation rate would be 0.30 cm/yr. This compares favorably to the 0.25-cm rate determined by
Bartsch-Winkler and others (1983) for the past §,740 radiocarbon yr.

Aside from the possible error in the 10,730-yr age, the remaining radiocarbon ages in bore-
hole TA8 suggest that sedimentation rates at this site were more variable than at TA1 (fig. 9B).
In particular, the narrow age span of three peat layers between 30.3 and 21.5 ft (9.2 and 6.5 m)
suggests sedimentation rates of 0.58 to 5.59 cm/yr, up to 40 times the long-term rate, between
3,015+ 140 and 2,630+ 80 radiocarbon yr BP. Higher sedimentation rates during this period may
have resulted from increased glacial activity during the Neoglacial maximum, which was under
way in southern Alaska by about 3,000 y.a. and began to recede by about 2,000 y.a. (Calkin,
1988). Close proximity of the Portage site to several large glaciers could explain why sedimenta-
tion rates were much higher there than at Girdwood during this period, even though both sites
remained dominantly intertidal (based on lack of significant differences in texture between bore-
holes or above and below the peat layers in this time span). Considering discrepancies in radio-
carbon ages between the 1985 and 1988 boreholes at Portage, however, these variations in sedi-
mentation rate may also be an artifact of dating errors.

Long-term sedimentation rates on Palmer Hay Flats in upper Knik Arm, represented by
boreholes KA1 and KA6 (figs. 9C and F), appear to be about half of the rate computed for
Portage and Girdwood in upper Turnagain Arm. At Goose Bay, the long-term sedimentation rate
indicated by radiocarbon dates at KA4 is similar to the Turnagain Arm rate (0.16 cm/yr), but the
rats at borehole KA4B is significantly lower (0.04 cm/yr). Considering the close proximity of the
Goose Bay boreholes on the same supratidal surface (fig. 4), the sedimentation rate should be
nearly the same. Most likely, either the 4,533-yr date in KA4 or the 9,255-yr date in KA4B is in
erTor.

Assuming tidal sedimentation and postseismic rebound restore tidal flats to subaerial condi-
tions between deposition of peat layers, the average sedimentation rate between peat layers is also
a measure of the net rate of subsidence. Accordingly, sedimentation rates calculated from dating
of the oldest peat layers suggest a net rate of subsidence of 0,23 to 0.30 cm/yr in upper Turna-
gain Arm for the past 3,400 to 4,200 radiocarbon yr, and 0.{3 to 0.17 cm/yr in upper Knik Arm
for the past 1,800 to 2,100 radiocarbon yr. The fower subsidence rate for upper Knik Arm ap-
pears consistent with measurements following the 1964 earthquake, which showed that Palmer
Hay Flats subsided about 0.6 m (Plafker, 1969), compared to about 1.5 m of net subsidence in
upper Turnagain Arm, taking into account postseismic uplift (Brown and others, 1977).

Paleoseismicity

Stratigraphic evidence of gradual shoaling, vegetation growth, peat development, and rapid
submergence and burial below present high-tide level supports the hypothesis that each buried
peat layer represents a vegetated supratidal surface that subsided during a major earthquake.,
Burial occurred rapidly as new sediment was deposited on the submerged flat, probably similar to
sedimentation in upper Turnagain Arm that restored the flat to subaerial conditions within 17 yr
following the 1964 earthquake (Kachadoorian and Ovenshine, 1984).

It may be argued that the observed stratigraphy is also consistent with burial of the peats by
river-flood deposits, followed by submergence. However, with the exception of the peat layer at
19.7 ft (6.0 m) in TAI, which is overlain by pebbly coarse sand, no significant textural differ-
ences are evident in deposits overlying buried peats to indicate a change from tidal to fluvial
sedimentation.
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Gradual submergence by aseismic subsidence can probably be ruled out as a model for for-
mation and burial of peat layers because sufficiently long stillstands would be necessary for peat
formation. Also, gradual submergence would subject the surface to erosion and reworking by
storm waves and tidal currents, making preservation of peats less likely. Dragging of large ice
masses by tidal currents during winter in Turnagain and Knik Arms would be particufarly de-
structive. Temporary eustatic sea-level rises followed by rapid or gradual subsidence could result
in preservation of peats below present sea level, but sea-level rise would have to be sufficiently
rapid to submerge and bury the peat so that it is not removed by erosion. Global relative sea levet
has been relatively constant during the past 5,000 yr and probably has not been higher than at
present (Clark and others, 1978). Karlstrom (1965) inferred a high sea-level stand between 5,000
and 6,000 y.a., based on radiocarbon dating of coastal bogs and represented by 'elevated’
supratidal flats at the mouths of the Kenai, Kasilof, Susitna and Little Susitna Rivers, at Palmer
Hay Flats, and at Goose Bay. If this were true, buried peat layers beneath these surfaces shoutd
be greater than 5,000 yr old. However, radiocarbon ages of basal surface peat and shallow buried
peat layers in this study (fig. 7) show that the surfaces at Palmer Hay Flats and Goose Bay are
less than about 500 yr old. The age of a peat layer buried under clayey silt below the supratidal
surface near the mouth of the Little Susitna River shows that the surface there is less than
355175 radiocarbon yr old (lab number 1-11,867, R.D. Reger, unpublished data). These surfaces
probably are not elevated but represent the high-intertidal depositional surface equivalent to the
re-established surface in upper Turnagain Arm (Kachadoorian and Ovenshine, 1984). These sur-
faces are flooded during extreme high tides and support growth of primarily sedge grass and
other vegetation that can withstand periodic flooding by sea water. I know of no other evidence
for sea-level fluctuations during the late Holocene in this region apart from relative effects of
tectonic subsidence that were sufficient to account for submergence and burial of peats to the ex-
tent observed in upper Turnagain and Knik Arms.

Radiocarbon ages of organic material at the tops of submerged peat layers provide maximum
ages for subsidence events. If the vegetation was buried by fluvial-flood deposition before sub-
mergence, an unknown period of time passed between vegetation growth and submergence; if
burial was due to rapid marine deposition after submergence, the radiocarbon age provides a
closely limiting maximum age for the event. The lack of textural changes above the peats sug-
gests that burial was by renewed intertidal deposition following submergence rather than by flu-
vial flooding. In either case, assuming the hypothesis relating submerged peat layers to major
earthquakes is correct, then the peats provide a minimum count of earthquakes that have occurred
following deposition of the oldest peat. As previously discussed, apparent age discrepancies make
attempts at assigning ages to all prehistoric earthquakes risky at this time.

Regardless of exact timing, the number of peats in a borehole can be considered a minimum
count of subsidence events during the period in which they were deposited because additional
events may have occurred for which no peat layer was preserved. Tidal deposition may not have
restored the flat to subaerial conditions prior to every earthquake. As Bartsch-Winkler and
Schmoll (1987) have demonstrated, vegetated and nonvegetated zones of the tidal area migrate
seaward and landward over time, so preservation of peat layers representing alt subsidence events
at any one location is highly unlikely.

The largest number of buried peat layers was encountered in borehole TA8 at Portage. Of
eight layers present, six are weli-developed peats > { in. (2.5 ¢m) thick and two are thin
(<0.5 in. or 1.3 cm) peat seams that arguably do not represent former supratidal surfaces.
Therefore, the Portage site shows evidence of at [east six to eight subsidence events during about
the last 4,200 radiocarbon yr (about 4,700 calendar yr)(table 2) prior to 1964. This transiates to a
maximum average recurrence interval of 525 to 700 yr (very roughly 590 to 780 yr if calculated
on the basis of tree-ring calibrated ages from table 2).
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Assuming the radiocarbon ages of the peats at TA8 are valid and the interpretation that they
represent subsidence during major earthquakes is correct, the data suggest that there were three
major (great?) earthquakes within a period of less than 100 yr between 2,705+ 8S and 2,630+ 80
radiocarbon yr ago, If calibrated ages are used, the time span is only 33 yr plus laboratory stan-
dard deviations (table 2). Ignoring possible effects of postearthquake compaction, net subsidence
during these events was 5.5 ft (1.7 m), 3.3 ft (1.0 m), and 1.2 ft (0.4 m), respectively; subsi-
dence during the first two events was comparable to subsidence during the 1964 event. The oc-
currence of three large earthquakes within 100 yr appears inconsistent with the long-term average
recurrence interval and contradictory to seismic-gap theory, which states that a region along an
active plate boundary that has not produced a large earthquake for a long period of time is more
likely to be the site of a future large earthquake than adjacent regions that have ruptured more re-
cently (McCann and others, 1979). The theory implies that after a gap-filting earthquake, suffi-
cient time must elapse before stresses can reaccumulate for release in another large earthquake.
The seismic-gap theory was used to successfully forecast many large earthquakes, most recenty
the October 17, 1989 Loma Prieta, California, earthquake (Ward and Page, 1989). However,
there are cases in which multiple large earthquakes have occurred in the same rupture zone within
an unusually short period. For example, the May 7, 1986 great earthquake (Mw = 8.0) in the
Andreanof Islands, Alaska, occurred in approximately the same location as a great earthquake on
March 9, 1957 Mw = 8.6). The aftershock zone of the 1986 event overlapped a significant por-
tion of the 1957 rupture zone (Ekstrdm and Engdahif, 1989). The time between these events was
only 29 yr, even though the recurrence period had been projected at 249 yr on the basis of a time-
predictable probabilistic model (Jacob, 1984). Submergence and burial of three well-developed
peats with radiocarbon ages spanning less than 100 yr at Portage may be evidence of similar, un-
usually brief recurrence times for multiple large earthquakes in the 1964 rupture zone about
2,700 radiocarbon yr ago.

It is not possible at this time to relate apparent amounts of subsidence between peat layers to
earthquake magnitudes with any degree of confidence. Only if reliable regional data were avail-
able to document the areal distribution of deformations associated with individual events could
any inferences be made about relative magnitude. For example, diffecences in depth between peat
layers at Portage (borehole TAS8) cannot be used to infer differences in earthquake magnitude be-
cause the position of this borehole relative to the zero isobase of deformation is not knowa for
each event. During the 1964 event, vertical displacements varied considerably over relatively
short distances (Plafker, 1969). Because the position of the zero isobase and the distribution of
vertical deformation undoubtedly is not the same in every large earthquake along this rupture
zone, the amount of subsidence at Portage could vary substantially during successive earthquakes
of similar magnitude.

Perhaps all that can be said about magnitude of prehistoric earthquakes based on available
data for this region is that a large-magnitude event is necessary to produce subsidence or uplift
that is likely to be preserved in the geologic record. The refation of length of deformation zone to
earthquake magnitude for historic subduction-zone events along the Pacific margin suggests a
threshold magritude of about 7, below which measurable deformation does not occur (West and
McCrumb, 1988). A higher threshold is probably necessary for deformation to be preserved as
uplifted marine terraces or submerged supratidal peat layers.

Data presently available from this and other studies of coseismic uplift and subsidence in the
rupture zone of the 1964 great Alaskan earthquake provide strong evidence that several major
events occurred during the past 5,000 yr. However, insufficient regional data are available to
construct a credible, complete timetable of events. Comparison of data from this study with data
from some other studies in the region shows little obvious correlation of radiocarbon ages that
are presumably associated with coseismic uplift or subsidence (fig. {1). As discussed above, data
from this study in upper Turnagain Arm, from both 1985 and 1988 boreholes, strongly suggest at
feast one and possibly three events between 2,600 and 2,900 radiocarbon yr BP. However, radio
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carbon ages of these peats do not correlate with reported ages from other areas, except for a dis-
cordant age of a poorly developed peat in borehole KA6 in upper Knik Arm (2,810+200 yr; not
plotted on fig. 11). Either there are major errors in radiocarbon ages in this or other studies, or
burial events were restricted to Turnagain Arm and not associated with large interplate earth-
quakes, or evidence of the earthquakes has not been discovered in the other areas.

Comparison of data from this study at Portage with data at Middleton Island (Ptafker and
Rubin, {978) suggests possible correlation of events at about [,300-1,500, 3,800, and 4, 100-
4,400 radiocarbon yr (fig. 11). There also may be regional evidence of events at about 700-
1,000, 1,700-2,100, and 3,100-3,400 radiocarbon yr. Close correlation between the ages of a
buried peat layer at Pt. Woronzof (Bartsch-Winkler and Schmoll, 1984b) and an uplifted terrace
at Middleton Island suggest another possible event at about 2,300-2,400 radiocarbon yr BP. Con-
sidering discrepancies in radiocarbon ages that have been discussed previously, these correlations
are highly speculative.

