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FOREWORD

A summary report of the work of the 1950 season of the Juneau Ice
Field Research Project is given in the following pages. It is the third
in a series of quantitative field contributions to the integrated long-
range study of the Juneau Ice Field.

During this season, the glaciological investigations conducted in
19L8 and 1949 were extended and some new and specialized research under-
taken pertaining to the physical character of glacier ice and its snow
and firn cover. A few of the climatological, geomcrphological, and
ecological investigations were continued and the network of local triangu-
lation stations was enlarged and the previous ground control refined.
Additionally, in the glaciological and meteorological program, a few
reconnaissance investigations were conducted to help in planning future
special research on the ice field.

The primary purpose of this report is to present the basic scientific
data resulting from this season of field work together with representative
charts and diagrams and sufficient discussion to make them meaningful for
current use. Some preliminary interpretations are made to provide com-
parison with the reports of previous and subsequent expeditions to this
area and to coordinate with the more complete analyses to be presented in
special reports and articles in scientific journals. Some suggestions for
improving field techniques and for extending certain of the scientific
studies are also presented.

Only brief mention is made of the investigations conducted in regard
to equipment, food and logistic activities in support of the project, since
these have been covered in some detail in other reports. The value of
these phases of the program, however, should not be underrated in view of
the resultant training of personnel and the imprcvement or field techniqies.

The editorial and stenographic assistance of my wife, Joan, and of
dr. John Howe and Nius Marian Moore of the American Geographical Society is
gratefully acknowledgzed.
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I. INTRODUCTION

Glaciers have been classified geophvsically into two categories:
(1) polar and (2) temperate {Ahlmann, 1935, p, 102). In the first type,
except for seasonal atmospheric variations affecting a shallow surface zone,
internal temperatures are sub-freezing; whereas in the second, they are
generally at the pressure melting point. In polar glaciers, therefore,
melt-water is only a surface phel.omenon occurring for a short period in the
summer season., In temperate glaciers, melt-water plays a more dominant
role in englacial regime with a greater degree of percolation into the firn
and drainage from the deeper levels often continuing throughout the year.
In a single glacier system extending from high to low elevations, it has
been shown that thermic conditions representing each of these categoriezs
can exist (Hughes and Seligman, 1939, pp. 631-32).

Richard F, Flint, in his book "Glacial Geology and the Pleistccene
Zpoch" (1947) considers that temperate glaciers are typical of the inland
glaciation which covered most of Europe, northern North America and Siberia
during the expanded stagecs of the Pleistocene. Dr. Hans W:son Ahlimann, the
eminent Swedish glaciologist, has expressed the opposite view. It is
probable that both polar and temperate ice co-existed across the vast con-
tinental glacier sheets during the periods of their maxima. On this latter
thesis, a detailed study of either type will yield data pertinent to a
better understanding of the character of each and to the broader aspects of
ancient as well as present-day glaciation.,

Today, temperate glaciers are typical of south coastal Alaska where
the largest areas of existing glacier ice outside of Greenland and Antarctica
are to be found., Thus, Southeastern Alaska is an excellent locale for this
type of glaciological research. During the past three-quarters of a century,
numerous more or less descriptive studies of glaciers have been conducted
along the Alaskan coast. liost of these, however, were carried out by ob-
servers whc visited only the various ice termini at or near sea level.
Necessarily, these investigations have been quite limited in nature as well
as extent and emphasized only the cartographic aspects. Such continued
measurement of changing termini without study of related morphological and
meteorological features in the source regions could result only in partial
and inadequate answers to the glaciological problems. To understand fully
the relationship of these ice masses to former ice erochs and to ascertain
the nature and extent of Pleistocene glaciation in these regions as well
as results of the post-glacial climatic amelioration, it is necessary to
investigate systematically all pertinent scientific aspects of a representa-
tive system of modern glaciers., UWith this in mind, the Juneau Ice Field
Research Project was formulated.

The Juneau Ice Field, one of the largest remaining centers of highland
ice on the North American continent, is uniquely situated to serve as a
field laboratory for such a long-term integrated research program. Lying on
the longitudinal axis of the Alaskan Coast Range, with the center of the
region at latitude 58°L4O'N., it embraces nearly 1000 square miles of inter-

connected glaciers and highland névés and thus affords an opportunity for
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the thorough study of various phases of the glacier sciences both at low
elevations and at the upper levels., The accessibility of this area is one
of its advantages. The project!s main base camp, situated near the center
of the ice field, is only 25 air miles north of Juneau, the capital city of
Alaska. Excellent air field facilities for contact flying out of Juneau,
the instrument airport at nearby Gustavus, and sea-plane facilities in Gastin-
eau Channel at Juneau have all served for the loading and embarkation of the
government and civilian aircraft which have supported the project. Several
usable routes have permitted personnel to reach the area on foot, as the
southwestern fringes of the ice field lie only about ten miles from the city
limits. The nearness of river boat facilities and the availability of a

major center of expeditionary supply a2t Juneau have also simplified the
problen cf logistics.

An additional advantage is that a longer record of standard meteoro-
lcgical observations in proximity to an ice field exists in this area than at
any other glacier locality in America. One nearby station has records as far
back as the 1880's and, at present, is operating upper air recording equipment.
These data, of course, are of great aid in correlating the meteorological
records obtained at the various temporary stations on the ice field. The mmmher
of significan, glaciological problems and opportunities for important fundamental
field research in this region of highland ice further set it off as a unique
and extremely interesting locality for a long-term scientific program. On the
Juneau Ice Field, therefore, is an opportunity to develop quantitative glacio-
logical research over a period of many years.

The essential objective of the 1950 program was to continue the scientific

investigations tegun in 1948 and 1949 with the primary concentration on investi-

gations of the physical character of temperate glacier ice and its annual snow
cover. This program included studies of the firn and englacial structure and
movement as well as aspects of the regime and climatology of the ice field.

In addition, plans were laid to extend some of the climatological, geological,
geomorphological and ecological investigations and to enlarge the network of
local triangulation control for an eventual detailed mapping of the glaciated
area.

II. SUPPCRTING AGENCIES AND ACK.CG‘LEDGMENTS

As in 1949, the primary sponsors of the project were the Office of
Naval Research (under Task Order N9onr-83001) and the American Geographical
Society. Aerial logistic support was provided by the Departments of the
Navy and the air rForce through the cooperation of the National IHilitary
Establishment. Special acknowledgment is given to the Alaskan Sea Frontier
of the V. S. Navy for making available an aircraft and crew from the Naval
Air Station at Kodiak. Appreciation is accorded the Alaskan Air Command
for the excellent support rendered by its 10th Rescue Squadron from Elmen-
dorf Air Force Base. The Department of the Air Force helpfully supplied
invitaticnal flight orders for the use of project personnel traveling to and
from Alaska. In addition, certain otherwise difficult to obtain equipment was
made available by Air Force units (under Bailment Agreement A.F. 33 (038-611l).
The Air iiatcriel Command loaned 60 twenty-four foot zargo parachutes which were
indispensable in the aerial delivery of supplies to outlying camps on the ice




a0 ¢ e A - A A« A P i . A

=3

field. The Army Quartermaster Corps, the Signal Corps and the Medical Corps
each provided a variety of useful stock esquipment for field use and test as
well as some special instruments for the scientific work. The Army Corps

of Engineers and the Army Ordnance Department supplied the project respect-
ively with a large fuel storage tank and two oversnow vehicles. A report
on the operation and use of these and other items of equipment has u=zen
prepared and distributed to the agencies concerned. (J.I.R.P. Report No.5).

Considerable liclp in the develcpment and organization of the meteoro-
logical program and in the working up of the climatological summaries was
given by the Juneau Uffice of the U. S. Weather Bureau, especially through
the kind cooperation of the msteorologist-in-charge, lMr. C. V. Brown.
Through the interest of Mr, Glen Jefferson, Regional Director at the Weather
Bureau's Territorial Headquarters Cffice in Anchorage, certain requisite
meteorological equipment was provided. A recording radiation unit was made
available by “eather Bureau headquarters in Washington, D. C. and helpful
advice concerning the evaluation of records was given by its Selar Radiation
Field Testing Station in Bostorn, lsssachusetts. Dr. Wallace E., Howell,

Director of the Ht. Viashington Observatory; Professor Charles F., Broolks, Head
of the Blue Hill jieteorological Observatory at Harvard University; and Colonel

Marcellus Lurfy, Commanding Officer of the 2107th Air Veather Group at
Anchorage, Alaska, gave advice and made available experienced members of
their staffs for the field party. Iiiajor R. T. Derr snd Major H. G. Dorsey,
Jr., of the Arctic Veather Central, were also especially helpful,

The U, S. Geological Survey provided a series of englacial temperature
recording cables and accessory equipment as well as advice on the geological
program. Acknowledgment is made especially of the help of Dr. J. H. Swartsz,
geophysicist-in-chargzs of the Geolegical Survey's Baltimore Field Unit.

The Navy Hydrogreaphic Office and the "'oods Hole Cceanographic Institute
suppiied other special equipment. The Alaska Territorial headquarters of

the U, S. Forest Service (Tongass National Forest), through the good offices

of Mr. B, Frank Heintzleman, Regional Forester,1 and his chief assistant,
Mr, Charles Burdick, also made available a local headquarters and warehouse
space for the project and provided certain needed equipment and transporta-
tion facilities for personnel and supplies. The Forest Service also kindly
allowed one of its Lands and Recreation staff members to assist in some of
the field work and to aid in the expedition's liaison needs in Juneau.

lire A. Francis, communications manager, and his staff, at the Airport
Station of the Civil Aercnautics Administration very kindly volunteered to
handle the radio schedules which were necessary in conjunction with the
operations of supporting aircraft. This staticn also assumed the responsi-
bility for thrice-daily radio schedules for relay of messages and weather
data betwzen Juneau, the Veather Bureau Office and the central research
station on the ice field.

1Mr, Heintzleman has since become Governor of Alaska.
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The project is especially indebted to the E. J, Longyear Co., of Hinnea-
polis, Minn,, for the loan of several tons of special core~drilling equipment
and to Dr. Henri Bader, of the Engineering Experiment Station at the Univer-
sity of lMinnesota, for his advice and help in the organization of this aspect
of the research program. The Longyear Company also made available the in-
valuable field services of lir. A. K. Anderson, an experienced driller on its staff,
to supervise the glacier drilling program, The Fastman 0il Well Survey Co.,
of Denver, Coloradv, materially aided the program by loaning bore hole survey
equipment and supplying advice and help in plotting results. The Geological
Society of America aided with a field grant for the purchase of accessory
equipment for the bore hole investigations.

Grateful mention is made of the followlng persons and agencies who con-
tributed in other ways to the work of the 1950 season: Dr. Paul Siple, Logistics
Division, Headquarters, General Staff, U, S. Army; Major Victor Genez, Geo-
physical Sciences Branch, the Directorate cf Research and Development,
Headquarters, U. S. Air Force; Dr. Andrew Thomson, Controller, the Air Services
Meteorological Division, Canadi.n Department of Transport; Dr. John Reed,

Dr. H. R. Joesting, and Dr. G. R. llacCarthy of the U. S. Geological Survey and
¥, S. Twenhofel, E., Stejer and R, Marsh of the Juneau Office of the Geological
Survey; Dr. J. L. Kulp and the lLamont Geological Observatory of Columbia
University's Department of Geology; Colonel Bernt Balchen, special Arctic
Adviser to the Alaskan Air Command; Major R. A. Ackerly, Acting Commanding
Officer and Captain R. Holdiman, Operations Officer of the Air Force's 10th
Rescue Squadron; Dr, L. O. Quam, Head of the Geography Branch of the Office

of Naval Research; the management of the Polaris-Taku and Big Bull liines near
Tulsequah, B. C.; the staff of the Hotel Juneau; the owners of Taku Lodge and
the following individuals in Juneau and Taku Valley areas: G. Bacon;

L. Batton; E. S. Blackerby; R. Davlin; L. de Florian; G. George; E. Geurin;

D. Gray; G. Gray; J. h. Greany; G. Haen; M, Hardy; E. Keithahnj; G. Xirkham;

i, Majuris; E. O'Reilly; R, O'Reilly; S. Cwen; F. Parsons; and V. Youpie.

Acknowledgnent is also made to the Commanding Officer of the Seattle
Port of Fmbarkation and to J. Bryson, O. R. iMiller and E. S. Bingham, who gave
invaluable assistance in the routing and special handling of supplies through
the Port, and to Colonel J. D. Alexander of the Alaska National Guard in
Juneau for making available warehouse space for the oversnow vehicles during
the winter of 1950-51. Iliention is also made of the fine cooperatiorn cf the
pilots and management of the Alaska Coastal Airlines and Alaska Airplane
Charter in connection with the charter flights necessary for the transport of
supplies and personnel.

Finally, appreciation is extended to the memburs of the project itself
and especially to those volunteer workers and assistants who so willingly gave
of their time and interest to the program. Acknowledgment is also given for
the advice of Hr. W. O. Field, of the American Geographical Society, with whom
the writer w 'rked out the original ONR contract program, and to lidss C.I. Dem-
pster and iiss Barbara Nelson for their secretarial assistance to the writer
during the planning stages of this expedition,

————m e
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III., PARTICIPATING PERSONNEL

The project was fortunate in having a number of persons who were will-
ing to donate their interest, time and efforts to the program. A total of
29 men, eleven of whom had participated in the previous twc expeditions,
actively participated in the research work. In addition, six non-scientific
visitors and part-time participants visited the ice field for short pesriods.
As a nucleus of expedition personnel, twelve men spent from two to four
months on the ice field. These included two glaciologists and one assistant,
two geologists, four meteorologists, two surveyors and one medical doctor.
All the other men in the party averaged from one to six weeks in the field
and represented the several sciences shown in the list of project personnel
and their affiliations given in Appendix A. Included in this list are
several persons of a separace though supplementary field party which con-
ducted ecological investigations near sea level on the west side of the
ice field. This unit was under the organization and direction of Professor
Donald B. Lawrence of the University of Minnesota. Maynard M. Miller served
as project officer and leader of the field party. C

Scientific advisers and special observers who visited and actively
participated in the expedition during August and September included:
Professor Robert L. Nichols, Head of the Department of Geology, Tufts
Cullege; Professor Peter liisch, Department of Ceology, University of Yashing-
ton; Dr. Henri Bader, Scientific Adviser to the Snow, Ice and Permafrost
Research Establishment of the Army Corps of IEngineers; Dr. Louis 0. Quam,
Head of the Geography Branch, Office of Naval Research, and Mri ¥William O. Field
Head of the Department of Exploration and Field Research of the American
Geographical Society. The availibility of ski-wheeled C-L47 aircraft from the
10th Rescue Squadron facilitated the arrival and departure of these men and
other members of the field party. Throughout the summer, approximately LO
Navy and Air Force flight officers and air crew men were involved in the
various logistic air operations. liany of these men willingly helped in the
packing of supplies and parachutes and in the oftimes arduous task of loading
and unloading heavy equipment at the Airport and on the ice field., The
names of military personnel who participated are listed in Appendix A-IV.

Five men from Juneau volunteered to aid the scientific work and
actively participated in the field from one to three weeks. Among these
were Anthony Thomas, the U. S, Forest Service reoresentative, who throughout
the summer also rendered invaluable assistance in a part-time liaison
capacity in Juneau. Dean Williams, an amateur radio expert, visited the
ice field to check and calibrate the communication equipment at the central
camp, Edward Browne and Thomas Stewart helped in the winterizing of equip-
ment. on the ice field and in the evacuation of the field party =2t the end
of the season., Kenaneth Loken kindly made available his light airplane and
skilfully piloted it in connection with special flights for various purposes
in aid of the project.

B
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IV, AFRIAL LCGISTICS

A1l supplies, with the exception of a small amount of back-packed per-
sonal equipment, were delivered to the ice field by aircraft,

The first supplies (rations for the advance party) were free-dropped

by light aircraft at the central research station on June 2hth. This was
supplementary support prior to the arrival of the military aircraft scheduled
to -deliver the bulk of equipment and expedition supp’ies. On June 26th, an’
RLD Naval airplane under the jurisdiction of the Alaskan Sea Frontier arrived
from Kodiak to commence the first of eight flights to the ice field. By July
3rd, these flights had been completed and six tons of supplies had been de-
livered to eight separate camps (Camps 10, 10B, L4, 8, 12, 14, 15 and 16.)

(See Fig. 2) Five of thesc camps were newly established, two of tham being
supplied with basic camp equipment primarily for the use of the project in the
following year. During this early summer aerial operation by the Navy, 2L para-
chute loads were delivercd averaging 200 pounds per unit, In addition, on the
8th of July, another 800 pounds of equipment in four parachute loads were
delivered by commerciel Grumman aircraft to Camps 16, 10 and L. Later in the
summer, nine more parachute deliveries were made by Air Force C-L7 and B-17
aircraft thus bringing the total number of parachutes used in this season to
37. During the summer, approximately 300 free-fall bundles were dropped by

commercial and military pianes. (For details, see J.I.R.P. Report No. 5,
Table IV, p. 6.).

During the height of the Navy support, an Air Force C-47 equipped with
ski-wheels also arrived in Juneau to make a series of six ski-landings over a
three-day period ending July 2nd. The purpose of these flighis was to trans-
port heavy driil equipment and fuel supplies to the Taku.Glasier néve. AY this
time, a veritable shuttle relay of these two alrcraft took place with the Navy
cargo aircraft handling all packaged units for parachute and free-fall deliver-
ies and the Air Force ski-wheeled plane handling the heavy items which could
not have been delivered othervise, The Air Force plane transported ten tons
of supplies and equipment during the early summer period in six flights
supplying the two main ice field camps (Camp 10 and 10R), In addition, ceven
of the expedition personnel were rlown to the central station. The two air-
craft returned to their bases on the 3rd of July. The services of the Navy
plane were not required again during this season., .

Aerial support was planned on the basis of a mid-summer as well as an
early summer set of ski-aircraft supply flights., Thus, a group of landings
was initiated during August. The main purpose of these flights was to trans-
port several specialists and senior advisers to the ice field. A C-L47 air-
craft was made available for this use for a period of several weeks. Between
July 31st and August 23rd, eight ski~-landings were made and two air drop
flights involving four parachute loads. In this mid-summer operation, seven
more tons of supplies and equipment were tzken to the upper Taku Glacier.

At the end of the field season, a final set of five landings was made to bring
in food and gasoline to be stored at the central station for subsequent use

and to evacuate neariy five tons of scientific =quipment, records and personnel
before the first heavy autumn snow fails made it difficult to operate large
ajircraft on the upper Taku Glacier,

o e e e
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"ith the Air Force planes, a total of 24 flights was made to the ice
field and 19 landings accomplished on the glacier surface at Camp 10B
(elevation 3600 ft,). liost of the take-offs with the ski-wheeled aircraft
were effected with the use of JATO (rocket) cylinders attached to the under-
side of the fuselage. At the end of the season, because of the hardened
snow surface, five take~-offs were possible without JATO. In two of these,
the plane carried a take-off load of L4OOO pounds. In early and mid-summer,
however, JATO was almost always essential.

In summary, 32 round-trip flights were accomplished by Navy and Air
Force planes in support of this season's expedition., Of the non-military
aircraft flights, several were made by Kenneth Loken in an Aeronca Champion.
Ten supporting flights were also made by Belanca, Grumman, and Aeronca
aircraft chartered from Alaska Coastal Airlines and Alaska Airplane Charter
Co, These permitted the transport of personnel to and from the Taku Valley
and the supplementary delivery of one ton of supplies and mail to several
of the highland camps, The total aerial transport of supplies to the ice
field in 1950 was 26 tons, four tons of which were delivered by parachute,
six tons by free-fall and sixteen tons by heavy ski-equipped aircraft
landing on the upper Taku Glacier.

V. GROUND ACTIVITISS AND CAMP ARRANGEMENTS

{lembers of the expedition arrived in Juneau on the 15th of June to
purchase locally the requisite commercisl supplies and to sort and package
equipment which had teen freighted from Seattle by the Alaska Steamship
Company., The first unit to leave for the ice field consisted of three men
who, on June 20th, traveled via Twin Glacier Lake to Camps L4 and 10. (n June
22nd, the central research station was re-opened and the meteorological
observations begun. The main cabin was found to be in good condition
although a few minor repairs were necessary to the roof where portions of
the aluminum sheathing had been ripped off by wind during the previous
winter, Thrice-daily radio schedules were initiated on June 23rd with the
Civil Aeronautics Administration station in Juneau., On this date also, the
glaciological records were begun at Camp 10 and at 10A on the Taku néve.

‘Thile the initial group remained at the central station to receive
the organized air drop of supplies, the otlier project personnel handled
packaging and loading of the equipment to be carried by the Navy and Air
Force planes operating out of the Juneau Airport. Continually good weather
permitted the early season logistic requirements tc be “ulfilled with a
minimum loss of time so that on June 30th three men were flown to the ice
field to join the group at Camp 10, On July lst, Camp 1OB, near the glacier
airstrip, was established and the meteorological and glaciological records
commenced at that site.

On July Lth, four more men left Juneau for the ice field via Lemon Creek
Glacier. nroute, they consolidated the supply crops at the proposed site
for Camp 16. The three remaining full-time members departed for the ice
field on July 8th via a ncw route up the west side of Fast Twin Glacler.

A1l members of the main party were soon thereafter assembled at Camps 10
and 10B to concentrate cn tne coordinated glacio-meteorolcgical prograui.
Dr. and Mrs. Lawrence arrived in Juneau on July 12th and with the help of

one member of the ice field party immediately began the low level ecologieal
studies.

.. . S o
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During the last three weeks of July, continual fog and heavy rain pre-
vailed, The rains were accompanied by relatively warm temperatures on the
glacier surface so that by the last week of July ablation had proceeded to a
point where a number of crevasses had become exposed at Camp 10B and between
Camps 10B and 10A., This condition created a few operational difficulties and
required all further ski-landings to be effected a quarter of a mile west of
the original landing site at 10B. Restricted visibility prevented the mapping
and survey program from getting underway until July 21st. This stormy period
was nevertheless used to good advantage for other aspects of the season's
work. Englacial firn studies at Camp 10B progressed uninterruptedly and were,
in fact, aided by the opening of the crevasses (see Fig. 4). Also, undér. the
direction of Merritt and Turner, the permanent facilities at the research
station were enlarged and improved. A pre-cut, 6 x 10 x 10 ft. shed was built
onto the back of the main cabin to serve as a transceiver room for communica-
tion equipment. This structure, which also served as a separate bunk house
and office space for the senior meteorologist, was insulated for future
winter use. An aluminum shed for sanitary convenience was constructed in the
vicinity of the station and a larger and more sturdy radio antenna tower was
fabricatea cut ¢f lumber which had been flown in for this purpose.

Cn July 20th, Professor Misch arrived on the ice field via the route
from Twin Glacier Lake. After remaining in the area for a week to observe
and advise on some of the geological work, he returned to Juneau. The other
senior advisers, Professor Nichols and Dr. Bader, who actively participated
in the latter half of the season's work, were flown to the ice field in the
August C~L7 flights.

Between July 31st and September 6th, the iavestigations at Camp 10B
were highlighted by the glacier drilling program. A wooden=ceilinged labora-
tory was dug into the firn near the proposed core drilling site. In this
laboratory, the petrofabric analysis of ice cores was conducted.

Since the glacier air strip was at Camp 10B, this camp became the main
staging depot. From three to 22 men were encamped at this site at various
times during the summer. Seven hexagonal tents were erected as sleeping
quarters. Three other hexagonal tents and two 12 x 1l4-ft. wall tents (on
loan from the U.S. Forest Service) were used for storage and for cooking and
messing. To reduce ablation effects, all tents were placed in shallow pits
dug to the proper ground dimension. TRach was lined with plywood or planked
with 2 x 12 in, floor boards to make the accommodation more comfortable.

A sketch view of the camp and equipment layout at 10B is shown in Figure la.

The only other camp occupied for any length of time during this summer
was Camp 16 which was established on July S5th. leteorological records were
maintained at that site intermittently between July 1lhLth and August 16th.
Daily schedules were maintained with SPF and SCR-300 radios, operating at
Camps 10, 10B, and 16, 1In this way,tlLe requirements of each station could be
filled when need arose and a check could be made on the progress of work and
the morale of personnel,

0
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In the latter half of the swmmer, the geology and survey teams used
the caches at Camps L4, 9, 11a, 12 and 1L and also consolidated equipment
which had been dropped by the Navy RLD at the proposed sites for Camps 8 and
15, A temporary camp {10C) was also positioned for glaciological work on a
ribboned section of the upper Taku Glacier, one mile nerth of Camp 10.

The locations of all camps on the ice field are shown in Figure 2.
A description of each camp site, its elevation, approximate coordinates and
the year in which it was established are given in Appendix B.

Two M29C oversnow vehicles ('weasels") had been shipped to the project
from the U, S, army's Mt. Rainier Ordnance Depot, Tacoma, Washington. It was
hoped that by dismantling them into component parts, they could be loaded
into the fuselage of the C-47 ski-plane and flown to the ice field. Unfor-
tunately, after four days of tedious effort dismantling one of the machines,
it was found that the largest section was two inches too wide for the door of
vthe aircraft. To transport it meant altering the inside of the fuselage
vhich, under the circumstances, was not feasible, Thus, it was not possible
to use these vehicles during the 1950 field season. Plans to drive them up
the Taku Glacier during the winter 1951 expedition also were unsuccessful
because of the field conditions to be encountered. The delivery was finally
accomplished by para-dropping the vehicles from a C- g2 aircraft in the summer

of 1951.6 gA di scussion of this operation is given in J.I.R.P, Report. No. 55
ppe 3L-3

In this season, therefore, «ll ground travel was by foot or skis and
the relay of supplies between camps was accomplished with man~hauling
sledges and by back-packing while on skis, The failure to deliver the
lweasels” made it even more advisable to concentrate the scientific work at
one or two primary stations. Fxcept for travel necessary to the mapping
and survey work and the geology and geomorpholcgy studies, most long-distance
travel was confined to the normal over-land routes between Juneau, Camp 10
and Twin Glacier Lake. The Camps 16 and Camp ) routes (Fig. 2) were used
equally for travel tc and from the ice field.

In September, a small party descended into the Taku Valley from Camp L
to spend a few days studying the recent tecrminal position of the Taku Valley
glaciers and in reconnaissance observations of the geomorphology between the
head of Taku Inlet and the teminus of Talsekwe Clacier. Several days werc
alse cpent in reconnaissance of the physiographic problems in the Taku
River Valley northeast of Tulsequah, B, C,.,, as far as Red Cap Creek, 17 miles
beyond the International Border. (Fig. 2). This journey was supplemented by
an observational flight to assess the distribution of rivrer terraces near the
junction of the Inlklin and Nakina Rivers, and to consider the p0351b111ty
of conducting related studies in that area in the future.

Ground evacuation of the expedition from the ice field was begun in
the second week of September and was completed with the aid of the C-h7
ski-planc on the 28th of September. Several members of the group remained
in the area for one final week of low-level investigations and to inventory
and store expedition equipment in the U. S. rforest Scrvice warehouse. The
last member of the season's ficld party left Juneau on October Sth.
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VI. EXPEDITICNARY TECHNIQUES AND TRAINING

In conjunction with the scientific program, considerable experimentation
was c¢onducied in logistics and in the techniques necessary for living and
successfully conducting field work on glacier and mountain terrain. This
phase of the program is of practical interest and value to the supporting
military agencies as well as to the field scientists. As part of this program,
some useful testing of equipment and food was accomplished and a minor medical
program undertaksn. Comments and recormendations on these aspects, together
with observations from the 1949 and 1951 field seasons, form the basis of a

serieszof seven reports which have been combined into three recent publica-
tions.

This season comprised 107 days of field werk. Approximately 55 per
cent of this time was spent directly on the scientific program, the remaining
LS per cent being devoted to logistical activities, necessary "housekeeping"
details and ice field travel. This ratio of productive field time was
higher than in the 1949 season. Four factors particularly contributed to
this: (1) better general weather conditions; {7) scientific studies concen-
trated at two adjacent camps so that most work could proceed even when weather
was inclement; (3) ski-plane landings made within a few yards of the main
glacier study camp thus reducing the time necessary for transport of equipment;
and (4) less time necessary for establishing caches and for construction work
on the research station and other permanent facilities.

