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Introduction

Cruise 173 of the R/V Alpha Helix from August 17 until September 3, 1993 was
conducted in the fjords of Prince Williarn Sound, Yakutat Bay and Glacier Bay, in southem
and southeastern Alaska. This cruise was directed by Ellen A. Cowan of Appalachian State
University and Ross D. Powell of Northern Ilinois University and funded by the National
Science Foundation (OPP-9223990 and OPP-9223992) under the NSF project
“"Collaborative Research: Definition of High Resolution Seismic Facies for Interpreting
Glacial Fluctuations". Cowan'’s portion of the project is funded through Research in
Undergraduate Institutions (RUT) and active participation by three undergraduate students
in the cruise and post-cruise research reflects this aspect of NSF funding. USGS
participants were funded under a cooperative study agreement with the co-PI's as part of
their NSF proposal. This cruise report includes a listing of data and samples collected,
maps showing track lines and station locations as well as 2 summary of significant initial

observations.

Scientific Objectives

The overall purpose of this study is to characterize seismic facies for interpreting
past glacier behavior, especially during the Last Glacial Maximum (LGM). Glacier Bay is
the site of the worlds best documented major marine deglaciation and allows comparisons
between glacier terminus stability with changing climate and marine conditions. Upper
Yakutat Bay contains deposits produced by the surge of the Hubbard Glacier in 1986 and
the subsequent outburst flood from Russell fjord. Historical records of glacier terminus
positions provide a datum with which the history of this marine glacial system can be
determined from seismic and sedimentary facies.

We are using two techniques 10 characterize sedimentary assemblages: high-
resolution-seismic reflection surveys and coring/grab sampling of sediment. The seismic
facies are interpreted from acoustic impedance contrasts imaged within the sedirnent column
portion of high-resolution-seismic reflection profiles. Sedimentary facies, on the
otherhand, are determined from physical obervation and analysis of bottom samples. The
sediment cores and grab samples are used to interprete sedimentary facies from the seismic
facies. We will construct 3-D seismic facies to establish the spatial and temporal
distribution of sedimentary facies in the glacimarine environment. This facies distribution
will allow us to reconstruct the behavior of the glacial systems during climatic changes




within different marine environments. Collection of sediment cores and grab samples will
allow us to determine the following additional information:

a) Measurements of physical properties of glacimarine sediment using GRAPE
(Gamma Ray Attenuation Porosity Evaluator) including P-wave velocity, wet bulk density
and magnetic susceptibility.

b) Determination of lithofacies characterisics including the nature of contacts,
color, particle size variations, and lithology. X-radiographs will help to define
sedimentary structures that are not easily observed on split core surfaces.

¢) Dating of sediments using Pb-210.

d) Fourier shape analysis of silt grains to interpret glacial regime and glacial
conditions from glacimarine lithofacies.

e) Jdentify living foraminifera in glacimarine sediments and document the downcore
distribution of foraminifera and associated microfossils.

We also wish to continue to improve our understanding of sedimentary processes in
modern temperate glacimarine environments. CTD profiles and water sampling provide a
means of accessing the influx of meltwater to the {jords and sediment dispersal processes.
These measurements will also allow us to compare glacial fjord systems under different
climatic regimes in coastal Alaska.

Personnel and Support

The Chief Scientist was Ellen A. Cowan from Appalachian State University and
Co-Chief Scientist was Ross D. Powell from Northern Illinois University. Other scientists
included Paul R. Carlson and Robert E. Kayen from the Marine Geology Office of the
U.S. Geological Survey in Menlo Park, CA; Jinkui Cai, postdoctoral fellow at Northern
Iinois University; Keith C. Seramur, Adjunct research associate at Appalachian State
University, and Sarah D. Zellers, Ph.D. student atr University of Texas at Austin. Three
undergraduate students from Appalachian State University, Jenifer D. Clark, Rafael A,
Gutierrez, and Christen A. Nall assisted the Scientific party. Operator of the Huntee Deep
towed system was Graham B. Standen from Geoforce Consultants, Nova Scotia. David



Hogg from the U.S.G.S., Menlo Park provided technical assistance. Paul A. Jones, of the
Environmental Protection Agency (EPA) joined the cruise in Glacier Bay National Park as a
Marine Mammal Observer. Detailed contact information for the scientific staff is presented
in Table 1,

We wish to acknowledge the Captain and crew of the R/V Alpha Helix who were
an important part of the success of this cruise. Despite rough seas in the Gulf of Alaska,
rainy weather, icebergs and currents we accomplished our scientific goals because of their
hard work and dedication to the job. We especially appreciate the efforts of Captain Tom
Callahan and Chief Mate Bill Rook who kept us on track and on station, no maiter where it
was located. We would also like to thank Tom Smith, Marine Superintendent and his staff,
Institute Marine Sciences, Seward, AK for help with pre- and post-cruise logistics. We
thank Carolyn Degnan of the USGS for assistance with the navigational corrections and
computer plots, and the staff of the USGS Marine Facility in Redwood City, CA, for their
logistical support. Monty A. Hampton is thanked for his review of this report.

Cruise Summary

Concern by the National Park Service at Glacier Bay about the affect of sound
emitted by the Huntec seismic system on marine mammals caused us to alter our cruise plan
from the planned 8 days work in Glacier Bay to 4 days. We were allowed to collect
Huntec profiles within a portion of the Bay, but only during daylight hours and periods
with visibility of at least 4 km. We were not permitted to run seismic lines in Johns
Hopkins Inlet or at the mouth of Glacier Bay. To comply with NPS requirements we
added Paul A. Jones, biologist with the U.S. EPA, 10 our scientific party as a marine
mammal observer. While in the Bay, he looked for humpback whales and Stellar sea lions
(both endangered species) and monitored behavior of other marine mammals during
operation of the seismic system. His observations indicated that we encountered no
humpback whales and only three Steller sea lions in the water. The ship passed one sca
lion while steaming to the start of a seismic line, therefore no evasive action was necessary.
The other siting of Stellar sea lions resulted in interruption of seismic operations
immediately. These two animals were not seen again after searching from the ship's
crow's nest for 35 min. A total of about 60 harbor seals were encountered, 11 of which
were observed with no seismic gear operating at the ime. The observer reported that the
marine mammals did not appear to be disrupted or harassed by the Huntec system and
reacted 1o our presence as they did to other ships (such as cruise ships) at close range.



We modified our cruise plan to spend less time in Glacier Bay and to include 2.5
days of reconnatssance level seismic surveying and sampling in College fjord and
Harriman fjord in upper Prince William Sound. A summary table of of scientific activities

is presented in Table 2.

The R/V Alpha Helix departed from its home port, Seward Alaska on Tuesday,
August 17 at 2100 Alaska Daylight Time (ADT). CTD station [ was occupied at the mouth
of Resurrection Bay at 2248 ADT for the University of Alaska.

For the duration of the cruise, the scientific party operated on two 12-hour watches
from 0600 to 1800h and from 1800 to 0600h. Seismic track lines were run from
approximately 0800 until 2100h during daylight and sampling stations were occupied at
night.

We arrived in Port Wells at 1015 ADT, August 18 and began running seismic lines
(Figure 1). At 1655 we deployed a party in an inflatable boat near Harvard Glacier
terminus (College Fjord) to collect echosounder profies. No data were collected because
the transducer broke off the transom of the boat while motoring to the terminus, We
occupied 6 sampling stations in College and Harriman Fjords (Figure 2) and collected
approximately 140 km of seismic lines (Figure 1).

At 0335 ADT, on August 20 we departed for Cordova via Wells and Percy
Passages. At 1240 ADT Paul Carlson and Dave Hogg disembarked to fly to Yakutat to
prepare gear for loading. Afier a rough transit through the Gulf of Alaska, we arrived at
the Sitka Sound Seafood Dock in Yakutat at. 2035 ADT, August 21 to Joad gear and pick up
Paul and Dave. We then steamed to the head of the fjord near the Hubbard Glacier 10 run
seismic lines (Figure 3) . Over the next 5 days we collected 391 km of seismic profiles
and occupied 25 sampling stations (Figure 4). We departed for Glacier Bay at 1239 on
August 26. We armived at Bartlett Cove, Park Headquarters at 0620 ADT on August 27.
The Scientific party disembarked for meetings with Mary Beth Moss, Resource
Management Specialist and Jim Taggert, Marine Biologist at Park Headquarters, Paul
Jones, marine mammal observer, joined the ship. We were underway for Muir Inlet by
1348 ADT on August 27. Seismic lines (Figure 5) and stations GB-1 to GB-16 (Figure 6)
were collected in Muir Inlet between August 27 until August 29 at 0705 ADT when work
in the West Arm of Glacier Bay began (Figure 7). Seven stations (GB-17-GB-23) were
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occupied in upper West Arm (Figure 8). In Tarr Inlet, seismic profiles were collected
(Figure 9) and 11 stations (GB-24-GB-34) were occupied (Figure 10). On August 21 at
1206 ADT we transited to lower Muir Inlet to collect additional seismic data and occupy 4
sampling stations (Figures 5 & 6). In total we occupied 38 stations and collected 350 ke
of seismic lines in Glacier Bay. We returned to Bartlett Cove on September 1 at 0700 ADT
10 allow 7 members of the Scientific party to disemmbark for the airport in Gustavus. The
ship departed Bartlett Cove at 1245 ADT on September 1 and transited directly to Seward,
AK, arriving at 0955 ADT on Septernber 3, 1993.

Bathymetry and Seismic Profiling
Navigation

GPS was the primary method of navigation for track lines and stations. The ship's
Jocation, direction and speed were stored at 30 sec intervals on computer disk. GPS was
found to be unreliable for short periods around 0200 ADT in Yakutat Bay and Glacier Bay.
New stations were not located during these 20-30 min periods.

Bathymetry

The ship’s hull-mounted 12 kHz echosounder provided bathymetric data during all
seismic surveys and during sampling. These data are especially important in these
glacimarine setiings because rapid sedimentation can change the water depth by a
measurable amount each year.

Seismic Profiling

The Huntec system was used under a subcontract with Geoforce Consultants from
Nova Scotia. The system operated with a deep towed sound source and internal and
external hydrophones.

Operating Parameters included:
-power output 4Kv
- firing rate 0.750 sec

- sweep rate  0.250 sec



-filter setting for internal hydrophone - 0.500 - 10.0 Khz and for external hydrophone -
0.700 - 5.0 Khz

-the fish was towed beneath the surface at depths ranging from 15 to 60 m

During profiling in College fjord the transformer in the EPC recorder for the
external hydrophone overheated and failed. An EPC unit from the USGS was used in its
place after being picked up in Yakutat The quality of the external record was generally
good, the internal record was generally of poorer quality. Both records were affected by
irregularities in the ship’s 110 VAC power supply that caused regular drops to 105 -107
VAC. We anticjpate that this problem will be fixed before our next cruise.

Coring and Grab Sampling

Collecting the longest cores possible was considered the pamary objective of
bottom sampling during this cruise. A Benthos piston corer (model 2175) with a 2.8 in
(7.1 cm) diameter core barre]l was used. The lengths of sediment cores obtained were
shorter than we had planned. The maximurm core length collected was 376 cm, but most
cores were less than 250 cm. Several modifications were made to the corer including
removing the poorly functioning piston. The system was then used as a gravity corer with
a 750 1b weight stand. In all, 6 piston cores and 65 gravity cores were collected (Table 3).
Two box cores were collected with a 1 m3 MKII™ box corer and subsampled with core
tubes. A Van Veen sampler was used to collect 22 grab samples in locations where coring
was unsuccessful (Table 3).

Physical properties were measured on all cores with the GRAPE. Cores were then
split, described, photographed in black and white, and videotaped in color. Core logs are
in Appendix 1. The working half of each core was subsampled for the following anatyses:

sample type Samphing jnterval

Grain size and grain shape 5 cm for uniform lithology and variable for
laminated sediment

Pb-210 Sem

Organic carbon variable

Moisture content 50 cm

Microfossils variable



Physical Properties Measurements using a Multi-Sensor Whole Core
Sediment Logger

Cores were logged for their physical properties on a multi-sensor whole core
sediment logging device, built in Great Britain by Schultheiss Geoteck, Ltd. The logger is
controlled by a personal-computer driven software system developed at the U.S.
Geological Survey, Branch of Pacific Marine Geology for data acquisition and instrument
manipulation. The system logs sediment bulk density, compression wave sound speed,
and magnetic susceptibility of whole cores. These measurements are used to develop the
physical property profiles for cores presented in Appendix 2. Robert Kayen was
responsible for the operation of the logging device.

Micropaleontological Sampling

Eighty-eight samples were obtained from grab samples and trigger cores to
document the distribution of living infaunal and epifaunal foraminifera. For trigger cores,
subsamples were taken at | cm intervals down to 16 cm, then every 3-5 cm. Composite
samples of approximately SO cc were taken from grab samples. Each sample was placed
into a sealed plastic bag with a solution of 4% formalin, Rose Bengal, and borax to .
saturation as a buffer. An additional 342 samples were taken from piston and gravity cores
for analysis of downcore distribution of foraminifera. These samples of between 10 and
30 cc were taken at various intervals within the cores depending on the lithology. These
samples were not stained. Later at the University of Texas at Austin both sample types
were soaked ovemnight in a solution of calgon and water. The samples were then washed
over a 63 micron sieve and dried. The identification of microfossils is being carried out by
Sarah D. Zellers.

CTD Casts and Water Samples

A Neil Brown Mark III B CTD profiling system with a Turner Model III
fluorometer was used to obtain CTD casts at 14 Stations (Table 4). Fluorometer
measurements may be used to indicate relative concentrations of particles within the water
column. The salinity, temperature and fluorometer counts collected on each downcast is
included in Appendix 3. On the upcast, 12 water samples were collected from various
depths with a General Oceanics Rosette sampler (Table 4). Each 1.7 L Niskin bottle was
subsampled and vacuum filtered on a 0.8 micron Millipore filter. Suspended sediment
concentrations were calculated and plotted by depth (Appendix 4).
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Preliminary Results

1. Glacial retreat records indicate that the basins in College Fjord have been deglaciated for
at least 300 years, much longer than in Glacier Bay. In College Fjord, preliminary review
of seismic profiles indicates much lower total sediment accumulation than in Glacier Bay
fjords indicating lower sedimentation rates, This conclusion is also supported by the
degree of bioturbation and by the presence of worm tubes in cores. This reconnaissance
level survey has given us information on the variability within the modem temperate
glacimarine environment and raises questions about the relative importance of
climatological, glaciological, and bedrock lithology as controls on sedimentation.

2. Huntee profiles from upper Yakutat Bay show a channel buried from 3 to 6 m beneath
the flat fjord floor (Figure 11). The channel appears to originate from the inlet to Russell
Fjord and meanders downfjord for 9 to 10 km. The channel cross section is filled with a
variable amplitude chaotic seismic facies and is cut into and buried by deposits represented
on the seismic profiles by medium to hugh amplitude, fairly continuous, parallel, horizontal
reflections. We were unable to collect cores long enough to penetrate the chaot:ic channel
fill deposits but this seismic facies could be produced by sediment gravity flows deposited
by the 1986 outburst flood from Russell Fjord. We are working on bathymetric data from
this cruise to compare with bathymetry collected by NOAA prior to the outburst flood to
check the timing of channel formation and development. It appears that a small channel
existed prior to 1986, but during the outburst event it was rapidly deepened by erosion and
then completely infilled with sediment. The rapid burial of this channel aided its
preservation in the glacimarine record and, therefore, may be vsed as an indicator of
surge/outburst events in Yakutat Bay.

3. Visual descriptions and x-radiographs of cores collected from upper Yakutat Bay show
an apparent regular repetition of thick couplets of diamicton and laminated/homogeneous
mud. These apparent cycles occur in cores collected as far as 17 km downfjord from the
Hubbard Glacier. In ice-proximal cores (such as AH93YB-GC20 in Appendix 1), the
diamictons are approximately 10 cm thick and the larninated mud is greater than 30 cm
thick. In cores collected fror distal focations (such as AH33YB-GCI12 in Appendix 1), the
diamictons are from 1 to 5 cm thick and the mud is less than 20 cm thick. We are testing
the hypothesis that these cycles represent annual layers formed by seasonal controls on the
meltwater system. The diamicton is fortmed by concentration of ice-rafted debris in winter
and spring when there is little suspended sediment input because the meltwater system is



shut down. Although ice rafting continues through summer, suspended sediment and
gravity flows deposit thick layers of interlaminated sand and mud. If these couplets are
annual they will provide an important dating tool and allow us to infer sedimentation rates
at all of our coring stations to better understand glacimarine sedimentary processes. We
will also be able to add significant new information on the processes of diamicton

formation.