Although radiocarbon ages were obtained for some near-surface peats where sample recov-
ery was incomplete, their meaning with regard to recent subsidence history and earthquake oc-
currence is obscure because their stratigraphic context is unclear at all locations except KA6 and
KA7 on Palmer Hay Flats. Shallow peat layers dating at about SO0 radiocarbon yr BP at locations
TAI, KA1, KA4, and KA4B all appear below sample breaks that could contain either continuous
peat or interbeds of tidal sediments. These breaks in sample continuity occurred where the coring
device did not retain soft, wet peat and sediment in the shallow subsurface beneath the frozen
ground. If peat is continuous between the 500-yr layer and the surface (or between the 500-yr
layer and the pre-1964 peat at TAT), SO0 yr is a basal age that represents the onset of vegetation
on the pre-1964 supratidal flat and is 2 minimum age for the most recent major pre-1964 earth-
quake. If the peat is buried beneath tidal silt, S00 yr (calibrated age about 530 calendar yr)(table
2) is a close maximum age for that event.

At KA6, a peat layer with a radiocarbon age of 560470 yr is overlain by 3 ft (0.9 m) of
silty clay and organic silt to the surface of the supratidal flat. At KA7, a peat layer with a radio-
carbon age of 4954 120 yr is overlain by 3.5 ft (1.1 m) of siit. At both focations, the 500-yr peat
tayer is above present MHHW, but still below the level of most high spring tides. Although
burial may have resulted from regional subsidence, the possibility of burial during a major flood
of either Matanuska or Knik Rivers must also be considered. Glacial-outburst flooding occurred
almost annually in Knik River between 1918 and 1966 and could be a mechanism for sedimenta-
tion on Palmer Hay Flats during a major flood. However, the very fine-grained texture of the de-
posits overlying the peat is inconsistent with major fluvial-flood deposition except possibty in
very quiet back-water conditions. The fact that the age of these peat layers correlate closely with
submerged peats at four other locations in Turnagain and Knik Arms strongly suggests a regional
subsidence event that was probably associated with the youngest pre-1964 major earthquake, at
or before about 500 y.a.

SUMMARY AND CONCLUSIONS

This study confirms that at least a partial record of prehistoric subsidence events, possibly
associated with 1964-style major earthquakes, is preserved in estuarine sediments of Turnagain
and Knik Arms in upper Cook Inlet. Multiple peat layers submerged below present high-tide lev-
els and buried beneath intertidal silt and clay record cycles of supratidal vegetation growth, tec-
tonic subsidence, and rapid burial during the period of sea-level stability over the past 5,000 yr.
Radiocarbon dating of organic material at the tops of these peat tayers provides maximum ages
for subsidence events responsible for their burial and altows calcuiation of fong-term subsidence
rates. Although uncertainties in some radiocarbon ages preclude accurate dating of all events, the
buried peats provide a minimum count of earthquakes from which a maximum average recurrence
interval can be calculated.

27



Sedimentation rates computed from radiocarbon ages of the buried peats provide an estimate
of the net rate of subsidence, assuming that the peats developed at approximately the level of the
modern supratidal surface. The data indicate net subsidence rates of 0.23 to 0.30 cm/yr in upper
Turnagain Arm for the past 4,200 radiocarbon yr and 0.13 to 0.17 cm/yr in upper Knik Arm for
the past 2,100 radiocarbon yr.

Subsurface stratigraphy at Portage, where the largest number of buried peat layers was en-
countered in boreholes, shows evidence of six to eight subsidence events during about the past
4,200 radiocarbon yr (4,700 calendar yr) prior to the 1964 great Alaska earthquake. This trans-
lates to a maximum average recurrence interval of 525 to 700 radiocarbon yr (about 590 to 780
calendar yr if calculated on the basis of tree-ring calibrated ages). Radiocarbon ages of shallow
submerged peat layers in both Turnagain and Knik Arms indicate that the most recent major sub-
sidence event prior to the 1964 earthquake was at or before about 500 y.a. These conclusions are
reasonably consistent with data from the Copper River Delta and Prince William Sound regions
(Plafker, 1990) that suggest an average recurrence interval of 650-850 yr since about 3,000 yr
BP, with about 850 yr since the youngest major pre-1964 earthquake.

Possible evidence at Portage of three earthquakes within 100 yr between 2,705+ 85 and
2,630+ 80 radiocarbon yr BP suggests that although average recurrence times are on the order of
centuries, actual recurrence times may have been as short as several decades. However, because
of uncertainties in some of the radiocarbon ages, this conctusion is tentative until more regional
data on events during this period are available.

Comparison with other radiocarbon ages of features interpreted to represent coseismic sub-
sidence or uplift do not yet provide a clear chronology of pre-1964 events in the region affected
by tectonic deformation during the 1964 earthquake. Although some ages roughly correlats,
many do not. This poor corretation of regional data may relate to inaccuracies in radiocarbon
dating, local effects not associated with widespread tectonic changes during major earthquakes,
or a combination of these factors.
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TAT - Girdwood

Attempted
Top Bottom
s} 42
42 72
72 102
102 132
132 162
162 222
222 252
252 282
282 342
342 372
ar2 409
409 462
462 522
522 582
882 642
842 672
872 702
702 762

9/19/88
Ascovered Total
Top Bottom  Af,
4] i9 42
42 51 30
72 86 30
86 88
102 122 30
125 132
132 162 30
162 187 60
187 217
222 242 30
252 282 30
282 309 80
309 337
337 340
342 372 30
372 381 37
381 408
409 418 53
419 449
449 452
462 490 80
490 520
520 522
522 541 80
541 571
571 573
582 809 60
609 839
839 642
642 869 30
669 672
672 6S8 30
658 701
702 732 60
732 762
762

Total
Rec.

=
o

BEBuBuoNwB8YInvB8ornERe8

2

APPENDIX A

BOREHOLE LOGS

All values in inchea,

Sample
Number

TA11
TA1-2
TA1-3
TA1-3C
TAY-4
TA1-4B
TA1-5
TA16A
TA1-68
TAL-7
TA1-8
TA1-8A
TA1-98
TA1-5C
TA1-10
TAT-11A
TA1-118
TA1-12A
TA1-12B
TA1-12C
TA1-13A
TA1-13B
TAY-13C
TA1-14A
TA1-148
TA1-14C
TA1-15A
TA1-15B
TA1-15C
TAl-18
TA1-16C
TA117
TA$-17C
TAV-18A
TA1-18B

Notes

Sarnpie compiessad in fill

Head cloggsd with gravel

Fibsic peat at bage (sadge, sphagnum, occ. wood)
Catcher - all organics

Organics at top

Racovered with next sample; disturbed
Organics(?) at 157 In.

Twig(?) at 195

Sand flowed in, drilled out to retry
Mostly peat

Organics 282-294, 307-309
Organics 309-315

Catcher sample

Possibly disturbed - pant of interval tost on TA1-10 attempt
Resi of lost interval from TA1-10

Recovared from TA3Y-11 attempt

Dense silty fine sand

Catcher sample

No organics visible

No organies visible

Catcher - dense silty fine sand

Disturbed - flowed when lald horiz, for disassembly; no organics
No organics visible

Catcher sample

Pebbles at top, Macoma shelts at bottam; vy tine sand
Macoma shells at 1op

Catcher sample; dense vy fine sand

Very hardg; filled 30 in. liner - discard top 3 in. - slough
Catcher sampls

Woet, flowing.

Catcher

Wet, flowing.

No organics; gravel at bottom (till?); very hard drilling last 2 ft.

87.1% recovered
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BORAEHOLE LOG

TA8 - Portage
Aftempted
Top Bottom
0 42
42 102
102 132
132 182
162 222
222 262
262 282
282 312
312 342
342 402
402 482
462 §22
522 582
582 642

9/19/88

Recovered Total

Top Bottom

0 27
27 29
42 47
47 77

77 80
12 131
131 132
132 188
159 162
162 183
183 213
213 218
222 248
248 262
282 279
279 282
282 308
309 312
312 339
333 342
342 372
372 402
402 432
432 462
462 492
492 S22
822 552
652 582
582 612
612 642

Att.

42

60

8

g8 8 8 8 8 8 8 8 &

g

Total
Rec.

~Bo8an?’

NN
= w2

28 a8

E8B8EEEE888uNwNwl

g

Sample
Number

TAB-1
TAB-1C
TAB-2A
TAB-28
TA8-2C
TAB-3
TA8-3C
TA84
TA8-4C
TA8-5A
TA8-58
TA8-5C
TAB-8
TAB-6C
TAB-7
TA8-7C
TAB-8
TA8-8C
TA8-8
TA8-8C
TAB-10A
TA8-108
TAB-11A
TA8-11B
TAB-12A
TA8-128
TA8-13A
TAB-138
TA8-14A
TAB-148

Notea

Surface organics {1 in.), rest clean mad-coasse sand
Catchar sample
Bagged disturbed upper par; fine sand w/some silt, organic smears

Catcher sample

Clean gray medium sand

Catcher sample

Peat layers at 140-142 and 150-159

Catcher sample - sadge peat

Siity fine sand to silty clay

Silty clay & clayey silt w/scattered organics

Catcher sampls

Sedge peat, bottom 8 In.

Catcher sample - sedge peat

Sedge peat top 2 in., organic silt.

Catcher sample - Very fine sand w/some silt

Sedge peat 297-301

Catcher, very fine sand w/some silt

Vy fine sand w/some silt and scattered organics
Catcher sample

Very fine sand w/soms silt, sphagnum peat 368-372
Peat 372-374; rest silty vy fine sand (w/some clay 1o 382 in.)
Very fine sand w/some silt

Vy fine sand, clayey silt, organic silt, thin peat 455-456
Sandy silt, clayey oify, organic silt 477-478

Clayey silt, sitty fine sand

Claysey silt, slity ctay, silty tine sand

Claysy silt & silty clay; organic sit 555-556

Clayey silt, silty fine sang, siity clay; trace organics at 5584, 805-609
Clayey silt to silty clay

93.9% recovered
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BOREROLE LOG 2/22/89
KA1 - Palmer Heyflats, 3 ml west of Qlenn Highway and 1/4 mi north of
Matanuska River.

All values in incheas.

Attemnpted Recovered Total Total Sample
Top Boftom Top Bottom Att. Rec. Number  Notes

0-8'Ice.
o 18 2] 12 18 4 KA1-1 Bagged; frozen peat and siit.
18 48 18 32 30 14 KA1-2 Gray organic giftt 18-24°; brown peat 24-32°,
32 38 4 KA1-2C Catcher sample; basal peat with smail amount of underlying gray silt.
48 78 48 72 30 24 KA1-3 Brownish-gray organic-rich clayey sitt 48-55*; gray clayey sitt with
ojganic-fich zones 55-72'.
72 75 3 KA1-3C Catcher sampla; gray clayey siit with some organics.
78 108 84 102 30 18 KA14 Gray sift to clayey silt: no organics, wet,
102 108 3 KA14C Catcher; gray clayey siit.
108 138 105 135 30 a0 KA1-8 Qray clayey silt with some organics(?) near top.
135 136 1 KA1-5C Catcher; gray silt.
138 168 138 186 30 28 KA1-6 Gray clayey siit 138-144"; Brownish gray fine sandy(?) sift with
organics 144-148"; gray o dark gray organic sitt 146-147"; gray
clayey sit 147-168".
166 167 1 KA1-6C Catcher; gray ctayey silt.
188 198 t68 184 30 28 KA1-7 Gray sitt.
194 198 2 KA1-7C Catcher; gray silt.
198 228 158 225 30 27 KA1-8 Qray silt,
225 228 3 KA1-8C Catcher; gray slit with some organics.
228 258 228 258 30 30 KA1-9 Massive gray sift.
KA1-9C Catcher (extra); gray silt.
258 288 258 288 30 30 KA3Y-10 Massive gray sliit; some organlc smears near bottom.
288 292 4 KA1-10C  Caltcher; geay silt,
288 348 232 317 60 25 KA1-11 Magsive gray silt with minor organics in top 7°.
317 M7 30 KA%1-12 Massive gray silt with minor organic smears.
347 348 2 KA1-12C  Cateher; gray silt,
348 408 345 368 80 19 KA1-13 Massive gray silt with some black organic smears.
368 388 30 KA1-14 Massive gray siit with abundant biack organic smears.
38 401 ] KA1-14C  Catcher: gray silt.
Ended drilling at 34 f: no more peat layers.
Moved drill to 4 it south of KA to re-sample 3-4 {t zone:
24 84 25 53 30 28 KA18-1 Grayish brown silt-rich paat 25-30"; brownish gray silt with some
organics 30-32"; grayish brown peat with some silt 32-36; gray sili with
some black organic smears 36-53",
83 85 2 KA1B-1C  Catcher; gray silt with minor organics.
438 391 89.3% tecovered

34



BOREHOLE LOG 2/15/89
KA2 - Palmer Hay Flats

All values in inches,

Attemnpted Recovered Total
Top Bottom Top Bottom  Att

0 18 0 12

18 38 18 34 18
a6 €6 a8 66

66 96 66 20 30
80 83

96 126 o6 118 a0
118 118

128 186 126 147 30
147 149

158 216 156 180 60
180 210
210 212

218 248 216 246 30

246 276 246 276 30

278 306 276 303 30
303 308

306 336 306 331 30
331 334

336 366 36 362 30
B2 385

368 396 368 378 30
378 381

396

Total

12
18

24

21

N

24

wuN8ENE

25

16

12

Sampie
Number

KA2-1
KA2-2
KA2:3
KAZ-4
KA2-4C

KA2-5
KA28C
KA2-6
KA2-6C
KA2-7
KA2-8
KA2.8C
KA2-9
KA2-10
KA2-11
KA2-11C
KA2:12
KA2-12C
KA2-13
KA2-13C
KA2-14
KA2-14C

Notes

=12t 0" Ics.