*"ith the modest field laboratory which is now available and the network
of supplementary camps established where equipment has been cached and between
vhich the routes have been laid out and the logistical supply problems fairly
well resolved, it is anticipated that the scientific program can be more
expeditiously continued in the future with a minimum of time required for  these
corollary aspects. If the hopes and plans for further improving these
facilities can eventually be accomplished, the per cent of time &vailable
strictly for scientific investigations should be further increased.

VII. ABSTRACT OF THE SCIENTIFIC PRCGRAM

The primary objective in this season was to continue the glaciological
investigations with secondary emphasis placed on related meteorological and
survey data. [ost of the geomorphological and geological studies were pre-
liminary in nature and were undertaken to formulate a feasible outline and a
sound basis for later detailed work. Dr. Lawrence's ecological program wasg
designed to enlarge upon his 1949 research on one glacier at the southwestern
edge of the ice field., The higher elevation ecological work was carried
through only during the first half of the season. This has been supplemented,
however, by more extended investigations in subsequent seasons.

2See J.I.R.P. Reports Nos. 3, L, and S.
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In the glaciological program, continuing studies were made on internal
glacier structure, on the rate and manner of melt-water percolation in the
firn and in the vertical profile measurements of some of the physical
characteristics of firn. Further records were obtained on ablation and
accumulation, on the changing position of the névé line and on surface and
englacial movement. The seven and cne-half tcns of deep rotary core drilling
apparatus taken to Camp 10B in early summer facilitated investigations in the
Taku Glacier and its firn cover to a depth of 292 ft, below the mid~August
ablation surface., Petrofabric and air-bubble studies of ice cores taken from
below 150 ft, were conducted in the cold laboratory dug into the firn near
the drill site. Equipment necessary for the measurement of temperature in
the firn was installed. This consisted of three sets of electrical .esis-
tance thermometers vertically spaced 1 to 20 ft. apart and implanted in
drill holes reaching a depth - of 170 ft. lieasurements with these units
were obtained in the following winter and summer -easons. In one of the
bore holes, a 2l5-foot section of two-inch (inside diameter) aluminum pipe
was inserted sc that from future measurements of the deformation a record
of differential englacial flow could be achieved. Inclinometer surveys on
this pipe have been conducted in 1951 and 1952.

To provide correlation with meteorological data obtained at the central
station, a weather observing post was established at Camp 16,on a nunatak ridge
adjacent to the Lemon Creek Clacier néve on the southwestern side of the ice
field. This site also served as a convenient route camp on the first stage
of the three-day journey from Juneau to Camp 10. Camp 16 meteorological
records have been sup-lemented by further data in the 1951 summer season.

To qnlarge upon the climatological records previously obtained above the
neve line on the Taku Glacier, a meteorological program was also initiated
at Camp 10B, which lies almost a mile nearer the center of the Taku Glacier
(at approximately the 3600-foot contour) than the 1949 Camp 10A (Figs. 2 and
3). This site may be considered representative of the intermediate eleva-
tion névé surface on a main trunk glacier. These records are being compared
with those from Camp 10 situated on a rock island at a 300-foot higher
elevation and 1 mile to the northeast. At the mid-glscier station, & fou
preliminary micro-meteorclogical observations were made in order to formu-
late the basis for a more comprehensive program in 1951. At Camp 10,
records were obtained of the duration of daily sunshine and diurnal varia-
tions in total sky and solar radiation. As in other years, all metecrolog-
ical data have been collected for interpretation and comparison with the
syroptic surface and upper air observations obtained at adjacent low-
elevation stations of the U, S. ''eather Bureau and the Canadian Air Services
Meteorclogical Division.

In the survey and mapping program, approximately 500 square miles of
ice field terrain were brought into a network of fourth-order local control.
This coverage alse included a re-cccupation of alrcady-established stations
and a refinement of some sections of the previous year's survey. The field
triangulations were obtained by thecdolite and the stations accurately pin-
pointed on existing vertical aerial photographs., Local photogrzphic stations
were established at several key points on the ice field for panoramic refer-
ence, useful for studies of future volume changes in the névé area. The
photographs may also be utilized for morphological interpretations dvring
compilation of the ice field map,
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A small amount of mapping on aerial photographs and some reconnaissance
studies were conducted concerning the bedrock geology of several nunataks in
the central portion of the ice field. A1 representa ive collection of rock
samples-was obtained for laboratory classification to supplement previous
studies in the mipgmatite complex of this area,

In regard tc the geomorphology of the region, a reconnaissance study was
attempted on-several deglaciated nunataks. These investigations were extended
to the periphery of the glacial area in an effort to interpret the region's
physiographic history. liuch more field work needs to be done along this line;
however, some useful information was obtained concerning the -upper and outer
limits of Visconsin and recent glaciation, A few observations were also
made on the nature of fiuvial and glacio-fluviatile sedimentation in the Taku
and -Gastineau Valleys and on the filord development and post-glacial emergence
of this portion of the Alaskan coast.

In the ecolo 1ca1 program, as in previous years, collections of upper
elevation arctic and alpine plants were sbtained from nunataks and other rock
outcrops bordering the glacial area. These were supplemented by studies of

the stratigraphy of local peat bogs and the constitution and depth of muskeg

on raised benches nearer sea level. Pollen~analytical techniques were employed

for the study and differentiation of annual increments of snow accumulation,

These investigations have been purposefully organized as part of a long-
range program of record. Since all of them are as yet not complete, some of
the data and information are merely listed or briefly mentioned in this report
so that they will be readily available for future reference and interpretation
together with additional seasons of record. Yhere this summer's special
studies warrant it, the results are discussed in some detail, In those instan-
ces where final reports have not ye! been received or have already been
( published elsewhere, a brief synopsis of the work is made and the reference to
| 178 published source is given.

VIII., GLACIOLOGY

The glaciological investigations in 1950 were organizec so as to supple~
ment the 1948 and 1949 records and also to introduce several new and previously
unattempted lines of research. The main emphasis was on englacial investiga-
tions, using pit, crevasse wall and boring techniques, A few aspects of this
summer's work which relate to the longer range scientific program are presented
in other reports of this project. The pertinent references to these other
publications are noted in the text.

H A, General Glaciological Observations and Records.
1. Regime

To achieve a reliable assessment of the material balance of any glacier
or ice field, -a number of ,years of comparative records are required. Since a
discussion of the annual néveé surface economy and a treatment of measured
details of firn regime on the Taku Glacier for some years previous will appear
in a future report, only the briefest comments on the comparison of records
are included in these present notes.

L:—g__‘_, ST
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The regime studies undertaken are similar to those introduced by
Professor H. 1. Ahlmann (1948) in his investigations during the 1920's and
1930's of several glaciated areas fringing the North Atlantic. One phase
of this ressarch involves a detailed record of the amount and kind of snow
accumulation at given locations balanced against amcunts and kinds of
ablation and wastage. Unfortunately, where only summer observations are
available, certain assumptions must be made in order to evaluate the annual
regime for a given year, If carefully done, however, the interpretations
can have comparative value, For long-range relationships, the net increase
or loss is usually expressed in terms of water equivalent, preferably as a
deficit or surplus per unit area. With these data., there should be correla-
tive information o: the annual variations in position of the névé line and
of any changes in position of the glacier front. The terminal records should

be shown preferably as volume gain., or losses instead of merely as horizon-
tal distances of advance or retreat.

The 1949-50 budget year, at the 3600- to 3800-foot lsvels on both
the Taku and Twin Glacier névés, showed no retainment of winter snow cover.
Slightly negative conditions, or at least those nearly "in balance", may
therefore be reported for this year at this elevation, where, in 19,8-19,
an annual surplus of 12,4 ft. of firn occurred. At the measured late summer,
1949 bulk density (0.,55), this represented 82 in. or 208 em, water equivalent.
In 1947-L8, there was a net surplus of approximately 3L in. (about 86 cm.)
of equivaient water at the surface of the glacier. Thus, we may term these
earlier two years as positive budgetary years at this level. The probable
relationship between the net surpluses of seven previous years (since 194O-

h1) a;e indicated in Fig. 8, which is based on data obtained in the summer
of 1950.

At the end of the 1950-51 ablation season, the yearly surplus-loss
relationship was found to be even more severely negative than in the 1950
season, the net deficit being 23 in, (38.L4 cms.) of water equivalent at
the Camp 10B surface, Thus, a varied pattern of annual regime is already
apparent. It is hoped that the record may be contipued as frequently as
possible in years to come so that an interpretation may be made not only of

the present trend in the Taku Glacier lLut in the regime of the ice field
as a whole.

2. Ablation

Continuous records of gross ablation were obtained at Camp 10B
throughout most of the summer, Comparative records were also obtained from
several other sites on the névé over shorter periods of time. Correlated
with both earlier and subsequent records at these sites, these data permit
an evaluation of the average length of the ablatioan season at specific
elevations. From these data the mean seasonal rate and magnitude of neve
gross ablation can also be determined. Such information can be not only of
theoretical value but of preactical use in foretelling surface snow conditions
for oversnow vehicle travel and ski~-aircraft operations.
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Two types of ablation stakes were employed: (1) small, quarter-inch
diameter fir dowels in 3-ft. lengths, reset into the firn surface each day
and (2) rectangular cross-sectioned, white-painted wooden stakes (3/L in.
by 1-1/l in. and } ft. long) which were implanted vertically in the snow to
a depth sufficiently great to minimize settling effects. Measurements were
normally taken twice daily at 0800 and 2000. The measurements were made
either by marking the level of the snow surface on the stake with pencil
(for subsequent tape measurement) or by directly measuring the distance from
the top of the stake to thie surface. Vhere possible, an average of readings
on three stakes was obtained. All measurements were taken on the flattest

sections of the néve to reduce errors introduced by differential ablation under
irregular surface conditions, (see below)

Ablation records are given in App.C and Fig.5. To simplify these, an
average summer bulk density of 0.50 was used for the calculations of water
equivalent. For refinement of these calculations, one is referred to the
density curves at the end of this report. Figures5a and 6Sb illustrate typical

2L~ and 12-hour values and indicate the periods of maximum ablaticn as well as

a0 WOoA
the end of the ablation season. Figurebo also shows the comparison between gross

ablation at three sites at approximately the same elevation on the Taku Glacier
névé in mid-August., The relative positions of these sites- 10A, 10B; and 10B
are indicated in Fig. '3, Records from these sites show the marked decrease

in ablation from the edge towards the center of the glacier.

~ Ablation near the center of the Taku Glacier averaged 1,30 in. of
snow {(0.65 in. water equivalent) per day during the full summer season with
the maximum of 3,75 in., of snow (1.9 in. water equivalent) occurring on
July lhth, The average daily ablation for each summer month appeared to de-
crease from a maximum at the end of June to a miunilmum in early September,
These averages are ncted for Camp 10B as follows:

June Average of 2,0 in. of snow ablation (0.90 in. water equivalent)
Last week per day (2000 to 2000). Night-time ablation on 3 days out of

7 with maximum of 1 in. per night (0.4L in. water equivaleat)
July Average of 1,52 in, of snow ablation (0,71 in,water equivalent)

per day., Night-time ablation on 5 days out of 31, with maximum
of 1 in. per night (0.L9 in,water equivalent) :

August Average of 1,21 in,.of snow ablation (0.62 in.water equivalent)
per day. No night-time ablation,
September Average of 0,5k in, of ablation (0,29 in, water equivalent)

First 3 days per day

Sept ember Negligible ablation in cld snow, lost occurred in freshly
Last 3 weeks fallen snow

The ablation season came abruptly to an end in the first week of Sept-
ember when 1 tc 1l in. of new snow fell at levels from 30C9 to 5000 ft. re-
spectively. It is probable that a considerably greater quantity of new snow
fell in the vicinity of Camp 8 (approximately 6000 ft.)during this period.
This was indicated by the heavy blanket of fresh snow visible on the summits
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of all peaks in the area over 5000 ft. in elevation. ijost of the accumula-
tion, below the L0OO-ft. level, ablated away in four days, as shown by the
appended records (Sept. 6-10th). It was followed, however, by further
heavy snows within a fortnight. These snows undoubtedly represented the
first persistent autumn accumulation for the ensuing budget year.

3. Differential Ablation on Suncupped Snow Névé

In an effort to determine the relative magnitude of ablation on the
crests and in the troughs of suncups a set of three flat-ruled increment
stakes (graduated to sixteenths of an inch) and also three white-painted
accumgléﬁon-ablation stakes were planted on the relatively level surface of
the neve at 1UB. Since these stakes had rectilinear cross-sections, two of
each were oriented so that their narrow sides were in a southwest direction.
This was to minimize direct insolation efiects on the wood which was in
contact with the snow. [For comparison, the others were placed on an East-
“‘est line. The positions thich these stakes held in respect to individual
suncups are noted below, Their relztive positions and orientation are also
diagrammatically sketched in Fig. 6.

Positions of Micro-Ablation Stakes

Flat-Ruled Increment Stakes Rectilinear Accumulation-Ablation Stakes

1. On flat divide between two . On flat divide between two suncups
suncups

2. On ridge crest between two S. On ridge crest between two suncups
suncups

3. In suncup hollow (depression) 6. In suncup hollow

The relative form and range of size of suncups in this sector at the
beginning of the period of observati on sre indicated in the sketch in Fig. 6.
In each cace, the suncups had a steep north-facing slope and a more gentle
south-facing slope, giving an asymmetrical cross-sectional view. At the
beginning of the following period of ablation measurements, the suncups
varied from 8 to 26 in. across their loneest dimension from crest to crest
and the depressions were 3 to 12 in. deep. In the ensuing 12 days, the sur-
face was more and more levelled with the result that the suncup pattern
became very much less accentuated.
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Table I

DIFFERENTIAL ABLATICN RELATIONSHIPS ON SUNCUPPED NEVE

(Camp 10B, elevation 3575 ft.)

Gross Ablation . -Gross Ablation
Date Hour Stake Total Incre- Water Stake Total Incre- Vater
Aug. No. Abla- ment Fquiva- No,. Abla- ment Equiva-
1950 tion lent tion lent
(ino) (in-) (ino) (in.) 7in.) (int)
8 1200 Set Stakes
9 1300 1 3,0  3.0% 1.50 L 2.5 2.5 1.25
2 2,25 2,25 1,13 5 2.63 2,63 1,32
3 1.5 1.5 0.75 6 1.25 1,25 0.63
12 0800 i} 10.0 7.0 3,50 N 6.0 3.0
2 11.0 8.75 L.38 5 9.0 L.S
3 8.0 6.5 3.25 6 6.0 3.0
‘1 1200 1 15.5 5.5 2.75 L 7.C 3.5
2 17.0 5.0 3,00 5 5.0 L.5
3 13.5 5.5 2,75 6 5.75  2.88
18 1730 5! 21.5 5.0 2.50
2 23.5 5.5 .3.25
3 19.5 6.0 3,00
1000 l L.75 2.38
5 &.75 3.38
6 L.38 2.19
18C0 i 1.13 0.57
S 1.75 0.88
6 1.75 0,88
20 1120 1 k.5 3.0 1.5 L 1.75 0.88
2 26,5 3.0 1,5 5 2.0 1.0
3 21.5 2.0 1.0 6 3.75 1.88

*inderlined values (on flat inter~suncup divide) are considered as most representa-
tive of general ablation at thissite.
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The accuracy of measurements in the preceding table is considered to
be -ithin two millimeters of firn. .t appears that the greatest ablation
occurred on the sharper crests of inter-suncup ridges and was least in the
hollows. The considerable variation between these pcrtions of a suncup is
best illustrated ir the two series of plottings in Fig. 6. Between noon on
August 8th and 1300 on the 9th, for example, there was nearly twice as much
ablation at the crest as in the adjacent hollow. This pattern prevailed
during most of the other listed perivds except during the last day of record.
In most cases, ablation at the crests was 20 to LO per cent greater. On the
night of the 19th to 20th, however, it averaged about the same in each
portion of the feature. This equalizing was probably due to rain which
occurred in the early evening of the 19th. The rain was accompanied by an
abnormally warm ambient air temperature (39° to L1°F.) and was the only pre-
cipitation experienced during the period of observation. In only one other
instance, between 10CO and 1800 on August 18th, was ablation exactly the
same at the crest and in the hollow. This may be attributed to the fact
that the time increment between readings was restricted only to midday and
afternoon and was probably too short to show a significant difference. The
crests, of course, receive relatively more direct insclation during the
morning and late afternoon hours when the deeper portions of the cups are
at least partially in shadow.

It was not the purpose of this effort to study genesis of the features
or the related deterioration of the snow surface. Its objective was rather
to show the nature and magnitude of differences in ablation from one portion
of a suncup to another. The results amply demonstrate that special care
must be exercised in emplacing stakes especially when significant comparisons
are to be made bet-'zen ablation in one sector of the ice field and another.
The records in Table I show a fair degree of conformity between the measure-
ments taken on the flat divide between two or more suncups. As a result of
these observations, an effort has been made to emplace ablation stakes on
the flattest part and intermediate portion of any undulated surface.
Fortunately, it has usually not been necessary to non51der thlS aspect until
the latter half of the summer. Prior to August lst, the névé surfaces at
all elevations h“"e nct been excessivaly roughened and above the 5000-ft.
elevation the névé has been characterized throughout the whole season by a
smooth surface with only very shallow and ill-developed suncupping.

The size and depth of suncups are dependent on several factors. Among
these are: (1) the duration of effective sunshine; (2) the angle of sun's
incidence; (3) orographic conditions surrounding the névé, such as nearness
and extent of rock exposures and shadow effect; (L) slope gradient; (5) slope
exposure or direction of gradient; (6) micro-meteorological conditions
operative at the surface during periods of suncup development; (7) vertical
position of the affected surface in relation to internal firn structures
such as ice strata, and (8) the presence of dust and organic matter such
as algae.

For a suncup initially to form, there must be some physical inhomogen-
iety at the surface whereby differential ablation is introduced. Certainly,
the process begins with greatest melting or evaporation at selected points
where the depressions are formed. The development of suncups in this area
is often cyclic. They are progressively produced and then destroyed; re-
produced and re-destroyed (or at least partially deteriorated)according to
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the meteorological conditions affacting the névé. Prolonged periods of rain,
for example, serve to reduce suncup relief and generally to level a roughened
firn surface. At the end of the ablation season, in asny stage of the cycle,
the surface may be covered by the first persistent autumn snows. In such
cases, it may show up in subsequent firn profiles as an undulated zone or band

sometimes associated with a visible dirty layer if there is a sufficient con-
centration of wind-borne material.

Ablation measurements in the above described test were carried out
largely during a degenerative hemi-cycle of suncup evolution. The development
of night-time cruste in the depressions, from drainage and re-freezing of
melt~vater off their side slopes, could eventually retard ablation at the base
of the hollows. Likewise, as already suggested, under certain conditions the
relatively greater exposure of the higher crestal ridges to insolation, %o

driving rain and to heat conductiocn by air flow over the glacier cculd favor
the greatest melting there.

These observations are neither complets nor are they necessarily typical.
However; they do show in a quantitative manner that considerable local variation
in ablation can occur on irregular surfaces and consequently that special care
must be given to the observing technique. From the genetic point of view, it
would be desirable to make a detailed study of ablation conditions on the névé
during a solely generative period as well as throughout a full summer season.

L. Accumulation

Thickness of the 19,9-50 snow increment was measured at several observa-
tion sites. Since the measurements were taken periodizally during the ablation
season, they provide supplementary information to the foregoing consideration
of rate of destruction of the annual snow-pack. As already mentioned, detailed
water equivalent relationships for any horizon may be obtained from the profiles
of specific gravity. The average bulk density of the 1949-50 snou-pack at
Sites 10A and 10B was 0.50. (See Section VIII, B3). In the higher névés, the
density of accumulated snow is relatively less. For comparison, a mid-July
profile obtained in 1951 at the 5900-ft. level of the upper Taku Glacier will
appear in J.I.R.P. Report No,1l0, HNote that in this figure the average bulk den-
sity (0,50) is the same as that for the corresponding July, 1950, snow-pack
at the lower sites. Its range of variation, however, is smaller and its rate
of linear ' increase with depth is likewise less. The corresponding bulk density
at Camp 10A in mid-July 1949 was also approximately 0.50.

At the 10B site, no net accumulaticn was retained in the 1950 season due
to two factors: (1) relatively low accumulation in the previous winter and
spring and (2) unusually high summertime ablation related to meteorological
factors not yet fully analyzed. As indicated in the report of the 1949 expedi-
tion, the winter of 1948-L9 produced 23 ft. of net accumulation in the Camp 10A-
10B sector {as ieasured in mid-June 1949). The 1950 figure was less than 15 ft.
of accumulation as early as June 23rd. Even this early in the summer, it
appeared that a considerable difference in annual accumulation had occurred
during these two years.

The following short-term statistics concerning this yeart's snow-cover may
be useful for future comparisons.

(‘;
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Table I1
SUPPLEMENTARY ACCUMULATION STATISTICS RE THE 1949~50 SNOW-COVER

Date Location Eleva- Exposure & Net Retained Remarks
tion Gradient Snow 1949-50
(ft.) (in,) (Water
uiv,
1950 ff} i
July 10 Camp L Névé 3900- N. slope, 152 76  On crevasse wall
- 1:000 = .

Sept. L " n 0 O  Ablation had proceeded
into 1948-49 firn-pack
by this date.

Sept. 5 " " - - 6 in. fresh snow; on
névée,end of ablation
season.

July il Icy Pass (i} L300- S.Ww, slope, 128 6 On crevasse wall

miles east LLOO 10°
of Camp 10)

July 29-30 " " " - - Slight snowfall,h or Sin.
at 5500~ft, level on
Taku Range,

Sept. L " " " 2L 12 10 in.fresh snow onnévé.

July 18 Camp 10B 3575 S.E, slope, 76 38 Greatest accumulation on

1 several crevasse lips
and in local deprescions

July 26-27 o o " - - % in(fresh snow at 10B
and 1 in, fresh snow at

‘ Camp 10.
1 July 28 " ] " 67 33.5 _—

Aug. 27 " u n 0-12 0-6 Large sections of 1949
firn exposed.

Auvg. 29 i L L - - Trace of fresh snow -in
evening.(5-6 in.on

! "Taku B" summit).
} . Sept. L " U L "0 0 2 in. fresh snow, effect-
: ’ ive end ablation season.
Sept, 5 ) " n n - - 2.65 in, fresh snow.
June 23 Site 10A 3590 flat 103 51.5 Recorded on marker tower.
| i June 28 " " (] 90 LS n
i 5 JUIY ,J i i ul 75 37 05 "
3 July 1l n " n 68 34 "
¥ July 19 " i 1 ol 27 "
: July 26 " " " hly 22 .
; Aug. 15 " n " 15.5 7.8 L
i Aug. 25 " n " 0 0 Ablation proceeded into
1948-49 firn-pack.
) Sept. L 10A & 10B - - - - 2 in. fresh snow,
{ Sept. 5 i - - - - 3 in. fresh snow.
§ Sept., 23 L - - - - 2 in. fresh snow.
i Sept. 2L n - - - - 6 in, fresh snow.
Sept. 25 " - - - - 1 in, fresh snow.

% (n basis of average bulk density of 0.50.
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) Diagrammatic illustration of some of the above data as well as net accumu-
lation from several previous years 18 included in Figs.8a and 8b. These dia-
grams have been drawn from data obtained on the walls of Crevasses: No. I, II and
IIT and of Pits A and C. Six prominent annual dirty layers could be seen in
these profiles; however, the positions of three intermediate ablation levels
which are shown on the sketches were not readily apparent as dirty layers. They
were indicated from supplementary data which came to light in the firn stratig-
raphy and density profiles of Appendices D and E. These have also been corrob-
orated Uy other iines of evidence discussed elsewhere in this report and agree
favorably with the data from additional depth profiles taken in the general
vicinity of site 10B during subsequent seasons, A tabulation of the retained
firn increments since the 1940-L1 budget year, as observed in 1950 in study
pits and crevasses, is given in Table III, For future reference, the average
bulk density of each accumulation zone and its corresponding annual gain in water

equivalent is noted. The probable comparison of these eight previous years of
accumulation is also shown in Fig. 7.

Table IIT

RETAINED INCREMENTS OF FIRN ACCUMULATIONS
(at 3600 feet elevation on the Taku Glacier)

PIT C(1) : PIT C(2)
(Camp 10B) (Camp 10B)
22 July, 1930C 27 Aug., 1950
Inches Bulk Water kquiv. Inches Bulk Water Equiv.
Year Firn Density (in.) Firn Density (in. )

1949-50 - 0,50 - = 0.54 -
1948-9 115 0,617 71 135 0.647 87.3
1947-48 L9 0.657 32.2 L6 0.659L 31,9
1946-4L7 31 0,771 23.9 30 0.70L 21.1
19L5-k6 19 0.711 1 17 0,788 13.4
194k-L5 L7 0.378 38 ? 0.819 -
1943-kk - 0.8C3 - - - -
19L2-43 - 0.830% - - - -
1941-42 - 0,8L0%*: = = = &

AVERAGE FROM CRTVASSE WALLS REF SRFNCE NET GAIN¥**¥

(1, II, and IIT) 11 Aug.,1950 WATER EQUIVALENT

Inches Average Vater Fquiv.
Year Firn Bens? EX** (in,) (in.) (cms.)
19L9-50 = 0.52 - —0
1948-L9 127 0.63 80 80 203
19L7-L8 57 0,675 38.5 3k 86.L4
19L5-46 19 0.765 1le5 1) 35.6
19L4-L5 L6 0.813 37.k 38 96.5
1943-Ll 27 0.823 22.2 22 55.¢
19L2-43 36 0,830 29.9 30 76.2
1941-k2 36 0.8L40 30.2 30 76.2

* Estimated,
¥ From average values. Crevasse III.

“*** et accumulation values as of 1ate summer 1350, from comblnatlon of most
reliable data available.-
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S. The Néve Line

The late summer position of the semi-permanent névé line on the Taku,
Twin and Lemon Creek Glaciers,.for each year between 1348 and 1952,will be noted
in the report of the 1951 season of this project. In 1950, the upper limit
of the semi-permanent neve line on the Taku and Twin Glaciers was a short
distance down-glacier from Camp 10B at 3300 to 3L0O ft. above sez level.
However, thc seasonal névé line, represented by the position of the snow
line of the previcus winter's smow-cover at the end of the summer's ablation
season, was even higher than the elevation of Camps 10A and 10B. This was
an abnormal condition which caused an unusual number of crevasses to open up
at these sites. The first persistent snow fall occurred in the Camp 10-10A-10B
sector on the 23rd of September. After that date, crevasses became increas-
ingly covered as more snow fell and the annual winter cold wave began to
penetrate the glacier at progressively deeper levels. They were not completely
covered, however, until late in February of the ensuing winter after the winter
party had been in the field for several weeks,

From th2 observations to date, it appears that the end of the summer
ablation season at intermediate elevations usually occurs no later than the
last week of September. It has been seen to come as early as the last week of
August at the 5800 to 6000-ft. level. On the past several expediticns, in
order to mark the ablation surface before the first autumn snows began to
fall, an insoluble lead oxide dye has been sprinkled on the surface of the

upper Taku Glacier at Camps 10A and 10B and at Camp L on the Twin Glacier
neve,

B. Physical Characteristics of the Firn

Although a complete investigation was not attempted in this season,
several important aspects of the firn-cover were studied in order to supplement
the records of physical characteristics taken during the previous summer.
(J.I.R.P., 1952) The three main phases of this program are described below
with the pertinent field data listed in Appendices D, E, and F. '

1., Field lMethods and Equipment Employed

Some o the equipment applied to this work was modified from that used
in 1948 and 19L49. The methods employed were based partly on techniques de-
veloped by the Swiss Federal Institute for Snow and Avalanche Research and
also on those which have been formalized by the Associate Committee on Soil
and Snow Mechanics of the lational Research Council of Canada. {Xlein, Pearce,
and Gold, 1950)

Most of the profile equipment, as listed below, was loaned by sponsor-
ing agencies. Some of it, however, was constructed for the project by W, F.
Lossing of Seattle, Washington, on specifications drawn from experiences
gained on the previous two expeditions.