4. In Glacier Bay, Huntec profiles were collected in basins proximal to Muir and Riggs
Glaciers. Cores collected from these proximal basins were composed of thythmic sand and
mud laminae and massive sand beds (Figure 12). Seismic lines and sediment cores were
also collected from a distal fjord basin at the entrance 1o Wachusett Inlet. Cores collected
from distal basins contain homogeneous mud and silt and mud laminae. These two data
sets will be used to compare and contrast sedimentation in both proximal and distal

glacimarine environments.

5. Seismic profiles were collected in a 1 km grid pattern over the morainal bank complex at
the mouth of Muir Inlet. Both the higher resolution of the Huntec system and the close
spatial distribution of these profiles will allow 3-D mapping of the several different seismic
facies observed within this complex. We attempted to core the grounding-line fan facies, a
stratified moraine facies and a push-moraine facies. The morainal bank complex is covered
by a drape of approximately 3 to 4 m of suspension deposits. The longest core collected in
this area was 270 cm and did not penetrate the sediment below the drape.

6. Approximately 96 km of high resolution seismic reflection profiles were coliected in Tarr
Inlet. Seismic profiles were collected along the entire length of the Inlet at a spacing of 1.0
to 1.5 km. Within 2 ki of the terminus of Grand Pacific and Margerie Glaciers, the fjord
floor has an irregular hummocky surface. The deposits in this proximal area are
represented on the profiles by a chaotic seismic facies. The sediment fill in areas further
downfjord is represented by a seismic facies that is composed of variable amplitude, (airly
continuous, honzontal reflectors. A buried ridge with chaotic seismic facies at the entrance
to Tarr Inlet was also observed. The longitudinal profile shows a sudden increase in water
depth at the fjord mouth, indicating rapid basin filling inside the inlet.

7. Approximately 80 km of seismic reflection profiles were collected in the West Arm of
Glacier Bay. Seismic profiles collected at a spacing of 1 km over the entrance to Queen
Inlet show a deep fjord (400 m water depth) fan complex. The sediment source for this fan
complex appears to be a major turbidity current channel system from Queen Inlet, a
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hanging valley. The high resolution profiles contain evidence of small fan channels that
cross the fan. Coring on this fan was unsuccessful; however, grab saroples indicate that
the surficial sediment on the fan consists of fine to very fine sand. Previous sampling
efforts have yielded displaced shallow water benthic foraminifers, reinforcing the
hypothesis of turbidity current origin for much of the fan sediment. In the area downfjord
from the fan, the seismic profiles appear to indicate two different depositional sequences
separated by an unconformity. The lower sequence is acoustically stratified and the upper
sequence is a interlayered well stratified seismic facies and a reflection-free facies, with a
layer of ponded reflection-free facies directly above the unconformity. At least three buried
ridges with chaotic seismic facies, probably morainal banks, can be identified in this part of
the West Arm.

8. Surface samples contain a variety of microfossils inclnding benthic foraminifera, a few
planktonic foraminifera, diatoms, mollusks (clams and gastropods), ostracodes, copepods,
worm tubes, and plant material. Preliminary foraminiferal studies indicate rare, living
individuals from the genera: Cassidulina, Elphidium, Haplophragmoides, Nonionella, and
Reophax. Some of these stained individuals occur at depths down to 15 ¢cm within certain
trigger cores; however, most of the stained material occurs in shallower intervals (<8 cm)
or in surface composites from the grab samplers. Stained clams and copepods are present

in several samples.

Preliminary results from total assemblages (living & dead) indicate differences
between Prince William Sound, Glacier Bay, and Yakutat Bay. Foraminifera and diatoms
are rare to few in surface samples in Prince William Sound, but they are more common in
Yakutat and Glacier Bays. Diatoms are abundant in some samples, particularly in Glacier
Bay. In Yakutat Bay, foraminifera are more common in distal samples and fewer in
samples closer to Hubbard and Tumer Glaciers, probably due to dilution by terrigenous
sediment near the glaciers.

Brief examination of samples from selected cores in Prince William Sound, Yakutat
Bay, and Glacier Bay (one core from each area) indicates downcore changes in abundance
and characteristics of the foraminiferal assemblages. The abundances of diatoms and other
microfossis also appears to be variable. For example, in core AHO3GBGC-7 from Glacier
Bay, most samples are either barren, or contain very rare foraminifera and diatoms. From
175 to 200 cm, however, there are common to abundant foraminifera with rare diatoms,
Below this interval, at 202-209 cm, diatoms are common, but foraminifera are rare.

12
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9. Distinct downcore variations occur in physical properties in cores fror all 3 study areas.
Variations in P-wave velocity produce the strong contrasts in acoustic impedance
suggesting that massive sand beds overlying mud can produce strong reflectors observed in
seismic profiles. Magnetic susceptibility shows great vadability in cores from Yakutat Bay
and Glacier Bay but has lesser variability in Prince William Sound cores. Bulk density
logs and visual core descriptions indicate that mud and diamicton layers generally have low
magnetic susceptibility and sands have high magnetic susceptibility. This may prove to be
another method of detecting depositional cycles in cores.

10. CTD casts from College fjord show a thick, near surface layer with relatively warm
water overlying low temperature, high salinity deep water. Suspended sediment
concentrations range from 3 mg/L up to nearly 300 mg/L at the most ice proximal station.
Four of the five sediment concentration plots have the highest concentration in the middle
of the water column between 60 and 80 m. CTD casts from Yakutat Bay show simjlarities
to those from College Fjord although surface temperatures were generally lower and deep
water slightly warmer in Yakutat Bay. Statons YB-1 through YB-4 and YB-21 (al! located
in upper Yakutat Bay) had a lower salinity surface layer that corresponds to the highest
suspended sediment concentration in the profile. Salinity is uniform beneath the surface
layer in these profiles. Staiion YB-7, located near the confluence of the upper Bay
(Disenchantment Bay) and the more open part of Yakutat Bay has an unstable salinity
profile and its highest sediment concentration occurs at 45 m depth. Concentrations at that
depth of 30 mg/L indicates that suspended sediment is dispersed over long distances from
the head of the fjord. CTD casts from Glacier Bay show a thin low salinity overflow with
stable higher salinity water beneath. The surface overflow corresponds with peaks in near
surface sediment concentration. At each of the 3 stations in Glacier Bay suspended
sediment gradually increases with depth through the water column. These data provide
information about suspended sediment transport in each of the 3 study areas. Our previous
work in southeastern Alaska has shown that water column properties and sediment
concentrations are greatly influenced by the station location with respect to tidewater
glaciers and tidal stage. We are presently considering the influences of these variables on
the new data.
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Distribution of Samples and Data

Cores and sediment samples:

The archive half of each split core is stored in a cold room at the USGS, Marine Geology
Branch at Menlo Park, CA. Subsamples from the working half of each split core were
shipped to the following institutions:

Appalachian State University -- samples for grain size analysis and grain shape analysis

Northern Tllinois University -- samples for Pb-210 analysis, samples for total organic
carbon, and slabs collected for thin sections

USGS, Menlo Park -- samples for moisture content and unsplit cores

University of Texas, Austin -- samples for microfossil identification

Cores were x-rayed at the USGS by Jinkui Cai and Paul Carlson. Original x-ray negatives
for cores from Prince William Sound, Yakutat Bay, and Muir Inlet are at ASU. X-ray
negatives for the West Arm of Glacier Bay and Tarr Inlet are at NIU.

Bulk samples from box cores and Van Veen grabs were shipped to NIU. Samples
collected for microfossil identification from grabs are at University of Texas.

Filters from water samples were shipped to ASU where they were weighed and suspended
sediment concentrations were calculated.

Bathymetry, Huntec Profiles and Navigation

All echosounder profiles and Huntec profiles were microfilmed at the USGS and
copies were sent to NIU and ASU. The original 12 kHz record is stored at the USGS and
the Huntec record s at NIU. All ship's navigation data were taken to the USGS where the
track lines were computer plotted.
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SelsmlcTrackllnes in
Yakutat Bay

Figure 3. Seismic tracklines in Yakutat Bay
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Selsmlctracklmes |
in Muir Inlet of
Glacier Bay

| *'.".-..- . -

M.

m-w
Adams Inlet

Figure 5. Seismic tracklines in Muir Inlet of Glacier Bay
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. Figure 6. Sample stations in Muir Inlet of Glacier Bay
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Sample-St_ations in the
- West Arm of Glacier Bay
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Figure 8. Sample stations in the West Arm of Glacier Bay
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" Seismic tracklines in
° Tarr Inlet of Glacier Bay

Figure 9. Seismic tracklines in Tarr Inlet of Glacier Bay
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Figure 10. Sample stations in Tarr Inlet of Glacier Bay
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Figure 12. Photograph of core from Muir Inlet showing interlaminated
sand and mud. This 151 ¢m long gravity core was collected from 224 m
water depth in Muir Inlet. See Figure 6 for location of core GC3 in Muir
Inlet.
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Table 1 - The Scientific Party

Ellen A. Cowan, Chief Scientist
Department of Geology
Appalachian State University
Boone, North Carolina 28068

Ross D. Powell, Co-Chief Scientist
Department of Geology

Northern Ilinois University
DeKalb, linois 60115

Paul R. Carlson, Research Geologist
Office of Marine Geology

U.S. Geological Survey

345 Middlefield Road, MS 999
Menlo Park, California 94025

Robert E. Kayen, Research Civil Engineer
Office of Marine Geology

U.S. Geological Survey

345 Middlefield Road, MS 999

Menlo Park, California 94025

Keith C. Seramur, Geologist
Department of Geology
Appalachian State University
Boone, North Carolina 28608

Jinkui Cai, Geologist
Department of Geology
Northem Illinois University
Dekalb, 0linois 60115

Sarah D. Zellers, Geologist
Department of Geological Sciences
University of Texas at Austin
Austin, Texas 78712

Graham B. Standen, Geoforce Consultants
Bedford Institute of Oceanography

P.0O. Box 696

Dartmouth, Nova Scota B2Y 3Y9

Undergraduate Students from Appalachian State University:
Jenifer D. Clark

Rafael A. Gutierrez

Christen A. Nall

David Hogg, Marine Technician
U.S. Geological Survey

Paul A. Jones, Marine Mammal Observer
U.S. EPA, San Francisco, California

Phone;
FAX:

Phone:
FAX:

Phone:
FAX:

Phone:
FAX:

Phone:
FAX:

Phone:
FAX:

Phone:
FAX:

Phone:
FAX:

704-262-2260
704-262-2127

815-753-0523
815-753-1945

415-354-3066
415-354-3191

415-354-3036
415-354-3191

704-328-2991
704-322-2268

815-753-6272
815-753-1945

512-471-6955
512-471-9425

902-463-0932
902-464-9602
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Table 2. Time-table of scientific activities.

Date (1993) Time (ADT) Activity

August, 14-16 Mobilize shipboard equipment onboard the R/V
Alpha Helix, Seward, AK

August 17 2100 Depart Seward, AK

August 17 2248 CTD cast, mouth of Resurrection Bay

August 18 1015 Arrive at Port Wells, AK. Begin survey of College
Fjord.

August 18 1655 Echosounder Profiles of Harvard Glacier
Terminous, survey College Fjord.

August 20 0336 Depart College Fjord for Cordova, AK

August 20 1240 Arive at Cordova, AK, Carlson and Hogg fly to
Yakutat,AK. Depart Cordova for Yakutat Bay.

August 21 2035 Arrive at Yakutat, AK, survey Yakutat Bay.

August 26 1239 Depart Yakutat Bay for Glacier Bay Nat'l Park.

August 27 0620 Arrive at Bartlett Cove, AK.

August 27 1348 Begin sﬁrvey of Muir inlet, West Arm, and Tarr
Inlet, Glacier Bay Nat'l. Park

September 1 0700 Return to Bartlett Cove, AK

September | 1245 Depart Bartlett Cove for transit to Seward, AK.

September 3 0955 Armve at Seward, AK

September 3-4

Demobilize operations on R/V Alpha Helix
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Table 3. Core and Grab Samples

STATION  SAMPLE DEPTH  CORE LATITUDE  LONGITUDE
NUMBER NUMBER (meters) LENGTH
(cm)
College
Fjord
PW-1 AH93PWGC-1 230 169 61°11.28  147°48.09
PW-2 AH93PWGC-2 217 209 61°13.25  147°46.38
PW-3 AH93PWB-1 185 63 61°15.25  147°44.11
PW-4 AH93PWGC-3 104 48 61°01.07  148°00.41
PW-5 AH93PWPC-5 124 221 61°04.13  148°13.31
PW-6 AH93PWP¢-6 390 234 60°55.46  148°08.46
Yakutat
Bay
YB-1 *AH93YBPC-1 246 90 59°55.24  139°37.11
AH93YRPC-2 240 121 59°55.24  139°36.54
YB-2 AH93YBPC-3 235 0 59°58.87  139°33.69
AH93YBG-1 233 59°58.83  139°33.95
AH93YBB-1 233 59°58.80  139°34.25
AH93YBPC-4 233 137 59°58.93 139°33.83
YB-3 AH93YBGC-5 237 98 59°57.50  139°33.86
AHO3YBGC-6 236 176 59°57.59  139°33.85
AH93YBG-2 236 59°57.54  139°33.86
YB-4 AH93YBGC-7 234 277 59°57.68  139°34.76
AH93YBG-3 234 59°57.68 139°34,83
YB-§ AH93YBGC-8 254 288 §9°53.11  139°40.35
YB-6 AHO3YBGC-9 86 40 59°48.30  139°41.51
YB-7 AH93YBG-4 82 59°48.46  139°41.51
YB-8 AHO3YBGC-10 232 202 59°58.76  139°33.99
YB-9 *AH93YBGC-11 236 123 59°57.54  139°33.80



Table 3. Core and Grab Samples

30

STATION  SAMPLE  DEPTH CORE  LATITUDE LONGITUDE
NUMBER NUMBER (meters) LENGTH
(cm)
AHO3YBGC-12 236 152 59°57.54  139°33.85
YB-10 *AH93YBGC-13 234 94 59°58.05  139°33,70
*AH93YBGC-14 234 53 59°58.06  139°33.70
AH93YBGC-15 234 201 59°58.08  139°33.74
YB-11 AH93YBGC-16 232 80 59°58.59  139°34.19
*AH93YBGC-17 232 60 59°58.58  139°34.16
YB-12 AHO3YBGC-18 229 230 59°58.70  139°35.34
YB-13 AH93YBGC-19 227 236 59°59.54  139°34.31
YB-14 AH93YBGC-20 225 224 |
YB-15 AH93YBGC-21 252 255 59°53.20  139°39.83
YB-16 AH93YBGC-22 248 282 59°54.69  139°38.36
YB-17 AH93YBG-5 61 59°54.86  139°41.74
YB-18 AH93YBG-6 90 59°54.80  139°41.34
YB-19 AH93YBG-7 95 59°54,.78  139°41.18
AH93YBGC-23 100 197 59°54.79  139°41.17
YB-20 AH93YBGC-24 150 59°56.17 139°35.99
YB-22 AH93YBGC-25 75 277 59°44.00  139°58.11
YB-23 AH93YBGC-26 80 280 59°44.09  139°56.52
YB-24 AHO3YBGC-27 101 278 59°43.30  139°55.62
YB-25 AH93YBGC-28 217 122 59°51.03 139°41.47
Glacier Bay
GB-1 *AH93GBG-2 190 59°05.11 136°22.45
GB-2 AH93GBGC-1 225 59°04.65 136°21.58
AH93GBG-1 225 59°04.69  136°21.48
*AH93GBGC-2 225 135 5904.68 136°21.49
ABQ2MRA.2 774 150 59°04.69 136°21.55



Table 3. Core and Grab Samples

STATION SAMPLE DEPTH CORE LATITUDE LONGITUDE
NUMBER NUMBER (meters) LENGTH
(cm)

GB-3 *AH93GBGC4 238 50 59°04.37 136°19.84

AH93GBGC-5 238 98 59°04.35 136°19.84
GB-4 AH93GBG-3 230 59°03.59 136°17.54

AH93GBGC-6 228 244 59°03.58 136°17.57
GB-5 AH93GBGC-7 270 240 59°03.68 136°15.24
GB-6 AH93GBGC-8 273 118 59°03.73 136°13.28
GB-7 AH93GBG-4 261 59°03.79 136°12.17
GB-8 AH93GBG-5 | 240 59°01.53 136°09.64