Bagged - frozen ice-rich peal.

Peat 18-21°; firm gray silt 21-34*

Massive gray silt 1o fine sand.

Massive fine sand; upper 8° probably distusbed - liquefies easily.
Catcher sample; gray fine sand with abundant mica, little or no silt;
fluviat or tidal-channel bedioad.

Maasive gray fine sand; firm, liquetiable.

Catcher,; firm gray fine sand,

Flem gray silty flne sand and silt with some cust coloting; no arganies,
Catcher; gray sift.

Massive gray silt; organic streaks 174-177".

Massive gray silt; organic streaks 202-205",

Catcher; gray sift.

Cray sik: firm, massive, no organics.

Firm, massive gray silt; black organic(?) smears 269-274".

Very firm, massive gray siit; some black organic smears.

Catcher; very tirm, massive gray sift,

Firm, massive gray silt; very hard drilling. Some black organic smears.
Catcher; same ag above.

Very fiem, massive gray siit with minor organic smears.

Catcher, same as above.

Very lirm, massive gray sllt.

Catcher; same as above.

Ended drilling at 33 f. Sik too hard; over-torquing drill. Cannot
drill further without damaging auger or sampler.

85.6% recovered
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BOREHOLE LOG

KA3 - Palmer Hay Flats

Site about 2.5 milea WSW of BF weif site.

2/15-2/16/89

Surtace flat with tussocks; vegetation mostly grasaes and dwarf bireh, max. 2 ft high,

All values In inches.

Attempted

Top Bottom Top Bottom

156

186

218
248

186

216

246
276

Recoverad Total

214
216
241

NSBB8 825888R 3 o

Att.

12
24

Total
Aec.

Bl wedbnidsz8w8Zua

n
~

Sample
Number

KA3-1
KA3-2
KA3-3
KA34
KA3-4C
KA3-5
KA3-8
KAS3-7
KA3-7C
KA3-8
KA3-8C
KA3-9
KA3-9C
KA3-10
KA3-11
KA3-11C

Notes

Augered through surtace and frozen soll to 20° below ice surface (8
below top of soil,

-12 to 0" Surface Ice.

Bagged - frozen basal surtace peat over gray sift.

Bagged - frozan gray silt, plugged sampler.

Recoverad lost portion; gray sandy silt, no organics.

Massive gray fine sandy silt: no organics.

Catcher sample - same as above.

Massive gray fine sandy silt; wst at top, molst at bottom.
Same.

Samae.

Catcher; same.

Same.

Samae; one smali wood fragment.

Gray silty fine sand, possibty tluvial,

Gray silty tine sand; scattered small wood fragments.
Satwrated gray fine sand, mosily liquelied (section disturbed).
Same.

Qray fine sand.

Stopped drilling at 23 fi; severs flow-in. Not abfe to sample without
wet sand flowing in. Drilling ended at 2:00 pm, 2/16/89.

87.4% recovered
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B8OREHOLE LOG
KA4 - Goose Bay

All values in inches.

Attempted

Top Boftom Top Bottom

66

156

186

216

248

278

3086

38

158

186

218

246

276

308

Recovered Total

13
18

51

106
138
138
179
182
211
214
242
245
270
273
30
304
324
az8

Att.

8

8

& &8 8 8 8 8

1/19 - 1/20/89

Total
Rec.

Sample
Number

KA4-1
KA4-1C

KA4-2
KA4-2C
KA4-3
KA4-3C
KA44
KA4-5
KA4-5C
KA4-6
KA4-6C
KA4-7
KA4-7C
KA4-8
KA4-8C
KA4-9
KA4-9C
KA4-10
KA4-10C
KA4-11
KA4-11C

Notes

-1210 0" Ice.

Frozen silt with peat at base,

Catcher sample; brown librous peat (1964 soil?)

No recovery 18-36", Fibrous peat with large sticks. Sampler probably plugges
with frozen sediment and pushed peat aslde. Sticks may be roots of 1964
vegetation.

Discard top 2 of 14 core {fill-in), 36-40" brown peat, 40-48" siit.

Catcher; sift.

Gray silt, slightly varved, faint thythmic bedding.

Catcher; gray sitt with trace organics.

Sit, no organics.

Massiva silt, no organics.

Catcher; silt,

Silt, no organics.

Caicher; silt.

Silt; trace organics at 187°. Dark gray 203-211".

Catcher,; silt.

Silt; trace organics(?) at top.

Catcher: siit.,

Firm silt; faint bedding. No organics.

Catchar; firm silt.

Very firm silt: no organics.

Catcher; vary firm silt.

Very tirtm, dry silt; split liner from being packed so tight. No orgeanics.

Catcher; very firm, dry silt, no organics.

Ended drilling al 326" (27°2") because no organics were encounterad below
upper 18 inches. Prepared to mave (o alternate site to north up bay.

78.3% recovered
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80REHOLE LOG 2/13/89
KA4B - Goose Bay {~ 1/4 mi NE of KA4}

Attempted Recovered Tatal Total
Top Bottom Top Bottom  Att.  Rec.

0 12 0 10 12 10
10 12 2

12 38 12 17 24 5
36 66 36 40 30 4
66 96 68 B4 30 18

84 87

126 156 128 158 30
158 186 166 180 30
160 172 12
186 218 188 205 30 19
208 207 2
216 246 216 248 30 30
246 276 246 276 30 30
276 306 276 306 30 30
308 229

BOREHOLE LOG 2/13/89

Sample
Number

KA4B-1
KA4B-1C
KA4B-2C

KA4B-3C
KA4B-4

KA48-4C
KA48-8

KA4B-8
KA4B-6C

KA48-7
KA48-8
KA4B8-8C
KA4B-9
KA48-10
KA4B-11

Notes

-12t6 0" ice,

Frozen organic silt with roots.

Catcher sampla - organic sift.

Only 6" recovered & bagged. Organic silt, frozen,

Sampler must be plugged with frozen solil and pushing soft soil aside.
4' recovered and bagged.

Brown peat & twiga 66-70.

Stee! gray slicky silt 70-84.

Catcher - gray sticky sift with organics.

Qray silt with scattered organics. Concentratad organics {peat lenses)
at 97-88° and 121-122°,

Gray silt with scatlerad organics, possibly varved. Peat(?) lense at 127-128",
Bagged sample. Gray sticky silt with minor organics. Lost some sample (hat

tell out while pulling up sampler.

Recovered some of lost sample; possibly disturbed. Stiff gray silt.
Gray silt.

Calcher sample; same.

Gray silt.

Gray silt.

Qray siht,

Stopped at 308" (25.5') because no more organics ericountered and siit gattt

very firm and difficult to ditll. See KA4C for re-sample of upper 10 &,

74.8% recovered

KA4C - Goose Bay (2' south of KA48 o re-sample upper 10 ft)

Attempted Recovered Totat Total
Top Bottom Top Bottom A, Ree.

0 36 36 4}
36 68 38 48 30 10
€6 88 66 Ie4 30 i1
96 126 96 126 a0 30

126 51

Sample
Number

KA4C-1C
KA4C-2

KA4C-3

Notes

-12to 0" lce.
Recovered only ditty ice shavings (about 8% - no sample.
Bagged. all peat.
Pushed in ahead of auger. Brown peat 66-70"; gray silt with scatiered
organics 70-77,
Upper ' peat rich, may have fallen from upper zone (discard).
96-105 Questionabls (peat).

105-107 Gray silt with organics.

107-110 Organic sift or peat,

110-121 Gray silt,

121-123 Organic silt.

123-126 Cray silt.

40.6% racovered
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BOREHOLE LOG
KAS - Palmar Hay flats

2/17/89

Site east of Well Site Road about 1/4 mi west of Wainle Lake. Vegetation
grasses, dwarf birch(?), willows, and scattered spruce. Ice & frozen vegaetation
to 2 ft: water ang vegetation/roots to 7 ft from surtace.

All values in inches.

Attampted

Top Bottom Top Bottom

48

78

108

138

198

228

288

318

348

78

108

138

198

228

288

318

348

378

Racovered Total

75

78
100
103
108
138
141
159
189
192
158

228
240
270
288
311
318

370

75

78
100
103
108
138
141
159
1898
192
198
226
228
240
270
273
311
314
324

370
373

Att.

30

60

Total
Rec.

19

Eunauloe

@ =
M Wwo mw

274

Sample
Number

KA5-1

KAS-1C
KAS-2
KA5-2C
KA5-3
KAS-4
KAS-4C
KA5-5
KAS-6
KA5-6C
KAS-7
KAS-8
KA5-8C
KA5-9
KAS-10
KA4-10C
KAS-11
KAS-11C
KAS-12

KAS-13
KAS-13C

Notes

-24 to 0' Surface ice and frozen organics above vegetation mat.
0to 48" Not sampled; water and vegetation,
56 to 61" Basal brown peat.

61 to 65" Qray silt withminor organics

65 to 67° Organic silt.

67 to 71" Gray silt with some organics.

71 to 72" Organic silt,

72 to 75" Gray silt.

Catchser sample; gray siit with minor organics.
Gray silt with faint organic-rich zones.

Catcher; gray silt,

Recovered lost zone; gray silt or siity fine sand.
Massive gray silt; no organics.

Cateher: gray silt.

Massive gray silt,

Massive gray siht.

Catcher; same,

Bagged: recovered from previous interval.
Massive gray silt; no organics.

Catcher; gray silt.

Massive gray silt,

Massive gray silt.

Catcher; same,

Massive gray silt.

Catcher: same.

Firm gray silt; plugging sampler (sampied with catcher fingars; without
fingers, samples slide out).

Massive gray clayey sidt.

Catcher; same.

83.0% recoversd
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BOREHOLE LOG 2/22-2/23/89
KAB - Palmar Hay Flats about 200 yd west of pipeline and 1 ml north of
Matanuska River.

All values in inches.

Attemptead Recovered Total Total Sample
Top Bottom Top Boftom  Aft. Rec. Number  Notes

0-6* {ce, 6-26" Gray silt with arganics; not secovered.
KAS-1 Bagged; base of froxen silt.
22 15 KAS-2 Dark grownish gray peat mixed with sil 26-28"; gray silt with organics 29-36;
brown peat with siit lenses 36-41°,
30 14 KAG-3 Gray sift 48-52"; grayish brown peat 52-55*; gray sit 55-62*,
KAB-3C Catcher sample; gray sift.
30 18 KA6-4 Gray silt.
2 KA8-4C Catcher; gray siit.
108 138 108 119 30 1 KAB-5 Qray sift with black organic smears,

23 26
26 48

23
&
w

23

26

48 78 48
62

78 108 78
96

88ER
[A)

119 131 12 KA8-6 Gray silt.
138 168 138 187 30 29 KA&-7 Massive gray silt.
KAS-8 Extra sample; may be flow-In{?) or from higher level; massive gray silt.

168 198 168 198

8

30 KA8-8 Massive gray clayey siit.
KA8-10 Extra sample, possibly flow-in; gray sllt with organics.
198 228 198 228 30 30 KAS-113 Gray silt,
228 258 228 253 KAB-12 Massive gray alit,
258 288 258 278 30 20 KAB-13 Massive gray clayey siit with some taint organic smears.

w
(=]
N
4]

278 289 3 KAB-13C  Catcher; gray clayey silt,
288 318 288 308 30 20 KAB-14 Gray clayey siit with dark gray organic(?)-rich tayers and smears near
boftom.
308 31t 3 KAB-14C  Calcher, gray clayey silt.

318 348 318 345 30 27 KAB-15 Fism gray to olive gray clayey silt with numerous dark gray organic
smears and layars, most concentrated in lower 2/3,

345 348 3 KA8-15C  Catcher; firm gray clayey silt with 1/2° dark gray organic-rich layer.
348 378 348 378 30 30 KA8-16 Qray to clive gray clayey siit with dark gray organic smears ang faint
layering.

378 408 378 406 30 28 KAB-17 Gray clayey silt with faint dark gray organic smears near top.