6 10O to 600 cc. snow samplers {(Fig. 11)

1 250 cc. soft snow sampler (N.R.C. of Canada)
1 250 cc. hard snow sampler (N.R.C. of Canada)

e 1 0 g e s s e
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Ohaus scales, 600 grams

Suspending balance, 500 grams

Aluminum weighing pans

Low scale plate~type snuw hardness gauge (N.R.C. of Canada)

High scale plate-type snow hardness gauge (N.R.C. of Canada)

% in,, 3-ft. length, wooden dowels, as markers and ablation wands
3/k in. x 1% in. stakes (L4 ft. long) for ablation measurements, etc.
Ruled stakes {meter stakes desirable)

50-ft., steel tape

15-meter steel tape

8-It. steel tapes (inches and centimeters)

Waterproof notebooks and banded page clips

Field pencils (3H)

Funnel-type melt-water pans (for vertical percolation, Fig. 10)
Rectilinear-type melt-water pans (for horizontal flow, Fig. 10)
600 cc. collecvion containers (quart cans will suffice)

100 cc. glass graduates

Small plastic funnels (S5 in, diameter)

Ft. of 7/16 in. diameter rubber tubing

=\
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120 ft. 7/16 in. nylon rope

Pick mattock

D-handled coal shovels (for snow)

Ice axes

12 12-ounce decontaminated bottles, with caps, for water samples
12 Packets of water-soluble fluorescein dye
50 Pounds of non-soluble lead oxide dye

25  Pounds of lamp black

1 8X hand lens

1 Rectilinear scale (mm.) for grain size determination

1 Brunton compass

Fquipment for liquid vater content analyses (see Appendix U)
Requisite pollen sampling vials and accessory equipment for ecclogist

2. [Firn and Snow Terminology

Prior to a discussion of the firn and snow records, a few comments are
included in regard to terminology. In this, recommendations for consideration
in future field work are also included.

In this report, a differentiation has been made between the terms
"ice band", "ice layer", "ice stratum!, and "ice lamina". Previously, these
have been applied niore or less gynmomously in referring to primary layered
ice structures in a firn-pack. It is now suggested that ice lamina be used
to refer to a thin sheet of ice, 3 mm, or less in thickness, which is em-
bodied in firn or snow. (An alternative for the very thinnest observable
distinet layer of ice in firn is ice lamella.) The term ice stratum is sug-
gested as preferable to "ice layer", which has been applied by observers
elsewhere to describe a thicker zone of more or less continuous ice. Vhere
it is particularly desired to indicate a three-dimensional form, it is
believed that these suggested words give a more meaningful and geometrically

SO-ft.rope ladder (two 35-foot ladders with connecting shackles,desirable) |
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correct connotation than does general use of the word "band". For empirical
description of the end-on expo ure of an ice stratum, as seen on the wall of
a pit, however, the term "ice band" is still properly usable; but only when
a cross-sectional sense is implied. %hen referring only to the extremely
thin or sheet-like three-dimensional character of a structure without appre-
ciable thickness, a useful equivalent term for "stratum" is "layer". Thus,
especially in reference to an annual sheet of summer dust in the firm, the
word layer is used, often with descriptive adjectives--e.g., annual dirty
layer.

When general reference is made to connote a whole series of closely-
spaced and thinly-layered structures such as "ice strata", the term strati-
culation is sometimes used. FEach unit in this case must be essentially
distinct and parallel to the others. Where there is not a series of distinct
ice strata and where a zone in the firn is nearly as dense as ice, or where
in cross-section it exhibits a faint pattern of intermittent ice laminae
(lamellae), the term icy zone is applied. This is done in order to differen-
tiate such a zone from non-iey firrn.

For general reference to a sequence of layered annual increments of
firn, as observed on crevasse walls where lineation is found due to alter-
nating differences in density and grain size, the term primary stratification
is applied. A further type, for which the name secondary stratification is
suggested, .occurs' in irregular form in cirques and at the base of cliffs.

This might also be called regenerated stratification since it is caused by
masses of ice, firn cr snow whic have avalanched from disconnected hanging
glaciers or from hanging snow-fields at higher elevations. This type is
found usually in avalanche fans at the base of steep névé slopes and at inter-
mediate elevations below exposures of rock cliff which are swept by excessiv-
ely heavy snow avalanches during the spring months. The primary type is
characteristic of the higher and more gentle gradient névés on the Juneau Ice
Field. The primary and secondary types may be confused when they co-exist in
any one firn-pack, However, they are not genetically alike. For application
to the two dimensional (end-or) view of a distinct homogeneous horizontal
zone, use of the general term stratification band is made, - (or more specifi-
cally, primary stratification band or secondary stratification band, whichever
the case may be,)

Ncemenclature is also suggested for more precise description of the
various cross-cutting ice ieatures which develop within a firn-pack due to
sublimation or by the direct re-freezing of downward percolating melt-water.
The general descriptive heading transverse ice structures is uscd for these
features which cut across the primary stratification. Individual components
of the transverse category have been described by the writer in the 1949
Juneau Ice Field Research Project Report as "ice columns", nice lenses" and
"jice dikes". For reference to irregular forms which cannot be classified in
any of the foregoing morpholcgical categories, use of the term "ice gland" is
suggested. This would be applied in a less restricted sense than by Ahlmann,
who initially introduced the term to describe "irregular vertical belis" of
ice in polar firn in Spitsbergen. In using this term, Ahlmann retexrred only

Y
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to structures in the "ice column" category as they have bezen observed on the
Juneau Ice Field. Sharp has alsoc more recently used "ice glanc" for reference
only to "crudely shaped vertical column(s) of ice" in firn in the St. Elias
Mountains of Canada. ( If a genetic term is eventually desired for all such
features, the word "gland" would appear to be inappropriate because of the
physiological connotation--i.e. "a secreting group of cells.")

For the cross-cutting ice structure which forms by the infilling and
freezing of water in an open fricture, the term ice vein is applied. For two-
dimensional description, the term vein-ice band could be used. Because of a
significant genetic similarity to the emplacement of many veins in rock, as
well as for other reasons already discussed, this seems to be a more acceptable
wording than use of the tem "blue band", (The word vein in geological and

mining literature is an accepted term for a fissure in rock filled with de-
posited matter.)

Reference to the term depth hoar is also made to describe those irreg-
ulav, couarse-grained and sometimes cup-shaped ice crystals which often form in
A basal stratum resulting from the first persistent autumn snow fall, This is
a term originally applied by G. Seligman (1936, pp. 62--73). It has become
universally accepted in English-speaking countries. The alternative word in
German is "Schwimmschnee", a term originally suggested by W. Paulcke. The
translation is desirable since this term is emplnyed in the reports of the
Federal Institute for Snow and Avalanche Research at the 'ieissfluhjoch, Davos,
Switzerland., It is analogous to the German word "Schwirmsand" (quick=-sand) and

refers to the material as a whole. It is best described as an aggregate of
old, coarse and granular snow of very low cohesion which is partially (or even
completely) composed of depth-hoar crystals. For reference to an individual
crystal within such an aggliomeration, the Swiss Institute uses the word "Schwimm-
.schnee- kristalle", In English, these are depth hoar ecrystals. Actually, at
the Swiss Institute, an individual "Schwimmschnee" c¢rystal is considered similar
to, but not exactly the same grain shape as, the depth Loar type (Fe) which is
describec in the most recent International Snow Classification as the final
stage in constructive metamorphosis of new snow. Depth hoar strata are of

lower density than other parts of the snow-pack. This fact, together with the
grain characterictics and their basal stratigraphic position in any one anrmmal
snow-packx  makes them a most useful criterion for identifying late summer
ablation horizons,

In discussing annual ablation levels in a firn-pack, for reasons already
mentioned, the general term annual dirty layer is used for reference to horizons
characterized by the typically thin layer of annual summer dust. For less
explicit time reference, as in the case of periodic dirty horizons which do not
represent annual increments, the unqualified term dirty layer is applied. Where
there are two or more superimposed layers, the term multiple dirty layer is
used, or multiple anmual dirty layer if the horizon is known to represent more
than a single budget year. If a solid layer of dirt is encountered which has
some measure of continuous thickness (for example, volcanic ash), it could be
called a dirt seam, as has been suggested to the writer by W. V. Lewis. This
concentrated occurrence, however, is not usual on the Juneau Ice Field. An
annual dirty layer is best differentiated in the firn-pack adjacent to metamor-
phic or sedimentary rock outcrops which break down easily into fine material
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vwhich in turn can readily be picked up by the wind. Such a layer often lies
Jjust below a depth hcar stratum and is sometimes undulated where the surface
has been significantly pitted by the influence of outcropping ice structures
or by suncupping. The term dirt band is restricted to the outerop or surface
trace of such a layer as seen in truncated exposure on a sloping surface or

a vertical crevasse wall., In cases where dirt is exposed cross-sectionaliy,
not as a distinct band but rather as a hazy and often intermittent and
irregular zone, the term dirty zone is used.

In the field cne often observes that annual dirty layers, dirty zones
and undifferentiated annual ablation horizons grade and even merge horizon-
tally one into another. When the dirt thins out or is not otherwise present,
further characteristics must be found for proper recognition of an annual
horizon. These will be discussed in the report of the 1951 summer season
of this Project. :

In many cases, not only does the presence of muchk dirt help to
accentuate the pattern of stratification banding but it also may become a
locus of internal weakness for subsequent englacial fracturing. The structure
so formed, however, is still genetically an innate part of the glacier mass
involved, with the dirt remaining only as a corollary characteristic. On a
descriptive basis, where a distinct fracture is characterized by the strong
presence of a dirt seam or dirty zone, it would seem best to use qualifying
ad jectives such as "debris-entrained" or, if a minimum amount of dirt,
simply to describe it as a "dirty'"fracture (or "dirty thrust surface" and so
forth, depending on the specific type of fracture involved).

3. Density Determinations in the Firn and Snow

Representative density profiles were obtained in the Takxu Glacier
firn-and snow-paclt. during this summer. The data are listed in Appendix E,
with representative plotted values shown in Figs. 8 and 1l. These may .
be correlated with the 1949 profiles at Camp 10A and with records subsequen-
tly obtained in 1951 and 1952 at Camp 10B. For future reference, the August
density profile is considered to be most representative. The similarity of
its plotted curve with that based on data obtained at this same elevation
in August 1949 is of interest. The annual densification of the previous
two years of retained firn is also well shown by the 1949 and 1950 compara-
tive profiles. The increase in bulk density of the retained firn above the
1946-L7 ablation surface in the intervening 12-month period was approximately
11 per cent.

The density was measured at L4- to 12-in. vertical intervals in Pits
A and C. The coring equipment employed in this work is illustrated in Fig.0.
Dimensional details are noted in the sketches since there are important
differences in the several types of corers used which must be considered in
listing and interpreting the original records. Detailed comparisons tetween
mid-summer and late-summer records are difficult to make because the vertical
profiles, although at the same elevation, were not taken at exactly the same
gite. A herizontal distance of even a few feet may result in local variations
in accumulation causing differences in the resultant records. These differ-
ences are especially noticeable when one traces out any given firn stratum
on the walls of adjacent crevasses. As ablation proceeds during any summer
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season, of course, the progressive exposure of deeper snow in general creates
a denser surface. As an aid to interpretaticns, the approximate densities

in grams/cm.3 of surface snow in representative periods during the summer are
noted here.

Last week of June 0.Lh Last half of August 0.52
First half of July 0.46 First week of September 0,54
Last half of July 0,.8 2nd week of September 0.56
First half of August 0.50 1950 summer average 0.50

L. Stratigraphic Feaures

At several sites, a record of the sequence of ablation levels and
intervening horizontal ice strata was obtained in pits to a depth of 29 ft,
and to a depth of LO ft. on the walls of crevasses. In Figs. 8a and 8b the se-
quence of ice strata at 10B is diagrammed through each firn segment since the
budget year of 1943-Ll. Differences in the stratigraphic thickness of the
individual firn increments for corresponding years in each plot are attributed
to local variations through surface irregularity at the time of initial snow
deposition. The periinent stratigraphic records may be referred to in Appendix D.

An abundance of transverse ice structures of various sizes and dimensions
have been described and the mechanism of their formation discussed in the 1949
report of this project. Although it was determined in 15L8 that they were
essentially the result of re-frozen melt-water vertically percolated along
selected channels, a further study of their distribution and genesis as related
tc glacio-thermal regime has been carried forward. A report on these investi-
gations is being prepared for subsequent publication. The physical nature of
several of the sub-perpendicular "ice columns' and "ice lenses" is shown in the
lower right-hand corner of the columnar sections in Figs. 8a and 1ll. They were,
however, much less well-developed in the 1949-50 snow than they had been in
the previous year. Only a few remnant stumps were retained below the 3800-ft.
contour on the Taku and neighboring glaciers since the annual snow-cover was
almost completely ablated away by the end of the summer.

Yearly variaticns in abundance and distribution of the transverse
structures are of interest as well as some practical significance. When they
occur in quantity, they have a pronounced effect on the channeling and storage
of mobile water in the firn. Taken in association with horizontal ice strata,
cross-cutting features increase the resistance of a firn-pack to compression
and, of course, once exposed in any abundance, help to form a rough surface.
This is of concern in the transport of oversnow vehicles and in travsl by foot
or ski. Ice columns particularly are seldom exposed in the névésasbove 5000 ft,;
however, if formed in any quantity in the previous spring, they are usually
well-exposed on the lower elevation surfaces before the middle ¢f July. Sur-
viving traces may occasicnally be identified on the glacier surface far down
valley and well into the zone of wastage. This suggests that their presence
contributes to the development cf rough ice surfaces below the névé line.

———
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Ce The Transmission and Storage of Unfrozen Water in Firn

To supplement the late summer melt-water studies made in 1949 at Camp 10A
(J.I.R.P., 1952), a similar program was initiated in early summer, 1950, at
Camp 108, Since this site was much nearer the center of the glacier and
consequently less inliluenced by the ground climate on adjacent nunataks, it
was considered to be morc representative of prevailing conditions on the
upland névé. The 1949 investigations indicated that effective horizontal
transmission of unfrozen water in the firn was erratic and difficult to
measurc except near the surface. Vhere it was measured, it was found to be
always less than 10 per cent of tle contemporaneons vslume of vertical per-
colation, 1In this season, emphasis was therefore placed on measurements
of the downward component.

l. Objective of Stndy

The primary objective was to investi~zate effects of the gravity
transfer of freely-moving water, especizlly on the metamorphusis of the fiin—
pack into and through which it passed. A particular aspect of the siudy was
related to the genesis of the several kindes of ice structures which have
been mentioned in the previous section of this report. It was also desired
to obtain further information from which an estimate could be made of the
ratio between the water equivalent of gross atlation (absolute lowering of
the snow surface) and that of the net ablation loss occasioned by direct
percolation into crevasses and eventual runoff via subglacial drainage
channels. Thirdly, it was important to the analysis of the glacier's anmal
budget to determine, if possible, what percentage of percolation coming
from surface ablation results in a net gain in bulk density of the lower
firn iayers. 1In some glacier regions, this factor can be of considerable
economic concern since it relates to the water storage capacity of a firn
field which can be the source of year-around drainage from subglacial outlet
streams. This type of study can, therefore be of considerable interest in
hydro developments of various kinds.3

2. lethod of Measurement

In order to record the volumetric rates of vertical percolation, a
series of funnel-shaped receptaclc= of the form and dimensions shown in
Fig. 10b were employed. For this purpose, 12-in. (30,5 cm,), circular-
topped Brookins Service Station funnels were used. These have a horizontal
area of 113 scuare in. (730 em.2). (Stock funnels for use are available
from Balkrank, Inc., Cincinnati, Ohio.) The necessary modifications and
attachments for this equipment wers constructed by Vi. F. Lossing, who also
made the density corers used by this expedition. Design of the percolation
pans was based on similar models constructed for the i9L9 field program
by R. Von Heune.

3For example, in the Canton of Valais, the Swiss Government is at the present
time pushing forward a 1S-year plan to use 20 glaciers as sources ot hydro-
electric power. The objective is to tap a steady source of englacial water
and transfer it by a system of 80 miles of tunnels into a huge dam at
Cheilon., A similar project has been envisioned by Electricité de France,
using waterr from the lier de Glace at Chamonix.
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To the lower end of each funnel, a brass fitting was attached for
coupling a L-ft. length of 7/16 in. (outside diameter) natural rubber tubing.
The top of the funnel-type pan was protected by a circular, coarse-meshed
brass screen to prevent snow from packing into the drainage channel. Inside
the funnel, at its lower end, a small fine-mesh screen was inserted so that
ice particles could not clog the outlet where the tube was attached. At the
top of each funnel and above the level of the coarse screen, teeth were cut
to permit the pan to be pressed into the firn for good contact with a minimum
of disturbance. The funnels were gently rotated upward into the ceiling of
rectilinear recesses cut horizontally 3 to S ft. into the walls of pits dug
for this study. In each case, the drainage tube leading from the brass
fitting was extended along the bottom of the recess at a sufficient angle to
permit the ready flow of water. The lower end of the tube was inscrted intc
the covered top of a collection container as shown in Fig. 10b., The recess
was then filled with well-packed firn to insure that the pan would remain in
position and to prevent abnormal melting of the overlying firn by any circula-
tion of air in open spaces. In those instances where the horizontal flow
component was to be measured, an =longated, shallow, box-type pan (2-3/L x 9
x 12 in.) was used., This pan had a closed top and an open back of 25 square
in. (160 cm.2) cross-sectional area. A low-angled, V-shaped bottom permitted
the drainage of water into an outlet nozzle at the base of the closed end.

It is believed that these were probably too small to obtain truly represen-
tative readings. For future detailed records of horizontal flow, it is re-

commendg? that the dimensions of the open end be at least 3 x 15 in. (about
300 cm.<).

The accessory equipment used in this work is also shown in Fig. 10b,
In Figures 11 and 12 the arrangement of pans inserted in the Camp 10B firn
in July and August, 1950, is shown. In these diagrams, the relationship of
horizontal and transverse ice structures is also indicated as well as the
specific gravity ¢ the firn to the maximum recording depth. (For the

specific gravity profile corresponding to the pan distribution shown in Fig.l2
refer tc Fig. 8b.)

The record of percolation rates is given in Appendix F. The value of
these data is materially increased by the availability of the further records
from the 1949 sumier szason. It is also helpful to have available a similar
record and analyses obtained in 1949 and 1950 from the Arctic Institute of
North America's expedition to the 5600-ft. Seward Glacier Névé ir the St.Elias
Mountains, to the northwest. The glaciology team on the Arctic Institute’s
project employed similar equipment and methods for collecting melt-water data
so that their results can be readily compared with those from this project.
(Leighton, 1949; Sharp, 1951, pp. 2L6-253).
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For specific reference, the position of the percolation pans and pertin-

ent data concerning these records obtained in the Taku Glacier firn in 1950 are
tabulated in Table 1V,
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Table 1V

LOCATION OF WATER PERCOLATION PANS IN THE TAKU GLACIFR FIRN®

Position of Top

of Pan Below July
18 Surface (cms,)

(Camp 10B), 1950

Superjacent Ice
Structures

Pit A - Continuous record, July 1L to July 27.

Placement and
Pit Walls

38.1

7847

-165,1

254.0

2L3 8

327.7

13 cm.below a 9 nm. 1L July at 1920,

ice stratum

Firn above, with

ice lenses

Firn above

Top of pan just

below 37 mm, ice
stratum and in icy

zone

Top of pan just

above 37 mm, ice

stratum

Firn above

on East wall

15 July at 1000,

on North wall

15 July at 1800
on East wall

16 July at 1400,

on East wall

17 July at 1630
on South wall

17 July at 1730
on South wali

Note: at 1030 on July 21, pan No., VI was moved

76 cm. to left but at same level.

New location

was under ice stratum at pan No. IV but 7h cm.
below this stratum.

327.7

*See Figs. 11 and 12.

Directly under a
sub-vertical ice
column, 20 cm. in
diameter and 76 cm.

high,

18 July =t 2115
on South wall

Remarks

Density at
contact, 0,48

Density at
contact, 0,51

Density at
contact, 0.50

Density at
contact, 0.54

Density at
contact, 0.5hL

Jce stratum
above pan
No.IV lensed
out into firn
above pans VI
and VII and
reformed again
farther west

¢)
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II., Pit C - Intermittent r

Position of Top of
Pan Pan Below July 30
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esord, July 29 to August 25,

Superjacent Ice Placement and

No. Surface™ (cms, ) Structures Pit Walls Remarks
VIII L0.6 In firn 29 July at 1930 Density at
on Sou’h wall contact, O.U45
VIIIA 114.3 In 25 mm, ice Re-placed 18 Density at
stratum of Aug. at 1830 on contact, 0,91
coarse-grained South wall;
crystals 66 cm, below
Aug. 18 surface
IX 182.9 In firn 29 July at 1930 Density at
on West wall contact, 0,59
X 304.8 In firn, just 30 July at 1300 Density at
under coarse- on East wall contact, 0.62
grained 25 rm. Both ice lenses
ice lens and 13 cm. fairly well
below a 50 mm, covered area
coarse-grained ice over pan
lens
XH 304.8 In firn 25 Aug. at 1830 Density at
on South wall contact, 0.63
(horizontal
component pan)
XT L82.6 In firn, 13 cm. 30 July at 1510 Density at
below a 25 mm. on West wall contact, 0.67
ice stratum
XII S9k.L In firn, just - 30 July at 1730 Density at

below a 25~50 mm. on East wall
ice stratum

**For depth below Augnst 29 surface, see Appendix F-II.

contact, 0.80

f‘.
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Detailed interpretation of the records is not attempted in this report
since the analyses are being prepared for later presentation. 7Tt should be
noted, however, that the position of Pan No, VI in Pit A was shifted, after
four days in its initial position, 76 cm. to the left (to position VIA
Fig. 11), so that it rested 7L cm. beneath the prominent ice Stratum at the
level of the top of Pan Ho, IV. It is of further importance to the analyses
that Pan No. VII rested dircctly bLeneath a 20-cm, diamcter ice columsn.

Pan No. VIII was moved from its inital position in the surface snow of

July 29+h to a new position 65 cm. below. Its top was pressed into the base
of a coarsely crystalline ice stratum (Pan No. VIIIA). The position cf a
horizontal component pan {X-H) is noted in Fig. 12. Supplementary notes on
pertinent firn and meteorological conditions at the observation site during
the period of record in Pit A are provided in Appendix G. The periodic
records of vertical percolation at each site, in terms of cubic centimeters

of water over a given period of time, may be referred to in Appendices F-I
and F-1IT,

In the final analyses, the three~hourly synoptic meteorological
records for 10B during the observation period should be reviewed., Supple-
mentary to these are the ambient surface temperature records in the katabatic
air layer up to 36 ft. above the névé., (See Section IX-B) The relationships
are best illustrated by histogram plotting of the flow data for each day of
record. A preliminary study of the nature of the graphed results shows that
there was a significant volumetric increase in water percolation at times
of heavy and contimious precipitation as well as on clear days when melt-
water generation was above normal.

3. Conditions of liobile and Static Water

When analyzing the data in Appendix F, it must be kept in mind that
the measured flow rates represent, in part, surface snow melt-water ang,
in part, rain water which fell at the observation site. The differentiation
may oe partially assessed by the review of contemporaneous meteorological
conditions., A preliminary study of the percolation records indicates that
tliere was a very effective downward migration of water which partially
accounted for variations in position of the water table as observed in the
bottom of crevasses. (See Table V) The daily peak of downward percolation
at the level of the bottom recording pans was usually several hours later
than in those emplaced near the surface. The significance of this time lag
and its comparison with conditions observed in other seasons of record is
heinz discussed in the final report.

As in 1949, the flow was found to be predominantly vertical. There
was some obstruction to the downward transfer imposed by the presence of
horizontal ice strata. The 37 mm, ice stratum above Pan No. IV, for example,
and the 25 mm, ice stratum above Pan No. VIIIA proved to be fairly effect-
ive barriers to the downward percolation, although in each case, some flow
was recorded below them. This was probably due to the fact that these
strata consisted of fairly coarse ice grains with intra-crystalline sutures
through which some of the water could pass, Horizontal flow above such
horizons was not detected, but this may have been due to an ineffective
measuring technique rather than to an actual dearth of freely moving water.

i T N s
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Bventually, the impounded water did pass to lower levels, some of it probably
also moving laterally to places where the ice strata thinned out into firn.
The superjacent ice stratum over Pan No. IV lensed out tc the westward so that
only firn existed above Pans Nes. V and VI.,.. This may account for the simil-
arity of flow readings irn Pans MNos. V and VI during and shortly after perlods
of prolonged and heavy rainfall. (See Fig. 11 and Fig. 16)

It is noted that if surface firn temperature conditions under atmos-
pheric changes had suddenly dropped below freezing, the water which filled
interstices in the firn overlying the impermeable ice strata would have
frozen in place., Thus, the ice strata involved would have become materially
thickened., This condition undoubtedly occurs during the late spring. In the
period of observation, however, there was no such apparent local increase in
density except that which could ncimally be explained by the continual process
of compaction. From July to September, the Tirn conditions were isothermal so
this situationwas to be expected.

There was a remarkable consistency in the ratio of freze water at several
levels in the firn even though in the recording period considerable variations
vere noted in the volume traasfer of water. The problem would seem to be one
involving the steady state of an open system which is independent of time.

(See Strahler, 1952) In order to test the ratio of unfrozen water retained in
interstitial spaces in the 1349-50 firn-pack,. the following efforts were made.
The non-calorimetric method, referred to in the report of the 1949 field season,
was employed. It is believed that the use of a wider-riouthed thermos flask
provided soine improvement and a reduction in instrumental error. Fer comparison,
a standard calorimetric technique was also used. Brief details of each method
and bibliographic references for future use are given in Appendix U.

The non-calorinetric method requires further experimental laboratory
testing before its basic formula can be reliably applied for refined measurements.
However, the average resulis obtained from a number of determinations compare
favorably witi. those by a calorimetric techniqve. Samples of firn were tested
only at Camp 10B., The ratio of unfrozen water in surface firn ond in a firn
stratum at depths of 12 and 2L in. is indicated below for several days of record.

hThe practical calorimetric technique spplied by the Cooperative Snow Investiga-
tions of the U, S. Veather Bureau and the Army Corps of Engineers is also
mentioned in the appendix for possible future use of this project. This method,
based on techniques employed bty the U. S. Weather Bureau and the Pennsylvania
Water and Pover Company, is described in a mimeographed Operation manual of

the Snow, Ice and Permafrost Research Zstablishment. The irstructions have been
drawn up for personnel with limited experience. It is cautioned, however, that
in all these methods the bLest results zan only be obtained by persons who estab-
¥sha definite and routirc-like operational technique and who acquire a more
than casual experience witnh the procedure.
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Free-Water Ratio Test in 10B Firn, 1950

Non-Calorimetric Method

At 12 in. At 24 in,

Date and Hour At Surface,§  Sp.Gr. Depth, % Sp,Gr. Depth, Spl.Gr.

26 suly, 1600 (1) 33 0.7 (1) 22 0.7 -- o
(2) 28.5 00’47 (2\ 20.5 00&7 e .

29 July, 1500 - - (1) 19* 0.U6 -- --

== - (2) 22% 0.46 o ==

29 July, 1900 (1) 20 0.48 (1) 25 0.L6 (1) 22 0.50
(2) 22 0,48 (2) 20 0.46 (2) 20 0.50

3 Sept.,1130 (1) 35 0.55 -- -- - --
(2) 37 0.55 (after heavy rain)

It is of interest that the variations noted above are not great.
Buring the period of observation on July 29th, there was a completely overcast
sky, a below-average ablation condition at the névé surface and heavy rainfall
(Ooh in. between 1300 and 1900). In this case, the effect, if any on the
measured free-water percentages by the downward flushing of rain water is not
clear. A similar ratio, however, was indicated for the 12 in. depth on
July 26th, a day on which percolation water was dominantly the result of
ablation rather than rainfall. The surface firn on this date had a slightly
higher water content. On September 3rd, the free-water percentage was slightly
higher after another period of heavy rainfail. In this case, somewhat denser
firn was involved. Surface tension might be expected to be a more eflective
agent in retaining water in the interstices of denser firn due to the more
closely packed nature of the crystal aggregate.