AH93GBGC-9 245 144 59°01.44 136°09.66
GB-9 AH93GBGC-10 250 97 59°01.23 136°09.54
GB-10 AH93GBGC-11 290 136 58°56.57 136°06.89
GB-11 AH93GBGC-12 305 245 58°56.16 136°06.22
GB-12 AH93GBGC-13 310 327 58°54.96 136°04.98
GB-13 AHO3GBG-6 181 58°50.21 136°05.58

AHO3GBGC-14 180 220 58°50.17 136°05.53
GB-14 AH93GBGC-1S 70 254 58°46.89 136°06.12
GB-15 AH93GBGC-16 137 270 58°44.50 136°06.21
GB-16 AH93GBGC-17 186 376 58°45.30 136°02.78
GB-17 AHO93GBGC-18 218 268 58°53.32 136°50.70
GB-18 AH93GBGC-19 280 25 58°53.26 136°44.53

AH93GBG-7 308 58°53.27 136°49.28
GB-19 AH93GBGC-20 426 58°52.08 136°36.09
GB-20 AH93GBGC-21 424 0 58°50.80 136°33.10

AH93GBGC-21 425 0 58°50.63 136°32.79

AH93GBG-9 424 58°50.78 136°33.08



Table 3. Core and Grab Samples

STATION SAMPLE DEPTH CORE LATITUDE LONGITUDE
NUMBER NUMBER (meters) LENGTH
(cm)

GB-21 AH93GBG-8 434 58°49.91 136°30.50
GB-22 AH93GBGC-9 434 0 58°49.29 136°28.84

AH93GBG-10 434 58°49.24 136°28.58
GB-23 AHO93GBGC-22 276 145 58°46.80 136°26.10
GB-24 AH93GBGC-23 376 0 58°55.09 136°53.33

AH93GBGC-23 377 0 58°55.06 136°53.20

AH93GBG-11 378 58°55.08 136°53.15

AH93GBGC-23 378 0 58°55.04 136°53.15
GB-25 AH93GBG-12 375 58°56.02 136°53.59
GB-26 AH93GBGC-24 340 177 58°56.76 136°53.58
GB-27 AH93GBGC-25 339 40 58°59.09 136°56.22
GB-28 AH93GBGC-26 245 55 58°58.12 136°53.96
G_B-29 AH93GBGC-27 331 171 58°59.64 136°58.12
GB-30 AH93GBGC-28 318 282 59‘;00.57 136°59.55
GB-31 AH93GBGC-29 296 59°01.79 137°00.67

AH93GBG-13 296 59°01.77 137°00.55
GB-32 AH93GBG-14 284 59°02.09 137°01.46
GB-33 AH93GBG-15 258 5$9°02.72 137°02.32

AH93GBGC-30 265 0 59°02.69 137°02.34
GB-35 AH93GBGC-31 305 232 58°55.53 136°05.74
GB-36 AH93GBGC-32 291 152 58°56.58 136°06.76
GB-37 AH93GBGC-33 150 114 58°56.47 136°07.70
GB-38 AH93GBGC-34 287 56 58°56.55 136°07.24

* = Cores not split, described, or archived
GC = gravity core B = box core

DFr . ictAnm ~Aca (¢ = van vean orah



Table 4. CTD Casts and Water Samples

WATER SAMPLES

(meters) _ (depth- meters)

LOCATION/ STATION # CAST DEPTH
College Fjord
PW-1 2 190
PW-2 3 211
PW-3 4 180
PW-3 5 180
PW-5 6 118
Port Wells
PW-6 7 365
Yakutat Bay
YB-1 8 230
YB-2 9 215
YB-4 10 219
YB-5 11 23S

5,10,20,30,40,50,60
100,145,160,190

0,10,20,35,50,70,
110,130,150,190,202

0,6.5,10,35,50,60,75,
85,110,125,150,182

0,8,10,20,30,40,50,70,
80,92,100,118

0,10,20,40,55,100,
150,175,200,250,350,
361

0,25,50,75,100,125,
150,160,180,190,200
230

0,15,20,25,35,45,50,
60,75,100,146

0,8,10,20,50,80,110,
130,150,170,200,219

3.2,10,20,30,50,60,
75,100,125,150,
200,233
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APPENDIX 1: CORE LOGS
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LITHOLOGY

A3 PW GC-1
SECTION DESCRIPTION

SANDY MUD: with large pebbles betwoen 67 cm in diameter, dark gray

SAND: sharp contacis, gzayish black

ROMOGENEOUS MUD: dark grey

STLT: weakly laminated, fines upward, gradational uppes contact, dark gray to
gayish black

SANDY MUD: with Jarge pd:hl;a aboui 3 am in diameler, dark gray

SILT: dark gray

HOMOGENEOUS MUD: with isolsled small pebbles, dark gray

SAND: massive , sharp epper and Jower contscts, grayish black

HOMOGENEOUS MUD: very soupy, dark gray
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LITHOLOCY

AH9I PW GC-2
SECTION DESCRIPTION

HOMOGENEOUS MUD: with 1 o thick layers ol‘lundz owd 019 cm ond 3¢
m [ A3 1, Jr (RN} Al p‘y‘o A, “k ”.y

PEBRLY MUD: contuins sand, dark gray

SILT: dark gray

SAND: narmal {adad, gradalionsl uppor conlact, shap and ezcaical lower
conizet, grayish black

PEBALY MUD: contains engulas, {¢alsded clagls about 2 e in diameer, sorme
pebhiles are clusiered, dark gray

HOMOGENEOUS MUD: conteins (ew clagy and sand gralns, dark gray

SAND: sharp botiom contact with soours, fwo norrastly Leyers, 10p of
each grades o muxddy sl dark gray to groyish black, lightans wpward

HOMGOGENEOUS MUD: thin larpiase of {ine wnd at 147 cm, dark gray

SAND: grayish dlack

HOMOGENEOUS MUD: with thin layers of dismictou Gom 176.180 am and
195-196 cm, angular pedbies range (rom 1-6 cm, grayisd dlsck
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93 PW GC-3

DEPTH LITHOLOGY SECTION DESCRIPTION
IN CM

[l SANDY MUD: soupy, few scaftered small clasts, dark gray

e oo s 0 ¢ PEBBLY MUD: with sand, angular argillite pebbles, largest is 3.5 cm, lower
0% contact is gradational, black worm tube 10 ¢ Jong, 2-3 mm in diameter, dark
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DEPTH LITHOLOGY

lNC
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220

AH93 PW PC-§
SECTION DESCRIPTION

PEBBLY MUD: sonpy, homogencons, dark gray

-
3
-

dolotafatdotatatafalotolal

VYWY VYT v VTV VYT YVYY

SAND. two fining upward scquences ffom medium 1o fine sand vpper conlacls

), Jower contact d, coarse sand graias occur an scovsed surface,

PEBBLY MUD: soupy, I« murf wilh angulur pebbles, largest
pebble, 8 cm in dicmeter bas worm bes o its srfece, pebble i ugmne, dark

o3y

SAND: medivm sand with normal greding, grsdstional upper conlzct, grayish
black

HOMOGENEOUS MUD: medium dark gray

SAND: medivr sand, msssive, bower contact sharp, dark gray

HOMOGENEQUS MUD: few sand grains scatiesed lhrougly TAray
Foy

SANDY MUD: dask grey

SAND: oormal graded, upper gradatianzl, lower conlact sharp with
granokes and quanz pebble, dagk gray

SAND: nomal graded

HOMOGENEOUS MUD: medium dark gray

SAND: medium with sharp conlacts, massive, deri gray

H%‘XSWEOUS MUD: few scattered argillite clasts, musse! shell fragmem
al an
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AHPI PW PC-6
SECTION DESCRIPTION

HOMOGEN{:OUS MUD: soupy, dask gray

HOMOGENEQOUS MUD: same scaltered pebblet and sand grains, sbundan
worm busrows, xbell Gagment a1 25 om, dark gray

DIAMICTON" rpassive, angular argllite pebbles, sbundant worm burrows, dack
By

HOMOGENEOUS MUD: fow scatiered pebbles and sand grains, dark griy

HOMOGENEQUS MUD: few scahiercd sagular pebbles and wand gralns, lazgest
pebdlc is bawsl, 7.5 am In dlaroeler, sbundant horizonlsl warm bomows, wnall
thin shell sl 112 oo, dark pay

HOMOGENEQOUS MUD: few scanicred angular segillite pebbles, dark gray

LAMINATED MUD- { mm in thickness, (srainse sre down by altcmation from
gnyish black to dark grsy, upper contact it gradatima), kswor coniaet cbscured

FIDMOGENEOUS MUD: few dispersed ptbbier and sand graing, lasger pebblex
{vp© 7 5 oo in dixmeter) are angular, pebble libologn xre dlorite sod slate,
Payith black to dark gray

n

w

[]
warbisioinal

HOMOGENEOUS MUD: scattzred aogulpr slate pabbles with sand grains
arpungd them, sbundam barizonlal worto burrows, shall (esgmant found near
botlarn, grayish black to dwk gray
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AHY9 PC-

SECTION DESCRIPTION

SANDY MUD: very soupy and disturbed, medium dark gray

SANDY MUD: less soupy, not distutbed, medium dark gray

SAND: fine sand, normal graded, upper contact is gradational, Jower contact is
sharp, roedium dark gray

LAMINATED MUD: 1-2 mm in thickness, scatiered sand grains and pebbles up
to 2 cro

40






AH93 YB GC-5
DEPTH LITHOLOGY SECTION DESCRIPTION
INCM
0
LAMINATED MUD: very soupy at top of interval, unevenly spaced dark
Jaminae spaced Bt s mam scale, several thin silt laminse with gradational contacts
between 25 and 40 cm, a pebble 3.5 cm in diameter at 40 cm, medium gray
10
20
30
40
50
SAND: fining upward, mediura lo fine sand, weakly stratified toward the top,
sharp contacs, dark gray
60
70
HOMOGENEOUS MUD: contains a few scattered sand grains, medium gray
80
SAND: rosssive medivm sand, sharp contacts, medium dark grsy
90 HOMOGENEOUS MUD: contsius a few scattered sand grains, redium gray
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LITHOLOGY

AH3 YB GC-6
SECTION DESCRIPTION

SANDY MUD: very soupy, lamiaated by color, containg 3 few pebbles, larges!
pebble diamerer is 3.5 an, has sand and gravel sround W, olive gray

LAMINATED MUD: soupy, cantsing silt lariinae wilh disporsod sand grains,
olive gray

LAMINATED MUD: medium dark gray

LAMINATED MUD: 3, 2 e thick units ibat mro medivo dark gray al base
gading 1o oliva gray al the top (from 43 10 49 am). hin larainse with dighter
shede, dasker Jorminae are silty (fram 49 10 56), 2 mm (bick dark silty tamina sl
37 em, olive gray

EIOOR X,

PEBBLY MUD: coatsins 4 pebblz 2.5 om In diamselar with send and gravel,
divm dark grsy

LAMINATED MUD: conlains dispened sand grasas, darker larainae browinsh-
141 in color berween 75-85 crm, olive gray

SAND: fining upward from medivm 1o fine sand, weakly stralified, sharp lower
oontact

LAMINATED MUD: sih laminze with dipscried sand grains, ofive gray

OO

PEBBLY MUD: contzins some sand grains, sharp lower contsct, medivm durk

\ #3Y

L AMINATED MUD: sili laminae with dispericd sand grains, grades from dark

greenish gray up o olive gray

PEBBLY MUD; sharp lower coatacl, roedium dark gray

LAMINATED MUD: silt laminse with dispersed sand, prades from dark
greenish gray vp 10 olive gray

DIAMICTON: 1 pebble 6 co I diamaiar, alive gray

LAMINATED MUD: gravel found al base of this orit, olive gray

SAND: massive mediom (o fine 1sad. 3.5 ¢f0 pebble a1 1op, shwp lower contact,
grayish block
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LITHOLOGY SECTION DESCRIFTION

SANDY MUD: wopy, wwally twulaxted, with 0.5 diamaicr gravel, obve gray

lirp\_ﬁ!-(':‘ﬁbl Mmedivm dark pray

SANN Y MUD: laminsted, with 0.5 em dipeler gravel, alive gray

) AMINATIO MUD: i luodaae with scattered sand and gravel, alive gray

SANDY MUD: hunilnxied with o wnd snd gravel duaa shave, dark greenish
oy

\ DAMICTON: angides ¢last, 8.5 cm Slammier servounded by sand and graved

,\ JAMINATED MUD: {ew sand gralna, pebbles on kawer eoatact, dadk yeenish
7y

Fe———m] LAMINATED MUD: scaliciod 1403 graias, medium dark gray

—— JAMINATED MUD: with und md ghavel. dack grsy 1o medivm dark gray

QD!AHICFON: .5 &m dimonley pebbile, durk gray to mediven dawk gray

LAMINATED MUY 4 nd graess Ihrooghout, dark gromish pray from
104 10 145, fing M8 Ismoafise 0.8 au l.m 105 cm. medium dack grsy lmm
103510 )IOm,gD.dnumntenlmm (ron alive g1y &l 110 w0 dark
graenivh gray al (30 cm

\DlAHlCTON'. dark greoadsh gray

‘_\LANI.NA‘(‘ED MUE: with 5 1.5 ow pabblo , dark grecrish gy

\SAND: masave, S>rk gray

LAMINATED MUD: scattered mand grainy asd pebbles. dazk greeaish gray

LAKINATED MUO: with sandy stringens, wedivm Sk gray

DIAMICTON: proemish blxck

LAMINATED MUD: scotured wad grains, dlive gray

LAMINATED MUD; seatiemd sand gralas, 3.5 o pehible o) 195 am, dark

gecanh gy
= P~
\, DLAMICTON: dark grrenish gay

\BMKNAI‘ED MUD: with silt, darh groesish gray

SAND: normaul grading bom yubbles 10 (v rand m top, gromuish black

LAMINATED MUD: scalicred sand gradan, dark grecaish) gray

DIAMICTON: wmal pabbles up 1 I cro. medium dark gray

LAMINATED MUD: soatled wacid palny, ofive pay

SAND: ) gading from med|
duk '.';’WL' ing ium 1o finc wnd o \op, Ahurp lower eoatact,

LAMINATED MUD: medlum duk gy

—

DIAMICTON pebbles ¢p (0 2 o, dark greenlsh gray

LAMINATED MU(: peatiered sand grains, dark greemish gag al bop to medivn

——————— dark Py M b

DIAMILTON: sind aringer, rodivm dark gray

LAMINATLLD MUD: few 3and grainy, medium gray
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ALPA YR GC-8
SECTION DESCRIPTION

NOMOGENEOUS MUD. wupy, oolor faminated, 0-8 § o dk. greeaisly gray,
6.5:15 cm K. olive gray, 13- 16 an med. dh. gay, 16-26 em Q4 greeninh gruy

VO 1S MAD 26-26.5 caed, 0K sy, 26.8-32 cm grecnisk gray, 32
3acm I, alve gy, Y647 &0 dx. prenlids gray, will mud ol W 40 an with
Pedhlys

HOMOOENEOUS MUD: dark greenish pray

LAMINATED MUD, foe sand 1o aill Lumlaae, Surk greenish pry

HOMOOENEOUS MUD: dark gresnish gy

LAMINATES MUD' dark proenish gruy

SANLK doraslly greded fise (0 wery fnw sand, hatp bowar conldat, syadalicaal
uppit toniact, (ippla crosa bedding a1 114 ¢m, alive oY

HOMOGENEOUS MUD: dwk prermsh gray

LAMINATED MUO: oive gray

JIOMOTENFOUS MUD. dirk grechisb g3y

SAND: reassive very (ine sand, olive pray

SANO! lamuricd fing sand with wil(, Suk greshith gray

LAMINATED MUD: wils wand, ohive gray | om thick duwk preaisd gy
Jamins av § 56 em

HIOMOGENEOUS MUD. with scanered suad ghiay, dark peenish gy

SAND: weskly uralifled fise aaad 1o R, dasp CoMct ol Dase. divk oy

LAMINATED MUD:; very wesk Iaminslion, datk greorinb gray
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SECTION DESCRIPTION

HOMOGENEOUS MUD: with scattered sand grains, olive gray

DIAMICTON: weakly laminated with moderate bioturbation, dark gray laminae
at 10 cm and 25 cm, pebble at 8 cm is 2 cm in diameter, pebb]e at38cmis 3 cm
in diameter, medium dark gray

SAND: laminated sand, contains clam shell fragment, greenish black
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AHYYB.GC-20
SECTION DESCRIPTION

LAMINATED MUD: supy. with & few sand grains, dark gresnish gray

DIAMICTON: slive gray

LAMINATED MUD: smpy, fow scattered sand grojns, dark greenith gray

LAMINATED MUD: moft scabiorcd wand grains than sbove unit, $ an dlagator
pebble al 3§ e, olive gray

SANDY MUD: laainaled, olive gray

LAMINATED MUD: 2 eouplets 2.5 o (hick of dark preenish gray avd st bue
and lghtor oliva gray mud « 1 Jamina shove b dark groenisb gray, pebble
21 42 cra is § oo © dimoctsr

N

SAND: Jaminated medivru sand, well sorted, greoadsh black

SAND: luninatéd Gne 8¢ with mud, loxs thun 0.5 am hick, groenish blsck

LAMIRATED MUD: derk groenish gray

DIAMICTON: angulat pebblea up to 1.8 an, wedsum dark gray

LAMINATED MUD: pebbtes up ta 0.5 o diarnetcr, flghter madiusn durk gray

SAND: Jaminated finc 1o mediors sand, dark grotnish gray

LAMINATED MUD: betwoen 94 and 97, 2 oouplots of derk Ofaanhh gray mud
at baso and lighter olive gray rod above: batween 97 and 1 Uexred sand
graing, durk greenish gray

SAND: normally gradad fine wand a( base, dack gray

SANDY MUD: lamirated. gradstians! towey conlact, dask greenish gray

LAMINATED MUD: 3 couplots, 5.5 cro thick of snedium dark gray mud ot bose
and olive gray foud

FYYYYVY!