406 408 2 KA6-17C  Catcher; gray clayay sift,
408 438 408 438 30 30 KAB-18 Firm gray clayey silt with minor dark gray organic smears.
438 468 438 468 30 30 KAB-19 Gray clayey sift, not as firm as abovs,
468 528 468 496 60 28 KAB-20 Massive gray sift.
4386 526 30 KAB-21 Gray silt to fine-medium sand, very fiim; split sample tube due to
pressure (taped with elactrical tape).
526 528 2 KAB-21C  Firm gray silty fine sand.
11t of flow-in occurred at this depth; not possible to drlll any more
without flow-in; stopped drilling at 44 ft.
505 448 88.7% recovered



APPENDIX B
SAMPLE LOG
Descriptions of core samples upon opening in the laboratory.

BOREHOLE TA1, GIRDWOOD - 60°58'39"N, 149°10'35"W, surface elevation 20.7 ft MSL.

SAMPLE DEPTH (ft) DESCRIPTION
TA1-1 0-1.55 Silty, gravelly sand, very poosly sorted, nonstratified {partially disturbed
g:.ln{ing splitting because of large pebbles). Brownish gray to grayish brown.
1.55-3.5 Not recovered.
TA1-2 3.5-3.75 8rownish gray, poorly sorted silty, gravelly sand.
3.75-3.85 Dark brown to brownish gray silty, gravelly sand with abundant organics,

including disseminated charcoal, roottets, and one wood fragment.
3.95-4.2 Gray to brownish gray, poorly sorted silty, sandy gravel; pebbles to 1 in.
Entire sample (TA1-2} probably fill.

4.2-6.0 Not recovered.
TA1-3 6.0-6.25 Gray, poorly sorted, silty, gravelly sand.
6.25-6.35 Gray silty fine sand with some organics {sedge biades}.
§.35-6.8 Brown sedge peat.
Spl TA1-3-6.4 at top of peat Jayer, 6.35-6.45 (C14).
6.5-7.2 Dark brown woody peat with abundant roots and twigs. Upper contact
sharp along dark band.
TA1-3C 7.2-7.4 Same as 6.5-7.2 (catcher sample; bagged).
TA1B-1 {attempted resample of missed interval 7.4-8.,5 1t depth, S ft SE of TA1)
6.0-8.75 Gray very poorly sorted silt, sand, 8nd gravel. Large rounded pebbie at 10p,

0.2 in. diameter. Pebbles very angular 1o subrounded, mostly angutar. Sharp
lower contact. Possibly fill.

6.75-7.4 Brown 10 dark brown fibrous peat with abundant roots and twigs. Lighter
colored grassy layer in top 0.1 in. {sedge peat}.
TA18-1C 7.4-7.6 Peat as above (catcher samgple; bagged).
7.8-8.5 Not recovered.
TA1-4A 8.5-8.85 Dark brown woody peat; abundant twigs ang roots.

Spl TA1-4A-8.8 basal peat, 8.75-8.85 (C14).

8.85-10.1 Interlayered gray to brownish-gray silty fine sand and sandy silt. Finely
faminated dbetween 3.2 and bottom. Laminations are horizontal and less
than 1/8 in, thick. A brownish (ind exists about 1/4 in. thick azlong sampie
margins, possibly from iron-rich water penetrating along edges during sam-
pling. Laminations are visible in rind, so rind is not due to disturbance during

sampling.
10.1-10.5 Not recovered.
TA1-4B 10.5-11.0 Massive gray silt; one 1/2 in. diameter twig, probably transporteg.
TA1-5 11.0-11.4 Brownish-gray silt and fine sand; disturbed, probably by sampling.
11.4-11.8 Gray silf and fine sand with contorted, thin, indistinct laminae.
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TA1-6A

TA%-6B

TA1-6C

TA1-7

TA1-7C

TA1-8

TA1-9A

11.8-12.75

12.75-13.1

13.1-13.6

13.5-13.9

13.9-15.4

16.4-15.8

16.8-17.1

17.1-17.45

17.45-17.75

17.756-17.9

17.9-18.5

18.5-18.8

18.8-19.3

19.3-19.6

19.6-19.65
19.65-20.2

20.2-20.4
20.4-21.0
21.0-21.1
21.1-22.1%

22.15-22.5

22.5-23.5

23.5-23.6
23.6-243

Gray to brownish gray silt, possibly clay-rich, with scattered twigs and
sedge blades. Faint, thin horizontat laminae 1-4 mm thick. Twig, 1/2 in.
wide, at 12.1; probably rransported. Sharp lower contact.

Dark brown to light brown sedge peat. Gradational lower contact.
Spl TA1-5-12.8 at top of peat layer, 12.75-12.85 (C14).

Gray and stained {mottled) light bcown clay and silt with scattered organics.
No visible bedding.

Gray 10 brownish gray silt/fine sand with some iron staining along edges.
Trace organics.

Gray to broawnish gray sitt/fine sand with distinct laminations 1-4 mm, gen-
erally horizontal and undisturbed. Scattered roots and twigs. Flat piece of
wood 1in. x 1in. x 1/4 in. at 15.2, partially charcoal; probably transported.

Disturbed zone (from sampling) of gray silt/fine sand with some iron stain-
ing around scattered organics (roots os sedge blades).

Laminated to thin-bedded gray silt and fine sand with scattered sedge
biades or roots. iron stained around organics.

Laminated gray silt and clayey silt. Trace organics.
Spt TA1-6B-17,1 a1 17.0-17.2 (GS).

Dark brownish gray pebbly medium to coarse sand; trace silt. No visible
bedding. Pebbles subangular 10 well rounded.

Pebbly coarse sand. Angular to subrounded pebbles to 1/2 in. diameter
lcatcher sample; bagged).

Not recovered.

Gray medium to coarse clean sand, coarsening downwarg; silt lense at
18.7. A few twigs oc roots at top surface; 1/4-in. twig at 18.65, probably
transported.

Gray pebbly coarse sand with angular 1o rounded pebbles to 3/4 in. Negli-
gible silt, no visible bedding.

Spl TA1-7-19.0 5t 18.9-19.2 (GS).

Gray medium to coarse sand with some small pebbles and negligible silt,
coarsening downward.

Uniform gray clayey siit.

Dark brown woody or sedge peat. Twigs up 10 1/4 in. diameter.
Spl TA1-7-19.7 at 19.65-19.75 (C14).

Peat as above (catcher sample; bagged).
Not recovered.,
Gray silt, sand, pebbles, and ocrganics. Could be slough from drill stem,

Dark brown layered woody or sedge peat with a few thin lenses of gray silt.
Spl TA1-8-21.2 of sucface peat, 21.1-21.25 (C14),

Gray clayey silt with some twigs and roots.

Dark brown woody peat with minor thin silt {ayers near top. Lighter brown
in upper 3 in,

Spl TA1-8-22.6 of surtace peat, 22.5-22.7 {C14).

Mixed silt, sand, and organics; probably disturbed during samoling.

Layered dark brown sedge peat and gray silt. Possibly gradational base of
iower peatin TA1-8.
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TAY-98

TA1-8C

TA1-10

TAT-11A

TA1-11B

TA1-12A

TA1-128

TA1-12C

TA1-13A

TA1-13B

TA1-13C

TA1-14A

TA1-14B

24.3-25.4

25.4-25.8

25.6-25.9

25.9-27.85

27.85-28.1

28.1-28.5

28.5-30.9%

31.0-31.65

31.66-33.8

33.8-34.55

34,65-37.0

37.0-37.25
37.25-38.5
38.5-40.75

40.76-41.5
41.5-43.25

43.25-43.4

43.4-43.5

43.5-44.75

44.75-45.3

45.3-45.4

Massive gray clayey sitt mottted with dark gray organic smaars, but organ-
ics are negligible.

Spl TA1-9A-25.3 at 25.2-25.4 (GS).

Dark brown sedge and woody peat.

Spl TA1-9A-25.5 at 25.4-25.6 (C14).

Dark brown waoody peat grading downward to brownish gray clayey silt,
faintly layered (base of peat unit at bottom of TA1-9A).

Brownish gray to gray clayey silt with scattered organics {roots and sedge
blades}. Very faint thin layering. Lower part mottled with dark gray orpanic
smears.

Spl TA1-9B-26.3 at 26.2-26.4 (GS).

Gray clayey silt (catcher sampie; bapged).
Not recovered.

Brownish gray to gray clayey silt. Very faint thin layering. Iron staining in
lower portion concentrated around minor organics. Some dark gray mottling,
probably organic smears.

Gray clayey silt with dark gray organic smears. Trace sedge blades ang mi-
nor iron staining along edges.

Gray to brownish gray clayey silt with trace organics, minor iron staining,
and dark gray organic smears, Grades to sandier near bottom; minor small
pebbies in lower 3 in.

Spi TA1-11B-33.0 at 32.9-33.1 (GS).

8rownish gray to gray silt and fine sand; no visible bedding, possibly dis-
turbed.

Brownish gray fine sandy silt and clayey silt with pebbly zones. Mottied
with dark silty zones. Interlayérad dark gray silt and brownish gray silty fine
sand 36.3-36.8, layers 1/2 1o 1 in. thick. All but 36.3-36.8 may be dis-
turbed. No organics. Single angular pebble at 34.8, Pebbly (angular to
rounded) and sandy zone 35.4-35.7. Two-inch rounded pebble at 36.8.

Spl TA1-12B-36.5 at 36.4-36.6; layered sandy silt and clayey silt (GS).

Coarse silt or silty fine sand (catcher sample; bagged).

Not recovered.

Brownish gray to gray silt and fine sand with minor scattered pebbles. Most
pebbles subrounded to well rounded; max. diameter about 1 in. Large (2-
1/2 in.) very angular pebbdle at 40.5. No visible bedding. Much of this sam-
ple may be disturbed, probably during transport.

Disturbed layer of brownish gray silty fine sand.

Interlayered light brown silty fine sand and gray fine sangy silt. Some thin
bedding and lamination. A few pebbles, including one subrounded pebble
1 in. diameter at 42.6. No organics.

Spl TA1-13B-41.8 at 41.7-41.9, brown sandy silt (GS).

Dense silty fine sand {catcher sample; bagged).

Not recovered.

Dark gray uniform sifty fine sand. No visible bedding. Trace pebbles {1/2-in.
angular pebble at 44.6). No organics. Could be disturbed (according to
drilling log}.

Gray to brownish gray silty fine sand. Slight hint of thin bedding. One
rounded pebble 1-3/4 in. long at 44.8.

Gray clayey silt, uniform.
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TA1-14C

TA1-15A

TA1-158

TA1-18C

TA1-16

TA1-16C

TA1-17

TA1-17C

TA1-18A

TA1-18B

TA1-18C

Maximum depth sampled 63.3 ft.

45.4-46.7

46.7-47.2

47.2-47.4
47.4-48.5
48.5-50.4

50.4-62.75

82.75-53.0
53.0-63.5
53.5-63.9
53.9-86.9

55.9-66.0
66.0-58.0

58.0-68.25
68.25-68.5
£8.5-60.6

60.6-62.3

62.3-62.4
62.4-62.7
62.7-63.05
63.05-63.3

Grayish brown to gray silt with distinct horizontal layering in lower 0.3 ft.
Two pebbles about 2 in. long at 45.9 and 46.2. Slight grading to medium
sand at base,

Spl TA1-14B-45.8 at 45.5-45.7 (GS).

Gray to brownish gray silty fine sand. No visibie bedding. Dark gray zone at
46.9-47.1 may be organic-rich {disseminated).

Silty fine sand or Goarse siit {catcher sample; bagged).
Not recavered.

Brownish gray to gray uniform silty fine sand. Brownish (iron stained) 48.5-
48.8. Minor pebbles (rounded, up to 1/2 in.} at 48.6 and 50.0. Trace shel)
fragments (48.65, 49.9).

Gray to brownish gray uniform silty fine sand. Trace shell fragments (e.g.
50.7). Several angular to roundad pehbles to 1/2 in, at 52.6.

Dense, very fine sand {catcher sample; bagged].
Not recovered.
Slough from drill stem.

Brownish gray to gray uniform silty fine sand or sandy silt. Very faint lay-
ering. One-inch angular pebble at 54.0 (probably ice-ratted}). Dark gray lay-
ers at 55.2-55.4, organic-rich{?).

(chi Z’lM -17-55.3 at 55.2-55.4, thin laminated charcoai in silty fine sand

Silty fine sand or sandy silt {catcher sample; bagged).

Brownish gray to gray uniform fine sandy silt. No visible bedding and no or-
ganics. Trace scattered small pebbles. Brownish color apparently from iron
staining.

g
Spl TA1-17-67.0 at 56.9-57.1 (GS).
Silty fine sand or sandy silt {catcher sample; bagged).
Not recovered.

8rownish gray to gray uniform silty fine sand with trace scattered small
pebbles (probably ice-rafted). No visible bedding or organics. Brownish color
from iron staining. Rounded pebble 3/4-inch at 60.4.