In the field test, a fair agreement was found between the results
obtained with the calorimetric and non-calorimetric methods. It is probable
that the variations from the imean of these results are largely within instru-
mental and personal errors. These data are only of the most brief nature;
however, from them we have an indication of the amount of free-water in the
surface of typical summer firn., Free-water measurements taken at corresponding
levels in the anrual firn-pack in August, 1949, show an upper limit of 36 per
cent of unfrozen water as compared to 37 per cent in 1950. Even though the
methods used in these detlerminations may not give absolute accuracy, it is of

interest that the maximum water content measured in these two seasons is in
such close agreement.

*The corresponding ratios by the National Research Council of Canada's re-
commended field calorimetric method were (1) 15 per cent and (2) 20 per cent
at this level.
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The ratio of unfrozen water retained in air bubbles in deep glacier
ice on the Taku Glacier was also studied. The results will be discussed by
Bader and “Wasserburg in their final report on the crystal fabric investigation
of core samples obtained in the drill holes at Camp 10B. For a review of the
nature and significance of this type of research, refer to Bader, (1950),

h. Variations in the Firn Water Table

On each summer expedition since 1948, water has been observed impounded
in the bottom of crevasses at various elevations from the termini to the higher
névés of the ice tfield. For the most part, these have represented local
"perched” water tables. On the broad and relatively flat upland névés, however,
a fair conformity of water level has been observed between crevasses. This has
probably been effected through zones of saturated or semi-saturated firn and

by connected alcoves and jolned fractures which are subsidiary to the crevasse
pattern.

Due to local differences in the cepth and form of crevasses in any one
system, correlation of short term variation in positions of individual water
levels is not always possible. An impoi-tant fact, however, is that considerable
variations in water level do accur in the major crevasses throughout the ablation

season. The observations made in Crevasse I and in a bore hole at Camp 10B :
illustrate this point.

These measurements are considered to be accurate within one foot. The
statistics show that the water level varied between a depth of 50 and 7h ft.-
below the mid-summer nevé. The fair agreement with the level noted in the bore
hole. 25 ft. away, on August 3rd to 9th and again on August 28th shows that in

this case, at least, the crevasse water level also approximated the position
of the water table in nearby firn,

Generally, the water table would rise to its observed upper limit in this
and adjoining crevasses after prolonged periods of rain fall. After exhtended
periods of clear weather and sunshine, in spite of heavy surfacc ablation, the
water table would gradually drop to the lower recorded limit. AS noted in
Table V, on several occasions there was more rapid drainage which nearly emptied
the crevasse of all water. This phenomenon was related to other factors and
does not obscure the fact that at this location on the Taku Neveé, rain water

was much more effective than ablation melt in raising the glacier's local firn
vater table to its maximum upper level.
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Aug.
Aug.
Aug.

Aug.

Aug.

Aug.
Aug .
Aug.
Aug.

Aug,

Aug.
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Aug.

s A et A . P el i o A < - b 6+t . 8%

Augo

-35-

Table V

OBSERVED VARIATIONS IN THE LOCAL WATER TABLE, CAMP 10B FIRN

~1950
July 28
July 29

July 30

1
3 (aum.)
3 {p.m.)
L
5

7
11

12
15
18 (p.m.)
23

26 (a.mo)
28 (pem.)

30 (a.m.)

30 (p.m-)

from crevasse.

Depth in Crevasse I
Below Aug. 1 Néve
Surface (in ft,)

Remarks

57
58
59
59
60

66 (66)*
73
(7L)*

67 (65)*
70 +

73

65

70 +

h

55
50 (50)*

59
70+

Depth recorded below July 28
surface

i'ater level suddenly lowered
Sudden drainage into extension

of crevasse system

Very wet firn in core samples
at depths of 80 to 116 ft.

Sudden drainage

Sudden drainage

On 18th day of continuous clear
weather with no rain

After 3 days of continuous rain

After 3 more days of very heavy
rain

Lowered 4 ft. in 3 hours

Sudden drainage

*Figure in parenthesis represents observed water level in bore hole 25 ft.
This depth was measured below wooden drill platform, which

also rested at level of the August 1lst névé.




——

e s e i e

—

{).

~36-

D. The Surface Form of Truncated Englacial Structures

The following notes are presented to supplement the comments on glacier
"handing" and related subjects in previous reports and to indicate the nature
of further investigations currently underway.

l. A Terminolggy,for Truncated Structurss Observed on the Surface of Glaciers

In glaciological literature, a number of diverse and unrelated terms
such as "Forbes dirt bands", "chevrons" and so forth have been used to refer to
the arcuate and banded surface expression of certain englacial structures which
form below ice falls and which are so often associated with a wavy longitudinal
surface profile. In this latter case, i‘ is usually possible to trace the
inlaid structures back up-glacier to a source in the periodic stratification
of firn, Such stratified "sedimentary" structures often embody complimentary
layers of organic and incrganic aeolian material and, on steep slopes, even
debris from rock falls and snow avalanches off nearby cliffs. The whole mass
eventually passes down-glacier into the zone of wastags, with the relict layer-
ing, often accentuated by accumulations of summer dirt, becoming exposed on .
the ablated low-level slopes in truncated exposure. They may form a marked
system of curved bands., On the basis of their original state, these may be
considered as modified examples of the primary or secondary stratification
bands which have already been discussed., For this subsequently deformed type,
the term arched stratification band was suggested in the rgport of the 1949 ex-
pedition of this project.

For the similar curved features which only form below ice falls, the
term arched bands was suggested. The use of the word "band" in this context
only referred to the two-dimensional surface manifestation of what was actually
an englacial structure. This suggestion was made in an effort to provide a
descriptive term which did not have a genetic connotation. To clarify the
observable surface geometry cf these bands, as seen on different glaciers in
the area, three terms for subsidiary types are mentioned: (1) rounded-arches;
(2) pointed-arches; and (3) distorted-arches. These terms are slightly modified
from those initially suggested in 1949 as empirical variations which may occasion-
ally be useful to show the related pertinent differences in topography of the
bed rock chamnel along which the particvlar glacier flows. 1In this context, the
term ogive is not employed in this general terminology because out of the two
dozen or more "arched band" ' glaciers which the writer has observed on the
Juneau Ice Field during the past few years, only three have been seen to exhibit
bands which rcsemble true ogives. It is therefore believed that the term "ogive',
which has been more generally applied by other observers, should be restricted
to special cases where individual bands in the pointed arch category are of
this specific geometris form.

It is also recommended that the word "dirt" be avoided except in quali-
fying reference to specify distinctly dirty bands on any one glacier., The
reason for this is that the arched appearance may be produced by purely physical
differences in the ice, such as alternations of texture or structure. Thus, it
would seem that the term "dirt band" should not be used in this context. 1In
glacier ice, as already noted in the discussion of firn fewtures, the presence
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of dirt in primary stratification layers may modify the shear strength of a
particular zone and provide a more amenable locus tc fracture. Also, as
previously noted, where dirt is very prominently seen in association with
such structures, it should be mentioned. Thus, in solid glacier ice the

terms "dirty layer", "debris-laden thrust surface" and so forth would be used.

For the description of fractures not characterized by dirt, the
general terms shear-induced surfaces and thrust surfaces (single and multiple)
are employed for threa-dimensional reference; and shear bands and thrust bands
(single only) for crcss-sectional or two-dimensional descrip tion. uUse of
the word thrust is usually restricted to those cases where the fractures are
large, relatively infrequent, and at a low angle to the horizontal. Sometimes
along overthrust surfaces in ice, one observes a certain amount of mechanical
granulation and recrystallizatin~: however, this is a most common characier-
istic of those local zones of finely-spaced fractures which are associated
with shearing. In cases where such multiple fracturing has occurred, the
following general terms are used for two-dimensional reference: (1) ribboned
tectonic ice bands (when close-spaced and foliated) and (2) imbricate thrust
(and shear) bards (in cases where an overlapping or a shingled character
occurs at the outcrop.)

An outline of the suggested terminology for field use is listed
below., The classification has been divided into two categories: (1) for re-
ference to the two-dimensional surface appearance of englacial structures and
(2) for use where the englacial or three-dimensional aspect is considered.
These suggestions have been introduced in the hopes that they may aid in
developing a more adequate and meaningful terminology and perhaps one which
is not unduly controversial. (Some of the terms in Part I of this outline
have already been reviewed in Section VIII-B2. Others, in Part II, are dis-
cussed in the next section of this report.

Suggested Field Nomenclature for Glacier Structures

I. For Three-dimensional Reference to Englacial Structures

A, Stratificction Features

(a) Primary Stratification (originates in firn)

(v) Seco?dary or regenerated stratification (originates ia
firn

(c) Dirty layer (anmual or periodic)

(d) Muitiple dirty layer (representing two or more super-
imposed dirty layers)

(e) Dirty zone (multiple, annual, or pericdic

(£) Dirt seam™

(g) Ice stratum (thick, greater than 3 mm,)

(h) Ice lamina (thin, less than 3 mm.)

®This term is employed when the "layer" is composed entirely of dirt and not
of mixed dirt and firn (or ice). For example, a solid "layer" of volcanic
ash, such as commonly occurs on the Vatnajdkull in Iceland and in certain
Andean glaciers, would properly be termed a dirt seam. Near the termini of
glaciers,dirt debris are also often associated with thrust surfaces. 1In this
special case, it may be introduced by the overthrust mechanism instead of
primary stratification.

FOALRIID M 450 2 oy e




0 A e St i, S N pme i 5 4 S

B.

«38-

Transverse Ice Structures (primarily in firn)

(a) Ice calum

(b) Ice iens

(c) Ice dike .
(d) Ice gland (non-descript form)

Secondary Fracture Structures (primarily in ice)

(a) Ice vein (infilled)

(b) Shear-induced surface (or "shear" surfaces, single and
multiple )*¥

(¢) Thrust surface (single and multiple)**

II. For Reference to the Surface (two-dimensional) Manifestation of

Internal Structures

A,

C.

Ice Bands™**
{(a) Ice band (ice stratum band, in firn)
(b) Vein~ice band (infilled)
(¢) Tectonic ice bands
1. Single
" 4, Shear band™
ii. Thrust band®**
2, Multiple
1. Ribboned tectonic ice bands (outcrop of close-
foliate series of shear-induced surfaces)
ii. Imbricate shear bands (if shingled)
i3i. TImbricate thrust bands (if shingled)
Stratification Bands

(a) Primary stratification band™¥*
(b) Secondary {or regencrated) stratificaticn band®¥*

Arched Bands™*

On the descriptive basis, these are considered as composed of
three empirical types: "rounded arches!;"pointed arches" and
"distorted arches". A genetic basis of nomenclature for this
class should await the satisfactory resolution of their three-
dimensional aspect.

**Where characterized by the presence of dirt or the strong development of
dirty zones, properly qualifying or additionally descriptive adjectives
may be used; e.g. "dirty", "dusi-laden",'debris-entrained".

***The equivalent tihree-dimensional reference is preferred except in special
cases where the sizniticant characteristic is embodied only in the surface
expression (such as category II, A, (c),2).

H
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2. Arched Stratification Bands and Related Overthrusts near Camp 10

At Statiocn 10C (Fig.3), one mile due north of Camp 10, a noteworthy
exposure of primary stratification is to be seen in a tributary glacier lobe
of the Taku névé. The sequence contains a series of 50 or more annual firn
increments intercalated with dirty layers which give a strongly banded
character to the surface. The glacier at this site flows through a notch
in the ridge end at the northwest side of "Taku B"., Because it has a southern
exposure and is vimmed on each margin by bare rock outcrops, the ice surface
usually loses its névé cover in the latter half of summer. Fnglacial struct-
ures thus become exposed and provide a fine opportunity to observe layered
features which have largely retained their original character. The glacier
spills througn a narrow bedrock channel at a fairly steep angle so that its
primary structure is bent downward in a series of arcuate and concentric
segments. The stratigraphic attitude of these segments is tabulated in
Appendix H, along with other data. The surface pattern here is a good
example of arched stratification banding. It is illustrated by a schematic
plan view in rig. 9, in which the cuperimpcsed crevasse pattern is alsc
shown.

The presence of several thrust bands in the sequence has been de-
tected., Two dominant ones are noted in the figure. Some were evidenced by a
marked scarp in pleces where no annual dirty layers occurred. In the profile
data listed in Apperdix H, however, the thrust surfaces are shown usually to
be contiguous with dirty laters which at the points of transect probably
represent planes of weakn:ss along which the fractures cccurrved. (See below.)
An ice axe shaft could be inserted with ease along thrust surfaces at points
X, ¥, and 2z (in figure), for a distance of 30 in. or more. This was not
possible at the trace of the non-sheared primary stratification dirty layers.

leasurements were obtained of differential movement above and below
one overthrust surface at a point 60 ft. west of point z on the eastern
transect. To accomplish this, a set of narrow wooden dowels was inserted
into drill holes boied 28 in. into the ice immediately above and below the
thrust horizon. Successive measurements betueen two opposite marks on these
stakes over one 2l-hour period (August 20-21) indicated a relative throw of
16 mm,, with the upper mass over-thrusting the lower at an angle of 32
degrees from the horizontal.

On the edges of this ice tongue, hundrods of closely spaced parallel
shear bands, appearing in a foliate pattern; could be seen. Their surface
trend was more or less narallel to the primary stratigraphic banding on the
glacier margin. Each shear band was 1/4 to 1 in. wide and was characterized
by granulated and re-crystallized ice. In some, there was a distinct line
of fracture in the center of the gramuiated zone. Such a2 system of ribboned
tectonic ice bands was likewise exposed on the lower edges of the lobe, Here
the strike and dip of each fracture was also parallel to the general attitude
of the nearest dirty layer.

In a few instances some of the larger and more distinct fractures
were observed to crocs~-cut one another and even to transect the stratification
sequence for distances up to 15 ft. This was incontestable evidence that
these were individual fractures and not merely phenomena due to differential
ablation along a dirty band. In several places what appeared to bc an
imbricate sequence of thrust segments was 2bserved over-lapping one another
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at one- to two-ft. intervals. All of the shear surfaces associated with the
tectonic banding dipped more steeply towards the center at the edges of the

lobe. The average dip at the intermediate elevation on each side was respect-
ively 40° to 50° N.W. (east rim) and 40° N.E. (west rim), with a 17° to 20°

N. dip occurring at the center of the basal slope. At the top of the outlet
lobe, the northerly dip of stratification gradually decreased nearly to hori-
zontal, at which attitude there was no visible evidence of related overthrust-
ing. Throughout the sheared zone, a mumber of cross-cutting coarsely crystalline
ice veins cculd be seen. These were the result of re-frozen melt-water which
had filled former open fractures.

Below Station 10C in four banded increments separated by five dirty
layers along a slope distance of 24 ft., a continuous sampling of the ice was
made for pollen content. The pollen coilections and grain count and species
identifications were made by the field party's ecologist, C. J. Heusser, who is
preparing an ecological report on his findings. Briefly it may be said that as
in the young firn at site 10B, high pollen counts were closely related to dirty
layers in the section analyzed. One of these alsc appeared to be a thrust
surface. for example, a heavy concentration of willow pollen (Salix sp.) was
observed in or Jjust above a zone of re-crystailized ice consisting of hugh crystals,
some with dimensions up to 12 in. This may also be related to an old ablation
surface (or a multiple annual layer).

At the lower end of each transect noted in Fig. 9 there is a zone of
relict basal ice which was exposed to view by the abnormal down-glacier shift
in local firn limit at the base of the slope. Here there may have been some
tectonic overriding of younger ice on the older residual block along a low-
angled fault plane. If *t<ue, the overthrust surface parallels a very old
ablation norizon. Below the contact, an excessive quantity of debris, includ-
ing several large erratic boulders, has been exposed and concentrated on the
reiict ice slope by ablation.

E. Glacier Movement Surveys

The following brief notes have been prepared from information kindly provided
by C. R. Wilson, the surveyor in charge of this phase of the program. All fixed
triangulation stations and base lines used in this work are noted in Fig. 13
and described in Appendix T.

1. Transverse Surface Profiles

The movement stakes ermployed in these surveys ccnsisted of one-meter rods,
with a 1% in. square cross-section held upright by metal braces attached to pre-
fabricated flat-based stands. The stakes were flagged with blue, black or red
cloth for bhetter visibility.

On July 8th, ten stakes were set out on the glacier for Profile IV
(Fig. 3). This profile extended along a line 29 degrees to the north of the
azimuth between Stations 19 and 21 and roughly coincided with a scismic depth pro-
f£ile from the previcus summer. (Movement Profile IV was approximately 12 degrees
north of Seismic Profile l;.) The stakes were positioned at approximately 11C00-ft.
intervals. A layer of insoluble lead oxide was thinly spread about the base of
the stakes farthest from Station 19 in the hopes that this would facilitate their
relocation. The dye proved to be of litile help and, in fact, had a deleterious
effect since it caused a large ablatica crater to form which made it awkward to
re-occupy the station accurately at the end of summer.
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tn July 13, six stakes on movement Profile III were positioned. The
stskes had been air-dropped at the "Columbia"Glacier moraine a few weeks
before in order to save back-packing them down-glacier from Camp 10. They
were placed 1500 to 2000 ft. apert on a profile extending from the base of
Station 31 southward along Seismic Profile 3 (Fig. 3). To‘'aid in this work,
the 1949 cache at Camp 11A (now designated as Camp 11) was opened and the
camp site re-occupied. On July 1lhth, the stakes of Movement Profils II
were emplaced. This profile was coincident with Seismic Profile 2 and ex-
tended across the Talu Glacier and at a right angle io the valley-wall
beginning at the sou:: end of the "Columbia" Clacier moraine. Due to bad
weather, it was not until July 22nd that Station 18 could be re-occupied

to fix these two movement profiles in relation to the local control mapping
network.

On August 22nd, the positions of the stakes on Profile IV were re-
surveyed. All stakes were recovered with the exception of No. 10 which nad
fallen into a crevasse. Most of them were still standing. Unfortunately,
several of those which had beern surrounded by the insoluble dye had sunk
into abnormally large ablation craters and had tipped over. Before the
re-survey, they were placed upright in.their original positions in respect
to the dye marks. By this date, crevassing on the glacier had increased
to such an extent that the surveyor could proceed only with great caution
and by being roped.

On September 2nd, the six stakes of Profile III were re-occupied,
All stakes were intact and standing in spite of the increased crevassing.
On the evening of September 3rd, Station 18 was re-occupied. From this
station, all stakes of Profile III could be seen, but none of Profile II
was visible even with the aid of the theodolite telescope. The very rough
and crevassed nature of the glacier surface along this traverse precluded
their view. The party zitempted to re-locate the stakes by travelling out on
the glacier. Travel was possible only by cutting steps. On this date, severe
weather and fresh snowfall began which forced the surveyors to return to
Camp 10. Because of other commitments, it was not possible for then to return
later in the season to complete the record on movement Profile II.

2. Triangulation Method and Calculations

The base line used f'or positioning stakes on Prcfile IV was delinea-
ted by Stations 19 and 22. The base line for Profile III extended between
Stations 18 and 22. To solve the triangles, each individual stake was
occupied and the angle mcasured between the rays to twe stations. Stavion 19
was used to obtain the other angle for Profile IV and Station 22 for ProfileIIl.
This procedure was repeated at the end of the season so that two comparative
triangles vere obtained for each stake.

A1l angles were measured with a Wild Theodolite to an accuracy of a
few secornds of arc. The base lines were taken from the project's basic
triangulation mapping network.
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Each profile line was established approximately perpendicular to the
direction of glacier surface flow in order to make it more convenient to set
up an expression for the increment of distance moved. This was done so that
the term which contributes the most to the accuracy of the surveys is the
one involving two functions: (1) angular change in position of the stake as
seen from the station and (2) the distance of the stake from the station.
Other terms in the expression produce second order effects which tend to
correct for the departure from the perpendicular and for any minor errors
primarily introduced by the fact that tle distance moved is not the true arc
of a circle. This method saved much time ecpecially on Profile IV where the
second order terms could be neglected., A derivation of the expression for the
distance any given stake moved over the time involved is provided by Mr.Wilson

as shown below. ~
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The sides C and C!' were calculated from the sine law using the data obtained in
the surveys from each of the referenced base line stations.
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The elevation and direction of each stake was calculated in the
manner indicated on the calculation shects filed at the American Geographical
Society. A tabulation of these data is given in Table VI and a graphical
presentation in Fig. 13.

Table VI

TAKU GLACIER SURFACE MOVEMENT ON TWO PROFILES, 1950
(Positioned on Seismic Profiles 3 and L)

{(a) Profile IV

Stake Map Distance® Elevation Horizontal
No. from Station 19 above m.s.1, Velocity Direction of True
(feet) (feet) (feet/day) Movement
1 2543 3721 1,12 151
2 4293 3720 1.17 136
3 556k 3720 1,82 150
N 6468 3131 2,08 124
5 7290 3721 2,76 105.5
6 8593 3737 L.15 97
7 9976 3765 2,0 133
8 11338 3763 2,04 127
9 12630 3765 1,77 126
10 000 eeee- -——— ———— -

(b) Profile IZI

Distance from

Station 18
11 (1) 25887 3417 1.55 3
12 (2) 2L579 342 0.23 189
13 (3) 23295 3429 1.66 155.5
U (L) 21768 3429 1.21 171
15 (5) 19668 3L09 1.52 163.3
16 (6) 16929 3384 0.94 17

*on line of sight to Station 60 ("So.Taku Tower®)

3. Surface Gradients

With the theodolite, gradient measurements were taken on movement
stakes in Profile IV. These are listed below in minutecs of arc of depress-
ion taken from a herizontal line in a southeasterly down-glacier direction.

Stake No. 1 2 3 4 5 6 7 8 9

Depression

Angle (Mins.) 1L.5 1L.5 27.5 50.5 33.6 26.2 1L.5 18.3 38.6
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The average down-gzlacier slope gradient of the névé surface at the site

of the englacial aluminum pipe was also determined to be approximately 1 degree
of depression angle.

L. Movemont Measurements at the Taku Glacier Terminus

An additional effort was made to determine the order of magnitude of
horizontal movement on the lower Taku Glacier. This was desired also for
comparison with the surface flow records obtained in 1949 at the 1300 and
1500-ft, contours in the vicinity of Camp 12. For this purpose, a position on
the glacier was triangulated 3/8 mile back from the tidal center of the ter-
minus and at an elevation of 300 ft. above sea level (For location see Fig.3).
Horizontal angles were obtained by transit sights to some of the 1937 U. S.
Coast and Geodetic Survey stations in Taku Inlet. The stations used were
Station OOZE; the summit of a small rock island just off-shore from Station SNO;
Station JOYCE; Station NORRIS, and several other prominent identification
markers in the inner part of the inlet. The record covered a period of 27 days
from September 7th to October Lth, 1950. A resolution of these data shows a
total movement, in a southeasterly direction, of approximately 13 ft. during
the period of observation, or an average of 0.5 ft. per day. It is cautiocied
that this figure is only representative of the west central part of the
terminus in this one summer. The point of observation was directly behind an
overriding portion of the glacier obstructed by an inert mass of black ice in
direct contact with the most prominent part of the 1950 push moraine. The
eastermmost third of the terminus was observed to be washed by the tides and to
be much more broken and active, It also gave every appearance of moviag

forward at a considerably more rapid rate than the central and western sectors
of the front.

S. Recommendations

Mon

Mr. Wilson has pointed out that for the surveyor the greatest techni-
cal difficulty in field work involving surface velocity measurements on a
glacier is introduced by the topography of the bedrock margine where the
surveying instrument must be set up., Particularly in this highland area the
nunataks (which offer the only foundations for reference stations) arc often
very inconveniently situated so that very long sights become necessary. Excessive
lengths of sighting rays, of course, decrease the accuracy of measurement.

Mr. Wilson used the method of solving vertical as well as horizontal triangles
becanse with measured gradients it can give the three-~dimensional movement
{distance and direction) of a _take. He states that the angles measured with
the instrument set up on snow are usually inferior to those measured while on
ice or rock. In this connection, it should be mentioned also that because of
low-angled firn creep (as discussed in section VIII-G,c), it is to be expected
that the records of movement stakes established on bare ice will be more re-
presentative of the glacier's mass movement than will be those records taken
at the surface of a substantial thickness of firn,
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In future work it is recommended that two bedrock stations be
occupied instead of one on bedrock and another at the stake. The resulting
measurements should be more precise and the possible inability to re-ooccupy
the stakes because of the glacier's crevassing would not hinder the program
as it did in the case of Profile IT in this season.

One bedrock base line upon which two or three stations can be estab-
lished gives the most accurate results (refer to the 1949 movement work on
the lower Taku Glacier, Fig. 35, J.I.R.P. Report No., 6). The distance
between the bedrock stations can easily be determined by the use of stadia
or by triangulation. For glacier volume transfer records, three stakes
with one at the center and the other two equally separated transversely
across each half of the glacier should be sufficient. For detailed differ-
ential flow studies on a short-term basis,it is recommended that stakes be
placed about 1000 ft. apart to form a cross-glacier profile.

F. Mechanical Core.Drilling on the Taku Glacier

The rotary drill program carried forward in this season represents one
of the first attempts to obtain undisturbed cores of firn and solid ice from
depth in a temperate glacier. Through this effort, in which boring was
accomplished to nearly 300 ft. in the accumulation region of the Taku Glacier,
a number of subsidiury englacial investigations were made possible. Such a
three dimendional approach to the study of existing glaciers represents a
relatively new and specialized form of glaciological research, the progress
of which will largely depend on the further application and improvement of
boring methods. Aspects of the mechanical technique employed, a presentation
of the scientific records which were obtained, and a preliminary discussion
of the results achieved in this program are given in the following pages.
Since it is expected that further observations will be made on the alignment
and temperature measurements within the holes which were drilled, amplifica-
tion of the appended records is anticipated in the future.

l. Review of Rotary Boring Efforts in Other Glaciers

In appreciation of the value of other such investigations which
have been conducted, primarily in polar areas, by European glaciological teams
the following preliminary notes are presented on the background of this tech-
nigue as applied to glacier research in other areas.

a. Early Efforts

As long sgo as 1842, attempts were made in the Alps moechanically
to bore into glaciers to determine their thickness. It was not until 1901,
however, that any great depth was reached. In that year, the German glacio-
logists, BlUmcke and Hess, successfully used a mechanical drill rig which
could drill at a rate of 3 Lo L m, per hour. By this means, considerable
lengths of their boring rods could be left in several holes drilled into the
Hintereisferner, - one of them to a depth of 300 m. Over the following
years, this metal plpe became increasingly exposed by ablation at the
glacier's surface. No quantitative inclination measurements could be made
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at depth. However, in the course of time, the pipe's upper end became more
and more tilted down-valley. Due to the relatively more rapid surface motion
of the glacier, the pipe eventually became rotated into a more or less hori-
zontal position (Blimcke and Hess, 1909, 1910, 1923/2L).

Small mechanical rotating drill rigs have been employed in glacier
ice by other investigators since that time. Most of these have been of the
hand-operated type, such as those used by Philipp (1920, see especially p.537)
and by Ahlmann {1935b) in the period between 1910 and 1935.

Shortly before World War II, M., Ract-Madonx, in France, perfected
another type of hand-operated ice auger using a sait-water injection in order
to prevent jamming of the drill hole by pieces of ice chipped off during the
operation. The rig was used to drill successfully at an average rate of a
little more than one meter per hour ( Nizery,1951, p. 66). If it had been
powered by a motor. faster drilling rates undoubtedly could have been achieved.

b. Mechanical Drilling on the lier de Glace

It was not until 1950 that any serious attempts wers made to apply
engine power to the mechanical drilling of glacier ice, Contemporaneous with
the Taku Glacier boring program, Ract-~liadoux and Reynaud, of the Service
ftudes de 1'fLlectricité de France, were also successful in using a motor driven
rotary borer on the Mer de Glace in the French Alps. This glacier, like the
Taltu, is temperate during the summer months so that water could be used for
flushing, On the ler de Glace, several holes were drilled, one to a depth
of 284 m., and drilling rates of more than 10.5 m. per hour were realized (Ract-
Madoux and Reynaud, 1951). In some instances, the mechanical method of sounding
was used by the engineers cf Electricité de France in preference to the electro-
thermic glacier boring method which they also employed (Nizery, 1951, pp.68-72).
The reason for this was to. permit penetration of debris-laden icé through which
the thermic nibs often could not pass.