PREIEOH DIAMICTON: pebbies up ta 2.5 ae ut dinetsr, black

LAMINATED MUD: batwean 145 end 147 cya yallowish grean mud Jaminaied
with sand, betweon 147 nd 150 cma oliva gray roud ls darker and brownish,

b 150 10d 1 7] e is ofive gray. botween ) 7L sad 173 om luminared mnud
is medlum dark grey

OIS
PPV OV

D!AMIC’I‘ON: very angular pebbles up 10 ) ern dinmcter, medivm dark gray

|

I.AMINATED MUD: scatlared sand graing, oobor chm%: 175 178em is
grayish oYive, 178 to 190 cm s olive gray. and 190 to 194 s med|wm dark gray

Y YY VRN

JM

DIAMICTON: racdiura dark gray

LAMINATED MUD: grayish ohve
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AH93 YB GC-12
SECTION DESCRIPTION

LAMINATED MUD: very soupy, with scattered sand grains, olive gray

-------

DIAMICTON: olive gray

LAMINATED MUD: mud with sand larinse, 1 pebble at 15 ¢m, dark greenish

gray fror 10 (o 16 ¢, olive gray below

DIAMICTON: pebbles uvp to 4 cm in diameter, olive gray

LAMINATED MUD: mud with sand laminae, olive gray from 40 ta 42 cm, dark

greenish gray from 42 to 58 cm, olive gray below

DIAMICTON: dark greenish gray

LAMINATED MUD: with sand larsinac, dark greenish gray from 61 to 70 cm,

olive gray from 70 to 72 cra, dark greenish gray from 72 to 80 cm

v

SILT: laminated with mud, olive gray

LAMINATED MUD: 3 repeating units of dark at base to light at tap, olive gray,
within unjts are mm size light/dark laminations, each unit is sbout 6 cra thick

\DIAMICTON: dark greenish gray

LAMINATED MUD: alternating light to dark shades of olive gray

DIAMICTON: with pebble 3 cm in diameter, medium dark gray at base

LAMINATED MUD: light to dark color change froro dark olive gray roud at
base to light olive gray at top

DIAMI
\ CTON

\LAMI NATED MUD
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LITHOLOGY

AH23 YB GC-15
SECTION DESCRIPTION

LAMINATED MUD: wilh wispy dark sill faminge on mm scale, dark grecnish
Fay to 10 cm, dlive gray from 10 am © 20 em

DIAMICTON: up:u and lower gradatlonal vontacts, mare mud Lhad granules, |
pebble 0.5 am in diameles, olkve groy

MM!NATED MUD: with 4 sand granules b 25 and 40 cru, color
snaled from 3210 35 ao: Ad.HNOSmlanhmmmhthumnaelm

Whick, weakly luminated at 0.5 cu scale bedow, olive gray

HOMOGENEOUS MUD: wilh scahiered snedivm send grains, olive gray

SAND: massive fine sand, sharp upper ard bower onn;xu, medium dask gray

LAMINATED MUD: wealdy jumnated mud by color changes, dark greenish
@y from 94 10 106 cm, oliva gray below

SAND: massive (inz sand, shayp upper and lower contacts, medium dark gray

HOMOGENEQUS MUD

SAND: massive fine sand, shap apper and lower contacis, medivm dark gray

LAMINATED MUD: weakly laminsled by color changes, mm thick sill laminse
8! 140 cm, isofaled pebble 3) 143 am, greenisb gray

PEBBLY MUD. granii pebbles up to 1.5 am in diameter, medium duk gray

LAMINATED MUD: color laminaled, dack greenish gray (rom 155 (0 160 cm
with Jowss conlac(; from 160 to 182 cos codar gradas from lighl gra
Lhrough dark zy. light gray fram 180 to 186 cm, from 184 10 190 cm, ohive
pnymud light gray rawd below
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DEPTH LITHOLOGY SECTION DESCRIPTION
INOCM
— LAMINATED MUD: soupy, weakly laminated with sift, confains a few sand
grains, dark greenish gray from 0-19 cm, dark gray from 19 to 20 an
10
20 —
b aasaaas DIAM N: gradational dl tacts, light oli
ENOTREN ICTON: gradational upper and lower con ight olive gray
o A o o al
10 LAMINATED MUD: light olive gray from 26 to 35 cry, light gray from 35-36, 1
mm thick silt lamina below, 2 mm thick silt lamina at 42 cm, diffuse silt lamina
below, dark greenish gray from 50 to 70 cm, light greegish gray from 70 to 80
cm
40
50
60
70
80
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LI'THOLOGY SECTION DESCRIPTION

LAMINATED MUD: silf laminec 1 mm 1bick sllemating wih thicker mud
Jaminae, wispy above 20 em, dark greenish gray

LAMINATED MUD: ¢ontinuous silt laminse dalow 20 co, rucdiurm gray, black
ift lyraire st 37 em

DIAMICTON: contains 0.5 am clasts, gredaliona] upper aad lower contacts,

| dark greenish gray

LAMINATED MUD: olive gray omud with grayish dlack sill taminae, from 80 to
84 cm olive gray which lightens to 94 am, below 80 ¢fu therc are thin, very fime
sand stringers

SAND: weakly stratified very fine sand with gradations| upper and lower
lact, greznish blsck

LAMINATED MUD: contains steingers of very fing sand, oversl| color grades
[rom dark green gray at base to olive @ay al lop, striagers arc darkey

DIAMICTON: clasts up to 0.5 cm, colans frotm daek greenish gruy to dark gray

LAMINATED MUD: with silt, dark greenlsh pray

SAND: very fine sand, disturbed by taring, greenish black

SAND: very fine sand at bass grading jnlo Luninated silly coud, alive gray at
base grades to dark greenish gray at Wp

—_—

LAMINATED MUD: aiive gray with datiecr dilfusc silt Jaminac

\iAND: very fine sand, gradational uppec coatach. olive gray

LAMINATED MUD: with sl siringers, mediure Jark groy 10 175 am, olive
Pray balow

SAND: fine to very fine ssnd, grayish black

Il

LAMINATED MUD: conlsins scaltered sand graing, olive gray
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LITHOLOGY SECTION DESCRIPTION

LAMINATED MUD: with mm scale laminac, dark greenich grsy

SANDY MUD: with 1 am pebbdle al base, dark greonlsh gray

SANDY MUD: wilh mm scale Jaminae, olive gray

PEBBLY MUD: with angnlar pebbles up to 1.5 cm, olive gray

DIAMICTON: laainated, pebbles we b 1.0 and 1.5 om, alive grsy

LAMINATED MUD: with sand Ixminse, olive gray

SANDY MUD: lammated, with pebbles up 0 0.8 cm, pebble at 41 cro is 2 em,
olive gray

LAMINATED MUD: from 61 10 68 cm: 3 sets of colr ¢yeles (rom olive gray

11 base 1o lighter grayish olive above, laminac throughout, below 68 cm sevaal

silt Iyminse, grayrsh olive

SAND: 2 iing vpwrard units of very fine sand 10 muddy silt. greenish biack at
base, duk greenisk gray al top

LAMINATED MUD: silt laminse are 1-2 mm thick, 1aminse are olive gray in

dark greenisb gray mud

DIAMICTON: with pebbles up 1o 3 an, dask grecnish g7y

LAMINATED MULX: dlive gnny

YT

SAND: fine sond with sharp lower conayat and gradstional vpper conladt. olive

blsck

LAMINATED MUD: olive gray sill lamins ¥t 120 10 1 21 ao gading into dark

Frecnish gray at base

\SAND.' very fine sapd, dark greenish grey

LAMINATED MUD: it laminse ou 5o scak, olive gray to 134 e, dark

ish pray frota 136 ta 143, clive gray below

LAMINATED MUD: with fine sxnd Iaminse, gradational vppar and lower

candact, Olwe gray
N

LAMINATED MUD: with xitt Jaminse dark greenlsh gray

\ DIAMICTON: pebbles op 1o | an, medlom dark gray

LAMINATED MUD: wilh &y, olive grsy al base, durk greeaish gray sl lop

SAND: interbedded fine 1o very fine ssnd with soud with ripple cross Laminae,
\ sands are olive Wack

LAMINATED MUD: mm thick sill laninae, 1)l laninas are dark, mud laminae
are Jighy, dark greendsh gray

LAMINATED MUD: lesa sih than sbove, dark grosnish gray

DIAMICTON: with pebblet up 16 4 aD, med|um dask gray

|

LAM(NATED MUD: with it Iarainsa, pebbie of 215 an, derk gremish griy

DIAMICTON: with pcbble up 10 3 o, olive gray
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A3 YBCGC20
SECTION DESCRIPTION

LAMINATED MUD: sand larninas, olive gray

SAND: laminated fine sand, lower conleqd gradstional, uppar contact disturbed,
dark greenish gray

LAMINATED MUD: with dispersed gravel up to 0.5 cra »nd and, lamines are

2mm hick, medivm dark gray

>)>']

]

DIAMICTON: with pebbles up 1o 3 om, dark gray near base, olive gray near top,

N U

e
NS
2'5'5°5°9"»'4

O

>

0
g

2 ¥
LAY 5 )

5
»
»

weakly |angipated neas the base

DIAMICTON: weakly laminated angular pebbles ap 10 2.5 om, gradational
contacts, olive gray

LAMINATED MUD: with silt laminao, 2.5 units bassd ou color, olive gray oo

botiom wilb dack greenish gray above

LAMINATED MUD: with fine sand 1aminse, 2-3 ans thick, olive gray

RTPRSREFR

SANO: fine sand, sharp upper and lower contacts

ettt ¢

LAMINATED MUD: with sand, engular pebble $ cro diamatcr, olive gray

\SANDt stratified fine sand with mud sucarncn, sharp contacts, dark gray

_\U\MINATF.D MUD: sand lamsnse 2 raso thick, olive gray

LAMINATED MUD: silt Jaminas t mm thick, light olive gray

\SAND: fioe sand, sharp upper contact, gradational lower conlact, dack gray

LAMINATED MUD: sitt laminse 1 oo Dick, light olive gray

SAND: fine sand, sharp upper and lower coatacts, dack gy

LAMINATED MUD: dark coarse 3ilt lamina 2 mua thick a1 117 an, several

pebbles a1 124 an, dark mud lamina 0.5 e bencalh, olive gray

LAMINATED MUD: weakly laminsted, ofive gray

SAND: dsrk fine sand, sharp upper and lowes contacls

LAMINATED MUD

SAND; magsive Gne sand, darker lense in Upper comet, no siza change between
colors, dark gray

AN
LAMINATED MUD: dark gray

\SAND: mausive {ine sand, sharp upper and lowec conlacts, dark gray

LAMINATED MUD: fine sand laminae evenly spaeed Itovghout, 2 mm thick

fing sand Iamina at 162 am, 2 mm thick fine sand lagzns a1 164 om, ooarse sifl

i::::_';:::.}:- PEBBLY MUD: zone with pebbles and dark muddy laainac throughout,

diura derk
N\ gray

LAMINATED MUD. fme sand Jaminsz, alive gray

——

‘\SAND. finc sand |amina 0.5 cm thick

=\ LAMINATED MUD: finc saod lamiinge. olive gray
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LITHOLOGY SECTION DESCRIPTION
1HOMOCFNEOUS MUD soupy. datk greealid gray
YAMINAYED MU we siy famnimaded s | aimi thick 11 Ixminas, dark
Peenh gy
20 3
i HOMOUENEOI IS MUD: wopy, o)ive gay with fust darker color lamination
30 4
40 3
50
60
70 3
80
i
90 3
SAND mishive very fine wsad, wpper paditional coalcr, tower insgubyt shirp
canxct, medium dwrk gny
100 3
AR DIAMICTON <hlint of il dark pwd sbove pebble 1 112 em, medium sand
Fam bentath, dark peecush gray
120 4
SAIVD. (i wadd faena 0.3 om jhwecl, wilh harp Lppes €50 (osrer comlacts,
medium disk gy
130 4
140 ]
1503
16803 SANO. very fine band wilh dirk colored mud band beneatb thurp lowee contpat,
3 gdavont) pprr contaat
HOMOGENEOUS MUD: alive gy
170 {
SANOD s upenrd (raem fipe 3and 1 very fine sand. sharp Lower contact,
padanceal uppet coalact, medium dark gy
180 3
HOMOGENLOUS MUD: dack greenind g1y
(90 |
3
200
210 4
2207
i
230 _1
240
250
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UTHOLOGY SECTION DESCRIPTION

DIAMICTON, with pebbles up 10 4 em long, duk pesnish gray

LAMINATED MUD with duk geetith pay binlane sliematag with alve
oy lamnae, units are up (0 3 G Idxck. darker uoii 2re mare wity

DIAM(CTON: wilh pebbles up 10 0.5 cm. alive gray

LAMINATED MUD: dark presnish gray with darker uilt Jaminae, leal at 65 cro.
dark colos around leal

HOMOGEMEOUS MUD- very [ew drpened 6l prains, lower coatart
pxadetional, dark greeassh gray

SAND- finiag ugwand &rom (Lpe 10 very fine wand, cofor grades upward from
dark gysy Lo medium dark gy

JAMINATED MUD dark preeanh pay with darbes sill Jaminse

OLAMICTON. with pebbiet vp 16 0 $ om, dliwe pray

IANINATED MUD- weakly $aminsled. fow pupmws, scattered granules

SAND degurbed, dark gray

LAMINATED MUD, with 2 pcbbks, $-4 & width 3t 156 am with sand grsins
spound them, dark greenish gray

SANDY MUD: darker greeninh gray tran above

SANDY MUD: laminated wits pabiea up w 0.3 Cro, dark gresnrsh gray

SAND: fine sand finng upward 10 rouddy ul), Warp kower conlact, gradational
upper oontact, duk gray 31 base lightens o dark grespab gray st lop

LAMINATED MUD confaim sonsr ssad, mediwn dark gray, grayish black mud
o\ wanger 2t base

YUYV T,
»
RO

0

\\ LAMINATED MUD: dark gesnish gray

\smo amueated with sbarp Spper 83 kower contects, dark pray

(AMINATED MUD- Thin med bamins 41 bonom with pebbles up ta 1 am sad
watleted sand gains, middie b ) an of brownbh gray mwd

NOMOGENECUS MUD: conlnns sonoe scallored sand graing, vhve gray

SAND; ﬁ::? upwurd from fine wand la muddy 1hh, gradstional upper and lower
voniace, geeninh pray

SAND: finirg upward fine 5and to muddy wery fine taad, dark gray

S5



2§
2

10

20

L PETDITEOUT PUTPTINTN |

3a

40

50

[ RO |

80

70 4

80

S0

110

120

N |

~
w
o

140

150

160

170

180

160

VPRV FEVETTETEY FNETETNTIN INETTI PN FYVUTUTTEN SUTETETIP STUTORET N

LITHOLOGY SECTION DESCRIPTION

AN DIAMICTON: pebbles greater i 1 am, olive gy

LAMINATED MUD: tand leminee, olive gray to 8 e, dark greenish gray
below

DIAMICTON: pebbles up o 1 cn at bese, lop is muddy, olsve gray

LAMINATED MUD: 3 unks, cach uml 3 2 e thick, olive gray st base 1o dkc
ish gray al top, more silt in boftom layer, sharp color change at base of unit

L.