Brownish gray to gray uniform fine sandy silt with trace scattered small
pebbles (one well-rounded pebble 1/2-in. dia.) at 61.95. No visible bedding.
Trace organics (dark gray smear) at 61.5. Brownish color from iron staining.
Spl TA1-18B-81.0 at 60.83-61.1 (GS).

Thin layer of pebbty coarse sand.
Gray uniform silty fine sand. No visible bedding or organics.
Gray pebbly, silty fine sang; 2-in. pebble at 63.0.

Gravel (catcher sample; bagged).

BOREHOLE TA8, PORTAGE- 60048'54"N, 148957°57°W; surface elevation 23.5 ft MSL.

SAMPLE
TAS8-1

DEPTH (ft)
0-0.3
0.3-1.8

DESCRIPTION

Gray tine sand mixed with surface organics (leaves, twigs, roots).
Gray to brownish gray, tayered silty very fine sand to clean fine or medium

sand. Four layers 0.2 to 0.6 ft thick, reverse graded (fine at bottom to
medium at top). Scattered roots and twigs throughout. Mica rich 1.0-1.8.
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TAS8-1C
TA8B-1

TA88-1C

TA8-2A
TA8-28

TAB-2C
TA8B-2

TA8B-2C

TAB-3

TAB-3C
TAB8-4

1.8-2.2

2.2-2.4

1.4-1.6
1.6-3.1

3.1-3.2
3.2-3.8
3,5-3.9
3.9-4.86

4.856-5.1

5.1-6.3

6.3-6.55

6.0-6.4
6.4-6.9

6.9-7.2

7.2-8.1

8.1-8.3
8.3-8.6
8.5-10.7

10.7-11.0
11.0-11.85

11.85-12.6
12.6-13.25

13.25-13.4

Gray uniform fine to medium sand, clean. No bedding; trace organics. Prob-
ably fluvial.

Fine to medium sand with trace silt (catcher sampte; bagged).

(From adjacent borehole to resample missed interval 2.2-3.9; 6 ft NE of
TAS8)

Disturbed. Gray fine to medium sand with some organics.

Gray to brownish gray, layered silty very fine sand to clean fine o¢ medium
sand, Theee layers to 0.6-in, thick, reverse graded as in TA8-1, 0.3-1.8.
Trace organics.

Clean medium sand (catcher sample; bagged).

Not recavered.

Fine sand with some silt and organic smears (bagged).

Gray, uniform, fine to megdium sand with minor silt. No visible layering.
Trace organics.

Spl TAR-2B-4.7 at 4.6-4.8 (GS).

Interlayered brownish gray to gray silt, silty fine sand, and organics
{probably sedgs}.

Spi TAB-2B-4.9 at 4.85-5.1 (C14); sedge btades, roots, and rhizomes(?),
probably in place at time of deposition.

Gray silt and silty fine sand with faint layering and scattered minor organ-
ics.

Silt or silty fine sand {catcher sample; bagged}.

{From adjacent borehole to sample missed interval 6.3-8.4 in TA8; 6 ft NE
of TAS8)

Probably disturbed, gray, uniform, clean fine sand; probably fluvial.

Gray silt and silty fine sand with faint fayering. Minor iron staining. Trace
Organics.

Brownish gray 1o gray layered silt, silty fine sang, and osganics (sedge). lron
stained in organic zones. Fluviai{?).

Spl TA8BR-2-7.0 at 6.9-7.1 (C14).

Brownish gray to gray silt, silty fine sand, ang clean fine sand. Distinct lay-
ering (silt layer with sharp contacts at 7.3-8.0). Negligible organics.

Clean fine sand (catcher sampie; bagged).

Not recovered.

Gray silty fine sand and ctean fine sand with some silt inteslayers 10.0-
10.7. Raint iron staining. No organics.

Spl TA8-3-9.5 a3t 9.4-9.6 (GS).

fine sand with trace silt (catcher sample; bagged}.

Gray silt, silty fine sand, and clean fine sand in contorted zones; probably
disturbed during sampling. Some evidence of lamination at 11.4. Negligiole
organics. Minor iron staining.

Gray to brownish gray clayey silt and fine sandy silt. Disseminated organics
12.1-12.3. Scattered sedge blades.

Spl TAB-4-12.5 ot 12.4-12.6 (GS).

Brown to dark brown sedge and woody peat. Increasing silt toward base.
Sharp upper contact.

Spl TAB-4-12.7 at 12.6-12.75 {C14).

Brownish gray organic-rich silt.
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TA8-4C

TAB-5A

TAB-58

TAB-5C

TA8-6

TAB-6C
TAB-7

TAB-7C
TAS8-8

TAB8-8C
TA8-9

TAB-3C
TAB-10A

TA8-10B

13.4-13.5

13.5-13.6

13.8-16.2

156.2-17.%

17.6-18.1
18.1-18.5
18.5-19.3

19.3-20.2

20.2-20.9

20.9-21.0

21.0-21.4

21.4-21.7

21.7-23.3

23.3-23.5

23.5-24.75

24.75-25.0

25.0-28.75
25.76-26.0
26.0-28.3

28.3-28.5
28.6-30.15

30.156-30.26

30.25-30.6

30.6-30.8

Sedge peat {catcher sample; bagged).
Spl TA8-4C-13.4 (C14).

Gray fine sand; probably not in place (sloughed or fill-in). Lower contact dis-
torted.

Gray sitt with abundant scattered organics (sedge blades, roots).

Gray to brownish gray {minor) laminated silt and clayey silt. Horizontat
laminations 1-5 mm. Trace scattered organics {sedge blades).

Spl TA8-5B-16.7 at 18.8-16.8 {GS).
Fine sand with some silt and clay (catcher sample; bagged).
Not recovered.

Disturbed gray clayey sift and siity fine sand. Contorted laminae. No or-
ganics,

Gray to brownish gray {at base) laminated sift and clayey silt. Minor organ-
icS near base. Lower contact gradational.

Spl TA8-6-20.0 at 19.9-20.1 (GS}.

Woody and sedge peat, mixed with silt in upper 0.1 ft,
Spl TA8-6-20.3 at 20.2-20.35 {C14).

Sedge peat (catcher sample; baggea).
Probably fill-in (not in place). Gray silt with chunks of peat.

Dark brown sedge{?) peat grading downward to organic-rich silt. Probably
the base of peat tayer that starts at 20.2. Sampled to confirm.
Spl TAB-7-21.5 at 21.4-21.5 (C14}.

Gray clayey silt and silty fine sand with minor organics near top. Faint lami-
nations near base.

Very fine sand with some silt and trace clay {catcher sample; bagged).

Uniform gray sslt or fine sandy sift with minor clay. Very faint laminations
near base. Trace 0rganics.
Spl TAB-B-24.6 at 24.5-24.7 (GS).

Dark brown woody/sedge peat. Sharp upper contact, fairly sharp lower con-
tact.
Spl TA8-8-24 .8 at 24.75-24.85 [C14).

Unitorm gray siit or silty fine sand. Very faint thin laminations. No organics,
Very tine sand with some silt {catcher sample; bagged).

Gray 10 brownish gray silt and silty fine sand with scattered minor grganics
(sedge). Disturbed with some contorted laminae in upper 1.0 ft. Top 0.3 ft
may be fill-in (see log}. Contorted layers of sedge blades of roots at 27.7.
Distinct thin lamination at 27.2-27.5 and 27.8-28.3.

Very fine sand with some silt (catcher sample; bagged).

Uniform gray silt or silty fine sand with negligible organics. No visible bed-
ding.

Gray ta brownish gray thin-badded to laminated silt and clayey silt. Sharp
lower contact with peat.
Spl TA8-10A-30.2 at 30.1-30.25 {GS).

Dark brown sedge and/or spha%num peat. Compact and horizontally tayered.
Spl TA8-10A-30.3 at 30.15-30.4 (C14),

Dark brawn sedge and/or sphagnum peat. Base of peat layer at 30.25-30.6
in TA8-10A. Sharp base.
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TA8-10C

TAB-11A

TAB-11B

TA8-12A

TA8-12B

TA8-13A

TA8-13B

TAB-14A

TAB-14B

TA8-14C

Maximum depth sampled 53.7 ft.

30.8-33.1

33.1-33.2
33.2-335
33.6-35.65

35.65-35.95

35.95-36.2

38.2-38.1

38.1-38.5
38.56-41.0

41.0-41.4
41.4-41.55

41.55-43.6

43.5-46.0

46.0-48.5

48.5-50.95

50.95-53.4

53.4-53.7

Gray to brownish gray (minor) silt and sitty fine sand. Organic-rich 30.8-
31.1. Scattered organics decrease downward. Distinct fine laminations
(0.5-2 mm) at 31.7-33.1. Minar iron staining 3long edges ang near organ-
ics.

Very tine sand (catcher sample; bagged).
Naot recovered.

Gray clayey silt, nearly uniform. No visible bedding except fine laminations
at 33.5-33.7 (top}. Rest is massive or disturbed. Minor iron staining along
margins, Negligible organics. Faint dark organic smears.

Spl TA8-11A-35,0 at 34.8-35.1 {GS).

Gray to brownish gray silt. No bedding, possibly disturbed. Minor iron
staining.

Gray to brownish gray silt interiayered with organics. Concentrated organic
fayer 1/4 in. thick at 36.15. Possibly a buried peat layer.
Spl TA8-11B-26.2 at 36.15-36.25 (C14).

Gray to arownish gray silt with interlayered thin organic-rich layers, de-
creasing downward.
Sgl TA8-118-36.8 at 36.8-36.9 {C14) for sedimentation rate.

Not recovered.

Gray silt, No visible bedding except faint laminations in lower 1.0 ft. trace
organics. Trace iron Staining.

Gray laminated siit and silty fine sand. No visibie organics,
Gray to brownish gray silt with thin layers of organic material. Possibly a

buried peat tayer.
Spl TAB-12B-41.5 51 41.4-41.55 (C14).

Gray to brownish gray silt with scattered organics and very faint lamina-
tions in lowes 1.0 ft. No distinct upper contact. Distorted organic zone
(sedge?) at 42.3.

Gray clayey silt with trace organics and minor iron staining. Faint lamination
at 44.8 to 46.0.
Spl TAQ-13A-45.5 at 45.4 10 45.6 {GS).

Gray silt and/or clayey silt with Yrace organics and minar iron staining. Faint
laminations throughout, most visible at 47.0 where iran staining ac-
centuates coarser laminae,

Gray to brownish gray silt and clayey silt. No visible bedding. Minor iron
staining (49.9-50.1). Mottied with dark gray organic smears throughout,
especially visible at 50.9 to 50.95. Probably not a buried peat layer, but
could be useful for determining sedimentation rate.

Spl TAB-14A-50.5 at 50.4-560.6 {GS).

Spl TA8-14A-50.8 at §0.6-60.9 (C14).

Gray 10 brownish gray silt; laminated to thin bedded, except upper 0.5 ft
probably disturbed. Light gray thin partings (volcanic ash?} 1 to 3 mm thick
at 52.0 and 52.7-58.5.

Silty clay with some fine sand (catcher sample; bagged).

BOREHOLE KA1, PALMER HAY FLATS - 61929°40"N, 149018'40"W; surface etevation 20.3 ft MSL.

SAMPLE

KA1-1

DEPTH [ft)
0-0.7
0.7-1.0

DESCRIPTION
Not sampled; maostly ice.

Frozen peat and silt; bagged.
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KA1-2

KA1-2C

KA18-1

KA1B-1C

KA1-3

KA1-3C

KA1-4

KA1-4C
KA1-5
KA1-5C
KA1-8

KA1-8C
KA1-7
KA1-7C

1.0-1.5
1.8-1.65

1.65-2.8

2.5-2.8

2.1-2.3

2.3-2.8

2.8-4.3

4.3-4.5

4.0-6.8

5.8-6.0

6.0-6.25
6.25.7.0
7.0-8.5

8.5-8.75

8.75-11.3
11.3-11.6
11.6-11.7

11,7-12.0

12.0-13.8

13.8-14.0
14.0-16.1
16.1-16.3

Not recavered.

Wet gray silt mixed with grass, twigs, and roots, probably disturbed. Ap-
pears to be Silt layer between surface organics and underlying peat.

Grayish brown to dark brown peat (waod, sedge, sphagnum?). Larger
pieces at top. Could have roots from surface. Some gray silt mixed in top

.4 In,
Spl KA1-2-1.7 at 1.65-1.8 (C14).

Basal peat with small amount of underlying gray sift (catcher sample;
bagged).

(From agjacent borehole to sample missed interval at 2.5-4.0 in KA1; 4 it
south of KAT1)

Wet gray silt mixed with sedge, twigs, ang roots. Probably equivalent to
1.8-1.65 in KA1-2,

Brown peat (wood, sedge, sphagnum?}. Could be 1964 pasat. Equivalent to
peat at 1.65-2.5 in KA1-2. Sampled at base to compare with age of KA1-2-
1.7 and avoid possible contamination by roots.