In the past two years three other groups of investigators have
reported attempts to use motor-powered rotary drill rigs for glacier borings
to great depths. Each of these groups, however, has been concerned with me-
chanical driliing in glaciers which are thermally classified as polar,
(Ahlmann, 1949, p. 32L) (Lagally, 1932, pp. L-5), that is in the Antarctic,
in Greenland and on a small ice cap of Baffin Island., As a useful prelimin-
ary to the more detailed review of the Taku Glacier drilling, a brief descrip-
tion is given of these polar investigations.

c. Core Boring in the Maudheim Ice Shelf, Antarctica

During the winter of 1950-51, the British-Norwegian-Swedish Anta-ctic
Expedition used a rotary boring apparatus to obtain samples of polar firn and
ice from the ice shelf along the coast of Dronning Maud Land. A depth of
approximately 100 m, was attained from which core samples of 8 cm. (3.1 in.)
diameter were taken, This drilling wag in "cold" firn and ice with densities
greater than 0,81 below the 60-meter depth. The deeper englacial temperatures
averaged ~12°C., (10.L4°F.).
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The mechanical drill used was similar to, although considerably
larger than, the one employed on the Taku Glacier. It was a U.,G. Strait-
line rig loaned by the Canadian Longyear Diamond Drill Company. The total
weight of drill and accessories was over five tons. In preliminary tests
conducted on the Finse Glacier in Norway iu riay 1945, the size and weight
of this equipment proved to be a great disadvantage, The tests were run
in temperate ice in which cores of the largest rated diameter for this
equipment could not be obtained, Because the drilling had to be attempted
without use of water and since the first bits used were found to be me-
chanically inadecuate, orly 30 m. of ice could be bored. Only very short
cores were obtained, since most of them were orushed by the rotation and
grinding action of the bit and its core barrel. Another set of bits was
constructed and proved to be satisfactory in the Antarctic.

The essential purpose of the Maudheim drilling was to obtain
cores from which firn density and ice fabric studies could be made and to
drill a hole in which temperatures of the ice shelf could be measured.

d. Recent Rotary Drill Technique ¢n the Greenland Ice Cap

In 1950 and 1951, glaciologists of Expeditions Polaires Frangaisss
achieved some success in drilling into high pclar firn and ice on the Green-
land Ice Cap. The method used was similar to that employed on the Taku
Glacier, but with somewhat larger appcoratus transported to the drill sites
by oversnow vehicle. 4 one- and one-half ton rotary hydraulic diamond core
drill was used. (Type SDH 200, manufactured by Enterprise P, Bachy, Paris,
France. This is the same kind of unit employed by Electricité de France
on the Mer de Glace.) Power was supplied by a 75 h.p. engine in one of the
oversnow vehicles,

For drilling to SO-meter depths, drill stems of 57 mm. outside
diameter (2.2 in.) were employed and below 50 m., stems of 47 mm, (1.85 in.)
were used. As at Maudheim in the Antarctic, each hole was bored dry.

A depth of 150 m, was reached in firn at the mid-ice station (circa 10,000 ft.
elevation and at apgroximately Lat. 71°N., Lorg. L0°38'W.), It required

1L days with a four-man drill crew to reach this depth., At zanother site,

near the western edge of the ice cap, drilling was conducted in dense glacier
ice to a depth of 126 m, Temperatures encountered in this ice and firn
varied from a minimum of -12°C, (1l0.L°F,) at the edge cf tie ice cap to

-28°C, (-18.4°E) at the center.

e. Light-Weight Diamond Drill Unit for Glaciological Research

In a recent publication concerning the glaciological program of
the Arctic Institute of North America's 1950 expedition to the Barnes Ice
Cap on Baffin Island, the use of a small, light-weight diamond drilling
unit for drilling in "cold" glacier ice is described (Ward, 1952, pp.115-121).
An X-Ray Diamond Drill, suppiied by the Boyles Brother's Drilling Company,
Ltd., of Vancouver, B.C., was used. It employed a gasoline motor power drive
(2 and 3/L4 h.p.) with about one-third the fuel consumption of the medium-sized

{y
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unit used on the Taku Glacier. The chief advantage of this equipment was

that the drill itself weighed a total of only 195 pounds and with its connect-
ing rods totalled iess than one-half ton. It was a convenient size for
handling and moving in and out of aireraft or even for transporting by deg-
team or oversnow vehicle from one glacier drill site tc another.

This equipment was used in connection with studies of the perman-
ently frozen ground around the edge of the glacier. In addition, some valuable
shallow drilling of an experimental nature was accompiished in the glacicr ice
at temperatures of -i0°C. to -12°C, (1L4° to 10.4°F.). It was demonstrated
that such light equipment may be useful for producing a hole in the most
dense ice of 3 em, (1-3/16 in.) diameter and 100 to 150 ft. deep.

2. Purpose and Scope of Juneau Ice Field Drill Program

Initially, it was hoped that a dep-h of 600 ft. could be achieved with
the boring equipment available. 1hije recognizing that such a depth might not
be fully reached, it was anticipatc? that the following investigations could
nevertheless be implemented in connecction with the drilling operation.

1. Mineralogic and petrof=bric study of core samples of firn and
solid ice to be obtained from cdeptii. Of primary interest was th~ investiga-
tion of stress distribution within the glacier and studies of the nature of
air bubble content in ice at the various depths.

2. Analysis of the cores for solvhle salts and organic matter, and
the collection of water samples for relaiedl laboratory studies.

3. Study of the stratiesrarhy of the bors column, in an effort to
determine structural relationships, the number of years of net accumulation
involved, and the depth of transition between firn and glacier ice.

L. Determinetion of the glacier's vertical velocity orofile to the
depth attained by neans of periodic surveys o1 tie alijnment of a sectioned
2-in, (inside diareter) aluminum pipe implanted in one of the bore holes.

5. Insertion of a series of thermistor units in the bore holes for
purposes of subsequent record of englacial temperatures, both in the thermally
variable surface firn and within glacier ice to the maximum depth reached,

6. It was believed that even if all of these glaciological objectives
could not be fully realized, ihe experience gained and the lessons isarned in
the drilling operation itself would be of valve to future englacial boring
projects.,

Although only one-~half the desired depth could be attained, the
practical objective noted in No. 6 above was fully realized. It also proved
possible to carry out some of the more important aspects of each of the pro-
posed subsidiary investigations. Since some of these related studies are to
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be reported on in detail in other publications, the purpose of this report
is primarily to describe the drill technique employed and to evaluate the
method for further use in glaciological research, A resuma of the scien-
tific observotions in the bore holes is also presented here and the observa-
tional data are included in the appendices. Special mention is made of the
subsequent deformation of the jointed aluminum pipe which was successfully
inserted into the deepest hole; however, at this time only a few preliminary
comments are made on the interpretation and significance of these records.

3., Selecticn of Drill Site and Equipment Used

The drill site selected was at Camp 1lOB in the central half of the
upper Taku Glacier at 3575 ft. elevation and about 1 mile west of the Camp 10
research station (Figs. 2 and 3). This locallion was choccn berange here
the glacier's depth was known, by seismic means, to be greater than the
proposed drilling limit of 600 ft. Depth of the ice at this point is about
1000 ft,(Miller,M. M., 1952).This site also represented, in terms of surface
and englacial flow, a more significant section of the glacier than one
nearer the margin, Logistically, the location was ideal since it was adja-
cent to previous camp locations and because heavily-laden ski-aircraft could
easily make landings at the site.

The cnly drauback, far outweighed by the advantages, was that the
site was too near the middle of the glacier to permit the use of water from
any of the ephemeral melt-water streams flowing from the bordering nunataks.,
Viith water as a continually available flushing agent with which ice chips
could be removed from the core bit, much greater rates of advance were known
to be possible than when drilling "dry". However, since the Taku is a
temperate glacier in which water becomes locally impounded in crevasses, it
was believed possible to pump water from that source. The equipment was
thererore set up in the vicinity of several crevasses and within 20 ft. of
the largest one which could be located at the time of the initial supporting
flights (See Fig. L).

The driliing apparatus and accessories, flown to the ice field by
ski-aireraft, consisted of the following:

(a) Drili Assembly, comprising a Pioneer Straitline Diamond Core
Drill, (manufactured by the E.J. Longyear, Co.) with motor and hoist.
The drill was mount=d on a steel frame and was powered by a water-cooled,
four cylinder, Waukesha gasoline engine developing up to 10 horsepower.
The engine operated at 1800 r.p.m. and transmitted, through its transmission
to the bit, rotating speeds of 305, LS50 or 880 r.p.m. The motor had a fuel
consumption of three to five gallons per eightrhour shift. A clutch
positioned betwecn the cngine and a three-speed transmission allowed instant
stopping of the drill without shutting down the motor. Any one of three
drill and hoist speeds could be employed. The transmission was an automotive-
sliding gear type with gear ratios of 3.2 to 1; 1,9 to 1; and 1 to 1. Hoist-
ing speeds of 70, 120 and 225 ft, per minute were available. On the hoist,
a sensitive control for the rotating drum allowed for 65 ft. of 5/16 in.
cable and for the ¢rill rods to be picked up and raised or lowered smoothly
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while the motor was running. The weight and dimensions of individual parts
of the drill-motor assembly were:

Straitlinz Drill (including Veight Dimensions
transmission and swivel head) 455 1bs. L'11" long
2110" wide
L110" high
Waukesha Motor 300 1bs, -——-
Frame Mounting 185 1lbs. 317" long
2110"wide
2'0" high

Total Weight SLO 1lbs.

This equipment was designed for exploratory work in geological
prospecting where it is capable of drilling 1-% in, diameter holes in bed-
rock to a depth of 600 ft. At ite maximum rated depth, cores of 7/8 in.
diameter may be recovered. For shallow drilling, as on the Taku Glacier, holes
greater than 1-} in, can be drilled by using larger rods.

(b) The motor-pump assembly consisted of a Racine variable-volume oil
hyaraulic pump which was placed on the drill platform, and a heavy-duty
Fairbanks-Morse deep-well pump at the source of water supply. The Racine pump
provided requisite circulation of water from a storage supply into the casing
and the bit assembly., The deep-well pump, set on planks over the water supply
crevasse, drew water into a tarpaulin-lined storage pit from which it was
pumped into the drill hole. The net weight of the motor pump assembly was
approximately 850 pounds.

(c¢) Accessories consisted of the following items: steel tubes for the
i tripod, planking and lumber for the drill platform and tools for the assembly
and maintenance of the various pieces of equipment. Although the combined
weight of the drill pump including tools was slightly less than one ton, the
additional weight of the necessary structural and building materials, plus the
weight of core barrels, driil stems, steel casing (for the drill hole), packing
crates, lengths of aluminum pipe, drums of motor oil and gasoline, and so
forth, brought the total to more than seven tons of accessory equipment.

L. The Core Drilling Operation

Since it was not until May, 1950, that the Longyear Company could
definitely commit itself to furnish drilling equipment for the project, insuf-
ficient time remained before the start of the summer field season to design and
construct a desirable large-diameter core Lit for use with the available
standard gauge equipment, It was recognized that the larger the cors diamster
the less disturbance would occur within the samples to be obtained for study.

A lavoratory test conducted by Dr. H. Bader in the Engineering Experiment
Station at the University of Kinnesota, however, gave good indications that it
was feasible to obtain cores of solid ice with a staundard NX core barrel which
nornally produces a 3-in. diameter hole and a 2-1/8 in. core. Thus, planning
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centered around obtaining samples of clear ice of this dimension and around
the other glaciological investigations which would be made possible by drill
holes of 2-in. diameter.

The 11,000 pounds of equipment were assembled and shipped by rail
and steamer to Juneau in June. In the first week of July, the heaviest
items of drill equipment were delivered to the Camp 10B site. Due to bad
weather and unavoidable delays in the arrival of several key personnel,
the drill operation could not be begun urtil the 31lst of July. In Appen-
dix I is the log cf drilling in which is also included some of the Aay by
day details of field operations. A period of 36 days was involved in the
progran at the drill site. This included the initial inventory and erection
of boring equipment and the time necessary for dismantling and packaging
the equipment for removal from the ice field in September.

Because the first two days were spent in construction of the drill
platform and tripod and installation of the drill and pumps, actual boring
was not begun until August 3rd. A period of 15 days of effective drilling
was then spent on Hole No. 1 (to 292 ft.); three days on Hole No. 2 {to 9L ft.)
and eight days on Hole No, 3 (to 175 ft.). The remaining ten days were
devoted to auxiliary and repair aspects of the boring operations,

(a) The Progress of Drilling in Firn and Ice

Most of the drilling was done with an NX double-tube casing
and a four-tooth bit on a swivel barrel, Certain difficulties were en-
countered in the firn which made study of samples from the upper half of
the deepest hole unsatisfactory. The small diameter of the standard core
barrel tended to crush and distort sections of the firn in such a way as
to render it difficult to remove useful samples. In many cases, the
result was the development of a corpuscular structure of compressed firn,
forming pod-like segments or monocles of pressure ice. These were usually
lentil-shanzd in form and alternated rhythmically with layers of relatively
wicompressed firn, Only a few discs from some of the thicker and more re-
¢istant natural horizontal ice strata survived within the core barrel;
owever, these could sometimes be mistaken for compression structures.

The rhythmic artificial structures were termed Y"compression" ice pods.
Since they were mechanically produced, they not only obscured and confused
the interpretation of stratigraphy of the firn cores, but appeared to have
.10 significant meaning in themnselves

In the fcllowing takle is shown the basic differences between
the so-called artificial "compression!" ice pods and the discs of ratural
and relatively undisturbed ice strata which were found in some samples.

hIt is of interest, that on the recent French expedition to the Greenland
Ice Cap, cores of 1-1/32 in. diameter, half the size of thess from the
Taiku Glacier, likewise suffered severe distortion and the development of
compressed ice structures, similar to those dessribed here. The glacio=- .
logists on the French expedition applied the term "monocle ice" to these
features.
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Distinguishing Characteristics of
"Compression" Pods in Core Samples

1, Fairly uniform distribution,
1l to 2 in, apart

2. Rhythmically alternated with
layers of relatively uncompressed
firn

3. 0Occasionally dumb-bell shaped or
concave-sided

4. Many of the pods look like "monocles"
or convex lenses

Distinguishing Characteristics of
Natural Ice Discs in Core Samples

1, Irregularly spaced

2. No rhythmic alternation with
firn layers

3. Usually flat-sided, at least
on lower side

h. Usually in the form of true
discs; not monocled or lens-
like

5. Relatively darker and denser than firn,5. Very hard, true natural ice

but slightly less derse than natural
ice

6. Fairly fine-grained in upper firn;
more permeable than the intermediary
firn zones (as tested by the per-
colation of water-borne fluorescein
dye). Ice lenses represent fracture
zones and due to graaulation are
permeable in any direction. DMore

permeable than ic~ discs in horizontal

direction.

7. Not many air buobles in the ice
lenses; nor water bags

8. Lenses often fractured in center

9. Relatively thin, 3 to 1 in. thick

10, No corollary mecrescopic

characteristics

6. Crystal size usually larger in
upper firn. Fluorescein dye
penetrates very slowly and
vertically only along distinct
frzcture planes or inter-
crratalline sutures. Best
permeability is horizontally;
however, much less permeable
than firn and ice pods,

7. f%ransluscent tc clear and
characterized by air bubbles and
water bags,. -

8. DNisecs not fractured

9. Cn average, tend to be thicker;
1/8 to 8 in. depending on
thickness of ice stratum re-
rresented

10. Occasionally locus of dirt and

organic matter

Difficulties were also encountered with the supply of flushing
water. On the day that drilling began on iiole No.l, the 54- to 59- ft. water
level which had prevailed during the latter half of Juvly in the nearby supply
crevasse, (over which the deep well pump had beon installed) suddenly dropped
6 or 7 ft. This was und>ubtedly the result of drainsge to a new and lower
local water table as caused by minor adjustments in the fracture pattern of
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the crevasse system (Refer to Table V). The water table came to rest by
August Uth at 73 ft, below the firn surface, butpooling in the scurce
crevasse was in such a narrow section that it precluded the well pump
feeder tube reaching it.

During the summer, locally perched water tables of such
ephemeral nature are quite common. Generally, however, a constancy of
water level appeared to be shown from one crevasse to another, It was there-
fore reasoned that if a steel casing could be inserted into the drill hole
in the firn to a deptn below the water table {as measured in crevasses
adjacent to the drill site), re-circulation of a limited supply of water
could be achieved. It was believed that drainage from the casing would be
80 slow that drilling could proceed at least with the pump operating at a
sufficient pressure to make up for losses.

Thus, the steel casing was inserted to 74 ft. ard filled with
water from the tarpaulin-lined storage pits. However, bubbles were soon
seen rising in the tube and the water drained out too fast for use. Further
drilling, therefore, had to proceed without water. This considerably slowed
down the rate of advance.

Drilling through the firn “ook four days at the reduced boring
rate. All the cores were structurally analyzed as they were brought to the
surface and each was melted and the resulting melt-water decanted for sub-
cequent pollen-analysis. This record, unfortunately, was obscured by the
churning action of the drill, At the 120- to 121-ft. level, an abnormally
rapid advance was made while drilling without water. This suggested that
the advance was still in firn, Definite cores of firn were taken between
100 and 119 ft. From 121 to 126 ft,, drilling :ras attempied with a four-
tooth bit, cut by hack saw out of an NX casing coupling in the hopes that
the slightly larger inside diameter (3 in.) might make it possible to
obtain better and less disturbed cores from this critical transition zone.

The water level in the bore hole appeared to rest at 110 ft.
cn August 9th., (This seemed rather deep for the summer water table and may
not have represented its true position becznise of induration of the walls
of the bore hole or because of water seals caused by impermeable ice strata,)
The hole was reamed with NX casing and a 130-ft. casing was inserted to
reach below the observed bore hole water level, After filling the casing
with water, however, drainage again occurred from below, at a rate of S in.
per minute. Therefore, recourse again had to be made to dry drilling.

The cores continued to be quite distorted and mashed for the next 20 ft.,
30 that. unfortunately little could be learned from them. Below 139% ft.,
however, continuously solia ice was penetrated. The depth of firn along
this profile thus may be stated to reach at least 120 ft. A firn-ice tran-
sition zone probably occurred between 120 and 1LO ft. and below 1h0 ft.
there existed only dence glacier ice.
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Dry drilling was continued to a depth of 181 ft,, with broken ice
cores being obtained. On August 15%h, the water level in the source crevasse
had risen to 65 ft., and was reached after a relocation of tne deep well pump.
A higher rate of drilling was thereafter accomplished with the aid of flushing
water and better cores became available for mineralogic study. From 200 tec
2?2 ft., good cores of consistently solid ice were obtained. Some of these
~ were brought up in unoroken lengths five to six ft. long. The cores were
wrapped in wax paper and stored in the cold laboratory for analysis.,

At the 161-ft,. depth, another unexpected problem arose. As a
result of clockwise rotztion of the drill rod and ensuing friction on the side
walls, the right-hand threaded casing had grzdually bscome unscrewed at one
of its connections, The bottom 4O ft, of casirg thus loosened and became de-
tached. This occurred at the 110~ fl.level, The upper 110 ft., were with-
drawn from the hole but all efforts to remove the detached section were unsuc-
essful. Although this did not prevent further drilling at the time, it was
eventually to cause il:2 abardonment of Hoie No. 1. Ior a few days it was
peossible to continue driiling with the rods passing down through the detached
unit of casing. The loose section served as a "bearing" for the rotation of
the drill stem and hence, for a brief period, actually speeded the drilling
rate. A depth of 292 ft. was eventually reached while drilling with the inter-
mittent use of water., (The water level continued to fluctuate in the nearby
fissure. See Table V and Appendix I.)

At the time that the 292-ft, depth was reached, the 40- ft. section
of loose casing, which had been clinging to the side of the bore hole, further
detached itself by fristional unscrewing so that a lcwer 10~ ft, section dropped
to the bottem of the hcle, Shorily after this, the remaining 30 ft. of casing
slipped farther down the holzs and struck its basal section at a slight angle.
The tilt was estimated to heve caused a horizontal displacement of 1 to 2 in,

A completely unexpected jamming of the hole resulted from this freak oscurrenca.
The drill rods therzafter could not be passed through the bottom 10 ft. of
casing. All fur*her removal efforts were unsuccessful, due to a "slush olock"
of ice chips and water which had developed at :he jurction between the two de-
tached sections. Since the core barrel could not peretrate any deeper, the
bore hole was abandoned at the 292-ft," level. The 40 ft. of lost casing was
left resting vertically at the bottom of the hole. Coincidentally, water in
the supply crevasse again suddenly drained out so that further flushing liquid
was not available,

The upper 252 ft. of the hole was cleared of drill rods and on the
20th of August, 228 ft., cf 2-in. (inside diameter) elvminum pipe, in 10-.ft.
jointed sections, was inserted into the drill hole for purposes of future en-~
glacial movement studiss of the type carried out on the Jungfraufirn in the
Swiss Alps (Perutz, 1950, pp. 382-383). On the 22nd of August, the initial
alignment survey of this pipe was completed and drilling was then commenced on
Hole No., 2 {Fig. Lv).

The second hole was drilled 5 ft, south of Hole No, 1. While
boring proceded in firn, water was not used. Unfortunately, a depth of only
9L ft. was achieved in this hole, At that level, another unexpected situation
arose. Between 54} and 613 ft. below the drill platform, an opening of 7 ft.,
in vert.cal dimension, was encountered. It was believed to be an alcove of a
turied crevasse, This caused the lower 50 ft., of drill rod to unscrew at the

(el vy
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54-ft, horizon, apparently due tc a "whipping" action which developed in

the open space. A ssction of NX casing was lowered and hammered down to

59 ft. in the hope that it would hook over the lost rod and allow it to be
rethreaded. Unfortunately, all efforts to recover the rod failed. Hole No.2
was therefore abandoned at the 94-ft. depth. The remaining rods and casing
were removed and the drill machine was shifted to another position four

and one-half ft. west of Hole No, 2. The tripod was also shifted to cover
this new location.

On August 27th, drilling was begun on Hole No. 3. For this
work, a six-toothed bit was employed on the NX double-tube barrel. Drilling
was undertaken dry and continued to 75 ft. at & rate of 6 ft. per hour.

On the 28th of August, the water table in the hole was reached at the 50-ft.
depth., Water had also risen in the crevasse to this same depth thus con-
siderably speeding up the boring program. At the 70-ft. level, water was
again applied for flushing out the ice cuttings and a faster rate of advance
was achieved. Below this depth, the effects of rotation and reduced pressure
within the barrel tended to freeze the flushing water, a factor which
slightly slowed down the cperations. By August 30th, a depth of 102 ft.

was reached and on September 2nd 175 ft. was attained. Lateness of the
season and the scheduled arrival of the Air Force'!s supporting ski-aireraft
brought the season's drill program to a close. Several days were spent in
dismantling the gear and in preparing it for evacuation,

(b) Practical Results and Lessons Learned

A review of the drilling details and consideration of the field
conditions and organizational aspects involved in this phase of the summer's
program provides some useful notes and conclusions.

The availability of drilling equipment was not assured at an
early enough date to permit the design and construction of a large diameter
coring bit, Thus, standard equipment had to be employed which, for purposes
of drilling in ice, nceded some modification. The relatively small bits
which had to te uced, and which produced 2-1/8 in. diameter (55 mm.,) cores,
compressed ard fractured the firn when it was forced into the core barrel.
Apparently 21so most of the snow under the cutting edge was forced into the
barrel. To alleviate these conditions, a larger diameter bit and a core
bit taper with a sharp contact edge are necessary. Single tubes may also
be better than double ones, at least for coring in firn.

In the Taku Glacier drilling, for the reasons menticnsed above,
a three- to four-ft., advance in firn often resul*ed in a ten-ft. core of
highly disturbed material with artificial ice pods developed at one- to
tw -in. intervals. A somewhat similar type of core often results from dry
drilling in solid glacier ice, with the space between the solid ice zones
being occupied by cuttings which are macroscopicallyquite difficult to
distinguish from firn. When drilling was done in dense ice using water, for
a reason not yet fully clear, only the upper three to six ft. out of each
ten-ft, core sample was retrieved intact. The rest of the core was segmented

o
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by a series of small broken fragments. In drilling through solid ice, however,
even though scme fracturirg and granulation occurred, those portions of the
cores which were intact did not show any rotational deformation. As in firn
samples, the indicated effective stress was mostly compressional,

The primary reason that the desired depth could not be achieved
is attributed to tlie difficulty encountered in feeding a steady supply of
water to the core barrel. If the crevasse source had not repeatedly falled,
due to englacial adjustments and unexpected drcinage, it would not have been
necessary to resort to the use of casing for re-ciiculation of a limited
supply of water. Clousure of the deepest hole, due to loss of a lower section
of casing, would therefore not have occurred. If it had not been for this
facter, it is believed that the maximum rated depth for the equipment might
easily have been reeched during the {ime available for this drilling operation.

A period of two weeks of severe weather during the last half of
July also prevented arrival of the supporting ski-plane, which caused a 10-day
delay in commencement of the drilling program. This additional time could
have been used to much advantage in the solution of field difficulties later
encountered and in the attainment of greater depth in Hole No. 3.

It is considered important that in any such future drilling program,
two full-time rig assistants be made available to the driller. In the original
planning for this work, it was advised that one asgsistant would be sufficient,
with any extra needs beirg met by other members of the project. The unexpected
difficulties in operation were such, however, that another man could well have
been used. This is also impscrtant so that the scientists on hand to study the
ice cores and to conduct reolated investigations will be able to devote maximum
effort to the scientitic aspects of the program.

(c) Summary Notes and Technical Recommendations

The following recommendations are made for future mechanical drill
operaticns in an isothermal ice mass such as the Taku Glacier:

1. Assure that a ready supply of water will be available for
flushing.

2. If possible, utilize left-handed thread drill rods and casing
(or well-resined right-hand threads) with any normally clock-
wise rotating drill unit.

3. Utilize as large a diameter drill bit and core barrel as
possible in order to reduce compression deformation of samples,
especially in firn. One which is at least 3 to 5 in.(7% tc
127 mm.) in diameter is clesirable.f’a

L. It is recommended that the core barrel should have a toothed
crown on top, so that it can be drilled up through an obstruct-
ion if one should be encountered during retraction of the
ejyuipment.

5. an hydraulic drill feed mechanism is recommended.

SUndisturbed cores of 80 mm., diameter (slightly more than 3 in.)were successfully

obtained in coid firn from a 5 in, diameter hole at the Maudheim drill site in
the Antarctic.

{3
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The following technical results and comments from this drill-
ing program are also summarized:

1. The mechanical rotary drill method for drilling in tem-
perate glacier firn end ice is very feasible as long as
the above recommendations are kept in mind.

2. Good cores of ice are obtainable, even with a relatively
email diameter corer, if ample flushing water is available.

3. lcr low gradient glacier work, casing is not necessary in
"irn, No collapse was experienced in the hole on the
Taku Glacier.

h. Less danger of cuttings causing a "slush block" will
result when drilling is done below the local firn water
table,

5. Drill-bits with Y to 6 teeth are quite satisfactory.

6. In the late summer of 1950, the firn at the Taku Glacier
Camp 10B site (3575 ft.),extended to 120 ft. and was
not more than il0 ft. below the early August névé surface.
Below 140 ft., solid glacier ice existed.

7. A variatle water table existed in the firn at the Camp 10B
location in the summer montns. The level of the water
taoie periodically rose and fell between the limits of
50 and 74 ft. in response to continual readjustments in -
the glacier's drainage at depth.

G. Fnglacial Investigations

The program of englacial investigations resulting from the boring
operations essentially embraced studies of the physical nature of the cores
and of glacier movement and temperature conditions at depth. Each phase
of this research is cescribed below, with a few preliminary comments on
the interpretation of results.