LAMINATED MUD: 3 units, each vnit is 2.5 to 3.0 cm

ThasIsap SANDY MUD: olive grey
\DlAMleON: sharp lower contart, olive gray

\u;MlNATED MUD: olive gray #1 base, grecnish gray on lop

\LAMfNAim MUD: 4 units, each onit is 1 to 1.5 am thick

LAMINATED MUD: 4 units, csch ia up 16 2 an, grades from alive gray 2l base
IR, 10 grecnish gray el top

\_DIAM!CTON: darker olive pray Lhan zbove

LAMINATED MOD: Jess (han { am thick lamiass are debned by colar changes,
few sand grzinz M lop and 2 units with ﬁat'mal colos change a1 above, olive
gray sbove 60 am, dark greenish gray 71 em, olive gray below 71 cm

szl  DIAMICTON: pebbles vp lo 1.5 cm, olive gray

LAMINATED MUD: becomes Lightee olive gray upward

\DMM)CTDN: pebbles up (o 1 cm, olive gray

LAMIRATED MUD: base i3 dark olive gray, lighter towacd the top, § cm
pebble, scattered sand

DIAMICTON: pebbles up 10 1 cm, otive gray

SANDY MUD: willy silt stringers

@ DIAMICTON: pebbles up to } am , olive gray

SAND: fiae sand, sbarp Jower contact, gradationat upper conlacl

Fraaa sl || LAMINATED MUD: with ssnd, olive gray

\Dmulcron: pebbles at the base

BTl LAMINATED MUD: wilh sand, dmk greenish gray

DIAMICTON: pebbles vp Lo 2 am

LAMINATED MUD: 1 dark 1o ligh umit

DIAMICTON: pebbles up ko 1.2 am, alive gray

......... 1) LAMINATED MUD: 3 cycles of dark sbove tight mud, cycles became thinner
upward, from 2.5 cm (0 2 cm to 1.5 cm, below 13J cra lighter greenish gray wilh
sand

""" ! DIAMICTON: pebbles apto 1.6 em

|t LAMINATED MUD: 1 cycle of dark sbove light mud

LAMICTOR *

f LAMINATED MUD: light laminated mud with 2 pebbles

 DIAMICTON

f LAMSNATED MUD: 1 dark shove light unit

DIAMICTON: pebbles up Lo 3.5 cm

LAMINATED MUD: darkes faminze, 1 pebble 1 cm diamaeter

Il DIAMICTON: with 2 pebbles (3.5 and S cm) which Goss mio anderlymg muds

| LAMINATED MUD

ON: J c thick, pebbles are less lhan 1 cm

LAMINATED MUD: dark grecnish grey

DIAMICTON: pebble 7 an diameter, modivn dark gray

LAMINATED MUD: dask abowve fight with few sand grains, olive gray

LAMINATED MUD: olive gray
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SECTION DESCRIPTION

- o o o o
e = = - - &
- - - -

HOMOGENEOUS MUD: dark greenish gray

-------

----------

DIAMICTON: weskly stratified, dark greenish gray at top to olive gray at base

LAMINATED MUD: with faint sjlt Jaminae on a mm scale, medium gray

HOMOGENEOUS MUD: contains scattered sand grains from 30 to 35 cm, dark
greenish gray -

LAMINATED MUD: with thin silt laminae, diffuse in appearance, medium gray

LLLL L

\SIL‘(‘: sharp contacts, medium dark gray

LAMINATED MUD: with thin silt laminae, diffuse in appearance, medjum gray

.......

DIAMICTON: pebbles up to 3.5 cm, dark greenish gray

LAMINATED MUD: 2 couplets of light colored mud laminae and dark colored
silt laminae

HOMOGENEQUS MUD: dark greenish gray

SILT: dark with wispy mud

HOMOGENEQUS MUD: contains a few silt laminae, dark greenish gray to 110
cm, olive gray below

LAMINATED MUD: with silt laminae 1 mm thick or Jess, medium gray forms a
sharp contact with olive gray above

—

PEBBLY MUD: dark greenish gray

LAMINATED MUD: medium gray
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WITHOLOCY SECTION DESCRIPTION

LAMINATED MUD 1oupy, 0onbins warm tube, allematbag (umdnae of
beownid iy 109 AWk Pesnith vy, botom is darker (ban sbove

—
UAMINATED MUO. dighily durkas ofwe pray s tonom than at the op,
confaias worm mbe
LAMINATED MUD: g lumunis, dark gesmish groy sborve ollve gray. with
wOm lubes
LAMINATED MUD' sveakly Luniszeed 24 -8 am, containg bunows, )3
am 2l 33 am. telow 38 oo suougly hamianied mud wath dack gy lamiase,

Ee————= medium dwk gray ovenl

e ——

E———= LAMINAITD MUD: olive pay Wa 60 o), Iredivm dark pray below

—

|

R \WD: olive gray
— LAMINATED MUD: mediuo dark griy, weak(y laminated with mmaied

Wightly darker coler, atterd pebibles wad » wasll pocket of flne sasd sboul §
e m dhmguy, biack mmkéu 2 100 cm

LLLLLEL] SILT poorly woned, \harp upper aad kawer caplacts, dark pecond gy
LAMINATICD M1 /D). wird one aill sbringay 81 138 am, olive gray, ) om Bich 4l
Bnna w140 am, midwm 2ak pray

LAMINATED MUD: weahly luminated wilh pobbles and 1.3 mum wl braat .
olrve gy

SILT: sharp upprer and lower coolaas, adive gray

LAMINATED MUD: ofive gay

SANDY MUD. |Iﬂhlllq¢..lmln buwrowa, worm tube a1 170 am, cobor change
frarm clve oy (0 dark proenishh Ervy M the baxe

SILT poorly sorted. avuddy M op and batiom conl o3, olive grey

SANDY MUD: wesdly laminated, unel) wana b d povel, sl
lenset 1 mmo ) an n diamcter, sl fragrocnl 1 19S ew, olive oAy

SILT: sharp upper wd lowe contacta, mndiun_d_ul Py

LAMINATED MUD, weatly hminatod with sil, olive pray

\ SANDY MUD._ U minsied with scalierad pebbles. md iuro Sark gray

SANDY MUD: alicrsdling indy mved | 10 3 em thick b 510 10 fise a3
L fnuen 2 mm 4o § o Whick, P con(acis betwren sand and s,
scalicred pobbies and mil lemben

SAND: very fina 1and, wd idarp comacis, medlum dark gray

SANDY MUD. >iismaling sandy oud 1 bo ¥ cm thick with £i¥ 0 (A2 1and
laminac (rom 3 mm to € mvm BiCk. Werp contans detweea saad aad LIL
scancred ebbics and all kenses

(HOMOGFNEOUS MUD' Wl mad, medive dark giay
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LITHOLOGY SECTION DESCRIPTION

LAMINATED MO worm Wb st lap, soupy. shadas Of olive gray

LAMINA'(1:) MUD: (ram 10 1a 20 an grayish obve, Iight ollve bhminse ) mm
tnck 1o 29 cm, alive pray below, sdi snnget a1 27 cm

TAMINATED MUD: wilh worm burrows, ceganic sifingen with monled
witure, diffumz or gradaibosat color changes between di.!anmh 2y and live
@1y, | cm rhick \nd (xmiv u B0 em, argaaic fayer w4 9. rtbgu ans
cm

on,

I

LAMINATED MUD: less orgazuc Dateriat thas sbove, pebbles ul ) 30, 190, 230
cem, worm burrows filled wihd it or organics are common. scalleryd sand graina

LAMINATED MUD. with more organic maferial than sbove. gresnisd black

G

SILT. ) oo pebble a1 top, Lalk oinsty, 3.5 am and | cm wlde, | &n ng
snd 0.5 crn wide, sill alaxts syy cyass laminated. olive grsy

TAMINATHN MUD: with bussows ol 258 am and scattertd a0d paok, olrve
&y

_

SILT. fincs upmard {0 clay. uhve gray
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SECTION DESCRIPTION

HOMOGENEQUS M UD: coupy, alive gy

IHOMOGENEOUS MUD: durk geecnush proy with thin wispy blark mofiles,
worm bucrow wilh s4(f, di. mud [rom 30 ta 35 am

HOMOGENEOUS MUD: mediam Kght gray mmd with dark racitbes

SIOMOGENEOUS MUD: obive gray, 2 mun taick di fsauna s 95 cm. woem
burzows el 135 cn and §50 am

T e e

PERALY MUD: pebbles up 0 & am, alive gray

HOMOGENEGUS MUD- dark grsy aill lamind, 0.3 am trick a1 175 am, wul is
olive gy

PEBDLY MUD: dlive grey

HOMOGENEOUS MUTY. alive pay with med. gray bamias 2 cm Buck o 208
cm, stilf med. & gray laming 1 cm thick o 245 am, 4.8 an thick dk. gy, v.
(ine sand iz m 47 e

TIOMOGENEGUS MUD. med. pray mud fam 258 10 260, £ cm pebble o 265
em. i mud sbove 10d belaw, stiff med gray mud Jerans a1 278 am
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SECTION DESCRIPTION

LAMINATED MUD: with silt, olive gray

SAND: ruedium sand, greenish black

LAMINATED MUD: dark greenish gray

SAND: fines upward into greenish gray mud

HOMOGENEQUS MUD: olive gray to 19 cm, dk. greenisb gray to 22 cm, olive
gray to 44 cm, mottled sandy mud lamina from 3$ to 36 cm, worra tube at 31
¢m, burrows below 35 cm

SAND: 3 sand units with the following - sharp lower contact, dark greenish gray
medium to fine sand with a sandy mud lamina between the sand }aminae

LAMINATED MUD: sand in mud between 65 and 66 ¢m, sand stringer at 65

cro, dark greenish gray with roottles

SAND: fining vpward medium 10 fine sand, olive gray

SAND: 3 rwedium to fine send laminae separated by thin sandy mud laminae,

sand laminae are greenush black, roud is olive gray

SANDY MUD: with burrows at the top, sand stringers

\SAND: silt to fine sand

LAMINATED MUD: with burrows and sand stringers, 2 cm pebble at 96 cm,

olive gray

SAND: medium to fine sand, fines upward to silt and mud stringers

SANDY MUD: with burrows, olive gray

SAND: medium sand, sharp contact, greenish black

SANDY MUD: with 1 cm diameter pebble
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SECTION DESCRIPTION

SAND: fine saad, olive gray

LAMINATED MUD: with up to 1 cm thick sand stringers, light olive

LAMINATED MUD: sijty mud with fine sand siringers, grayish olive

..............

SAND: fine to medium sand, olive gray

LAMINATED MUD: grayish olive

SAND: medium sand at base with Jaminated silt above, sharp upper contact,
olive gray

LAMINATED MUD: interlaminated sand and mud, Jaminae of about equal
thickness, soud is grayish olive, sand is olive gray

(LY,

SILT: upward fining silt, sharp lower contact, gradational upper contact

LAMINATED MUD: interlaminated fine sand and mud, mud is grayish olive,
sand is olive gray, more mud than between 33 and 46 cm, below 61 can more silt
than sand

11“14 ‘‘‘‘‘‘‘

SAND: graded, olive gray

SILT: laminated siit and fine sand, 1 mam thick st the base, 1oward the top there
are 3 couplets of silt capped with fine sand, olive gray

SAND: 8 couplets of sand fining wpward to silt, Jower couplets are thicker (1
cm), upper contacts are thinner %0 S cm). Sharp lower cantacts, ofive gray

SAND: laminated sand, some laminae up to 1 cm thick, higher sand content
overall

SAND: 3 couplets of sand fining upward to silt

SAND: laminated sand, soree taminse up to 1 cr thick

SAND: fines upward frorn medium to fine sand, alive gray

SILT: alternating sand and silt laminae, 1.7 an sand lamina in middie

SAND: fines upward from roedium 1o fine sand, olive gray

SILT: laminated with fine sand stringers

SAND: jaminated sand with silt, sand is grayish olive green, silt is grayisb olive

////jéz

\SILT: sandy silt, grayish olive green

N\ LAMINATED MUD: with fine sand laminse, grayish olive

SAND: grayish olive

LAMINATED MUD: with finc sand laminae, grayish olive
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SECTION DESCRIPTION

SAND: disturbed, laminated fine sand, alive gray

LAMINATED MUD: grayish olive

SAND: laminated fine sand, olive gray

\

\LAMINATED MUD: grayisb olive

SAND: fine sand, olive gray

LAMINATED MUD: olive gray

SAND: fines upward, sharp lower contact, olive gray

SANDY MUD: laminated with fine sand, mud lighter grayish olive than mud
above

SANDY MUD: dark greenish gray

LAMINATED MUD: 6 fige sand laminse in grayish olive mud, thinnest sand is
1 myp, thickest is 0.5 cm

SAND: medium sand, stratified at top, weakly graded at base, darker sand at top,
greenish black

LAMINATED MUD: grayish olive

SAND: 3 couplets that fine upward frorn mediwmn sand to mud, lower couplet is
finer and 2 cm, other couplets are 6 cro thick

LAMINATED MUD: with sand, grayish olive

SAND: medium sand, fines upward, greenish black

I_LIAIJIIIlllIIlIIlIJlllll,lllIIIIllJllI1]IIIlIl“]llllllIlllljlllllllllllIllIllllllllllll[llllllil"

SAND: fine sand: fines upward, greenish black

LAMINATED MUD: grayish olive
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LITHOLOGY SECTION DESCRIPTION

LAMINATED MUD- faint ) mum rhick laminde, shedcs of grayish olive, few
nered sund grains, 0.5 cm wbick dsrk grecnish gray mud lamina al 10 cm

SAND: normally graded sand, olive grsy, with blsck. arganlo (?) Jayer an op

LAMINATED MUD: with some thin sand sUingeas, grayish obve

SAND: inlerbaminaled fine sand and oond, tand ia thickes, up 1o 0.5 an an lop, 7

10 8 sand Japinat, alive gray

LAMINATED MUD: wilh scatiered sand prawmns, alive gray

SAND: racdjum sand grading inio fino sand, sharp upper confecl, crosions)

. \ lavrer 1 (7). olive gray

LAMINATED MUD: saupy, olive gray

LAMINATED MUD: top is 1 cm thick brown shade of greyish olive, cotar

b 1 grayer shade of dark greenish gray M base, sand stringers occus 2t
105 and 117 cm

\

SAND: (ina sand, alive gray, wilh & thin olive grey mud lamin2 beneath

LAMINATED MUD: grayish alive

SAND: madium sand

LAMINATED MUD: grayish olive, 0.4 cm thjck sand |arajna af 151 am, thia
Gark {sh gray mmud snd sand covplet st 156 cm, sand vinger 8l 165 em

SAND: shemating sand and myed }araioag sbove 1 ] ¢m thick sand lamina, sand

i3 revetse graded from (ine to nred. sand 10 Uha oalddle and Mnc send abave, dk.
grocnish pay

LAMINATED MUD: dark greenish gray, 0.5 ¢ olive gray five sand tamina a(
baso

LAMINATED MUD: with thia sill to sapd stringers, ghades of grayish alive, at
184 cm cobar changes ovet L cm from » blackish fsycr to greenwssh gray to ofive
w1y

SAND:. finlag vpward from medium o fing sond

LAMINATED MUD: wilh s few sand ®ringers, goyish olive

SAND: 2 tam lne sand Iayer at 1op, Jarainaa color cbango from black (o

grecaish gray 10 olive gray

LAMINATED MUD: grayish olive
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LITHOLOGY SECTION DESCRIPTION

LAMINATED MUD: du¥ lantinee mum thick, grocnlsb gray

LAMINATED MUD: 6 sand tarainae 2 mun thick 3¢ £.5 fo 20 om spacing
from 20 W 32 o, Nght olive gray

LAMINATED MUD: tick rand Inmiass sbove thin laminas, bety Ny
om there are 8§, 0.20.3 o sand Liminse, gradslionsl apper end 1ower conlacts,
4010 46 cm fme Al ) uxinss, (/o 46 W 30 cro thara are 5, 2-$ mwo Lhick xand

greenish gray

LAMINATED MUD: weakiy lamipaled

HOMOGENEOUS MUD: light olive grsy

" LAMINATED MUD: wesldy Inminsted with silt, ght olive gray

SAND: normal gradod (o0 coarse aand Lo all, medium dark gray

LAMINATED MUD: frors 70 o 76 cm light olive gray with brown sod black
orn ick banainse, pebble st 72 &, bolow 76 ¢ro (hintly laminsted mud,

Beenish gy

LAMINATED MUD: silty Jaminge thst rango bom 1 10 3 mm hick, dark

grecainh gny

LAMINATED MUD: 1and laminss om 2 1o 4 som thick, olive grey

SAND: fine sand, tharp conixits above and below, pauddy lamina 3 rum thick &
128 em, very Dine sand Doen 128t 131 ca

LAMINATED MUD: alizmating olive pruy and sb gray, Zoma (hick very
fine 1and Samine 83 139 am, greenisd gray voud with 1 rom thick sl laminao

SAND: fine sand Inmins 0.5 em

\

LAMINATED MUD: olive gray mud wilhi fxin( laminse xnd disperscd 1and
praies

240j

LAMINATED MUD: colos lainse in shades of olive gray with a & mm black
laming 2l 229 am, thickor xand laminse oetvy a1 195, 197, 208, 210, 212, 216,
205,232,235, 238 e
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SECTION DESCRIPTION

HOMOGENEOUS MUD: light olive gray

SAND: normal graded medium to very fine sand, sharp lower contact, disturbed
upper contact, medium gray

LAMINATED MUD: 15 sand and mud couplets, cach couplet ranges in
thickness between 2 mm to 1.5 cm, mud is thicker than sand

SAND: normal graded medium to very fine sand, sharp upper and lower
contacts, medium gray

LAMINATED MUD: 4 couplets of fine sand laminse and 0.5 cm thick mud
laminae, sharp lower contact, medium gray

LAMINATED MUD: 25 couplets of very fine sand and roud, raud thickness is
about 2 em, sand thickness is less than 1 mm, mud thickness is more variable
than sand, light olive gray

LAMINATED MUD: 10 couplets of regularly spaced fine sand laminse (2 mm
to 1 cm thick) with 5 mm mud between

LAMINATED MUD: 51 couplets of fine sand laminae and mud, sand laminac
range in thickness from a few grains to 0.5 cm, mud laminae thicker than
corresponding sand laminae

LAMINATED MUD: weakly laminated mud with silt to very fine sand laminse
at 93, 93.5, and 106 cm

..............