Spl KA1B-1-2.7 at 2.65-2.8 {C14).

Wet gray clayey silt with faint thin Iamination at top (2.8-3.1) and trace or-
ganics.

Spl KA1B-1-3.1 at 3.0-3.2 (GS).

Gray clayey silt with minor organics (catcher sample; bagged; from adjacent
borehole 4 ft south of KA1},

Wet gray clayey silt with very faint layering ang some organics. Also some
dark gray organic smears.

Spl KA1-3-5.7 at 6.6-5.8 {GS).

Dark brown sedge(?) peat grading downward to brownish gray organic-rich
silt. Sharp upper contact. Probably buried peat layer.

Sp) KA1-3-5.85 at 5.8-5.9 (C14).

Gray clayey silt with some organics (catcher sample; bagged).

Not recovered.

Gray silt with no visible bedging. Minor organics at 7.7-7.9 {sedge), other-
wise rare, Dark gray organic smears throughout.

Gray clayey silt.

Uniform gray clayey silt with no visible bedding and negligible organics.
Spl KA1-5-10.Q at 9.9-10.1 (GS).

Gray clayey silt (catcher sampte; bagged)

Gray clayey silt with no visible bedding. Trace organics.
Spl KA1-6-11,6 at 11.5-11.7 (GS).

Dark brown peat {sedge?) grading down to grayish brown organic-rich silt.
Upper contact slightly disturbed but shasp. Lower contact gradational. Prob-
ably a buried peat layer.

Spl KA1-6-11.75 3t 11.7-11.8 (C14).

Uniform wet gray silt with minor organics near top and trace at bottom.
Faint laminations visible at 13.6-13.8.

Gray clayey silt {(catcher sample; bagged).
Wet clayeay silt with faint layering (15.0-18.0} and no organics,

Gray st {catcher sample; bagged).
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KA1-8 16.3-18.65 Unitorm wet gray clayey silt. Very faint layering 18.0-18.4. Trace organics
at 16.7. Several pockets of sedge blades at 18.1-18.5. Subrounded pebble
3/8 in. diameter at 18.35, probably ice rafted.
Spl KA1-8-17.9 at 17.8-18.0 {(GS).
Spl KA1-8-18.2 at 18.1-18.3 (C14) for sedimentation rate (sedge blades
probably transported).

KA1-8C 18.65-19.0 Gray silt with some organics {catcher sample; bagged).

KA1-9 19.0-21.5 Uniform wet gray clayey silt. Faint tayering (20.9-21.1). Pockets of organ-
ics (secge?) at 19.25-19.5.

KA1-10 21.6-23.95 Wet gray silt with faint layering (22.5-23.5) and minor scattered organics
le.g., 22.1, 23.2)

KA1-10C 23.95-24.3 Gray silt {catcher sample; bagged).

KA1-11 24.3-26.4 Gray clayey silt with some dark gray organic smears and moderate layering

(see 25.1-25.6). Very minos organic pieces scattered throughout.

Spl KA1-11.25.0 at 24,9-25.1 (GS).

KA1-12 26.4-28.1% Uniform gray silt with minor dark gray organic smears. Small pocket of or-
ganics {sedge) at 27.1 Very faint layering.

28.1-28.15 Layered gray silt and fine sand. Sand layer 3 mm thick at 28.15 abave or-
ganic-rich layer. Too thin to sample for grain size.
28.15-28.3 Dark gray layered organic-rich silt. Buried peat fayer?
Spl KA1-12-28.2 at 28.156-28.3 (C14).
28.3-28.9 Gray silt with some dark gray organic smears. Very faint layering.
KA1-12C 28.9-29.1 Gray silt (catcher sampte; bagged).
KA1-13 29.1-30.7 Gray silt with very faint layering. Banded dark gray organic smears at 30.4-

30.6. Doubitful buried peat tayer, but would give sedimentation rate.

Spl KA1-13-30.5 at 30.4-30.6 (C14).

KA1-14 30.7-33.2 Gray silt with dark banded organic smears at 30.7-31.1, 31.3-31.8, and
32.4-32.5. Otherwise very faint layering. The three dark layers may be
buried peats, but doubiful.

KA1-14C 33.2-33.6 Gray silt {catcher sample; bagged}.

Maximum depth sampled 33.5 ft.

BOREHOLE KA2, PALMER HAY FLATS - 61°30°50"N, 1438926'15"W; surface elevation 19.3 ft MSL.

SAMPLE DEPTH (ft DESCRIPTION
KA2-1% 0-1.0 Frozen ice-sich peat {bagged).
1.0-1.56 Not recavered.
KA2-2 1.6-1.75 Dark brown peat; base of modern surface organic layer.
1.78-2.8 Uniform wet gray silt. No visible bedding. Trace organics (one small pocket
of sedge blades at 2.65].
2.8-3.0 Not recovered.
KA2-3 3.0-3.85 Gray silt. No visible bedding or organics. Minor iron staining.
Spf KA2-3-3.5 at 3.4-3.6 {GS).
3.85-5.35 Gray clayey silt with faint laminations, grading downward to interlayered

clayey silt and silty fine sand. Trace organics, minor iron staining.
Spl KA2-34.0 at 3.9-4.1 {GS].

5.35-6.6 Not recovered.
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KA2-4

KA2-4C

KA2-5

KA2-5C

KA2-6

KA2-6C

KA2-7

KA2-8

KA2-8C

KA2-9

KA2-10

KA2-11

KA2-'11C
KA2-12

KA2-12C

KA2-13

KA2-13C

KA2-14

5.6-7.3

7.3-7.86

7.6-8.0
8.0-9.7

9.7-10.0
10.0-10.5
10.5-12.2

12.2-12.4
12.4-13.0
13.0-15.0

16.0-17.5

17.5-17.7
17.7-18.0
18.0-20.5

20.5-22.3

22.3-23.0

23.0-25.3

25.3-26.5
25.5-27.5

27.5-27.8
27.8-28.0
28.0-28.3

29.3-28.6
29.8-30.5
30.5-31.45

Wet, gray silt, partially liquefied. Very faint bedding, trace organics.
Spl KA2-4-7.0 at 6.9-7.1 (GS}.

Gray fine sand with abundant mica and little or no silt (catcher sample;
bagged). May be fluvial.

Not recovered.

Gray clayey silt with some laminations of silty fine sand (9.0-9.7). Trace
organics, minot iron staining.

Firm gray fine sand (catcher sample; bagged).
Not recovered.

Gray silt with iron staining along Jaminations. No visible layering. Possible
volcanic-ash parting at 12,1 {very light gray silt-size material).

Gray silt (catcher sample; bagged).

Not recovered.

Gray clayey silt with no visible bedding. Mina¢ iron staining. Trace scattered
organics. fran staining produces mottiing, apparently associated with or-
ganics.

Gray clayey silt. Very faint bedding. Minor tron staining (mottled} at 15.0-
16.4. Trace organics.

Gray clayey silt (catcher sample; bagged).

Not recovered.

Gray clayey silt. Distinct lamination and thin bedding at 19.5-20.3. No visi-
ole organics. Trace iron staining.

Sp( KA2-9-20.0 at 19.9-20.1 (GS!.

Gray clayey silt with faint layering. Desiccation crack longitudinally alang
entire sample. Several fateral cracks. No visible organics; no iron staining.

Dark gray organic-rich clayey silt. Dark organic smears show crude bedding.
Possible buried peat layer, or useful for age and sedimentation rate.
Spl KA2-10-22.4 at 22.3-22.45 (C14).

Gray clayey silt with no visible bedding. Mottled with small darker gay or-
ganic smears, but or@anics are negligible.

Firm gray clayey silt (catcher sample; bagged).

Firm gray clayey silt with numerous gark gray ocganic smearss in mottles
and layers. Organic-rich zones (buried peat layers?} at 26.0-28.1, 26.7, and
distinct layer at 27.05-27.15. Light brown fine-sand interbeds, 1-3 mm
thick, possibly valcanic ash (7), at 26.7-26.75, 27.0-27.1, 27.2, and
27.25. Dark organic-rich layers appear oblique to bedding {dipping about
200) at 26.0-28.5.

Spl KA2-12-27.0 at 27.0-27.1 (GS).

Spl KA2-12-27.1 at 27.1-27.2 {C14).

Fiem gray silt (catcher sample; bagged).

Not recovered.

Firm gray silt with thin horizontal searmns of dark gray organic-cich silt (29.0-
29.3).

Firm gray silt (catcher sampie; bagged).
Not recovered.

Very fitm gray silt or clayey silt with faint tamination; no organics, except
minor dark gray mottling.
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KA2-14C 31.46-31.7 Very tirm gray sift {catcher sample; bagged).
Maximum depth sampled 31.7 ft.

BOREHOLE KA3, PALMER HAY FLATS - 61930°45"N, 149930'5"W; surface elevation 19,0 ft MSL.

SAMPLE DEPTH (ft) DESCRIPTION
0-0.3 Not recovered.
KA3-1 0.3-0.7 Frozen basal surface peat over gray silt (bagged).
0.7-1.0 Not recovered.
KA3-2 1.0-1.25 Frozen gray sitt; plugged sampler (bagged).
KA3-3 1.25-2.9 Gray to brownish-gray clayey silt. Probably disturbed at 1.25-1.7. Faint

laminations at 1.7-2.1. Brownish color from minor iron staining along mar-
gins. No visible organics.
Spl KA3-3-2.0 a1 1.8-2.1 {GS).

2.1-2.8 Not recovered,

KA3-4 2.8-5.25 Wet, gray, layered and laminated clayey silt, Coarser layers {slightly darker)
may contain some very fine sand. Layers are 2-15 mm thick with slight dip.
Trace organic smears, otherwise no identifitable organics. Minor iron staining
5.0-5.25. Much rust on outside surface.

KA3-4C 6.25-5.5 Wet gray silt (catcher sample; bagged).
KA3-5 5.5-7.8 Very wet, gray, layered and laminated clayey silt, like KA3-4. Trace dark

Qray organic mottles,
Spl KA3-5-7.0 at 6.9-7.1 (GS)

7.8-8.0 Not recovered.
KA3-6 8.0-8.65 Wet, gray, layered clayey silt ike KA3-4 and 5. No organics.
8.85-9.15 Massive wet gray clayey silt. No visible layering or organics.
KA3-7 9.15-9.6 E;\ag gilt with no visible bedding or organics. Continuation of jower vrit in

Spl KA3-7-9.3 at 9.2-9.4 (GS).

9.5-11.8 Strongly laminated gray clayey sift and fine sandy silt. Organic-rich [aminae
at 10.05-10.15. Otherwise no organics.
Spl KA3-7-9.8 at 9.7-9.9 {GS).
Spl KA3-7-10.1 at 10.05-10.15 {C14).

KA3-7C 11.8-11.8 Gray silt (catcher samople; bagged).
11.8-13.0 Not tecovered.
KA3-8 13.0-13.6 Disturbed wet gray clayey silt and silty fine sand (probably disturbed in
sampling or transport).
13.6-15.1 Layered wet gray clayey silt and silty fine sand. No visible organics.
KA3-8C 15.1-15.4 Gray silt with one small wood fragment (catcher sampie; bagged).
16.4-15.5 Not recovered.
KA3-9 16.5-17.7 Wet, gray, sifty fine sand. No visible layering except faint laminations at
17.4-17.7. Core possibly disturbed. No visible organics.
KA3-8C 17.7-18.0 bGarg;esél)ty fine sand with scattered smalt wood fragments (catcher sample;

51



KA3-10 18.0-19.7 Uniform gray very fine sand. Possiblz disturbed from liquefaction during
sampling or transport. No organics. Channet sand?

Spl KA3-10-19.0 at 18.9-19.1 (GS).
198.7-20.1 Not recovered.

KA3-11 20.1-22.2 Uniform gray fine sand and (at base) silty fine sand. No visibie bedding ex-
cept faint famination 22.1-22.2. No visible organics.

KA3-11C 22.2-22.5 Gray fine sand (catcher sample; bagged).
Maximum depth sampled 22.5 ft.

BOREHOLE KA4, GOOSE BAY - 61923'25"N, 149%5210"W: surface elevation 17.1 ft MSL.

SAMPLE DEPTH [ft) DESCRIPTION
KA4-1 0-0.7 Mixed surface organics (twigs, sedge, roots) and wet gray clayey silt.
0.7-0.8 Dark grayish brown organics (twigs, roots, sedge) with minor silt. Relatively

sharp uppes contact and distinctly (ess silt than above. Could be older peat
buried by younger sediment and organics after submergence.
Spl KA4-1-0.7 at 0.7-0.8 (C14) for age of possibie buried peat layer.