1. Analysis of Core Sampleg

A megascopic study of each core sample was made as the boring pro-
ceded. In the drill log (Appendix I), the evidence is presented that firn
was encountered to a depth of 120 ft. Because of the compression intro-
duced by wall friction within the core barrel, each sample was too disturbed
for a reliable colurmar section to be made., This also made it impossible
to obtain accurate determinations of specific gravity. The analyses of solid
ice cores from below the 140-ft. depth were more successful.
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Petrofabric studies of the ice cores were undertaken in the cold lab-
oratory dug 15 ft., into the firn near the drill site. Of 6- by 8-ft. horizontal
dimensions, it had a 7-ft. ceiling made from a wooden frame of shiplap which
was covered with water-proof tar paper. Eight ft. of snow were shovelled onto
this roof to -effectively shield off solar radiation and the vertical percolation
of free water. A narrow doorway was opened into the northern side of the en~
closure which could be reached only by descending a narrow stairway also
shielded from the sun. Thus, the air and firn within the cold laboratory were
kept at freezing temperatures.

As drill cores were brought to the surface, they were logged, analyzed
macroscopicelly and then placed in core barrel packing crates for temporary
storage in the cold laboratory in a series of elongated wall recesses. The
project's mineralogy team, Dr. Henri Bader and G. Wasserburg, worked in the cold
laboratory in tw to four-hour shifts alternating in the analyses of cores.
Their work was primarily concentrated on a description of the crystal size and
fabric and on their orientation in ice cores from the 150- to 292-ft. depths.
Representative samples from each 10-ft. run were thin-sectioned with a hack=-saw.
They were then placed in a specially constructed three-axis universal stage,
refrigerated by immersion in a jacket of ice water. Thus, the sample was kept
from melting while being studied under polarized light. The orientation of the
C-axis in individual crystals was measured, care being taken to differentiate
different grains of the same crystal in each thin section. The C-axis positions
of the crystals at each reference depth were then plotted on a stereographlc
projection for further analysis at a later date.

Preliminary results of the petrofabric investigations, provided by
Dr. Bader and G. Vasserburg for mention in this report, have indicated the
following:

1, From the surfa~e to 1L0 ft,, the C axes of all ice crystals analyzed
were, for the most part, at low angles to the horizontal and with no preftrence
in azimuth.

2. At the deeper levels, below 14O ft,., .he C-axes of individual |
crystals were still preferably horizontal rather than vertical with a mean
angle from the horizontal of less than 30 degrees.

3. Tfrom 140 ft. to the base of the bore at 292 ft,, there was a pro-
gressive crowding of azimuih values towards the vicinity of a line of unknown
orientation, presumably either normal or parallel to the direction of flow,

L., No truly systecmatic variation of crystal fabric was observed over
short intervals. Actually, there was alternation between good preferred
orientation and more random orientation over short increments of depth. This,
however, may have been related to retained local diflerenves in relict primary
stratification.

5. At shallouar daenths, crystal sizes were smaller and the order of
magnitude was measured in millimeters.

56
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6. At deeper levels, crystal size increased to the general order of
magnitude of centimeters.

7. lost of the ice samples exhibited an interlecking network of
crystals.

8. A moderately uniform spacing between relatively equi-dimensignal
alr bubbles was noted. Each air bubble was associated with a water bag.

A special study of the nature of the water bags and air bubbles
and their probeble significance was carried out. The results of this wrk
are now being prepared for inclusion in the detailed report of the crystal
fabric studies. A description of the three-axis water immersion universal
stage used in these analyses, as well as of the general technique employed,
has been presented by Dr. Bader in a recent paper (Bader, 1951).

2. Englacial Movement Studies

It has been possible, on four subsequent visits to the ice field,
to record the deformation of the 245-ft. length of 2-in, aluminum pipe left
in Bore Hole No. 1, From these records, the nature and magnitude of down-
glacier firn and ice movement within the Taku Glacier can be assessed over
a period of 25 months. The technique employed in the deformation surveys
was similar to that used in recent measurements of the velocity distribution
on a vertical line through one of the tributaries of the Aletsch Glacier in
the Swiss Alps (Gerrard, Perutz, and Roch, 1952).

(a) Surface Displacement of Bore Hole Pipe 3ince Original Installatim

The survey team triangulated the surface position of the alum-
inum pipe on September 15, 1950. The method used was the same as employed
for the across-glacier movement stake records. The pipe's surface position
has subsequently been re-surveyed on the dates shown in Table VII., Also,
in this table are given the surface displacement and directions of movement
during the several intervening periods of record.

6Fbr a discussion of the nature of these forms and their investigations
refer to Bader, 1950, pp. Li3-L51.
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Table VII
RELATIVE POSITIONS OF TOP OF ALUMINUM PIPE (STATION 10B), 1950-52

Date of Record Horizontal Dis- Total Calcvlated Daily Direction of Move-

tance from Sta. Movement Since Move~ ment since pre-
19 (Camp 10)* Previous Date ment vious Record™*
in ft.) (in ft.) (£t.) True
19 July, 1952 5339 596.4 1.85 1L
2 Sept.,1951 5L08 101 1.66 128
3 July, 1951 5416 205.6 1,65 -——
26 Feb,, 1951 shé3 10 1.65 126
20 Feb., 1951 5463 32 2.3 ---
6 Feb., 1951 5463 266 1,86 -—-
15 Sept., 1950 sL87 (-25) -—— -———- ===

Total horizontal displacement between Sept. 15, 1950 and Aug. 26, 1952 approxi-
mately 137L ft., averaging 1.8 ft. per day in an average direction of 130° (T)
during this 25 month period.

(b) Instrumentation and Technique Used in Bore Hole Surveys

For liniug the bore hole, Alcoa aluminum pipe (S.P. 61-5-T6, 2 in.
I.D.), in jointed 10-ft. lengths was used. Initially, sixty-five individual
sections were provided totailing 650 ft. In addition, seventy couplings
(2-3/L4 in., 0.D.) were purchased to permit joining these lengths together as
they were passed into the hole. Two terminal plugs were also used as inserts
at the top and bottom of the full length of pipe. At each joint, thread lub-
ricant was applied to form watertight seals. A pipe thread cutter with handle,
two strap wrenches, and four one-half pint jars of Alcoa Lubricant were nec-
essary items of equipment.

For survey of the interior of the pipe, after it was implanted in
the glacier, a small-sized magnetic azimuth-inclinometer was employed. The
type used was one which is standard in oil well hole surveys, - a Single Shot
Bore Hole Survey Instrument loaned by the Eastman 0il "'ell Survey Company of
Denver, Colorado,

This instrument records simultaneously the magnetic direction of
the course of the drill hole and its deviation from the vertical, The meter
encases a camera, the trigger of which is pre-set by clock mechanism so that
photographs can be taken of the position of an internally placed pendulum bob
with reference to a compass card in an angle indicating unit., The instrument
is 23 in, long and one and one-half in, in diameter. For the Taku Glacier
work, it was enclosed in a four-ft. protective barrel which the Eastman 0il
ell Company had manufactured especially for use in this pipe.

*0n bearing 225° T. from Station 19 as of Sept. 15, 1950 and 209°T. as of
Aug. 26, 1952.

** Bearing in degrees from true North,
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The protective barrel was made out of brass with a 1-3/i in.
outside diameter to 2llow it easily to pass through the 2-in. tubing of
the bore. It was provided with a non-magnetic stainless steel sinker bar
which could be connected to the barrel with a universal joint to permit the
assembly to pass over possible doglegs in the pipe. Actually, it proved
tc be easisr to lower the barrel into the tube without the sinker bar.
Thus, it was not attached and the haulage wire was screwed directly into
the universal Joint.

A 1list of equipment essential to the bore hole surveys is given
below, :
Inside Single Shot Instrument
12-degrze angle unit
2, loacer assemblies, with 4O record discs in each
Double-solution film tank and unloader assembly
2, instrument watches (33-minute),one as spare
Magnifying reader's lens
2, porcelain glass developing jars (numbered 1 and 2)
12 packets M) Photographic Developer
2 cans, Photographic Fixer (Hypo)
1 carton of 8 heavy-duty photo-flash batteries
1 carton of 10 light bulbs
Comparing watch (LS-minute)
L, bottles for mixed developer and fixer (12 oz.)
Kit box
6, rings for bull plug (top connector to haulage wire)
1-3/L in. (0.D.) barrel assemtly, including bull plug, barrel,
sinker bar and top connector
Set of assembly and dis-assembly wrenches
650-ft. length of 1/l in. steel haulage cable
Hand winch and mesasuring sheave

For field reference, the most expedient sequence of survey
operations is as fellows:

1, Set instrument on shaded snow surface for one or two hours
before use so that its temperature will reach the freezing point.

2. Prepare a bucket of fresh water for rinsing.

3. Open instrument and check light bulbs.

k. Insert film with loading mechanism on camera slot of
instrument, pressing release knub to insure light-tight connection.

5. Winc¢ elock work {being careful not to overwind) and pre-set
to a tripping interval of sufficient duration ta allow instrument to be
placed in protective case and lowered to desired depth. Synchronize
instrument watch with }5-minute surface comparing watch and set comparing
wateh.

6. Close instrument and place in protective barrel

) 7. lower instrument and barrel to designated depth {each 5 to
20 ft.

6. Note tripping time on surface watch, It is advisable to

wait 10 seconds longer and then haul instrument to the surface.

H
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9. Remove instrument from barrel and unload record disc into
£ilm tank making certain that the handle on the unloader 1is closed befors
removing unloader from instrument.

10, Place film tank in porcelain container No. 1, which is
£illed with develcping solution. After proper development at temperatures in-
volved, drain tank of developer and place in container No., 2, with fixing
solution, Leave in fixer for several minutes. Then, remove single shot disc
from tank and rinse in fresh water. (In cold water, develop at lcast 5 min-
utes; fix for 5 to 10 minutes, and then rinse well in fresh water.)

11. After each operation, rinse film tank with fresh water and
reload for next survey.

12. Double every second survey reading for accuracy check.

13, Enter depth of successive records immediately into notebock,
uging as upper reference plane the 15-ft, level above the drill platform.

{(¢c) Record of Periodic Azimuth-Inclination Surveys

The several surveys of the pipe's deformation which have been made
to date are noted in Table VIII, Details of the records obtained are listed
in Appendix J. Vertical cross-sectional views of the pipe's deformation in
down-glacier and across-glacier directions are given in Fig. 1. Plan views
of the three-dimensional survey at four successive dates ars shown in Fig. 15,

Table VIII

DETAILS OF DEPTH AND INCLINATION IN THE TAKU GIACIER BCORE HOLE SURVEYS

Date True Vertical Depth  Time Increment  Max, Survey Disc
of Survey Below Since Previcus Drift Spacing and
Reference Plane® Record Angles  Remarks
(in ft.)
22 Aug.,1950 L5 1°05! 20 ft.
11-17 Feb.,1951 2Lh.96 6 menths 2°00' 5 to 20 ft.
17 June, 1951 239,95 }y months 3°00t* 15 ft.:spare
protective

casing lost

in bottom 5 ft.

of pipe

1l Sept.,1952 222.73 15 months 7°15¢* 10 to 20 ft.;
only false

bottom attained,

22 ft. from
true bottom
of pipe

*Reference level, 15 ft. above wooden drill platform; approximate position of
mid-February, 1951, snow surface.
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(d) Instrumental Accuracy and Plotting Method

In the six-month increment survey for February 17, 1951 (Fig.ll),
there is approximately six in. of displacement shown. This is considered to
be well within the accuracy of the survey instrument. The Engineering
Office of the LCastman Cil "ell Survey Company, in reply to a query concern-
ing this matter, has stated that "we have found, over a number of years,
that our surveying instruments are accurate within-0.25 % or less., This is
the maximum percentage error in calculated diameter of the vertical depth.

To our knowledge, there are no instruments being manufactured which have
any greater accuracy."

The calculations and plotting of results in Figs. 1l and 15 are
based on straight line distances between the survey points. %ith the
measured drift angles, each surveyed length is considered as one side of
a right triangle from which the other two sides are calculated. From this
is obtained the true vertical depth and the horizontal deviation., For a
ten~-ft. course length, with for example an angle of one degree, the vertical
depth is 9,998 ft. and the deviation horizontally is 0,175 ft. The calcula-
tions are only carried out to two decimal places, thus giving the vertical
depth of 10 ft. and the horizontal displacement of 0,18 ft.

This means that for measured course lengths of 10 ft. along the
pipe, at one degree there is no loss in vertical depth. A 100-ft. length
would then ideally show only a loss of 0,02 ft. in vertical depth. This
gives an almost negligible difference between the measured depth alcng the
pipe and the true vertical depth. The small differences which do exist may
be calculated mathematically by multiplying the course length by the cosine
and sine of the angle recorded on the particular single shot disc ir question.

In the plotted diagrams, all survey points have been connected
with curved lines. This tends to smooth out any abrupt turns which might
actually exist. The general trend of the curved line, however, shows a
reasonably accurate projection of the pipe. Ior more precise records, the
survey points could all be taken at 5-ft. intervals; however, this was not
deemed necessary for the purpose involved. The value of shorter course
lengths between points, of course, would te that any sequence of survey
point locations would more closely approximate the true curve of the bore
hole,

The change in absolute elevation of the top of the pipe over
the horizontal distance moved down~-valley to date has been on the order of
20 ft. On such a low-gradient glacier this does not introduce complications
in the interpretation. FEach plotted survey is therefore shown from the
surface downward and represents the measured depths along the pipe. If true
vertical depths are desired, they are listed in the appendix for each re-
ference level and date of survey.

O
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{(e) Preliminary Assessment of Results

The deformation of the aluminum pipe is a direct reflection of
the nature of differential glacier movement at depth. This is on the assump-
tion that no errors have been introduced into the record by vertical
slippage in the bore hole, since it is believed that the pipe has been locked
in place by the protuberances caused by the larger diameter of couplings at
10-ft. intervals., It has been noted that during the more than two years
which have elapsed between the initial and most recent surveys, the horizontal
down-valley distance moved by the top of the pipe has been 1374 ft., at an
average velocity of 1.8 f£t. per day. The increments of successive surface
transfer between the periodic surveys are also known. In general, the nature
of the surface-versus-depth movement is similar to that observed in the Jung-
fraufirn measurements of 1948-50 by Gerrard and Perutz. However, since the
Taku Glacier surveys were more detailed, they indicate local irregulcrities
in the deformation which are not apparent in the results of the Jungfrau
investigations (Gerrard, Perutz, and Roch, 1952, p. 553).

It is apparent from a study of the plotted records, that in this
portion of the Taku Glacier a slightly greater flow occurs in the surface
zone than at depth in the general direction of mass transfer. (Southeasterly,
average 130°T.) Locally, there is a lateral component of differential move-
ment wiich is tipping the upper section of the pipe across glacier in a north-
easterly direction. This is most pronounced in the fifteen months increment
represented by the 1952 survey and is a situation which is difficult to
reconcile in view of the general direction of down-glacier flow. It may be
of interest “hat in the summer of 1952, an apparent change in direction of
surface movement was measured wiih the latest direction 152 degrees T. This may
possibly be attributed to the fact that the sub-glacial slope, as indicated
by surface gradient, inclines more towards the center of the glacier at this
locatgop than it does in tlie down-valley direction. This is well shown by
the neve surface, one-half mile southwest of Camp 10B, where the gradient
increases % 3 or more cegrees. However, perhaps more important is the fact
that also near the drill site there is a slight ircrease in gradient
towards the east which mey explain the transverse tilt recorded in all defor-
mation surveys until the summer of 1952. (Compare the two cross-sectional
plots at right angles to each other in Fig. 1k, ) Subsequent surveys should
show whether the indicated trend continues.

The lower 200 ft. of pipe exhibits a rmuch more uniform inclina-
tion in the Southwest-Northeast plane than from the surface to the 95-ft.
depth. (Note especially the curve between 95 and 2LS ft. on the survey of
September 1ll, 1952.) This most striking change shows up well between 85 and
105 ft., The point of flexure actually begins at the 115-ft.depth (well shown
on the curve for .June 17, 1951), vhich position is 100 ft. below the fugust,
1950 surface horizon. It is significant that at this depth the analyses of
drill cores in 1950 showed a marked physical change from firn in the upper
column to solid crystalline glacier ice below. It may, therefore, be con-
cluded that this marked difference in pipe deformation in the diagrams is due
to relatively more rapid transfer of firn over the mass of subjacent glacier
ice. In the right hand plot in Fig. 1lh, a second flexure occurs at the 165-ft.
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depth which cannot be so easily explained. At greater depths, there is a
distinct reversal of slope on the plotted curve suggesting a differmnt rate
of flow at deeper levels. The uppermost flexure, however, appears to be
caused by low-angled firn creep. The relationships here bricfly noted

will be illustrated in a subsequent report by a plot of drift angle as a
function of depth in two directions of the down-glacier flow. In this
plot, comparison will be made with the curves of firn creep in seasonal
snow-packs as have been measured by Haefeli (1948) in the Alps.

In the plan views of Fig. 15, the flexure relationship is
particularly well shoym at the 105-ft. depth. The smoothness of the upper
part of the curve, above the firn-ice contact, and the spiralled nature of
deformation beiow it may partiaily ve ths recult of initial alignment of
the bore hole. Such, however, would not explain strong development of the
deeper flexure in the major direction of down-glacier movement at 165 ft.
(150 ft. below the August, 1950, surface).

Neglecting local irregularities in the curve, over-all tilting
of the full length of pipe is well evidenced even for the shortest periods
between surveys. This tilting is especially well shown in the plan views
where the horizontal distance of closure between the top and bottom of the
pipe has shown an increase of several ft. over the interval of 25 months.
At the 222-ft. level in August 1950, the closure was 2.52 ft.; whereas by
September 1952 at 223 ft., the closure had increased to 5.98 ft. As far
as the true bottom of the pipe is concerned, this latter figure is a
minimum since the lowest 22 ft, could not be re-surveyed in 1952. In Fig.ll,
dotted line projectiona representing the unsurveyed portion of the basal
section show the protunle relationship. For comparison, at the extreme
base of the pipe, the total closure indicated was 2.71 ft. in August 1950
and 6.25 ft. in Septcmber, 1952 with the direction of tilt averaging South
55° Wlest. It is mentioned again that this is the across-glacier component
apprcximately perpsnaicular to the primary direction of down-valley mass
ice transfer.

An interpretation of the creep rate of the firn and ice as a
function of shear s’ress within the glacier and as shown by the differential
deformation and drwi-glacier displacement of this pipe is also being made
for inclusion in another report. For this fundamental analysis additional
surveys of the pipe will yield most valuable and interesting supplementary
information.

3. Analysis of Cores for Soluble Salts and OUrganic Matter

From drill cores obtained in Bore Holes Nos. 1 and 3, samples were
taken for analysis of the percentage of naturally contained soluble salts.
Since, as is described in the 1951 summer report, sodium,chloride is
considered to be the only constituent found in any significant quantity,
the analyses were concerned with the percentage determination of the
chloride ion. The laboratory determinations were made by H. Kothe
(at the Fleischmann Laboratories in New York City) who, as a member of the

- a e ease —




P e ey

~66-

1950 field party, aided in ccllection of the samples. The results of the 1950
work are tabulatad in the report of the winter expedition,of 1951, wherein
they are listed in comparison with determinations from samples of winter snow
taken at the 10B site in February 1951. The technique of laboratory analysis
and the field methods used in obtaining these samples without contamination,
are also described in the 1951 winter and summer expedition reports. For com-
parison, supplementary samples were obtained in August and September 1952 from
the firn cover on the upper Taku Glacier at 5800 ft, elevation.

Most samples have been taken from pit walls to depths of 20 ft. 1In this
season, however, the deep rotary drill cores permitted them to be obtained in
firn-ice and glacier-ice at depths of 100,110,125,160,170,243, and 276 ft.
below the mid-summer ablation surface.

Fifty bottled samvles of water (50 cc. each) were obtained from melted
cores for oxygen isotope analysis, This analysis is being undertaken by the
fractionation prccess applied in a laboratory at the University of Chicago. It
is anticipated that useful information can be obtained on the problem of pre-
ferential distribution of isotopes of oxygen as a functicn of latitude.

All core samples from the firn (to the 120-ft. depth) were melted and
the resulting water, except for the minor amount necessary for the chemical
analyses, decanted for analysis of the stratigraphic concentration of pollen.
It was hoped that in this way significant pollen could be found for the deter-
mination of annual horizons. Unfortunately, the bore hole diameter aad the
resulting sample size were too small for significant quantities of organic
material and aeolian dust to be collected.

L. Englacial Temperature Measurements

Holes Nos. 2 and 3 (Fig. Ub) were primarily drilled for the purpose
of implanting a series of resistance thermometers for subsequent measurement
of internal temperatures. This especially concerned the englacial thermal
regime as influenced by atmospheric changes.

The temperature mcasuring equipment was provided by the U.S.Geological
Survey and consisted of a set of spaced thermistor cables similar to those
used by the Geologiczl Survey in connection with permafrost investigations at
Point Barrow, Alaska, The thermistors embodied in the wvulcanized cables are
manufactured by the '"estern "lectric Company (Type 17A). They consist of small
discs of sintered manganese and nickel oxide, The discs are 0.2 in. in
diameter and 0.0l in. thick. To each is secured an axial copper lead, (of 0,02
in. diameter), attached with an intermediary spot of ceramic silver paste.
The paste is sputtered onto each face of the thermistor disc and the leads are
soldered to the silver facing by means of silver evtectic solder, The result-
ing alloyed scmi-ccnductor provides a L.l per cent negative change in electrical
resistance per degree change in temperature (Centigrade). Measurements can be
made to 0,01°C. by means of an appropriate Wheatstone Bridge.
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Cables Nos, 148, 150, and 152 were installed for englacial measure-
ments in 1950. A 200-ft. cable (No. 152) with 18 thermistors, spaced 10 ft.
apart for the first 160 It, and 20 ft, apart for ths lower L0 ft., was
installed in Bore Hole No., 3., The cable and units were firmly packed in
snow which was held in by sheets of rolled paper lightly tied with string.
This was deemed advisable to prevent circulation in the hole where air
spaces might otherwise occur. Only the lower 157 ft. (10 thermistors) of
this cable were implanted in the glacier; the upper 30 ft. (8 thermistors)
were left attached to an aluminum marker tower above the surface. The
purpose of this cablec was to measure englacial temperatures with special
reference to the lower limit of penetration of the annual winter chill wave.

A 35-ft. cable (No. 148), with 19 individual thermistors, was
located in the upper part of Bore Hole No. 2, with 12 ft. (5 thermistors)
extending below the level of the wcoden drill platform. The purpose of
this cable was to provide supplementary measurements of the diurnal and
short-term variations in firn temperature during the winter expedition,
1951, This was of interest especially in regard to the 10 ft, of 19L8-49
firn resting below the late summer 1950 ablation level and also for what-
ever depth of winter snow wouid accumulate hetween the date of installation
and February 1951.

It should be noted that the aluminum pipe in Bore Hole No. 1 was
respectively 5.0 ft. and 6.7 ft. away fraom Bore Holes No. 2 and No. 3.
The influence of metal in the pipe on the temperature of the surrounding
ice at these distances is considered to be negligible.

Cable No. 150, a 50-ft, string with nine thermistors spaced 5 ft.
apart for the first 40 ft. and the last two 10 ft, apart, was placed in
a narrow crevasse below Tower B (see Fig. La) at Camp 10B., The three
top units were above the 1950 ablation surface; the remaining cable extended
vertically into the crevasse. Each thermistor was packed into the crevasse
as tightly as possible with shovelled snow to reduce the effects of free
air circulation. The lowest two thermistors were thus left in positions
20 and 30 ft. below the 1950 abliation surface in order to provide tem-
perature records supplementary to those from the bore holes.

No measurements were taken with the englacial cables in this summer
seasoa since by other means(see Section IX B,3) it was shown that the
glacier remained isothermal until the third week of September. Subsequent
readings have been carried out in February 1951, in June 1951 and again
in June, 1952. Some of the results of these measurements and their partial
analyses are presented in the reportgof the 1951 expeditions (Miller, M,M.1953
&in presshSeveral other sets of cables (Nos. 149, 151, and 153) were left
at the research staticn for use in subsequent field ssasons. The reliability
and drift characteristics of the thermistors as affected by time are also
discussed in the reportsof the 1951 expeditions,and, in addition, a listing
of the thermistor resistances and a description of the individual spacing
of each unit on all cables used in these measurements are given. For pur-
poses of checking and future evaluation of records, a conversion table is
available at the Department of Exploration and Field Research at the
American Geographical Society in New York City.
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5. The Installation and Use of Thermoplastic Thermistor Cables in Glacio-
thermal Investigations

Thermistor cables of the type employed in the Taku Glacier studies
should be installed, if possible, when the air temperature is above freezing.
At negative temperatures, which are typical of the ice field in winter or
spring, the thermoplastic insulation becomes brittle., At such times, great
care must be exercised so that it does not become cracked or shattered by
sudden blows or careless flexing.

Even under summer conditions, when temperatures are normally at or
above freezing, more than ordinary care should be taken to avoid damage.
This is particularly important since it is difficuit to make repairs in the
field. Non-vulcanized seals or patches are not satisfactory since they have
little, if any, adhesion in the cold and are almost certain to leak, especially
if placed in a hole filled with water which is under much hydrostatic pressure.

If field repairs are necessary, the following method is recommended.
Clean the damaged part for sbout six inches beyond the break on either side.
For sealing, use a vinylite tape, (Scotch Tape No.33). tarm both tape and
cable before application and stretch the tape during application as it is wound
around the break., The tape should be spiralled and half-lapped across the
break to a point about one inch beyond it on the other side. A second layer
should then be applied beginning and ending an inch beyond the first on either
side. This should be followed by 3 to S more layers, each overlapping the
previous ones an inch on either side.

It should be possible ordinarily to feed the cable into the hole by
hand. It may help to put a small lead weight on the leading end to keep it
straight and to aid in feeding into the drill hole. If the cable is bored
into the glacier behind a thermal thot point" bore tip, the bore head will
provide sufficient weight. 1In either case, the cable must be lowered very
slowly and carefully to avoid slacking and to prevent snarls which may cause
serious damage to the equipment and so jam the hole that the cable cannot be
removed. After the cable is fully lowered, wooden clamps should be attached
tc support it at the top of the hole until it becomes locked in place either
by subsequent closing of the hole or by freezing in.

For lowering the cable, simple equipment is required. There are four
requisites: a reel on which the cable is wound; a pipe to serve as an axle
for the reel; scme boxes on which to mount the pipe; and a roll of strong
paper and string for wrapping a covering of snow around the cable to reduce
air circulation in the hole. For packing the top of the hole, a few pounds
of rock wool are helpful; otnemrise, it should be filled with an adequate
quantity of well-packed snow.
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IX. METECROLOGY

The meteorological program in this season consisted primarily of the
record of standard observations at three ice field camps. The data were
obtained for correlation with records at Juneau, Annex Creek and other
nearby low level stations, Since the objective wzs to supplement the
project's 1948 and 1949 summer observations for the long-range analyses of
the ice field's climate, no detailed interpretations are attempted in this

report. The weather observing program however is described in the following
pages.

A. Routine Weather Observations

A staff of three meteorologists participated in the program throughout
the summer. N. E. Turner was in charge of the meteorological program during
June and July. After he left, F. A. Milan was the responsible meteorologist
during August and September and had the special responsibility of maintain-
ing routine observations at Camp 17, This also involved the morning, noon,
and evening relay of weather data by radio to the U. S. Weather Bureau
Station at the Juneau Airport. C. O. Harrington kept records at Camp 10B
during August and September and Sgt. C. Anderson was responsible at 10B
during July and for the records at Camp 16 during August. A summary of the
observations is given in Appendices K through 0. The 1950 synoptic
stations, their dates of record, and other pertinent notes are given below.