SAND: fine sand
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SECTION DESCRIPTION

LAMINATED MUD: jamina¢ are olive gray in grayish olive mud

SAND: massive fine sand laminae, dark grenish gray

LAMINATED MUD: weakly lamineted, dark greenish gray

N

HOMOGENEOUS MUD: mottled dark mud Jayer

LAMINATED MUD: 1 rom thick very fine sand Jarainae, appear discontinuous,
dark greentsh gray

SAND: normal graded, roedium to fine sand, mediura to dark color, mud
Jaminae from 46 to 46.4 cm, dark greenish gray

SAND: massive fine sand, sharp upper and lower contacts

LAMINATED MUD: 13 couplets of fine sand and mud, mud tamine are ofive
gray and thicker, sand Jaminae are dark gray

SAND: fine sand with wispy mud laminse

..............

LAMINATED MUD: rhythmically lasninated fine sand or silt 1 mm to 3 mm
thick in dark greenish roud, couplets are 2 mra thick, laminae are more regular
and abundant between 66 and 74 cm

.............. \HOMOGENEOUS MUD: gray

..............

SAND: normal} graded coarse sand to silt, sharp lower contact, gradations) upper
contact, medium dark gray

LAMINATED MUD: rhythmically laminasted greenish gray mud, sand laminae

are 2 o to 1 grain thick
\SAND: reedium to fine sand, dark gray

LAMINATED MUD: 37 couplets 2 myn thick with fine o very fine sand lamina,
dark greenish gray

HOMOGENEOUS MUD: dark gray "organic Jayer”

LAMINATED MUD: shytbmically laminsted raud with fine send laminac 2 mm
to single grain thick, dark greenish gray

|1|||LL|1.|.L|I|||j_1_|n|||1|1|llll11|'|

..............

SAND: grayish black
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SECTION DESCRIPTION

{ AMINATED MUD: grayish olive

SAND: fines upward frora medium to very fine sand, scoured base

LAMINATED MUD: grayish olive

SAND: fines upward frora medium to very fine sand, gradational upper contact

LAMINATED MUD: grayish olive

SAND: fine 10 very fine sand grading upward into mud, dark greenish gray

NG

LAMINATED MUD: sand laminae, 38 to 41 cro, greenish black mud, 2 cm
pebble at 45 cm, greenish black layer (organic ?) at 49 to 51 cm

..............

SAND: very fine sand )aminated with mud, diffuse upper and lower contacts

Na

LAMINATED MUD: with sand Jaminae, dark greenish gray

SAND: fines upward from medium to fine sand, scoured base, greenish black

SAND: very finc sand, sharp Jower contact

N

- A wm — = - -
[

LAMINATED MUD:; sand laminae increase st top of unit, mud is dark greenish
gray, sand is darker

\\ HOMOGENEOUS MUD: greenish black, (organic ?)

LAMINATED MUD: dark greenish gray

LAMINATED MUD: 2 muu thick sand laminae at 87 and 89 cm, dark greenish
gray
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LITHOLOGY SECTION DESCRIPTION
F--———] HOMOGENEOUS MUD: scattered sand grains, grayish olive

LAMINATED MUD: faint laminae, dark greenish gray

HOMOGENEOUS MUD: contains borizontal burrows, mud clasts, organic rich,
olive gray

LAMINATED MUD: olive gray

brown patch

\HOMOGENEOUS MUD: very light grayish olive mud with a moderate olive

LAMINATED MUD: with scattered sand grains, 2.5 ¢cm pebble with sand grains
around it at 47 cm, olive gray

\HOMOGENEOUS MUD: black (organic ?)

LAMINATED MUD: olive gray

LAMINATED MUD: olive black mud sbove grayish olive with olive gray
beneath, black ud may be organic

LAMINATED MUD: olive gray, 4.5 cra pebble at 80 cro with gravel around it

\SAND: medium $and

LAMINATED MUD: with several thin sand stringers greater than 1 mm, color is
various shades of grayish olive

LAMINATED MUD: interlaminated fine sand and mud, sand laminae are vp to
1 mm, mud laminse up to 2 rom, grayish olive

|IJ_lJllll_LLll|Il‘lllllll(l‘lljllll(l‘l‘ll
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HOMOGENEOUS MUD: black (organic ?)

SANDY MUD: grayish olive
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SECTION DESCRIPTION

HOMOGEREOUS MUD: with few burrows, 8a7K grocnish gray

ORIV NS TVE TP 7

HOMOOENEOUS MUD: few faminae at boltom, black murd, possibly osganic
msiter Laside burrows

HOMOGENEOUS MUD: with burzows and black lagainae or stringers, dark
grecrush gray

LAMINATED MUD: grayish olive, lighter ncar the lop, durker near the base,
few burrows except at 61 am, gravel smaller than 0.5 om acar 45 am

SANDY MUD: greanish black

FTIOV] FITTVOTUM IO e

afcais

LAMINATED MUD: grayish clive

\SANDY MUD: groenish black

LAMINATED MUD: dark greenish gray

SILT: |aminated, grayish olive

LAMINATED MUD: wilh 1 am pebbles al 120 em

SAND: thin graded sand ahemnating with thia roud laminwe, mud s dark

\ g b gray, sand ix darker

LAMINATED MUD; with thin send strngers, 8k grocaish gray

SAND: 1bin graded sand sfternating with raud, highor percent sand, dark

\sremitb gy

\ummmo MUD: equal perceni of esch. dark groenhd gy

HOMOJENEQUS MUD: black (arganic 7)

LAMINATED MUD: with send and some rounded pebbles

SAND: massive medivm sand, sharp upper and lower conlacts, greenish black,
thin black mud Jager st the base

\ SAND; stratified fino sand with sill farainas, 3 o pebble xt 158 c, derk

\;' )

SAND: black

LAMINATED MUD: dark greenish gray

HOMOGENF,QUS MUD: massive, grayish ulive

LAMINATED MUD: with silt, silt at base Gning up 1o mud st 10p, sharp lower
conladt, gradational upper contact, grayish olive

LAMINATED MUD: auddy very (ine sand at basz which {ines upward into
mud/sill laminae nesr the 1op, olive gray
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SKCT(ON DESCRIFTION

HOMOGENEDUS MUD! feo fipa 1ad gy s acafiered thrmaghoot dazd
grecuish gy

LAMINATED ML weskly st mod wiih datk pay mottng Whb sadiue
du.mhdﬂm.-n-!&mdhﬂhuu&fcm.fmuduﬂmﬂ
coupleln between 30 and )1.$ a»

HOMOGENEOUS MUD: masive 10 weakly Lminsisd mad, dirke preatish groy

LAMINATED MUD: b Dy luminsmd mod with ime sapd 1 mim Sl
Mimﬂywnmmwgﬁlﬂwm
Myauﬁnlpy,hhdknaddhnh—d o

HOMOGENEGHS WUD- dark gresnlsh gray. 1 grain tiick fine aaod labis o
97 em, ) 2o Uhick ipe Maod lsasine = 142 om

LAMINATED MUD: weaitly lugiiarad wish 3 (oo 16 10 wery fine sand |aoihse
berwo | ek ) s Wick

SAND: masive vary flog Led @ sill, dark grecainh gray

SAND: magsive cusrag 1o mpdiom hand, mediam dark gray

LAMINATED MUK wiih Sae suod 1o ol (aminss, imclined st aboul JO
doprees, obive prry

SANDY MUD: with 1and laiion vp 10 iigdinss wand, 3.3 pom thack

HOMOGEREQUS WMUD; whih keaas of 0 mediom %
vond a Tlae said, oricmsstice of

TED MUD: dovk b grey 0304 aed meddy sand e 3 (0 4
o0 ik, lenrans e ot vy y

SANDY MUD: with (eaves of memkly s, lezas are 17 mpm ick ngd np

M
adaRy  IRAMICTON: mssaive sud W xody mnid with clasts of fine (0 very Gs mad,
R DIAMICTON: wery fise 1 ooars (el beawnd with clasty of mxd,
:\:H_: puioncgliia i dork
A
23
YRR
LESRIER
AN
A A2 AN
2 ALY
AN D)
NACY
AN AN DIAVICTOM: mamive ged Wit domy of Seskded amd 120 clxsls wre poorly
BRAAASH  wried comtining mid i Sedimy toed, Cplept beNtos ad it sod
4 M am wharp, wand Gagmend o Mé o ot

2220

SANT: fane t0 mesbium medalve pated, Jew enay oo Lasty i
Ak 5 pry raay of amive mnd,
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LITHOLOGY SECTION DESCRIFTION

HOMOGENEOUS MUD: wilh dark pods and wispy laminue. ofive grey

HOMOGENEOUS MUD: dask groenlsh gray

HOMOGENEOUS MUD: bisck mud Jaruins fram 63 1o 66 au, wispy Insninaz
below, dark greenish gray

SANDY MUD: 1y torted with 7 peisbles vp 403 am les. groamules
snd coarse undp:easc’nmd throughow!, planar sharp u:n& ag:fa. ir?neul.ﬁ,
sharp contact belaw

SANDY MUD: silt laminse from 92 1o 100 cav, dark Ixmina with 2 pebbies
masde 313 thickne s from 100 ko 102 oo, olive gay

SAND: finc sand, black, diffuss upper and lower contects

HOMOGENEOUS MUD: live pay

\ SAND: fine sand, black, pradatioas} uppes a0d lower contacs

]:AMINATED MUD: weak laninac of (ine sand, coarse sand grafna scanercd

ghony, olive gray

LAMINATED MUD; with flng sand and =ik, fine xand lamina 0.5 ¢ thick of
173 &o. black fine 3and Yarmins s 184 cxo (small arganic), black laralna 41197
em

LAMINATED MUD: wiih fins sand lamsins 1-) mim thick

HOMOGENEOUS MUD: dark greonich gray
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SECTION DESCRIPTION

HOMOGENEOQOUS MUD: xbff bioturbated mud with bigh silt content, soma
laminse between 25 10 45 cm 1 an‘rbbiunmcm and 25 ere, filling of
busrows is dark. oud is dark greenish gray

LAMINATED MUD: 12 1 $3 alternsiing couplats of » grayish alive silly osud
Jamina with an olive gray st lamina, few burows, pobble 2.5 cra in disocter 31
79 em

LLLL

SILT: black with msay burrows

\ SILT: olive gray with maoy burrows

LAMINATED MUD: weakly laminsted, datk greesish gray

SILT: dlive gny

SANDY MUD: dask gromish gray

DIAMICTON: nud, sand snd pebbles, pebblos berwesn 0.5 cm xud 2 an, dark
greenish gray

HOMOGENEOUS MUD: massive to weakly laminated pyud with a few
burtows, some dispersed coasse tand grains. mottled grayish olive, more xand i
motiled Jayers

DIAMICTON: dark gray

HOMOGENEOUS MUD: manive to weakly laminated with a few burrows,
mottled graymb olive, wih some gravel

SANDY MUD: dark gray

HOMOGENEOUS MUD: with few burrows, olive gray

HOMOGENEGUS MUD: dack gray, may be burrowed

HOMOGENEOUS MUD: with few brunows, olive gray

HOMOGENEOUS MUD: with sitt, dark blsck

HOMOGENEOUS MUD: with few buernws, snd mi base, olive gray
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SECTION DESCRIPTION
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MIMOOOSIO

Ty v
o

}IOMOGENEOUS MUD; mmangly bicturbated, black mud Gils horizaala]
burrows. Weslly stniificd. IScmp:bbhnl Y7 . soina sahd ol basg, olive

&y

eV 1OV

LAMINATRO MUD: weakly lamimatcd mud with few sand gysins gravel
lamina M 45 ¢, grayish olive, lightet ml (op afut darker » the beso

LAMINATED MUO: weakly luninated mmud with itregilas black layers
bioturbamd. mnd i durk greenish gray

| _LAMINATED MUD: § uaiis of mod/Asand with black Jagyicn n bass, ssod
hmnnlblmmlbld._dhnubtm,h-maulhnﬂe
nd pro Uudloer, susd s dask grecnioh pray, nand i clive gray

2703

LAMINATED MUD: dark yresaish gray
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STCTION DESCRIFIIAN

ROMOGENEOUS MU ibondant busrown, burprers Elod with blxck mad,
dah prenad Ty

PHOMOGENEDUS M UD, grayush ol en, Dhacl (mabima a2 38 £, ¢ 3o bumows B

LT

LAMINATED MAID' wih <y, gapioh didrw

POMOGENEOUS MU oumdvaly Blonarba iy d s with 1acd, matibed alor
oy indicale i iamaity o bighwbetion. buyOwn o Siied wit bk mat,
i bryess hovn Y Maeintzon, 8w gy

SANDY MUD: dorh gk g3y

SANDY MU wuably lommmmal wil s Mok Dd, dack grasrith vy,

\l!lhl o b dwrio

LAMINATED WUTX with 1 lyw iaief grsim, gty drieey
pripangt o delsiymgelosfon s Syreds lyemwp o3
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LITHOLOGY SECTION DESCRIFTION

DIAMICTON. Luzgest pedble is 4 cimt 1a diametcr, wéakly SH AN neas bollony,
olive gy

SANDY MUD 1atificd, with pebbles up In 2 an i dame(or, ollve gray

LAMINATED MU «coricred pebles up (o 1 cra in dianelee, 31 48 am, dos
large pebble wilh 3.5 cm diagneser, olive gray ¥ top, MEdium dack gray »
boftom

TIZILX

\PEBBLY MUG very il | m Tayez, 2 mum Yuck, dark greedush gy

CAMINATED MUD, v i1 medium dack gray, bonom is wlor snd olive pry

\ DAMICTON: 2 i bick, dack preciah gy

LAMINATED MUD: fine Iaminsed mud, thin (1 maw) dlack dunine & 72
cm, 2 mm Gick black hayer aem barlam. (ew malared pebbles, alive griy

k N OSAMICTON: jxbbles up Vo 1.5 em, dmk gay

YAMINATED MUD- (hily taminated with pebbics, o pebbles o bottos,
large pebblr o1 103 om 4 g in disroeler, tia (2 awo) black mud layer a)
bogom, olive gy