KA4-1C 0.8-1.2 Brown peat as above (catcher sample; bagged).
1.2-2.9 Not recovered.
KA4-2 2.9-3.0 Slough from above - disregard.
3.0-3.35 Brown woody peat (twigs, sedge, roots, possible sphagnum). Could be base

of surface organics. Basal sample collected for date.
Spt KA4-2-3.3 at 3.25-3.35 (C14).

3.35-4.0 Sticky gray clayey silt. No visible bedding. Minor dark gray organic mottling.
Spl XA4-2-3.4 at 3.35-3.5 (GS).
KA4-2C 4.0-4.3 Gray silt (catcher sample; bagged}.
4.3-6.5 Not recovered.
KA4-3 6.6-7.86 Firm gray silt with no visitle layering and trace organics {sedge). Trace iron
stang.
KA4-3C 7.6-8.0 Gray silt with trace organics (catcher sample; bagged).
KA4-4 8.0-8.78 Same as 5.5-7.6 above but no visible organics.
KA4-5 8.75-11.3 Brownish gsay to gray firm clayey silt with faint famination (9.2-8.6). Trace

organics. More clay-rich at 10.1-11.3.
Spl KA4-5-10.0 at 8.9-10.1 {GS].

KA4-5C 11.3-11.5 Gray clayey silt (catcher sample; bagged).
11.5-13.0 Not recovered.
KA4-6 13.0-14.9 Firm gray silt with minor iron staining. Numerous Desiccation cracks. No
visible bedding or organics.
KA4-6C 14.9-15.2 Gray silt (catcher sample; bagged).
15.2-16.5 Not recovered.
KA4-7 15.5-17.0 Gray 10 brownish gray silt with faint layering and minor iron staining. Sedge

blage and twig at 10p, otherwise no visible organics.

17.0-17.5% Gray to dark gray silt with organic smears and mottling. Concentrated dark
aray organic zone at 17.3-17.4. Probably not a2 buried peat layer, but sam-
pled for age and segdimentation rate.
Spl KA4-7-17.3 at 17.25-17.4 (C14).
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KA4-7C 17.55-17.8 Gray silt (catcher sample; bagged).

17.8-18.0 Not recovered.
KA4-8 18.0-20.15 Dry, tirm gray silt with some dark gray organic-rich zones at 19.7-20.1.
Breaks into hard chunks.
KA4-8C 20.16-20.4 Gray silt {catcher sample; bagged).
20.4-20.5 Not recovered.
KA4-9 20.5-22.6 Dry, very firm, light 10 dark gray sift with minor organic-rich layers

{charcoal?) at 21.6-21.8. Breaks into large chunks.
Spl KA4-9-21.8 at 21.7-21.86 {C14) for age and sedimentation rate
{probably not a buried peat layer).

KA4-9C 22.6-22.9 Fiem gray silt (catcher sample; bagged).
22.9-23.0 Not recovered.
KA4-10 23.0-25.1 Dry, very firm, light brownish gray, gray, and some dark gray layered sdt.

Very brittle; breaks into chunks. Dark gray organic-rich layer at 24.15-
24.25, sampled for age and sedimentation rate (not a buried peat layer).
Spl KA4-10-24.2 at 24.15-24.25 (C14).

KA4-10C 25,1-25.4 Very firm silt (catcher sample; bagged).

25.4-25.5 Not recovered.
KA4-11 25.5-27.0 Dry, very firm and hard gray silt. Very faint layering and no visible arganics.
KA4-11C 27.0-27.2 Very firm, dry silt; no organics {catcher sampie; bagged).

Maximum depth sampled 27.2 ft.

BOREHOLE XA4B, GOOSE BAY - 61°923'35™N, 149952'40"W,; surface elevation 17.3 ft MSL.

SAMPLE DEPTH (ft) DESCRIPTION
KA4B-1 0-0.8 Bagged; mixed sedge blades, twigs, and water (frozen when cored) with
some roots.
KA4B-1C 0.8-1.0 Frozen organic-rich silt; catcher sampie; bagged (bagged).
KA4B-2C 1.0-1.4 Frozen organic-rich silt; catcher sample; bagged (bagged); Sampler plugged
and pushed through soil without recovering core.
1.4-3.0 Not recovered.
KA4B-3C 3.0-3.3 Sedge and woody peat (catcher sample; bagged).
Spl KA4B-3C-3.1 (C14).
KA4C-1C (From adjacent bosehole to attempt missed interval at 3.3-5.5 in KA4B)
3.0-3.8 Peat; bagged.
3.8-5.5 Not recovered.
KA48-4 6.5-5.85 Dark brown peat (sedge, twigs, sphagnum?). Probably base of surface or-

ganics. Sampled at base for C14 age.
Spl KA4B-4-5.8 at 5.75-5.85 {C14).

5.85-7.0 Wet gray clayey silt with no visible bedding and minor organics.
Spl KA4B-4-6.0Q at 5.9-6.05 (GS).
KA4B-4C 7.0-7.3 Gray sticky ctayey silt with organics (catcher sample; bagged).
KA4C-2 {From adjacent porehole to attempt missed interval in KA4B; unsuccessful)
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KA48-b
KA4C-3

KA4B-6

KA4B-6C

KAa4B-7
KA4B8-7C

KA4B-8

KA4B-8C

KA4B-9

KA4B-10

KA48-11

Maximum depth sampled 25.4 ft,

5.5-6.8
5.8-6.35
7.3-8.0
8.0-10.3

8.0-8.5
8.5-10.1b

10.3-10.5
10.5-12.85

12.85-13.2
13.2-13.3
13.3-14.25
14.25-14.4
14.4-16.5
15.8-17.1

17.1-17.3
17.3-18.0
18.0-20.5

20.5-22.9

22.8-26.4

Same as £5.5-5.85 in KA4B-4.

Same as 5.85-7.0 in KA4B-4.

Not recovered.

Gray clayey silt with faint layering. Trace organics at 8.25 and 9.35.

(From adjacent borehole 2 ft away; same interval as KA48-5; unsuccessful
attempt to resample 7.25-8.0)

Soft, wet organics. Probably fill-in from higher in hole {not in place).

Wet, gray silt with minor scattered organics and some dark gray 07ganic
mottling. Twigs (1/2 in. dia.} at 9.4 and 9.9, passibly transported (although
bark stilt intact).

Not recovered.

Moist gray clayey silt with faint layering and laminations. Void of unknown
origin (not disturbed} at 10.85. Trace scattered organics. More concen-
trated organics {sedge?) at 12.8-12.8. Sampled for age and sedimentation
rate (not a buried peat fayer).

Spl KA4B8-6-12.7 at 12.6-12.75 {C14).

Gray sticky silt with minor organics (catcher sample; bagged).

Not recovered.

Unitorm gray ctayey wilt. No visible bedding; trace organic smears.

Stiff gray silt (catcher sample; bagged).

Not recovered.

Uniform gray clayey silt. Minor crudely layered but distorted dark gray or-
ganic-rich layers at 16.9-17.0.

Gray silt {catcher sample; bagged).
Not recovered.

Gray to dark gray clayey silt. Several areas of dark gray organic-rich mot-
tling and layering (18.2-18.3, 18.9-19.0, 19.2-19.3, 19.4}.

Very firm, neatly dry, gray to light brownish gray clayey silt. Distinct but
disturbed layering. Light brownish gray zones along cracks and partings,
possibly trom iron staining. No visible organics, but darker gray zones may
be stightly organic-rich. Concoidally fractured.

Same as KA4B-10. Several small {up to 1/4 in.) subrounded pebbles at
24.8. No visible organics.
Spl KA4B-11-24.8 at 24.7-24.9 (GS}.

BOREHOLE KAS, PALMER HAY FLATS - 61931'40"N, 1438926'55"W: surface elevation 21.4 ft MSL.

SAMPLE

XAB5-1

DEPTH [ft)
0-4.7
4.7-6.1

5.1-6.0

6.0-6.25

DESCRIPTION
Not sampled; organics and water.

Brown to dark brown woody, sedge, and sphagnum(?j peat. Sharp base.
Spl KA5-1-5.0 at 5.0-5.1 (C14).

Wet, gray, layered silt with trace organics.
Spl KA5-1-5.6 at 5.5-5.7 (GS).

Wet, gray, clayey silt with faint layering and no visible organics.

Spl KA5-1-6.2 at 6.1-6.25 (GS).
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KA5-1C
KAB-2

KAS-2C
KAB-3
KAS-4

KAS-4C
KAS-8

KAb-8

KAB-8C
KAS-7
KAS5-8

KAB-8C
KAB-3

KA5-10

KA5-10C

KAB-11

KAG-11C

KAS5-12

KA5-13

KAB-13C

Maximum depth sampled 31.1 ft.

8.25-8.5
8.6-8.2

8.2-8.8
8.6-8.95
9.0-9.7
9.7-11.4

11.4-11.8
11.8-13.2

13.2-18.7

15.7-16.0
16.0-16.5
16.5-18.7

18.7-18.9
18.8-18.0
19.0-19.95

19.95-22.45

22.45-22.7
22.7-24.0
24.0-25.95

25.95-28.2
26.2-26.5
28.5-27.0
27.0-28.0
29.0-30.85

30.86-31.1

Gray sift with minor organics (catcher sample; bagged).

Wet, gray, taminated silt and clayey silt. Laminae dip 10-30° at 6.5-7.3. No
visibla organics.

Gray silt {catcher sample; bagged).

Wet, gray, laminated silt and clayey siit. No visible organics.

Wet, gray sift and clayey silt with distorted laminae.

Wet, gray, laminated and thin-layered siit and clayey silt. Dark gray silt layer
at 10.25-10.35 may be slightly organic-rich. Dark gray organic-tich(?) mot-
tling at 10.6-11.0.

Spl KAS5-4-10.0 at 9.9-10.1 (GS).

Gray silt {catcher sample; bagged).

Wet, gray, laminated and thin-layered silt and cltayey silt. Disturbed at 11.8-
12.7. No visible organics.

Moist, gray, laminated and thin-layered silt and clayey silt. No visible or-
ganics. Cross-bedded fine-sandy layers at 14.56-14.,7.
gl KA5-6-15.3 at 15.2-15.4 (GS), silt.
Spl KAH5-6-15.6 at 15.55-15.7 (GS), clayey silt.
Gray silt (catcher sampie; bagged).
Gray silt (bagged).

Moist, gray, layered silt and clayey silt. Layering less distinct than in KAb-
6. No visibie organics.

Uniform gray clay or clayey siit. No visible layering or organics.
Gray silt (catcher sample; bagged).

Uniform gray clay or clayey silt. No visible layering or organics. Continua-
tion of layer starting at 18.7.

Firm, uniform gray silty clay. No visible bedding, except faint dark thin
(< 1/8 in.} gray organic-rich(?) layer at 21.6.

Spl KAB-10-21.0 at 20.9-21.3 (GS).

Gray silt {(catcher sample; bagged).

Not recovereg.

Same as KAB-10. Slightly organic-rich (dark gray] layer at 26.4-25.5. Small
piece of twig at 25.4.

Gray silty clay (catcher sample; bagged).
Not recovered.
Same as KAS5-10 and KAS-11,
Not recovered. Sample stid out of tube during recovery.
Gray silty clay, same as KA5-10, 11, ang 12. Verv faint darker gray zones,
possibly organic-rich (for example, 30.1-30.15).
Spt KAS-13-30.0 at 29.9-30.1 (GS}).

No change (catcher sample; bagged].
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BOREHOLE KA6, PALMER HAY FLATS - 61931'20"N, 149°18'25"W; surface elevation 18.7 ft MSL.

SAMPLE DEPTH (#) DESCRIPTION
0-0.5 lce.
0.5-1.9 Frozen silt and organics {(not recovered).
KAB-1 1.9-2.2 Base of frozen silt (hagged).
KAS-2 2.2-2.35 Sedge and waoody peat mixed with some gray sitt. Could be basal surface

peat, base of older peat, or till-in from borehole wall above.

Spt KAG-2-2.3 at 2.2-2.35 (C14).

2.35-2.9% Uniform gray silty clay with scattered organics. Slightly organic-rich layer at
2.6-2.7. Sharp base.
Spl KAB-2-2.9 at 2.8-2.95 (GS).