Station Flevaticn and lacation Veather Pecords Remarks

Camp 10 3862 ft., on nunatak ad- June 23 - Sept.29 3-hourly synoptics

jazent to and 300 ft. 6~hourly max.-min.
avove Teku Nive continuous thermo-
EEaphyg berograph
Camp 10B 3575 ft., cn Taku Neve July 1 - Sept.l2 3-hourly synoptics
and a few micro-
meteorological
observations
Camp 16 L300 ft., on nunatak in July 15 - 23 3-hourly synoptics
névé of Lemon Glacier Aug. 9 =16
Annex On north shore of Taku June ~ Sept. Temperature and
Creek Inlet precipitation
records throughout
the year
Juneau 24 f£t., Airport Station June ~ Sept. All data throughout
(U.S.W.B.) the year plus

radiosonde and
pibal observations
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The equipment employed at the ice field camps was of standard U. S. Army
Signal Corps and U, S. ‘eather Bureau type. It was largely the same as that
utilized by the 1949 expedition, details of which are available for reference
in the Project files. The observing procedures were those employed by the
U. S. Vieather Bureau and the Air Weather Service. Because there were electri-
cal facilities only at Camp 10, the methods were largely of manual field type.
The U. S. VWeather Bureau's Manual of Surface Observations, WBAN, Circular N,
6th Edition of January 1947, was used as a procedural handbook.

B. Other Observationz and Objectives

In addition to routine climatological records, an effort was made at the
glacier camp (10B) to make a few observations of direct glacio-meteorological
application., Although no detailed micro-meteorological program was instituted,
with the help of the meteorologist at 10B some observations pertaining to the
following studies were attempted. It was hoped that the information obtained

would also provide a background for planning more comprehencive investigations
along these lines.

1. Surface VWind Observations

The structure of local winds on the surface of the Taku Glacier was
observed to be of a very marked laminar nature, Even at low velocities, this
was readily demonstrated by the behavior of smoke bombs discharged on the
glacier air strip during periods of aircraft operaticn. The average height of
the zone of katabatic flow at a velocity of five miles per hour was 3 to 5 ft.
Strong katabatic winds were oftein observed at Camp 10B when no air flow was
recorded at Camp 10, which is nearly 300 ft. higher and directly adjacent to
the glacier. At other times a west or northwest local glacier wind was noted
at 10B while easterly or coutherly regional flow was observed at Camp 10,
Similar variations are apparent in the comparison of records from Camp 16 and
from the surface and upper air at the Juneau Airport. These differences in
prevailing winds are shown in the appended meteorological summaries. An example
of pertinent records covering three to twenty-four hour periods at the several
observation sites are noted in Table IX. On occasions, Camp 16 was affected
by regional zir flow from the south and southeast while the interior ice field
stations, Camps 10B and 10, were not.

Fach of the ice field stations is subject to local glacier wind except
Camp 10 which usually lies well above the layer of katabatic air flow. The
Juneau Airport Station lies five miles south of the iiendenhall Glacier terminus
and at times when there is not a strong regional low-level wind it is also
affected by katabatic drainage from the riendenhall Glacier. However, since
the airport lies on an exposed plain at one end of the southeasterly trending
Gastineau Channel, it is readily affected by the southeasterly winds which are
characteristic of most severe summer storms along this coast. This station is
also in a relatively unobstructed position as far as winds from the northwest
and west are concerned (Fig. 2).

e ——
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In Table IX, those days in which regional air flow was clearly
dominant over local katabatic wind are noted by (R). In cases where kata-
batic influence was dominant, the values are designated by (K)., In all
other cases, it appea.s that divergent effects were the result of changing
regional cnonditions affecting the weather at the different camps at
different times. In any comparison of short term meteorological records
between these sites, it is obvious that a number of complicating consider-
ations must be kept in mind.

The three-hourly comparisons in Part B of Table IX are taken from
three days in July when local glacier winds were the controlling factor in
the weather at Station 10B, During this period at Camp 16, katabatic
conditions prevailed only on July 22nd with regional flow being the overriding
factor on the 21st and 23rd. The regional winds, as in this case, were
usually stronger and steadier whereas local down-glacier drainage of cold
air had a marked diurnal fluctuation.

Table IX

MIDSUMMER WIND DIRECTION AND VELOCITY RELAT ICNSHIPS
AT FOUR STATIONS ON AND ADJACENT TO THE JUNEAU ICE FIELD

A. Comparison of Daily Averages, Mid-July and lMid-August, 1950

Juneau Airport Station Mendenhall Gl,Terminus Camp 16 Lemon Gl,Névé

Date Highest Upper Air Prevailing Prevailing Average Prevailing
1950 Velocity Velocity Direction Upper Air Velocity Direction

Direction
(mph) (L,000) {L00O! ) (mph)

July Avgo

15 11 (E) 10 N (X) SE 5,2 SE (R)
16 19 25 ESE (R) SE 16.0 E (R)
17 20 20 E (R) SSE .S E (R)
18 17 (SE) 10 N (K) SSE 5.2 E (R)
19 17 10 E S 9.3 SW (R)
20 16 17 E (R) SE 942 SE (R)
21 12 12 wsW  (R) E 12.5 NNE(R)
22 13 12 ESE (R) E 11.3 N (X)
23 17 12 E (R) SE 21.7 St (R)
August

9 15 12 N (R) ENE 20,0 NE(R)
10 8 10 N (R) NNV 2,0 NNW(R)
11 16 10 E (K) NNW 8.0 N (R)
12 16 10 E (R) Sg® 1.7 SW(R)
13 8 10 N (X) SE* L.8 N’EiK)
1l 1 10 N (R) ENE® 23.3 N (R)
15 11 12 E (K) NNE 747 N (R)
16 10 12 SE (R) SW 55 S (R)

Note: ¥Indicates direction variable from N. to SE.
Underlined values estimated from Yakutat and Whitechorse pibal records. -
Blloon runs taken at 6~hourly intervals each day beginning at 0100 PST.
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Table IX_

A. Comparison of Daily Averages, Mid-July and Mid-August, 1950 (continued)

Camp 10B Camp 10
Taku Gl. Névé Taku Gl, Nunatak
Date Average Prevailing Prevailing
1550 Velocity Direction Direction
(mph) _
July
15 L.0 W (X) E (R)
16 2.6 wsSW E (R)
17 3.1 E (R) E (R)
18 3.5 W (X) E (R)
19 2.1 W (X) E
20 2.1 v (K) E (R)
21 L0 W (R) w (R)
22 10.8 v (K) SW
23 5.8 ¥ (K) E (R)
August
9 5.0 v (X) N (R)
10 - - NE (R)
11 7.8 1 (K) NE (R)
12 2.2 NT (K) E (R)
13 - - E (R)
1 8.5 N (R) v
15 37 N (R) N (R)
16 3.h N (K) NE
B, Comparison of Three-hourly Readings July 21-23, 1950
‘ Date & Juneau Airport Upper Air, LCOO ft. Camp 16 Camp 10B Camp 10
Hour Over Juneau Airport
Wind Maximum Direction & Velocity 'Iind Vel, ''ind Vel. Vind Vel.
Dir. Velocity Dir. Dir. Dir.
| July 21
0700 N 1 SE 15 NW 8 W 8 VN 3
! 1000 WSW 2 5 10 V© 7 NE 2
i 1300 V3w L E 10 NE 15 i 10 S N
} 1600 WSV 10 - NE 15 W g W €
i 1900 uSY 5 E 10 NNE 15 1 13 W 2
| 2200 N 3 - NNE 12 % 15+ W 3
} July 22
t 0700  Calm SE 10 N 12 W M N 1
H 1006  SSu 3 - N 10 1) 7 S 1
. 1300 ST 8 E 10 N 1 W S Q
;o 1300 ESE 2 - E é W 1 SW 2
%' 1900 ESE ENE10 B W E L
: J1250023 SSu 3 - E 2 W W 1
July ¢3
| ) i .7 Nt
| %8 EE, 0 1° B 08 % B HE b
! 1300 ESE 8 s 15¥ E 30 E 2 SE 8
1600 ESE 8 - SE 20 NW é E L
1500 B 8 s 10%* SE 20 W E L
2200 ESE 17 - E 15 2 E 6

NNW
*Cbservations not possible at Juneau Airport due to low ceiling; wvalues therefore
estimated from Yakutat and Whitehorse plbal, records.
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At 2000 on July 22nd at 10B, the wind was Vest at 5 mph. at th
névé surface; but at the top of the L3-ft. instrument tower it was blowing
from the North at 10 mph,

The vertical distribution of velocities and related factors in the
katabatic air layer at the néve surface are suggested by the following
record from the instrument mast at Camp 10B for ore evening in mid~-summer.

Table X

VARIATIONS IN THE KATABATIC WIND “ROFILE
TO A HTIGHT OF 300 FEET ABOVE THE TAKU GLACIFR NEVE

Date & Height Above Nevé Wind Wind Air
Hour Direction Velocity Temp.
July 21, 1950 (feet) (mph) (°r.)
180G 0.5 W - 37,0
1815 0.5 L} L.8 37.0
18,45 005 W 300 -
1800 N W - 39.4
1815 L v 7.6 38.5
1845 L w 11,0 38,5
1800 10 W - -
1815 10 W 12,0 =
1845 10 W 11,3 -
1500 10 W 13.0 =
REHT 21 W 11.3 + =
1845 33-36 W 11.2 -
1815 300% W 3 58.0
1845 300 v g 56.3
1900 300 W 3 55.5

*Camp 10 record, at site of anemometer mast, 13 ft. above level of Station 19.

2. Thermal Variations in the Katabatic Air Layer

A comparative record of temperature changes at selected levels in the
katabatic air layer at Camp 10B was obtained in mid-summer. One micro-
thermograph was placed in an instrument shelter four ft, above the névé and
a second one on the instrument mast at a point 36 ft. above the névé.

Hourly variations in temperature as recorded by these instruments are listed
in Appendix P. These temperatures were obtained over the following perieds.

Micro~thermograph at L ft. ' Micrc-thermograph at 36 ft.
(instrument shelter) (instrument mast)

July 16 to 31 inclusive - July 25 to 31 inclusive

August 1 to 31 August 1 to 12; August 1 to 21
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In addition a brief record of thermal variations at several intermed=-
iate elevations between the surface and 36 ft. was obtained by use of thcrmis-
tors., These measurements, however, were restricted to evening and night-time
readings since it was believed that direct sky and sclar radiation effects
could not be fully elimiiiated. To minimize the effects of radiation, sheets
of tinned metal were wrapped around each thermistor at a 5-in. diameter
leaving a 2- to 3-in. air space for aspiration. The purpose of these measure-
ments was to provide a test for future instrumentation and planning of
detailed investigations of the thermal relationships involved. The resulting
records, however, are not considered to be relizble because of the relatively
large mass of the protective rubber casing which tended to smooth out the
curves. It is recommended that future measurements of this type be made with

shielded copper-constantan thermocouples properly aspirated with a blower
tube and fan,

3. Summer Firn Temperatures

For englecial temperature readings, a series of thermistors was in-
stalled to a depth of 170 ft., as noted in Section VIII-C, Readings were
not made on these in September. However, temperature conditiéns at the deeper
levels were considered to bc still isothermal up to the date of evacuation of
the field party. In the last ten days of September, the upper one to two ft.
of firn became frozen, representing onset of the anmal winter cold wave.

To test mid-summer temperatures in the firn, a micro-thermograph was
buried in a crevasse wall, 33 ft. below the surface at the btase of Pit C,
A record was obtained for the 2!i hours between 1230 on July 18th and 1230
on July 19th., The thermograph was in direct contact with undisturbed firn.
The resultant trace on the record sheet was constantly at 32°F., showing no
diurnal fluctuation. Atmosphleric conditions were more or less constant
during this period,being fogry at the surface with ambi=nt air temperatures
averaging 39.3°F. (from a ma imum of L45° F. to a minimum of 32°F.). At 1300
on July 19th, a recording thermograph was also installed in a wall recess at
the 6-ft. depth in Pit A, which was thereafter corpletely filled in to elimin-
ate contamination of the thermal recovrd by surface air variations. A 2Lh~hour
record at this location likewise produced a straight line (32°F.) trace on the
thermograph sheet, Variation in ambient air temperature during this period
was from a minimum of 31°F, to a maximum of L6°F. This corroborated the
other observation at the deeper level that atmospheric influences were negli-
gible and that the firn was isothermal at this elevation. Subsequent checks
showed this condition to prevail throughout the summer.

Some short-term negative temperature effects, however, were observed
in the upper one- to two-in. surface layer of the firn. These were indicated
by the occasional developrient of diurnal surface crusts. At Camp 10B from
June 23rd “o September 3rd, seven nights were reported during which good
crusts were developed. They were therefore not a significant characteristic
of the summer firn below the 3600-ft. elevation. The amount of night-time
ablation has already been discussed earlier in this report and noted in
Fig. 5., The crusts were much less frequent in this summer than at the same
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elevation in the summer of 1949. This fact probably relates to the ab-
nocrmally severe ablation conditions encountered in this field season.
Observed crusts were developed only on nights with a prevailing north or
northwest and very occasionally a west wind. These were usually the kata-
batic winds and not related to regional flow. ‘There Were usually correspon-
ding clear skies with the thickest crusts occurring on the clearest nights.
Sub-freezing temperature of the free air which is directly in contact with
the névé surface will certainly help to develop 2 erust. In this regard,
katabatic drainage of cold air from the higher névés of the ice field at
night can be a contributory cause. The field observations, however,
indicate that occassionally a crust may form when the overnight temperature
in the air layer at and above four ft, above the surface (see below) is
some degrees above freezing. Thus, heat loss from the firn by nocturnal
radiation on many occasions is the prime factor in the development of
crusts, In this season, the crusts usually began to form about 2100,
although on several occasions not until after midnight. On one night, the

crust formed as early as 1800 and persisted until 1100 the next day. In most

cases, they were destroyed between 0700 and 1000 the following morning.
Not until the last half of September were crusts persistent throughout cne
day to the next.

The observed relationships are noted briefly in the following tabulation.

Date Hour of Approx. Wind Dir. Average Hinimum.Cvernight Am-
1950 Crust Thickness and Cloud bient Temperature at
(night) Fcrmation of Crust Velocity Cover L-ft. Height (°F.)
’ (in.) (tenths)
July 3-U4 2000 3/l N 10 I 32.5
L-5 2200 1/k N3 9 35.2
7-8 1800 1 N7 L 29,0
8-9 2100 1/2 N 5 7 L0.1
9-10 a.m, of 1/8 NMT to WINU 8 36,1
10th 3 to 8
10-11 2100 1/L NNW Y 8 33.3
1h-15 a.m. of very V. 6 10 33.L
15th slight
August No diurnal crusts reported
Sept ember No crusts observed until ablaticn season ended with fresh

snowfall of September 3-Li. During last week of September,
12 to 24 in. of firn surface became solidly frczen.

C. General Climatological Conditions

The temperatures as reported at the Juneau Airport in May were lower
than normal, a situation which had prevailed since the previous November.
This indicated a colder than normal winter condition on the ice field as
well, May, on the whole, was an abnormally cloudy month with more than
average rainfall, On the ice field, this likely represented above normal
late spring snows. The month of June throughout Southeastern Alaska was

-
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much more sunny and warmer and drier than normal. In fact, at the Juneau
Airport the amount of sunshine was the highest on record in the eight years
that this station has been in operation. The average monthly temperature was
within O,l; degree (¥.) of the maximum on record (1946). The total precipita~-
tion in June was well below normal and equalled the lowest on record (also
1946). Since the ice field party did not commence its records until June 23rd,
only the last week is available for comparison. Undoubtedly, however, as in
Juneau, this was the cloudiert week of the month., From the 23rd to the 20th,
there was arproximately the same amount of precipitation recorded at Camp 10
as at the Juneau Airport.

In July, the airport temperature was above normal in the first 10 days
and then subnormal in the latter three weeks of record. The date of lowest
temperatu.. recorded at the airport, July 8th, was also one of the two days,
July 8th and 27th, of lowest record at Camp 10. An above average precipitation
was recorded at Juneau, 7.07 in., being exceeded only by the recorded 7.71 in.
in July 1945. This was the result of rain every day during July with the
exception of July 1lst, Lth and 8th. On the average, it was drier at Camp 10
with a total of 6.95 in. of rain. At Camp 10B, 8,01 in. of precipitati on were
recorded, the difference being attributed to the light rains often associated
with fog on the glacier surface. At Camps 10 and 10B, the sky was almost
continually overcast during this month with rain falling every day except
July 1st, Lth, 8th,-9th, 10th, and 1llth. Some comparative July and August
precipitation data are listed below for the five synoptic stations on and near
the ice field, Values are in inches of water.

Datg Juneau Airport Annex Creek Camp 16 Camp 10B Camp 10
(2950) (2l f1..) ! (20 ft.) (L300 ft.) (3575 ft.) (3862 ft.)
July 15 to  L.09 Lel3 La17+ 3.71 3,13
25 inclus.,

August 9 to 0.09+ ———— Trace 0 0.02
16 inclus.,

In August, the airpert temperatuves were above average with the first half
of the month being very dry. Rain fell in the last half to bring the monthly
total to 4.95 in., vhich was 0,23 in. above normal. At Camp 10, the total
precipitation for August was 8.3 in., nearly twice as much as at Juneau.

At 10B, the recorded total was 11,17 in. of water which again may be attributed
to the fact that this site was situated directly on the glacier surface where
condensation under certain conditions could be relatively greater. The storm
which caused heavy rain at Camp 10 in the last week of this month brought
heavy falls of snow at all elevations on the ice field above 5000 ft., some of
which formed the first increment of the 1950-51 winter snow cover.

The month of September was above aversge in rainfall and temperature con-
ditions both at the low level sites and on the ice field. At Juneau, an
average amount of cloudiness fer this time of year was recorded. The total
precipitation at the airpor: was 7.3L in. while at Camp 10 a total of 13,6 in.
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was recorded~--some of which was in the form of heavy wet snow. Sub-freesing
temperatures occurred at Camp 10 after September 20th on which date the
winter cold wave may be assumed to have begun its annual penetration of

the glacier surface at the 3500~ to LOOO-ft. level. Sub-freezing conditions
had also prevailed for a few days during the first week of September at
Camps 10 and 10B. However, a warm period with increased sunshine in the
middle of the month probably succeeded in dissipating the preliminary chill
effect in the firn prior to the 20th. The first killing frost of autumn
occurred at the Juneau sirport on the morning of September 3Cth.

Throughout the area, October was cool and dry with precipitation and
temperatures very ruch below normal. Average Jctober rainfall at Juneau
Airport on all previous years since 1942 was 8,32 in. of water. For this
month in 1950, however, only 2.71 in. were recorded. Since the mean
temperature at Juneau was 38.9°F. for this month, the normal lapse rate to
the 4000-ft. level indicates that temperatures averaged somewhat below
freezing at Camps 10 and 10B throughout most of this period.

In the listed aprendices, in addition to the June through September
summaries for Juneau and the ice field camps, the temperature and precipita-
tion records from Annex Creek Statlon are included. In order to provide
continuity with the winter meteorological data in the report of the winter
1951 expedition, the Juneau Airport data for Octiober, November and December
1950 are also included in the appendices. These are data from the three
intermediate months between expeditions when Camp 10 was not occupied.

Thus, summary data are made available ror the full 18-month period between
tiay, 1950 and December, 1951.

D. Duration of Sunshine

For interpretation of the summer sunshine records obtained at Camp 10
and contemporaneously at the Juneau Airport, certain necessary technical
considerations are described in the reports of the 1951 summer and winter
expeditions. Of very great importance to these analyses is the listing
of the vertical angles of obstruction versus azimuth at the observation
site which are given in Appendix R . Yrom these, the amount of possible
sunshine cut of by the obstruction may be determined for each month of
the year. This factor can then be deducted from the total possible sun-
shine for the month. The duration of sunshine records for Camp 10, covering
the full field season from June 23rd to September 28th, are given in
Appendix K. Aprendix Q contains the listing of possible duration of
sunshine at Juncau Airport for each day of the year.

The duration of recorded sunshine is not the record of hours of sun
seen by the eye, but only of periods when the sunshine was of sufficient
intensity to scorch the card. At times when the sun is bright but inter-
mittent, the trace may bz nearly as long for a few seconds asit is for a
few minutes. This is due to the appreciable diameter of the image and to
the smoldering of the card. Near sundoum or sunrise when sunlight is
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passing through a haze, the card may be only faintly burned. In this case,
the wiole of the faint trace should be measured to its extreme limits.

To achieve uniformity in measuring, the suggestions for evaluation which are
given in the 1951 project reports should be followed. Only in this way, can

the comparison of results from one field season to the next have proper
meaning.

E. Sclar And Sky Radiation Records

With the aid of an Fppley 50-junction pyrheliometsr and an accessory Brown
recorder loaned by the U. 5. Veather Bureau, eight weeks of record were obtained
of total sky and solar radiation at the Camp 10 site. Because of mechanical
difficulty with the generator equipment which supplied power to the recording
unit, some hours and days of record were unfortunately lost. This situation
was recognized in the field and therefore in the following summer season a more
reliable heavy-duty generator was installed at Camp 10, Consequently, the
1951 summer records had the benefit of a more steady and reliable source of
power and thus they are more useful for comparative interpretaticn., Both
pyrheliometer records are listed in Appendix S, .(see also Fig. 16a).

All readings are given in langleys, which indicate the radiation in gram-
calories per square centimeter of horizontal surface., The values arg for the
hour ending at the time shown at the top of each column. The records and
integrator calibration data and other evaluation factors are given in J.I.R.P.
Report No. 8. L

The periods of radiation records vhich have been obtained to date are
as follows:

Camp 1C: Lat. 58° 39' N, July 8 to September 13, 1950
! Elevation: 3862. ft. September L to 6, 1950

September 11 to 13, 1950
February 12 to 1, 1951
August 24 to September 2, 1951

Camp 10B: one mile S.W.of Camp 10 September 7 to 13, 1951
Elevation: 3575 ft.

Resolution of the basic recorder chart data into langléys per hour has been
accomplished with tne help of Mr. Edward Sable of the U. S. Yeather Bureau's
Solar Radiation Field Testing Station at Boston, Massachusetts. He reported
that evaluation of some of the records was rendered difficult because of an
occasional stalling of the paper drive on the recorder. In the 1950 records,
the stalling was indicated by an abnormal concentration of irk markings from
the recorder pen on the zero line. In these cases, due to the resultant
distortion of timing, no attempt has been made to evaluate the record. Some
distortion of timing was also evident at other times as a result of the irregu-
larity in power supply. In these records, whenever such distortion was de-
tected, the noon hour (solar time) was noted by folding the chart or by using
the highest point on a trace of the smooth curve. rrom this reference the

L A -t S AP . S e 1 s i 0




~

=75~

hours of the day were marked on the charts. It should be mentioned that the
daily records obtained during the 1950 fi=ld season were often started at

or somewhat after surrise and similarly stopped at or before sunset so that
there is not a continucus record of twilight hours.

The records from the following summer. {1951) are short bui are more
accurate. The chart record prior to September 3, 1951, is considerably more
reliable than that aiter September Lth since the equipment was moved to
Camp 10B on that date, where the power supply was less satisfactory than at
Camp 10. Time imarkings entered on the chart several times a day were of
much help in measuring averaze hourly values from the recorder trace,

X, GEOLOGICAL INVESTIGATIONS

Some reconnaissance studies were carried forward in this season con-
cerning the geomorphclogy and bedrock geology of the ice field and its
adjacent, recently deglaciated, area. This work was conducted primarily to
provide a few basic data for a continuing study and to outline a program
of future detailed investigations along these lines.

A, Aerial Obsarvations of Physiographic Features

Since the inception of this project, observations of considerable
use to the research program have been made on a number of flights over the
ice field. The value of these observations has been enhanced by later
studies of the aerial photezraphic record obtained. In this season, for
example, the locations of Camps 15 and 8 were thus planned and the best
routes of approach to other locations were reconnoitered for use in this and
subeequent seasons.

The series of aerial photographs taken over the ice field in 1948,
espenially the vertical coverage by the U. S. Navy, has proved of particular
value bcth in logistic planning and in the scientific study of certain
glacio-morpholozic features. To supplement this record and as an aid te
implementing future ground work, a number of oblique aerial photographs were
obtained by several ricmbers of the field party in 1949 and 1950. Additional
pertinent photographs have also been taken during flights by private air-
craft in the 1951 summer season.

A special effort was made in 1950 to obtain low-level oblique
aerial photographs ot the following: (1) Ice-dammed lakes: on and near the
ice field, (A prelimirary discussion of the nature and ap.arent drainage
fluetuations from sore of these lakes has been given in J.I.R.P. Report
No. %.) Two previously unreported ice-dammed lakes of considerable size
wvere not=2d from thke air on tne northeastern side of the ice field. An
eventual physiographic ground study of these is planned., (2) Arched bands:
additionsa) photographs were taken of the pattern of"arched bands"and reiated
trough and ridge topography below the ice fall on the outlet glacier from
the upper Taicu Glacier nivée three miles west of Camp 8. These were obtained
for the purpose of special investigations at this site. Photographs were
also taken of representative examples of *stratification bands" to differ-
entiate them graphically from true "arched bands",Additional photographs of
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two strikingly banded glaciers in the Camp 15 sector will also help in planning
future work in that locality. (3) ﬂEﬁlﬂigE@gﬁﬁiégg”inés3’Aérial“Pﬁbf5”Y8PhS
were cbtained to supplement certain ground observations in the Taku Val%ey and
Juneau sectors. (L4) Transient snow lines: Observaticns and photographs were
made on the changing position of inz transient snow lines of several glaciers
at various times during the season. (5) Glacier termini: The positions of
the termini of a number of glaciers were photographed. (6) Scour line:
Further aerial records and estimates were made of the relative height of the
200~ to 300-year old scour and trim lines at various places on the ice field.

B. Problems in Nunatak Morphology

In the central portion of the ice field, several large nunataks have
resulted from partial deglaciation since the last "ice cap" stage of the
Pleistocene Epoch. lMany of thase were individnal mountains or ranges once
nearly (or completely) overridden by ice and thereby characterized by convex
ridge-tops and rounded summits as well as scoured and fretted upland slopes.
Although the resulting glacial topograph7 has been superimpcsed on an earlier
non-glacial morphology, much of the original character of the landscape has
been destroyed. Trunk valleys, still partly filled with interconnected
branches of existing glaciers, were initially formed as water courses in pre-
glacial time and have suffered excessive ercsicn and modification by successive
glacier stages., It is possible on many of the higher nunatak slopes to
differentiate the influence wiich older "ice cap" glaciation has exerted in
comparison with that of subsequent "alpine* glacier stages.

The morphology of present-day nunataks is essentially one of smooth and scoured
bedrock with little cr no vegetation cover. On a traverse from the periphery
to the center of the ice field, all stages of the cycle of alpine cirquation
may be observed. These extend from the area of partial and shallow development
of cirques on a broadly uplifted pre-glacial surface at the margins to a
morumental upland on the present ice field where comb ridges, pyramidal spires,
ill-formed horns, cols and other typical alpine mountain features protrude
above the existing glaciers. Taie first mentioned might be termed a youthful
alpine landscape; the latter, an erd stage, or old age. Between these two
extremes, 1s a range of glacial tepography which in the classical sense may

be considered an ice-sculptiured terrain of maturity. This zone is character-
izel by portions of the uplifted pre-glacial surface retained in gentle

divides and c9ls with a system of cirques alternated in position on each side
of ridges to form a typical "biscuit board" topography.

Comparative study of these landscape types throughout the area is
envisioned. During the 1950 season, however, efforts were put forth only to
ccnduct a reconnaissance investigation of the '"late mature" glacial landscape
on several munataks in the Camp 10 sector near the centzr of the present ice-
covered area. For reference purposes in the following notes, these are termed
the "central nunataks",
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The = symetrical form of once-overridden nunataks is often the best
evidence for the general direction of former ice movement. Many of the
nunataks exhibit, on a major scale, the lee and stoss sides commonly
associated with "rocres moutonneés', By virtue of subsequent local glacier
action, the initial erosive form has oocasionally been modified to a
"reverse horn" topography. HNorris Peak and Juncture Peak (Fig. 3) are
good examples since each has suffered undercutting on the up-valley flank
by headward erosion of cirque and inter-munatak basin glaciers which by their
northern exposure hav: persisted in a state of relative nourishment. Most
nunataks in the area bave also been subjected to over-steepening at the base
of slopes through continuous glacial abrasion of acdjacent valley glaciers.
In such ways, the successive stages of glaciation and deglaciation have

considerably modified the terrain and complicated the interpretation of bed-
rock morphology.