DIAMICTON: pebbles asy 4p 0 1.5 am, dard gy

HOMOGENEOUS MUD; with duponcd umalt (<1 o) pebbled, uppes gt i
family lamanaad, olive gray

DIAMICTON. pebbat am wp o 2.5 om, olive gny

HOMOGENEQUS MUD! wild 4 few pebbles, otive griy

DIAMICTON. pebblar mo Uy 10 ) an 1 dismeler, olive pray

LAMINATED MUD: with » {cw pebblay up 1o § e, Ik groenih grsy

DIAMICTON: pabblas bp 10 1.5 cm, dluve gray

LAMINATED MUk wilb o (e pebbles up 80 1 cm, dark goenith gy

DAAMICTON: pebble up 1o § am, Sak gray

LAMINATED MUD: olive gy

DLIAMICTON: jebbles vp 10 | OB, dwk grey

HOMOGENEOUS MUD. ofive pay

\DMH.ICI'DH: prbbler up 10 2 00

LAMINATED MUD: Ianinated by color, top past is olive gray, boliom is
mediurn dark gy, wnsll xolaled pebbles preseat

DIAMICTON: pebbics ary up 16 | G, dark pray

LAMINATED MUD: with pedbles, alive gy

DIAMICYON: pebbles up 10 2 on, same pebhie s are rounded, alive winy

LAMINATED MUD' olivy gray

LAKMINATED MUD: mud amiose are 34 mm, fine wead aad s\ (seinse ar |-
2 mm, olive gy

AAMAas

DIAMICTON- shurp uppet asd lower comuacis, dark gray

L AMINATED MUD. wilh fine 10 sad sih. severst pedbles a1 135347 cro,
alive griy
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DIAMICTON: Jargest pebbie is 4 cm, pebbles are subrounded to angular, worm
tubes presen! near top, dark greenish gray
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AH93 GB CC-22
SECTION DESCRIPTION

HOMOGENEOUS MUD: burrowed mud with pebbles up to 3.5 cm in diameter,
top S ¢m is grayish olive, olive gray below

10

20
HOMOGENEQUS MUD: extensively burrowed mud, black material present in
the burrows, dark greenish gray :

30 DIAMICTON: with burrows, most pebbles are <t cm in diameler, olive gray

40
DIAMICTON: pebbles are up to 2.5 cm in diamoeter, olive gray

50

60

70 SANDY MUD: rauddy coarse sand with sharp contacts, dark gray
DIAMICTON: largest pebble is 0.5 cm in diameter, subrounded and occurs at 85
cm depth, dark greenish gray

80

90
HOMOGENEOUS MUD: pebbly mud, with dispessed sand, two large pebbles
(5, 7 cra) occur at 106-509 crm, another large pebble with 7 cma diameter occurs
at 122-126 cm, pebbles are angular, other relatively small (<1 cm) pebbles

100 present

110

120

130

140
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AH93 GB GC-24
SECTION DESCRIPTION

HOMOGENEOUS MUD: grayish olive green

SAND: fine to medjurn sand with sharp upper and lower conlacls, two thin (2
mm) mud layers present al sbout 18 and 25 em, very faini laminac, dark gray

I

LAMINATED MUD: olive gray

DIAMICTON: lsrgest pebble is about 3.5 am, olive gray

\MM[NATED MUD

SANDY MUD: structureless muddy medium sand, mud contact increases toward

the 10p, upper and lower contacts are gradational, olive gray

SAND: medium sand with normsl grading, sharp lower contact, dark greenish

araN.

SILT: laminated st botioro, fining upward to silty mud, sharp upper and lower
contacts, dark gray

LAMINATED MUD: dark greenish gray

SANDY MUD: some planar Jarainae near 10p, gradational upper snd Jower
contacls, dark gray

SAND: medium sand with norma) grading, sharp lower eontact, gradational
upper contact

HOMOGENEOUS MUD: with isolated clasts, largest pebblc is 2 cm

HOMOGENEOUS MUD: with burrows, grayish black material jnside the
burrows, some pebbles up to 1 ¢, olive gray

HOMOGENEOUS MUD: with liftle silt, occasional buryaws, olive gray

SAND: fine sand near bottora, fining upward to muddy silt nesr top, lower
contact is sharp, upper contact js gradational, dark gray

DIAMICTON: Jargest pebblc is about 3.5 cm

HOMOGENEOUS MUD: olive gray
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AH93 GB GC-25

DEPTH LITHOLOGY SECTION DESCRIPTION
INOCM
? LAMINATED MUD: with one thin muddy silt 1ayer, dark greenish gray
é SAND: medium sand fining uvpward 1o fine sand, lower contact js sharp, upper
10 _1 contact §s gradationa), bottom has normal grading, dark gray
3 LAMINATED MUD: interfaminated mud and sand, roud laminge are 2-6 mm,
] sand Jaminae are 1-3 mm, 1 cm sand Jayer present in middle
20 “E LAMINATED MUD: with a black layer 1.5 cm thick st bottorn, dark greenish
] gray
30 3
40 LAMINATED MUD: with one fine sand layer (3 rara thick) a1 about 38.5 em,

dark greenish gray




AH93 GB GC-26
DEPTH LITHOLOGY SECTION DESCRIPTION
INCM
0
PEBBLY MUD: mud with angular pebbles up to 4 e¢m, becomes sandy near
bottorn, olive gray
10 PEBBLY MUD: pebbles are up to 3 em in diameter, some worm tubes present
between 15 and 20 cm, olive gray
20
30
40
SANDY MUD: with some smalt pebbles (<1 ecm), olive gray
50

81
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AH93 GB GC-27
SECTION DESCRIPTION

LAMINATED MUD: with 2, 3-4 mru thick sand layers at 13 and 16 cm, dark
greenish gray

LAMINATED MUD: silt occurs between 36 and 37 cm, dark greenish gray

SANDY MUD: greenish black

LAMINATED MUD: dark greenish gray, 1 cm thick greenish black fine sand at
\47 10 48 cm

LAMINATED MUD: dark greenish gray

SAND: fining upward fine sand to silt, olive gray

LAMINATED MUD: with scattered pebbles up to 0.5 cm, dark greenish gray

SAND: fining upward from fine sand, sharp lower contact, gradational upper

contact

LAMINATED MUD: dark greenish gray

SAND: fining upward from medium sand, sharp lower contact

LAMINATED MUD: dark greenish gray

DIAMICTON: pebbles up to 1 cm, olive gray

SILT

\LAMlNAm) MUD: dark greenish gray

LAMINATED MUD: dark greenish gray

SILT

LAMINATED MUD: dark greenish gray, silt laminae at 145 and 169 cm
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AH33 GB GC-27
SECTION DESCRIPTION

LAMINATED MUD: with 2, 3-4 mm (hick sand layers at 13 and 16 am, dark

greenish gray

LAMINATED MUD: silt occurs between 36 and 37 cm, dark greenish gray

SANDY MUD: greenish black

LAMINATED MUD: dark greenish gray, 1 cm thick greenish black fine gand at

47 to 48 cm .

..............

LAMINATED MUD: dsrk greenish gray

SAND: fining upward f{ioe sand to silt, olive gray

LAMINATED MUD: with scattered pebbles up to 0.5 am, dark greenish gray

SAND: fining upward from fine sand, sharp lower contact, gradational upper

contact

LAMINATED MUD: dark greenish gray

..............
..............
..............
--------------

SAND: fining upward from medium sand, sharp lower contact

LAMINATED MUD: dark greenish gray

DIAMICTON: pebbles up to 1 cm, olive gray

LAMINATED MUD: dark greenish gray

SILT

LAMINATED MUD: dark greenish gray

22 Zodadonl i

SILT
\

LAMINATED MUD: dark greenish gray, silt laminae at 145 and 169 cm
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umnIoLoGyY SECTION DESCRIPYION

HUMUGENEOUS MUD

?TI:T‘mm iu;b\x, olive gray

JAMINATID MUD. alive gray

DIAMICTON: oark greenivh gray
SANDY MUQ. medVy far xand with leminalons, ) syish olive poeh

CAMINADT MUD une fine aand lryce 5 mnn thik preson at 35 cm, abive
oy

SIE,T muddy Baiascd dft, olive gray

INATED MOR: live gray

LAMINATED MUD: vwo Biasck Dyers (4$ mm Lhick) octat u vap aid botvn,

olive gy
LAMINATED MUD: with 2 thin 1ff layer 81 2bout 96 om depih, ohve pay

V.

SILT: lamiased muddy 4l olive gray

|

LAMINATED MUD. olive gray
LAMINAYED MUD. Laminatzd ilty mud, obive gray

SAND- line 1144 A boflom fiming ugsward (o ki, sop has Jsminse, batsam

\ca-nn iy tharp, lop contda » gradstional, GwX gry

T AMIMATED MUD: «ih &t xnd laminations, olive gray

H‘

LAMINAYED MUY with dark gy ssnd lenses and gubhiles, pebbles we vp to

| S e alive gy
LAMINATID MUD: olive grey

VL Ll ldt
SILT: with lamihue, dark gray
LAMINATED WMUD: ofive grey
/777 SILT hmioated vith padations] contacts, dok gny

LAMINATED MAID, inlarlamisated mid and sift, mud (aminae sre 2.3 mm

thick, 3}t taminse pre 1 om0 or Jess, naar top there it coe fine wand by .52

mrt thick, aaarp conlaciy, alive gray

2 a OIAMICTON: nlivy pay
—_— LAMINATED MUD: asdor changet fmum wppez ofive pruy 6o dower dark gy
P2 160MOGENEOUS MUD: with (ining opwed wnd lens, base cootact of vand
=\ ferta i sharp, uppet contact is gradabaal, grayish black
LAMINATED MUD: Ivalgated 1ilty roud towards top, gradually changes
P downwd 10 ouddy aflL dok gay“y h y chine
| LAMINATED MUD: olive gray
————
Stz ]  OIAMICTON: pebbles are up 1o 3.5 cm, anguler, olive gy
—_— - hd
P LAMINATED MUD: alivs gray
——
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SECTION DESCRIPTION

HOMOGENEOUS MUD. massive to weakly stralificd mud, few oeganic
molllcy, very fine sand Lhsoughoul, olive gray

LAMINATED MUD: lzminsled mud, with b ard sroal) pebbley (0.3 cm),
alive g3y
LLLLL  SILT: hmiasted, muddy silt, laminae sre slightly wavy, medinm dark gay

HOMOGENEOUS MUD: with prhbles up W ) am, dark greenlsh grey

LAMINATED MUD: Inlerlaminated mud and fine 1and, soud laminze ue 14
mm ick, sand laminso are <1.5 mun thick, some amali pebbles vp Lo § mm,

dask greenish gray

LAMINATED MUD: black leyer al batom sbout 1 cm Lhick, dark greenisb gray

HOMOOENEGUS MUD: black $ mm thick Jayer at botiom, dark greenish gray

LAMINATED MUD: olive gray

LAMINATED MUD: with » faw dispersed tands. u thig 5 mva sill layer present
1t 102 am, medium dark gryy

LAMINATED MUD: interlaminated mud and fine to medium sand, mud
lasalnse e 1-3 ram thick, sand Jeminse we <2 mm thick, e relative eatio of
mud and sand varies with deplh, \bin black layer at 129-130 cm, dark gieenish
[

LAMINATED MUD: with very low silt ccntent, bigh percent chy, dark
E 4 h grny

SAND: mediom sand # botlom, fining upward to muddy xill bear lop, with
planar 1ominabon. lower conaat in lharp Ypper comtad i3 gradational, dark gy

HOMOGENEQOUS MUD: dark graenish gray
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LITHOLOGY SECTION DESCRIPTION

LAMINATED MUD: very win (8 myo) gayish black osgainc (7) layer sl
bottom, dack greenish gray

LAMINATED MUD: inter(aminalod mud and medivm sand, med lominge see 1-
S mm thick, sand laminss sra 1.3 o thick, cantacis are relstively shaep, olive

BTy

HOMOGENEOUS MUD: very ihin fayer of grayish black mud

LAMINATED MUD: (nleriamipaied roud 3nd medium sand, olive gray

SAND: medium sand with two 1bin tnud Jayers (S mm (kick). 1and layers hava

sh facly, olive
Nls ive gray

LAMINATED MUD: with sand s {<t ram thick}, severs} thin yand [syers
1-2 mum ik vear borom, lsolsted tea up o 2.5 cm, olive gray

N

 HOMOGENEOUS MUD: black arganic (7) med layer, grayish black

LAMINATED MUD: willy sand stringers <1 mm thick, olive gray

HOMOGENEOUS MUD: grayish black mid Jayer abaut § an thick

SANDY MUD: with isminations, 1 black Jers presen) near bottaso with sulfug
odor, olive gy

LAMINATED MUD: luninated silty mud, near 10p is one thin sand fayer of
aboat 8 mm Lhick, olive gray # Lop, mcdivm gray sl botiom

black cakor, olive gy

HOMOGENEOUS MUD; sbundsm burrows filled with black materis), mottled ]

HOMOGENEOUS MUD: berrowed mwd, burmows are fewee than sbove,
medium gray
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SECTION DESCRIFTION

........
- = e
........

SANDY MUD: with dispersed pebbles, most pebbles are small (<1 cm), one
large, angular pebble 6 ¢ru in diameter present st 45-50 cm, upper 20 cm is
stiffer than Jower part, dark greenish gray

LAMINATED MUD: with small pebbles up to 1.5 cm in diameter, dark greenish

gray

LAMINATED MUD: olive gray

HOMOGENEBOQUS MUD: black (organic ?) mud, with coarse sand below, sharp

\ contact between sand and mud, dark gray

NN e
e = - = v -
- e e e

q LAMINATED MUD: with pebbles

HOMOGENEQUS MUD: structureless, sticky noud
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AH33 GB GC-34
DEPTH LITHOLOGY SECTION DESCRIPTION
INCM
0
LAMINATED MUD: weakly laminated with burrows, smal] pebbles up to 1 cm,
dark greenish gray
10
20
LAMINATED MUD: laminae are up 1o 1 rom thick, grayish olive
30 LAMINATED MUD: interlaminated mud with olive gray and dark greenish
gray colors, pebbles up 10 1 cm, S cm coarse sand layer at 46 cm, black Jayer 6
mm thick at $51 cm
40
50
LAMINATED MUD: dark greenish gray
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APPENDIX 2: PHYSICAL PROPERTIES
MEASUREMENTS AND GRAPE LOGS
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Physical Properties Measurements of Sediment Sampled from
Western Prince William Sound, Yakutat Bay, and Glacier Bay,
Southeastern Gulf of Alaska.

R.E. Kayen

Cores sampled during AH93 were logged for their physical
properties on a multi-sensor whole core sediment logging device. The
physical property logging device was built in Great Britain by Schultheiss
Geoteck, Ltd. This device is controlled by a personal-computer driven
software system, developed at the U.S. Geological Survey, Branch of
Pacific Marine Geology (USGS-BPMG), for data acquisition and
instrument [/O manipulation. The system logs sediment bulk density,
compression wave sound speed, and magnetic susceptibility of unsplit
whole sediment cores. These properties are used to develop physical
property profiles for the cores.

Whole-section sealed sediment cores are placed horizontally upon a
transport sled. This sled 1s transported through a frame supporting sensors
in incremental fashion by a computer-controlled stepper motor. Sensor
readings of cores were logged in this manner at 1 centimeter in¢rements,
within the first day after the cores were collected. The transport sled is
capable of carrying core sections up to 1.50 m long.

Sediment bulk deosity (pb ) is calculated from the gamma ray
attenuation characteristics of the cores according to Lambert's law. The
configuration of our device allows for a core to pass between a vessel
containing the radio-isotope Cesium-137 and a scintillation counter. For a
defined time period, the number of gamma decays emitted from the
Cesium-vessel that pass though the core and are received at the scintillation
detector are counted. If gamma rays are transmitted to the scintillation
counter through air, we refer to the number of scintillation counts as an
unattenuated measure, lo. For the case where a2 material of some thickness,
d, lies between the Cesium source and sensor, the attenuated gamma ray
counts, I, can be related to the unattenuated number of gamma decays, o,
the material thickness, d, the material bulk density, pb, and the Compton
scattering coefficient, i, by Lambert's Law:
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I=1p exp.{-upbd}

The bulk density of the material can be determined as follows:

o-din(

For whole sediment cores, we need to account for the influence of the core
liner to get an accurate estimation of the sediment density. As such, we
determine separate Compton scattering coefficients, material thicknesses,
and bulk densities, for the sediment and core liner. Doing so, we can
determine the sediment bulk density from the following equation:

Io
(ln (T)'ZL Pliner*liner

Pp = used(D-2L)

where D is the whole core outer diameter (Sediment diameter plus two
liner wall thicknesses), L is the liner thickness, pliner is the liner denpsity,
Winer is the liner Compton scattering coefficient, and uged is the sediment
Compton scattering coefficient.