2.96-3.2 Brown to dark brown sedge and sphagnum(?) peat. Sharp upper and lower
§°°g??ﬁlﬁs-'z-3.g at 2.95-3.05 (C14}.
3.2-3.4 Uniform gray clayey silt. No organics.
KA6-2C 3.4-3.7 Gray clayey silt (catcher sample; bagged).
3.7-4.0 Not recavered.
KA6-3 4.0-4.3 Gray clayey silt with scattered organics and very faint layering.
4.3-4,375 Very dark brown compressed sedge or sphagnum peat. Sharp top and bot-
t§°.gr|ﬁn‘<zxts-:m35 at 4.3-4.375 (C14).
4.37%5-4.45 Light brownish gray organic-rich silt or ash{?}.
Spl KAB-3-4.4 for microscopy.
4.45-4,65 Dark brown compressed sedge or sphagnum peat. Could be slightly older
submerged layer (2 events?). Sharp base, gradational top.
4.65-5.15 Gray clayey silt with very faint {ayering and scattered organics.
KA6-3C 5.15-5.4 Gray silt (catcher sample; bagged).
5.4-6.b Not recovered.
KAB-4 6.5-7.3 Uniform gray clayey silt with na visible bedding or organics.
7.3-7.4 Laminated gray clayey silt and silty fine sand. Minor dark gray organic(?)
smear.
7.4-7.525 Gray clayey silt with no visible bedding. Minor gray organic{?) smear.
7.525-7.575 Grayish brown organic-rich silt.
Spl KA6-4-7.55 at 7.525-7.575 (C14).
7.5756-7.8 Gray clayey silt with scatteced organics. No visible bedding.
7.8-7.9 Dark brown compressed peat. Sharp top and bottom.
Spl KA6-4.7.85 at 7.8-7.9 (C14).
KA6-4C 7.9-8.1 Gray silt {catcher sample; bagged).
8.1-8.0 Not recovered.
KAB-5 9.0-9.8 Very wet, disturbed clayey silt with faint layering and minor dark gray or-
ganic smears.
KAB-6 8.8-10.7 Same as KAG-5.
10.7-11.8 Not recovered.
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KA6-7

KAB-8

KAB-9
KAB-10

KAB-11

KAB-12

KAB8-13
XAB-13C

KAG-14

KAB-14C

KAB-15

XAB-16C

KAB-18

KAG-17

KA6-17C

KAB-18

KAB-19

11.5-13.85

13.85-14.0
11.522

14.0-18.45

fill-in

16.5-19.0

18.0-20.95

20.95-21.5
21.5-23.156
23.15-23.4
23.4-24.0

24.0-26.65

25.65-25.9
25.9-26.5
26.6-28.75

28.75-29.0

29.0-31.5

31.56-33.75

33.75-34.0

34.0-38.5

36.5-38.2

38.2-38.58

38.55-39.0

Wet gray clayey silt with faint disturbed bedding and scattered organics.
Pocket of sedge(?) at 13.1. Mottled with dark gray smears, possitly fine
Organics.

Spt KAB-7-12.0 at 11.0-12.1 (GS).

Not recovered.

Extra material from unknown source (Structure precludes fill-in from bore-
hole walls). Recovered at same apparent interval as KA6-7. Wet gray
ctayey silt with scattered organics. Some distinct layering in lower half.
Upper part disturbed.

Wet, uniform gray ctayey silt with trace scattered organics and slight iron
staining 3t 16.2-16.45.

Gray clayey silt with same organics.

Gray clayey silt with faint layering and some iron staining at 16.5-18.4.
Distinct layering and lamination at 18.4-18.95, and no iron staining. Trace
scattered organics,

Gray silty clay with very faint layering and no visible organics. Several thin
(1/8 in.) fine-sandy partings at 20.2-20.3.

Spl KAG-12-20.0 at 19.9-20.9 (GS).

Not recovered.

Firm, gray clayey silt with very faint layering and no visible organics.

Gray clayey silt (catcher sample; bagged).

Not recovered.

Firm, gray clayey silt. Very faint layering and no visibie organics at 24.

25.2. Distinct layering accentuated by dark gray organic smears at 25.2-
25.65. Darkest layer at 26.25-25.3.

Spl KAB6-14-25.3 at 25.25-25.35 {C14).
Gray clayey silt (catcher sample; bagged).
Not recovered.

Firm, gray to dark gray clayey silt with no visible bedding. Numerous dark
Qray organic smears.

Firm gray clayey silt with 1/2 in. dark gray organic-rich layer.
Firm, gray clayey silt with minor 8ark gray organic smears. No visible bed-
ding.

g
Spl KAB-16-20.0 at 29.9-30.1 {GS).

Same as above. Thin (1/4 in.) dark gray organic-rich{?) layer at 32.75.
Trace fine sandy lenses at (e.g. 31.7, 32.65).

Gray clayey silt with faint dark gray organic smears near top (catcher sam-
ole; bagged).

Firm gray clayey silt with minor dark gray arganic smears. Numerous light
aray fine sandy lenses and partings at 35.9-36.5.

Firm, gray clayey silt with trace dark gray organic smears, distorted faint
layesing, and several light gray fine-sandy lenses.

Interlayered grayish brown silty fine sand angd brownish gray to gray fine-
sandy silt and clayey silt. Slightly distorted layering. No visible organics.
Spl KA6-19-38.4 at 38.35-38.45 (GS}.

Uniform gray silty clay with no visible bedding or organics. Trace tine sand.
Spl XA6-19-38.8 at 38.7-38.9 (GS).
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KA8-20 39.0-39.8
39.8-40.2

40.2-40.45

40.45-41.25

KA6-21 41.25-41.9

41.9-42.35

42.35-43.35

43.55-43.75

KAB-21C 43.75-44.0

Maximum depth sampled 44.0 ft.

Gray silty clay with faint distorted layering; prabably disturbed. No organics.

Gray laminated clayey silt and silty fine sand. Laminae tilted angd distorted
at 39.8-39.9. No visible organics.

Gray to grayish brown silty fine sand. No visible bedding or organics.

Soft gray silt and clayey silt with distortad bedding. No visible organics.
Soft gray clayey silt with interbeds of silty fine sand. Distorted bedding at
41.25-41.8. Less disturbed at 41.6-41.9. Layering is horizontat at base.
Possibly trace organics at 41.85.

Grayish brown fine sand with distorted interbeds of gray clayey silt. No
visible bedding.

Distorted interbeds of gray clayey silt and silty fine sand. No visible or-
ganics,

Hotizontal interbeds of gray fine sand and clayey silt. No visible organics.

Firm gray silty tine sand [catcher sample; bagged).

RIVER BLUFF SECTION KA7, PALMER HAY FLATS - loc. near KA1; surface elev. about 18 ft MSL.

SAMPLE DEPTH [ft)
0-3.0

KA7-3.0 3.0

KA7-3.8 3.6

DESCRIPTION

Not sampled; grayish brown silt with plant fragments and roots near sur-
face.

Flattened wood pieces and twigs lying harizontally in a discontinuous layer
up to 1in. {2.5 cm) thick.
Spl KA7-3.0 at 3.0 ft (C14).

Sedge and woody peat in a laterally extensive but discontinuous layer up 10

1in, (2.5 cm) thick.
Spl KA7-3.5 at 3.5 ft {C14).

58



APPENDIX C
GRAIN-SIZE ANALYSES

Sample- Mean Mean  Standard  Skew- Kur-  Peccent Percent Percent Percent
Depth(ft) Dia.(mm} Dia.(@)* Deviation* ness® 10sis*  Gravel Sand Silt Clay

TA1-17.1  0.0122 6.36 1.74 1.51 4,43 0.00 0.00 83.73 16.27
TA1-19.0 1.6801 -0.66 1,66 0.79 3.66 61.71 36.71 1.58 0.00
TA1-28.3 0.0043 7.88 1.79 0.41 2.31 0.00 0.00 58.21 41,789
TA1-26.3 0.0047 7.74 1.87 0.28 2.43 0.00 0.90 58.50 40.60
TA1-33.0 0.0080 7.38 2.1 0.51 2.13 0.00 0.40 64.00 35.60
TA1-36,6 0.0126 8.31 2.14 1.09 3.08 0.00 5.00 74.00 21.00
TA1-41.8 0.0166 5.9 1.94 1.23 3.29 0.00 4.00 78.70 17.30
TA1-45.6 0.0209 5.58 1.68 1.66 4.89 0.00 4.70 83.70 11.60
TA1-67.0 0.0337 4.89 1.27 2.4% 8.77 0.00 11.80 82.40 5.80
TA1-61.0 0.0270 5.2 1.30 2.42 9.07 0.00 4,20 89.80 6.20
TAB-4.7 0.1321 2.92 0.79 0.16 2.33 0.00 85.94 14,06 0.00
TA8-8.5 0.1088 3.24 0.57 0.38 2.47 0.00 85.43 14.57 0.00
TAB8-12.5 0.0145 6.11 1.65 1.19 3.59 0.00 2.00 83.10 14.90
TA8-16.7 0.0128 6.31 1.45 1.38 4.18 0.00 0.00 85.94 14.06
TA8-20.0 0.0154 6.02 1.45 1.87 5.17 0.00 0.00 88.81 11.19
TA8-24.6 (.0212 5.68 $.18 2.04 6.92 0.00 1.10 91.80 7.10
TA8-30.2 0.0182 5.78 1.32 1.60 4.60 0.00 1.20 89.00 9.80
TA8-356.0 0.0137 8.19 1.72 1.32 3.65 0.00 0.20 83,50 18.30
TA8-45.5 0.0050 7.64 1.92 0.43 2.20 0.00 0.20 61.30 38.50
TA8-50.5 0.0047 7.73 1.62 0.43 2.59 0.00 .00 61.53 38.47
KA1B-3.1 0.0043 7.87 2.03 0.34 2.04 0.00 0.00 66.33 43.67
KA1-5.7 0.0044 7.82 2.03 0.586 2.44 0.00 .10 59.30 40.60
KA1-10.0 0.0066 7.48 1.70 0.38 2.03 0.00 0.00 83.96 36.04
KA1-11.8  0.0052 7.59 2.07 0.84 2.47 0.00 0.00 63.60 36.40
KA1-17.8  0.0067 7.23 1.86 0.83 2.74 0.00 0.00 71.20 28.80
KA1-26.0 0.0039 7.99 2.06 0.39 2.22 0.00 0.20 54.90 44.90
KA2-3.6 0.0140 8.16 1.0 1.43 4.47 0.00 0.80 86.30 12.90
KA2-4.0 0.0042 7.91 1.97 0.24 2.10 0.00 0.90 53.70 45.40
KA2-7.0 0.0148 6.08 1.61 1.54 4.51 0.00 0.40 86.00 13.60
KA2-20.0 0.0034 8.18 1.96 0.33 2.26 0.00 0.00 50.60 43.40
KA2-27.0 0.0040 7.9% 2.26 0.40 2.1 0.00 0.30 55.20 44.50
KA3-2.0 0.0091 6.78 1.83 1.19 3.37 0.00 0.00 78.00 22.00
KA3-7.0 0.0087 7.23 2.21 1.02 2.92 0.00 0.00 7t.10 28.80
KA3-9.3 0.0045 7.80 1.94 0.42 2.06 0.00 0.00 58.29 41.71
KA3-9.8 0.0158 5.98 1.57 2.12 6.96 0.00 0.00 89.41 10.59
KA3-19.0 0.0652 3.94 0.88 1.82 0.69 0.00 56.40 42.80 0.70
KA4-3.4 0.0039 7.99 1.83 0.24 2.20 0.00 0.00 53.20 46.80
KA4-10.0 0.0057 7.46 1.73 0.54 2.57 0.00 0.20 66.20 33.60
KA4B-6.0 0.0036 8.12 2.06 0.48 2,27 0.00 0.00 54.00 46.00
KA4B-24. 0.0044 7.83 2.13 0.48 2.25 0.00 0.00 58.00 42.00
KA5-5.6 0.0118 6.39 1.68 1.15 3.37 0.00 1.00 81.80 17.20
KAG-8.2 0.0056 7.49 1.70 0.45 2.53 0.00 0.00 64,70 35.30
KAB-10.0 0.0075 7.08 1.71 0.96 3.02 0.00 0.00 74.48 25.52
KA5-15.3 (0.0157 5.39 V.71 1.96 6.12 0.00 0.00 88.02 11.88
KAB-15.6 0.0036 8.13 2.01% 0.25 2.26 0.00 0.10 50.30 49.60
KAS5-21.0 0.0029 8.45 1.79 0.21 2.52 0.00 0.10 42.70 57.20
KA5-30.0 0.0023 8.78 1.88 0.02 2.45 0.00 0.20 36.40 64.40
KA6-2.9 0.0028 8.69 1.77 -0.19 2.51 0.00 0.60 36.50 62.90
KAB-12.0 0.0076 7.04 V.94 0.93 2.89 0.00 0.50 74.10 25.40
KAB-20.0 0.0022 8.80 1.88 0.21 2.26 0.00 0.00 37.91 62.09
KA6-30.0 0.004S5 7.78 1.87 0.31 2.23 0.00 0.00 57.80 42.20
KA6-38.4 0.0203 5.62 1.94 1.59 4.51 0.00 6.40 79.40 14,20
KAB6-38.8 0.0023 8.79 2.12 -0.25 2.20 0.00 0.00 34.00 66.00

* Phil@) = -10Q210mm). Standard deviation, skewness, and kurtosis are in phi units,
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