The compression wave velocity, Vp, of sediment js calculated from
the measured core diameter and wave travel time, correcting for the liner
thickness, electronic signal delays, and core liner travel time. The velocity
is calculated as:
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Vo = D-2L
P=T - 2T}iner - Tdelay’

Parameters for the velocity calculation are the total travel time, T, the liner
travel time, Tliner, and the electronic signal delay within the transducer,
Tdelay, all measured in usec.

The magnetic susceptibility of sediment is measured directly through
a transducer hoop. No liner corrections are required on cores collected
during cruise AH93, as the liners are composed of non-magnetically
susceptible polymers.

System Calibration

Calibration of the logger system with standards is required in order
to present physically meaningful values of sediment properties. For each
of the properties we measure, we have developed a set of standards to
correctly attune the transducer and computer system to output calibrated
physical property data.

Density & Velocity Calibration.:

Density and compression-wave velocity measurements of whole core
sediment are calibrated to the known standards of water and aluminum.
These two standards serve as end-members which fully bracket seafloor
sediment density, with water serving as the lower-bound and aluminum
serving as the upper-bound. These standards also serve to nearly bracket
sediment compression-wave velocity (near surface fine-grained deposits of
low density may have velocities below that of water.). The added
advantage of using these materials is that their respective Compton
scattering coefficients are similar to those of sediment which is composed
of a liquid-phase of water and a solid-phase, typically, of alumina-silicate
minerals.  To account for the influence of the liner, the Compton
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scattering coefficient for empty core liner was determined prior to cruise
AH93, by measuring the attenuation of gamma rays transmitted through the
liner relative to the unattenuated air count, measuring the liner thickness
and density, and using Lambert's law, above.

A water-aluminum standard was prepared by inserting a solid-
cylinder of 6250-Aluminum into an unsplit section of core liner identical to
the liner used for sediment sampling. The length of milled aluminum fills
one-half the total Jength of the ‘calibration standard’-core liner and distilled
water fills the remaining portion. During density calibration, the numbers
of scintillation's-per-second were logged during transmission of gamma
rays through the liner and water, the liner and aluminum, and through air.
Finally, an empirical Compton scattering coefficient was determined for
the water, and aluminum which gave water densities of 1.00 g/cc and
aluminum depsities of 2.70 g/cc. Calibration studies, perfomed in the
geotechnical engineering laboratory of the USGS-BPMG, indicate that the
standard deviation for density measurements is on the order of 0.6-1.0% of
the standard measured value (1.00 and 2.70 g/cc).

Calibration standards were run repeatedly during the logging of the
cores, onboard the Alpha Helix. That is, in order to calibrate the sediment-
core profiles for density, we took attenuated gamma-ray measurements
from our water and aluminum filled liner standard, and unattenuated
measurements through air, after every core section was Jogged on our
device. For each sediment-core file, we applied the same Compton
scattering parameters that corrected the corresponding calibration-file
standards, water and aluminum, to their known values to the gamma decay-
counts measured through the sediment collected from the fjords of the
Southeastern Gulf of Alaska.

To calibrate compression wave velocity measurements in our water-
filled standard, we needed to measured the temperature of the water. We
then corrected the raw calculated velocity to the velocity at 23°C at
standard pressure using known correction factors (U.S. Naval
Oceanographic Office, 1962). The known velocity of distilled water at
standard pressure and temperature i1s 1.4917 km/sec. An empirically
determined travel time delay (2Tjjper - Tdelay) Was determined which

corrects the measured p-wave velocity to the known standard velocity. This
empirical travel-time delay, from the calibration files, was then applied to
the corresponding sediment-core file. Prior studies indicate that the
standard deviation of our sediment velocity measurements is on the order
of 0.16% of the measured value.
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Magnetic Susceptibility Calibration:

Calibration of magnetic susceptibility measurements is done by
suspending a standard of known susceptibility within the magnetic
susceptibility hoop transducer and determining the correct linear
proportionality constant which scales the measured value of the standard to
the known value. The known standard that we used to calibrate the system
was supplied by the manufacturer of the logger system. This correction
factor was then used to adjust the measured magnetic susceptibility of
sediment to a calibrated value. Unlike the discrete measurements made for
density and velocity at each one centimeter interval in a core, the magnetic
susceptibility hoop senses a broader section of the core (several centimeters
outside the hoop). This sensitivity has the effect of smoothing the magnetic
susceptibility curves and reducing the logger resolution of fine scale
variations of magnetically-influenced minerals (magnetite, etc.) in the
sediment cores.

References:

CRC Handbook of Chemistry and Physics, 1969, R.C. Weast, ed. The
Chemical Rubber Co., Cleveland, Ohio.

U.S. Naval Oceanographic Office, 1962, TABLES OF SOUND SPEED IN
SEA WATER, Oceanographic Analysis Division, 47p. (SP-58).
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APPENDIX 3: CTD PROFILES



HX173 Station: PW-1 Cast: 2
61°11.79'N 1993-08-19
147°43.22"{) 08:00
SAL (6,00)
8 13 18 23 8 33
TEHP (deg C)
0 5 10 15
o A'_-‘ S { — | — ]
! ——
r'< ..f";__d—)
i.j ’_‘_’._,-J‘ -
o & \ \
]
~ 8
n o~ L
& , temperature
% ¢
T 1 fivoromer
fluorometer
ol
it I
& )
a .‘ salinity
Ry
43}
< o |
e O 1
N
% !
iN 1
o |
o
m A I e B T o T T
0 200 400 600 Boo 1000

CHAN. A (counts) -4

157



HX173 Station: PW-2 Cast: 3
61°13.43'N {993-08-19
14?°46.62°Y 10:55
SAL (0,00) A
8 13 18 23 28 13
TEHP (deg C)
0 5 10 15
(o] '; 2 ‘:J_._'.L\:_'___ = L 1 A L L 1 )
f =
Lf
3 \
temperature

PRESSURE (d-bars)

100

200 150

250

300

4 5“}
|
[

4 { fluorometer

{
¥
3
/
Q_‘

-

salinity

0

¥

P
200

A T 17 4 T T Y ™
400 660 800 1000
CHAN. A (counts) —§~

158



HX173 Station: PW-3 Cast: 4
61°15.37'N 1993-08-19 |
147°44.28'V 13:04
SAL (0,00)
8 13 18 23 28 33
TENP ‘(deg C)
0 S 10 15
M { 1 n ) 2 1 d
(o] T T
(/r o
o]
W | (fluorometer
J {‘}
~ O A
|
S
9
o
E o | ﬁ}\ temperature
m .
g ™ L
Z | ; -
E‘) 7; salinity
2]
Esd
" 8 )
O Q
1
o
m 4
N |
o |
(o
m
T T T T T LA L L
0 200 400 600 800 1000
CHAN. A (counts) —~

159



HX173 Station: PW-3 Cast: 5
61°0 N 1393-08-19
147° 0 'V 13:38
SAL (0/06)
8 13 18 23 28 33
TEHP (deg C)
0 5 10 {5
o _1.) It 1 . | ! 1 M . L ) 1 1 [N TR |
= <
{
} __ﬁ
o f\x FX
.4
\-
o J")
~ O - \l
“ - P
i z
T <
-? .‘:Y temperature
< -,
- O o
2 t
ﬁ 1 \i‘: R
= - salinity
(7]
ﬁ | fluorometer
0 o
e © A
N 4
o]
Ln .
N
o
o)
(L
T T T
0 200 400 660 800 1000

CHAN. A (counts) —~

160



HX173 Station: PW-5 Cast: 6
61° 4.09°N 1993-08-20
148°13.34°4 08:03
SAL (0,00}
8 13 18 23 28 33

=ttt ———

TENP (deg C)

0 15
o o J
olf
7
% ;temperature
~ § . ?fluorometer )
2 ‘é salinity
g
T
<
uQ.‘
W A
m-—*{
oo
2
n
%
58
N
o}
m-
N
[0
r%«
‘I_T’Y—I"Ir)]—f11r‘llrr|||rlY'(ﬁl]ll’"fIrflj]
0 30 100 156 200 250 300 390 400

CHAN. A (counts) —4-

161



HX173 Station: PW-6 Cast: 7
60°56.46"N 1933-08-20
148°10.35'W 10:13
SAL (0/00)
8 13 18 23 28 33
TEHP (dey C)
0 5 10 15
4 TG L 3 1 L 1 1 ) L )
o —___ < =z
| T
e g
ol L
A
- |z
181=
ey
o ;,:
1%
p N2
pun Cod
)
v © temperature
B
B )
3
o 1 {\’
% ) ?: fluorometer
¥
Uo‘» ::3. salinity
m |
O
o]
*
T T T T T T Y Ty e T T T
0 50 100 150 200 250

CHAN. A (counts) ~&-

162



HX173 Station: YB-1 Cast: 8
59°55.42'N 1993-08-22
138°37.2 ‘W 13:16
SAL (0/00)
8 13 18 23 28 33 |
TEHP (deg C)
0 S 10 15
) 1 ) 1 1 I \ { 2 | J
o J C?—v-—_.
: =
=T
& ,15?
s ,,i fluorometer
.| =
v O :Z:
fa '03 s temperature
0 =
) e,
,U ——
w © e
g E y
[« X salinity
= ~
n
0 O ]
S Telr
o N
e
4
8 |
™M h
0}
01
o
o
v
T T T T | 1 AJ 13 | 4 r T T Lg 1 r-l T Al A ] I r hJ T T I
0 50 100 150 200 250

CHAN. A (counts) —$-

163



164

HX173 Station: YB-2 Cast: 9
59°58.93'N 1893~08-23
139°33.87°U 02:35
SAL (0/00)
8 13 18 23 28 313
TEHP (dey C)
0 5 10 15
| 1 i | [ N |
o) - S———
== L‘
o ] = w
'y =
x
<%
8 : _:T temperature.
- =
D o e
| & 10 - r
e | e -
T 3
3] 3‘" linit
. 8 *‘f]uommeter::-__~ salinity
= =
2
@
AR
=
s
Q
e o
Al
e i
Ln N
ol
o |
o |
«
LA L I LA R R RN LA L LA ISR LI S
0 50 160 150 200 250
CHAN. A (counts) —&-




HX173 Station: YB-4 Cast: 10
59°57.73'N 1993-08-23
139°34.7?2'U 09:23
A SAL (0,/00)
8 13 18 3 28 33
TEMP (deg C)
0] 5 10 15
o e ) L . t $
N
5 \
o 4“#
n =
Z ‘
of X
2] £
=
~ .-\_— temperature
“ @ =
£ =
,"3 { fluorometer 5
- 8 T 45\.:;:*_ salinity
MmN T
=)
7
N O
ARELE
x N
[‘™
[o]
o
M |
o)
U‘) Ny
m
o ]
o |
v
A L A A S S S St S B S S S St o |
0 50 100 150 260 250

CHAN. A (counts) ¢~

165



166

HX173 Station: YB-5 Cast: 11
59°53.63'N 1993-08-23
133°40.54" U 10:31

SAL (6/00)
8 13 18 23 28 33

PP N S U S R IS et | W T
—t et T T —t—t7t 7

[

TEHP (deg C)

A y 1 L L ' 1 {

E— d%?\\\&\
— —
o f
?
Y

e S e 3
1

50

3 "1“¢.1_|I .

4

. !
VIR

1¢c0

l\'ﬂ‘"

tcmperature

PRESSURE (d-bars)

150
! }q[ ol o
) ll .. I’ l||‘\.(1" LLLN "-.I"vlﬁ“f:,

fluoromcler

salinity

200
-.rf!',x D>

%

>

L x“?'l. Ve LA." RISy

250

AL LA AL L B LA B L
0 50 100 - 150 200 250
CHAN. A (counts) —4-




HX173 Station: YB-21 Cast: 13
60° .27'N 1993-08-25
133°32.87°W 13:55
SAL (6,00)
B8 13 18 23 28 33
1ENP (deg C)
0 18 15
o ) G ] | J
L
N
o |
in 5
£ i
o =
o 8 ]
m ﬁ <
-4 p
7
7] .
Y-
R ;
‘ temperature
2 Y
- ) fluoromcl%
E ] | salinity
o ) .
Q pog
LA DA — T T T v T T 7 T

™ i s T
8 50 160 . . 150 200 de
CHAN. A (counts) —§-

168



HX173 Station: GB-1 Cast: 14
53° 5.1Z°N 1993-08-28
136°22.45'W 05:18
SaL (6,00)
8 13 18 23 2B 313
TEMP (dey C)
] 5 10 ‘ 15
<
N =
N %
2
i
c:" lemperature
~ J s
? 1a =
“in ] .
3 ~ s‘: salinity
L] >
o S
9 | fluoromcter‘('\t:?
§§ ' ::-PE“'
2 e
v =
ANV -
o - 1
- [
o
W A
—{
L ]
i
o |
o
N .
L LR B L L LA LA A BRSNS
0 50 100 156 200 250

CHAN. A (counts) &

169



HX173 Station: YB-7 Cast: 12
59°48 .91 1993-08-23
139°41.53'4 13:23
SAL (0,00)
8 13 18 23 28 %3

TEHP (deg C)

0 5 15
o T S Lj' J
} =
o 1 P
-~ PR
} -,1 /"—'
Q i ' /I
N ] e d
i ‘:'“'l;'a (
(}-' .
o : )
v <,
o e temperature
c @ <
a v )
l < \ ~.
© <
t v z&;’
% { salinity
231 ;
J "
o fluorometer O\ )
e
o9} 4
o) i ]
~
o
ou)
O
(op)
Q@
o
~{
P! Lag T T 1 v YT v v |t v ™1
0 50 100 - 150 2060 250

CHAN. A (counts) -

167



M1y T~ 168
5905 > \\\"\
36022 ' /7 Sta \ :
> 45 t
By on: 160 St 13
33-68-25
13:55
33
————t——
15
4 i
temperature
salinity
T
100 . . 150 260 250
CHAN. A (coimts) ~§-




HX173 Station: GB-1 Cast: 14
59° 5.12°N 1993-08-28
136°22.45'W 05:18
SAL (6,00)
13 18 23 28 B'EL
TEHP (deg C)
S 10 15
4 i IS W i ] 1 1 Lt O |
o \ T
&
| '~‘=-3_
N "f‘
-"(;_-
3] ¥
~ .;-j“\# temperature
9o il
o | >
.g ) ] 5\__' salipity
é el a ‘3:7
t -
u 3 J uorome er%
% <
s !
a8 £
oo 1
. I~
o |
W A
-
1
N~
]
O
Q | .
'|'ﬁ7'7r'1’l|rlr"'TT7T|.]
50 100 150 200 250

CHAN. A (counts) 4

169



HX173 Station: GB-2 Cast: 15
59° 4.64'N 1993-08-28
136°21.47'\ 05:57
SAL (0/00)
8 13 18 23 28 33
TENP (deg C)
0 5 10 15
1 [ | 1 ) L L 1 1 s J
® P —
L | a’)-_’_.-’
g1 %
] =
<
x4
P
i
.In Ll ] ;‘(\ temperature
< ¢
A <.
g | “
29 =
0 1 oy
é v-( &"-:. salinity
B fluoromeler%g‘
=
. &
g | =
~ 7~
]
o )
&
AR I N RSN S N BN R R R NG S |
0 50 100 150 208 250

CHAN. # (counts) —~

170



——_ne v

HX173 Station: Cast: 16
59° 2.85’'N 19583-08~31
137° 2.47°W 13:13
SAL (6/,00)
8 13 18 23 28 313_‘
TEHP (deg
0 9 15
o ] S L ‘_I_;L—_—; — I a I |
_.‘_-?-“""’-‘-_zi_
1 ol
J S
X
) :;b.-
w =
P <,
« O =z
5O =
L o] =
R -
| Z
&J "E'E' 1
temperature
78|
4 = salinity
2 e j
8 ' Ai_i"=: r
N fluorometcrg
é
o ] 2.
iy
N
T [ A4 o ‘ T T 7T LI r' T L RS L4 L T I—r T T T I
0 50 100 200 250

CHAN. A (counts) —§

171



172

APPENDIX 4: PLOTS OF SUSPENDED
SEDIMENT CONCENTRATIONS
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