Vi vldice v

ly has. recourse to certain useful criteria given by microstructures and
related features on the bedrock surfaces. Because there is a variety of
lithologies exposed in the geological complex of this ice field, practically
all manifestations of glacial surface features which have been described in
the literature may be seen. Their manner of occurrence can often be used

to interpret the effects and extent of former ice coverage. The criteria
used in this way are: (1) grooves, (2) striations, (3) friction marks
(crescertic puges or lunoidal furrows), (i) chatter marks, (5) surface
polish, (6) rock flour (as a surface vencer), (/) iron oxide stains and
incrustations (8) Faolinized surfaces,(9) scaled, spalled and pitted sur-

For detailed studies of the mecaning of this landscape, one fortunate-

faces, (10) granular Cisirz-zration, (11) felsenmeer topography, (12) soil
types and (13) vegetaticn.

The distiibution study of these features throughout the ice field is
a tedious and time-consuminz one. Thus, several field seasons of work will
be required to plot aad assess fully the significance of their over=-all
pattern. The general nature of their distribution, however, has already
become clear, For example, striae are not as well shown in coarse-textured
rock as in the finer-grained types, especially the aphanitic intrusions
such as the leucophyres and lamprophyres of Tertiary age. (See J.I.R.P,
Report No. 1, page L3.) Grooving is mostly characteristic of older gla-
ciatlicn and is best shown in the bedrock outcrops characterized by stoss
and leg topography. Friction marks are best developed on slopes of low
gradient, They are helpful for the determination of former directions of
ice passage over coarse-grained outcrops where the more elongated furrcws
and striae have been weathered away. Each of these oriented criteria only
indicates the line of glacier movement, but usualiy the true direction or
glacier flow can be assessed.

Friction marks are found most often to te convex in the direction
of former ice flow although the reverse orientation has been observed.
It is best to take the line as parallel to the axis of the crescent and to
evaluate the compass direction of glacier flow from the regional topography.
Chatter marks are not in themselves useful for evaluating directions of
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jece. transfer; however, their presence in any abundance probably indicates a
fairly thick glacial coverage at the time of formation. The degree of dis-
integration and removal of porticns of polished surfaces is a helpful key

to the relative age of one zone to another. In special instances, the
prasence of rock flour and of alteration produvcts by chemical decomposition
may also be used as indicators as may the nature of surface products from
combined chemical and mechanical weathering. Correlated with these, a study
of so0il development and the related plant community on an outcrop can give
further valuable information.

In the following pages, a brief discussion of the field aspects of these
several criteria is presented.

1., Direction of ormer Glacier Flow

On the central nunataks, an abundance of glacial striae and grooved and
polished surfaces 3y be found. On "Taku B", for instance, several prominent
directional patterns of striae occur. In some cases one set of striae is
superimposed on and even truncates an earlier and more deeply grooved set.
One direction relates to recent "local" glaciation and orne to the regional
Pleistocene "ice cap" glaciaticn. Near.the summit of this nunatak, at an
elevation of about L900 ft., are found strongly developed strize trending
188 degrees and 192 degrees (True ). The Taku Clacier near the base of this
nunatak now flows in a southeasterly direction (approxinately 15C° True.

By projecting the reciprocal direction of these striations, the central
source of the related Pleistocere ice cap is indicated to have been in the
vicinity of Camp 8 (Fig. 2). Camp 8 is on the highest present-day néevé of
the ice field, in a crestcl sector from which glaciers flow outward in all
directions,

In the interpretation of regional directions of former ice movement over
and around the central nunataks not all of the striae can be used since they
are often oriented by local irregularities of topography. Therefore, in the
field, it has been more usual to record only directions indicated on the
flattest surfaces, or at least on those of fairly low gradient such as are
found in broad cols and on the convex crests of summit ridges.

Records of the direction of Pleistocene ice flow have been noted on
several central nunataks bordering the upper T Glacier. These locations
were on the nunataks known as"Taku A","Taku B", the magsif known as "Exploration
Peak", and on an adjacent nunatzk, "Taku C", about three miles north of Camp 10.
The summit of "Exploration Peak" is 5907 ft. in elevation and of "Taku C"
50L8 ft. All excep’ "Exploration Peak" have been completely overridden. The
morphological character of "“xplorati on Peak", however, indicates that its upper
glaciation limit wos somewhere a few feet below the summit., The southwestern,
southern and soutlizastern flanks of this nunatak and of "Taku C", between
elevations of 4200 and 5100 ft., yield useful information on the extent and be-
havior of earlier glaciers. Grooved and striated surfaces on exposed cols
and the summit ridges indicate that a major direction of overriding occurred
in the direction 200 degrees. Flat portions of bedrock are rare on this
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massif; however, on a few low gradient slopes there is corroocorative evidence,
rendered by the presence of crescentic gouges, that the direction of ice

passage was towards the southwest.

Thuc, here the direction of fourmer ice

drainage corrvesponds approximately to that of the present Taku Glacier
system towards the west and south.

The level of the 200 tc 300 year glacier maximum was measured by micro-
altimeter to have reached the 4180-ft. contéur: on the southern slope of

"Taka C",

glacier surface of today.

Evidence tor this was an irregular but well-defined scour line
and a slight topographic break.

The present névé surface rests at hlhO ft.,
indicating that the maximum was 4O to 50 ft. higher than the general

Actually it was about 100 ft. above the névé in

the bottom of a marginal depression at the southern base of this nunatak.

A brief listirg of a few locatiuvns where surficial marks on bedrock
show the former direction of ice movement on the central nunataks is given

below,

were controlled by lccal topography are also ircluded.

For comparison, the orientation of several sets of striae which

Ceneral Location Approx. Nature of Type of Direction of
Fleva- Evidence Bedrock lMovement
ti.on (in degrees,
(t3et) True)

Taku A. V. slope L-lj200  Striae,grooves, Cranodiorite; 215 (ice

friction marks Migmatite cap stage)

Taku B, NJ flank(10C) 39-L000 Striae Migmatite 185

Tsku B,cirque,i’,flank L600 Striae Granodiorite  240%

Taku B,NW ridze LLOO Striae Migma*ite 220

Teku B, high piatform, L850 Striae,friction Craiciicrite 188 (ice

S. ridge cracka cap stage)

Taku B, summit area 1,950 Striae, grooves Amphibolite 192 (ice

cap stage)

Talku B.,S. slope LECO +riction cracks Aplite 190 (ice

cap stage)

Small nunatak, W. of . 37-3800 Striae, roches MNigmatite 170%

10C moutonnées

Slope, SW of Camp 10 36L0 Crossed striae Lamprophyre 210-215(ice

intrusive cap stage)
. 165-180%

Taku C., B, ridge 4800 Striae Granodiorite 200

Exploration Peck, 5200 Striae,friction Granodiorite 210

SW ridge cracks

Exploration Peak, L4175 Striae Granodiorite  250™

S. flank

*On recently deglaciated surfaces where ice movement was controlled by local
topography or that of recently adjoining trunk glaciers.
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2. Weathering Phenomena on Deglaciated Surfaces

In arctic mountain regions, it is usual for processes of mechanical dis-
integration to be dominant over those of chemical decomposition. This is a
result of the relatively greater exposure of bedrock surfaces due to reduced

vegetation cover 2:1d to low average annual temperatures. In the dominantly
maritime climate of the Juneau Ice Field, however, exposure and low mean
annu.al temperature factors are combined with a considerable rainfall during
the summer season. Thus, even at high elevations, chemical weathering

prccesses play a more sipguificant role than would be the case in less humid
environments.

Efforts have been made to use the degree of weathering as an indicatox
of the amount of time that a surface has been free of ice. Since chemical
weathering on the crystalline bedrock exposures is usually restricted to a
very thin surface layer, it has not been possible to draw conclusions from
weathering profiles of differential leaching or laterization as has been
done in some of the Pleistocene soil and till deposits of more continental
origin (See Ashley, 1938, and Reiche, 1945). However, an attempt has been
made to differentiate on a purely relative basis, the time of deglaciation on
various surfaces by comparison of katamorphic alteration products. The most
obvious of these are due to oxidation and hydration at the surface. The oxi-
dation in most cases has not succeeded in completely destroying the parent
minerals; from them new ones have been produced by the occurrence of which
certain interpretations may be made.

Ferric oxide stain ic most Jifficult as a criteria bzcause we have no
information on its rate of formation., Under some conditions, it will develop
very slowly and under others, it may become strongly manifested in a fairly
short period of time. In general, however, an empirical comparison of the
relative degree of oxide wzathering on similar exposures of the same
lithology is of wvalue. In thesc cases, the heaviest incrustations are
likely tc be old, that is if they are found primarily in situ and not washed-
down from another outcrop. The relative age of limonite is particularly
difficult to evaluate since it dces go into solution and can therefore be
carried some distance from its source. Hhenever the chemical decomposition
of the more resistant femag minerals produces stains of ferric oxide (Fep03),
it indicates that the surfzce has heen ice-free for a considerable length
of time,

Often an iron oxide stain is observed beneath a veneer of rock flour.
It is suggested that the oxide in such instances was formed in a non-ice
covered stage prior to the deposition of rock flour and that the most recent
glacial azction was not sufficiently strong to abrade it completely away.
However, some of the oxide incrustations, as already mentioned, are formed
by present processes and are being contimmally washed down over exposures
of rock with which it is not normally associated. In this way, the surface
beneath a veneer of rock flour could be stained. In many other cases,
pronounced hematite staining has been observed on the dewn-slope side of

(}
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overridden rock bosses of homogeneous bedrock, in cases where no oxide tilm
is found on the stoss side. From such, we conclude that the stain was most
likely pre-glacier coverage and that on the stoss side it has been removed
by abrasion. If the stain were entirely produced in a post-ice pericod,

the stoss side would certainly exhibit some stain as well.

A veneer of rock flour is not very resistant to mechanical disintegra-
tion. "“hen seen in 1ts exposed state on this ice field, therefore, it is
almost certain to be very recent (100 to 200 years). Its occurrence is
therefore a fairly good indicator that the surface involved has only
recently become ice-free. Together with the larger fragments of rock held
in the sole of a glacier, rock flour is one of the abrading agents in any
forward-moving ice mass. This fact is well demonstrated by its presence
in minute crevices in which fine polishing and rounding, which could not
hare been produced by the abrasive action of larger fragments, are observed.
In many places, the veneer is of differential thickness and fills in
glacial grooves and striae including those formed in earlier glacial stages.
At a numoer of places, striae found on the incrustation of rock flour
itself diverge in trend from the direction of underlying grooves. This is
further ficld evidence that the ice which deposited the rock flour represents
the most recent stage.

Cn some nunataks in the area, where coarsely crystalline bedrock is
exposed, especially the coarse-grained amphibolite, there is often a
pronounced dcvelopmentc of mechanically weathered rubble and scree. The
ruoble is actually the product of combined mechanical disintegration and
chemical weatnering involving internal stresses incurred by differential
expansion from the slight hydration of the feldspar constituent (See
Blackwelder, 1925). The result is an aggregate of loose crystals and
individuva2l grains from the granular disintegration of bedrock in place.
During the summer months, decomposition of the feldspars in such a way is
facilitated by the considerable rainfall at all elevations on the ice field.
During the winter; hydration processes are undoubtedly minimized in the
highland due to the negative temperatures which prevail,

Although granular disintegration may operate at lower clevations
throughout the yeer, removal of its weathering product is usually retarded
by vegetation. The results are thorefore more readily observed on the
highland slopes and are especially characteristic of elevations above the
level of the 200 to 300 year scour line. In the scour zone, much of the
granulated mantle has been stripped away by the recent passege of ice.

At some sites, this is a useful indicator of the limit c¢f most recent
glacial expansion.

Coincident with breakdown of the feldspar constituent on some outecrops
is the formation of colloidal clay through kacl®‘nization. The early stage
of this development is often shown by a kaolin enamel. Tiis is considered
a2n indicator of post-glacial surfaces which were protably exposed to
atmospheric weathering for several thousands of years; or at least for a
lengthy intermediate interval prior to the recent glacial maximum. 1n most
cases, such weathering products post-date the formation of underlying
grooves and striae.
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Mention is made of the scree patches formed by granular disintegration on
the slopes adjacent to and southwest of the research station. Here, the
disintegration of granodiorite has proceeded especially well in the main
gulleys and subsidiary water courses. In many places, it is associated with
a mantle of soil. The presence of soil may be traced down-slope nearly to the
glacier's surface. Although no sharp line of differentiation could be ob-~
served, due to the mass tvransfer of loose material under the influence of :
gravity, it is apparent that a gradation does exist from an upper zone of
maximum disintegration at or near the cabin site to one of minimum disintegra-
tion a few feet above the present névé to the south and southwest. The advance -
state of granulation on the ridge-top behind Station 19 (elevation 3862 ft.)
is fair evidence that the upper limit of most recent glacial maximum on the
slopes of this nunatak was below that contour. In this connection, sets of
crossed sitriations may be observed on outcrops of an ultra-basic dike about
60 ft, above the nev2 surface of the mcat at the edge of the glacier. One set
of striae was measured at the 36L40-ft, contour which is approximately 50 ft.
above the general level of the névé at Camp 10A. From this it is clear that
the recent expansion at least reached this elevation on the southwest side of
the Camp 10 nunatck. The two dominant directions of striae recorded on this
slope are (a) 165 to 130 degrees and (b) 210 to 215 degrees. The former, a
much less well-developed set, is considered to have been formed by the recent
glacial surge. The other set is deeper and better developed and has an average
direction of 212 degrees. It probably represents the direction of flow of an
earlier and more prolonged ice~cever. This trend correlates well with the
regional direction noted on flat surfaces at upper elevations of the central
nunataks. The fact that the more southeasterly direction of striae parallels
the present flou of the adjacent local part of the Taku Glacier makes it
reasonable to attribute their formation to the 200-300 year advance.

i The problem is how high above this level did the recent maximum scour?

! Since "modern" striations may be found only on occasional outcrops of an
aphanitic dike, there is little evidence by which the limit can be exactly
determined. On this elope, however, there is a marked increase in graaular
disintegration at 3700 ft. which suggests that the recent ice limit was below
that level. Although plant growth does not give a ready clue to this limit,
a study of the development of lichen by a specialist may yield some results.”
Because vegetatisr depends on the presence of soil, there is an interrelation,
of course, bectween its occurrence and the breakdown of bedrock. A detailed
stody of this relation in the Camp 10 area is highly desirable. In anticipa-
tion of such study, a few additional comments are presented here,

A dominant type of soil exists in tie zone of demarcation below Camp 10.
This is a brown i~ black 50il ¢f fine-grained swh-mieroscopic texture. It con-
tains clay with a very few bits of quartz and other resistant mineral grains

7The development of lichenological techniques for relative dating of moraines

{ has been successfully employed in Scandinavia and the Alps in recent months,
The work has been carried out by Erik Bergstrom in Swedish Lzpland and by Etter
Beschel in Austria. (See Zeitschrift fiir Gletscherkunde, 1950, also the
description by Faegri, 1951,)

i)
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but for the most part it is a fairly mature soil which has lost all but the
most insoluble of its original constituents. The darker variety consists
of sub-microscopic fines and contains humus, The light (brown) variety
contains a larger quantity of the loose crystals of unaltered minerals and
herce ray be ccncsidered as a more or less immature soil. Its brown color
comes from limonite which has stailned the clay to a yellow or reddish color.
If there is much organic matter in the soil it tends to reduce the ferric
iron (red) compounds into the ferrous state which has no conspicuous color.
Thus, the more humic soil type does not tend to be red.

The contained humus is a colloidal mixture of humic acid and bacterial,
fungal and algal decomposition products. Its fine texture is responsible
for retaining moisture readily and thus consistent dampness is a character-
istic of the darker soil. This dampness is accentuated by accumulations of
the soil in undrained niches, on concave ledges and in gulleys. The dark
soil is found in a mantle 6 to zlL in. thick which usually supports vegeta-
tion. Vlhere there is vegetation, the process of soil development may be
biogenic, in that the alteration, especially breakdown of feldspar into
kaolin, is enhanced by the presence of carbon dioxide from humus. This soil
when initially formed undoubtedly came from weathered rock flour and some
of the alteration products previously described, such as the hydrous aluminum
silicate (kaolin) and limonite which have been washed irnto local depressions.
In some cases, &long with the clay or kaolin, there has probably been
potassium carbonate (KQC 7 as a complimer.tary decomposition product from
orthoclase. This mineral”constituent occurs in the abundant porphyroblastic
schists and related granitic units in this area (See J.I.R.P. Report No.6,

p. 115). The potash may become dissolved by water and removed, but some of
it may also be hzld in the colloidal clay and thus made availablie as plant
food at a time when the clay becomes transformed into soil.

Another soil-like mantle has formed on the Camp 10 area from disintegra-
tion of granitoid ro:%s. This consists primarily of quartz aad piagioclase
fragments from the granodiorite. The result is a light-colored, coarse-
grained and highly permeable residuum often seen in sprinkled layers on top
of the organic scil. In this, it is a retardent to plant growth. Taken
alone, it does not support vegetation protably because of its coarse-grained
nature and lack of associated potash.

Cn the slopes northeast of the research station, nearly to the summit
of "Taku B", there is a heavy colluvial mantle of granulated and unproduc~
tive soll., Some of it consists primarily of dark fragments of hornblende
admixed with quartz and olagioclase grains from disintegrated amphibolite.
Many of the fragments are quite large and give the apnearance of water-
rounding leading one %o suspect that there might have been a kame terrace
here at a high still-stand of the Wisconsin "ice cap". They, however, are
most likely all disintegration procducis as "cannon ball" weathering.

Cn some portions of the upper slopes, there is a fairly advanced development
of vegetation upon which a long-range study was begun by the expedition
ecologist.
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In this general study, there is room for close integration and coordina-
tion between investigations of gecvlogical, ecological and glaciological
nature and also of the local micro-meteorclogy. In summary consideration of
nunatak soil, the Iollowing factors are especizlly involved when attempting
glaciological inferences from the presence or lack of vegetation. (1) The
kind of soil, its nature and mineral composition (best for plant growth if
it has phosphate and magnesium); (2) amount of soil (thickest is best);

(3) grain size (fine-grainad best); (L) exposure and protection (whether
towards the sun or sheltered); (5) angle of repose (whether subjected to
repeated disturbance by sliding, etc.); (6) color (dark soil has lower albedo
and higher humus content); (7) drainage pattern (water courses best for many
plants); (8) presencec of fungi (as aids to plant metabolism); and (9) porosity
and permeability (important considerations in regard ic the soil's water-
holding capacity). By this it should be clear, that there can be other

reasons, besides the proximity of a glacial limit, why a soil does not support
vegetation,

From these notes, it is seen that several types of detritus are invoived
in a thin cover cn portions of the central nunataks. The types of debris
may be summarized as (a) fluvial-placial clays, silts, and sands originating
from rock flour and surface weathering products and forming humus=-bearing
soil; (b) sand and grovel colluvial residuum resulting mostly from scaling
and granular disintegration of coarsely crystalline bedrock; (c) frost-riven
angular blocks more or less in situ forming felsenmeer topography and
(d) glacial morain’s : naterial anc tlll usually with coarse angular fragments.
All of these may ce mixed and re -woricd by gravity, by temporary stream
action in gulleys and ravines and by sheet-wash on open slopes. They may also
admix with detr:itus brought down by rock slides and avalanches and with
aeolian material which is denosited from long distances or is transferred
from nearby or adjccent slogpes. These are all factors which must be considered
in analysis of the morphology of nunatak surfaces and of the significance of
their existing characteristics to former fluctuations in climate and related
glacial cenditicens.

The broad sequence of several post-iiankato stages operative on the lower
slopes of the central nunataks is outlined together with a few comments on
their probable relationship to the foregoing discussion.

(1) Period of primary "ice cap" coverage during Pleistocene Epoch, with
evidence for the eariier major stages not readily discernable on the
highland nunataks since the record has been largely evadicated by glacial
action of the Cordilleran end stage. This is assumed to have correspon-
ded witbh the “isconsin end stage of continental glaciation. The final
pulsation of the V'isconcin age in this area probably corresponded to the
Mankato sub-stage of continental glaciation. During culmination of the
Wisconsin, there was a strong development of local topographic irregulari-
ties on the central nunataks and establishment of the deeper set of
grooves now visible on the higher slopes. These are associated with the
strongly pitted and kaolinized high level surfaces, The Mankato sub-stage
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accentuated and modified. earlier Wisconsin glacial features with further
development of grooves and deep striae on the flattest surfaces at the
more intermediate elevations. These are also somewhat weathered and
with the older surfaces exhibit a mature development of lichen. It is
difficult to differentiate features directly which may be attributed

to earlier individual Wisconsin sub-stages.

(2) Post-Mankato deglaciation, probably characterized by considerable
oscillation and minor resurgences. Culminated in removal of all ice
from the area except in the highland. By wvirtue of this retrogression
an alpine stage of glaciation was, in effect, produced with sub-stages
involving minor fluctuations of disconnected local glaciers and re-
sulting in a certain emount of cirque sculpture and of periglacial
weathering features and grooving cohtrolled by the previously formed
local topographic irregularities. Development of crossed striae on
glacier-covered bedrock, with the youngest strise prominently incised
but with orientation locally contrclled. Granular disintegration of
ice-free outcrops which were amenable to hydration and mechanical
breakdown. These outcrop surfaces today are characterized by frost-
heaved felsenmeer and, in places, by a thick mantle of colluvial
disintegration fragments.

(3) Interstadial warm stage (climatic optimum), with considerably

less glacial coveraze than today. Valley glaciers excessively receded
and the regional snow line one to two thousand ft. higher than at
present. Trunk glaciers at the base of central nunataks were several
hundreds of ft. thinner than today and their termini some miles further
up-valley. Develcpment of soil through combined processes of mechanical
and chemical weathering and washing~down of rock flour and other fines
into local depressions. Initiation of heath mat and development of
mature vegetation cover including even some willows on what are the
present-day low:.» slopes of central nunataks. FExtensive development

of oxldized sur’aces on many bedrock outcrops.

(L) Minor re-ndvance of ice in the 17th and 18th centuries, resulting
in forest trim line at low levels and sccur line at base of nunataks

30 to 100 ft. above present névé in the highland and up to 500 ft.

above the glacier's present surface at low eievations. Perennial snow
slopes and glacierets produced in areas which were ice-free during
climatic optimum with the consequent operation of nivation processes
and minor giacial scour resulting in very shallow and ill-defined

local striae which may occur at an angle to directions of flow of former
expanded stages. CLCifferential removal of some of the older surface
weathering products,

(5) Modern recessional trend, with pulsating retreatal characteristics,
and the coasequent exposure of scour zone above present ice surfaces.
Developmeni of youngest iron oxide stain, and first stage of granular
disintegration on recently scoured outcrops which are most amenable to
mechanical. weathering, Also characterized by sporadic exposure of
indurated, scratched and polished rock flour associated with most recent
glacial expansion.
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C. Geomorphological Observations at Low Elevations

During the latter part of the summer, sevcral members of the project had
an opportunity to make some reconnaissance observations on the geomorphology
of the Taku Valley, the Taku Inlet, Gastineau Channel and its tributary
valleys northwest of Juneau. The following studies were attempted which for
the most part should be considered as portions of a more comprehensive in-
vestigation of the glaciel geology of the ice field's marginal area which it
is necessary to extend irto several subsequent field seasons. For this
reason, the 1950 efforts are mentioned here only in the following brief out-
line.

(1) Ground and aerial reconnaissance of the Taku River Valley as far east
as Red Creek about 10 miles above the confluence of the Talsekwe and Taku 8
Rivers and 17 mile3 northeast of the International Border at Flannigan Slough.
The ground journey was eccomplished by hand-lining a small boat up the river.
During the reconnaissance, special atterntion was given to the evidence of
former glaciation in the upper valley. .he nature of river terraces and of
recent sedimentation in the valley was cbserved for purposes of assessing
the possibilities of future field work, Together with other geomorphic
features, the terraces were associated with the eastward channeling of a major
glacial lobe from the Juneau Ice Field during one or more inundated "ice cap"
stages of Pleistocene time.

(2) Reconnaissance of the Talsekwe River Valley and aerial photographic
record of Talsekwe Glacier's frontal position and related morpholecgical
features. Information was obtained concerning the 1950 break-out of the
“Tulsequanh' ice-Cammed larxe which was found to have cxperienced a double
flood in this year. The first break-cut cccurred gometime in the first week
cf July. This was a minor discharge which raised the Taku River's level two S
and one~haif ft. at the Tuisequah Canadian Custom's Station. The second
flood reached its peak on July ¢Sth when it raised the river level seven ft.
During the main phase of the flood, the mining operations bridge across the
Talsekwe River Valley was destroyed. The high water mark from this year's
break-out 2t lower Boundary Creek was recorded at ten and one-half ft. above
the river's mid-Scptember normal low-water level. In years of excessively
high flood, the waters rise as much as i5 ft., abcve normal at the Taku-Talse-
kwe River confluence. The 1950 break-out is considered of average dimension.

(3) Photogrammetric ground record of 1950 positions of Taku, Norris,
Hole~in~the-"all and Twin Glaciers from previously established reference
stations.

(4) Reconnaissance study of moraines and sedimentation in vicinity of the
Taku &iacier and Twin Glacier Like, including test samples taken of bottom
sediments in the lake by means of a Phleger Sampler (lcaned by the Woods Hole
Oceanographic Institute{. The purpose of these tests was to evaluate field
conditions for the develorment of larger equipment for use in a subsequent
detailed study.

8See Map 931A in "The Taku River Map Area, B.C." Geological Survey Memoir
No. 2h8lL, Canada Department of Mines and Resources.
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(5) 1Investigation of the morphology and stratigraphy of the glacial-
deltaic terrace at Taku Lodge, its relaticaship to former marine conditions,
and *he mid-18th century advance of the Taku and Hole-in-the-Wall Glaciers
which partially dammed the river at its entrance into Taku Inlet.

(6) Cbservations on the sequence of glacial till, gravel and inter-
calated forest remains in the outwash plains of two glaciers on the southwest
side of the ice field. Dating the forest levels was initiated by radiocarbon
analysis of buried interfluctuational forest remains. The age ¢f the upper-
most layer of forest litter, found approximately eight ft. below the surface
of the pitted outwash plain a=d 100 yds. in front of the south central
terminal ice ¢liff of Mendenhall Glacier, has been determined to be 1790x
285 years (Kulp, Feely, and Tryon, 1951, p. 568)., This indicates that 1500
or 2100 years ago there was a mature forest at the terminus of the lendenhall
Glacier at a location which less than 10 years ago was covered with one
hundred or more ft. of ice. The buried forest level has only been exhumed
in the last several years by undercutting action of the outwash stream.

The other collection of inter-stadial wood was found beneath the terminus
of Herbert Glacier.

(7) The collection was made of a suite of Pleistocene marine shells for
study and correlation from several raised beach and delta sites in this
district. Identification of the shells is being made for listing in a sub-
sequent report.

From the preliminary study of this collection, it would appear that a
system of at least four former marine levels (stages?) exist on ithe west
side of the ice field, For differentiation, these may be termed the 30-ft.,
&0-ft., 100~-ft, and 500-ft. marine terraces. ‘Ihe elevation of recorded
collection sites may not represent the true marine iimit since little is
known about the thickness of the associated strata and because the heavy
forest cover makes it difficult to trace their extension. The field problem
is further ccmplicated by the fact that the broken nature of shells at some
sites indicates that the related Pleistocene glaciers in some cases may have
plowed into these beds and considerably disturbed their continuity. The
00-ft. marine level has also been repoirted on the eastern side of the ice
field (see liller, M.r., 1952, p. 83).

The existence of raised beach levels from post-glacial emergence can
be observed for great distances along this.coast. They are especially
prominent towards the west in the Yakutat-Yakataga area where, on the coastal
foreland, a sequence of strand lines can be seen. The magnitude of this
epeirogenic uplift in Soutneastern Alaska, however, has not been studied
in detail., Availabi= evidence indicates that the uplift has not been at &
constant rate, The existence of several stages of marine benches and wave-
cut platforms on the western side of some of the adjacent islands in the
Alexander Archipelago as well as farther west on lMiddleton Islarnd in the
Gulf of Alaska supports this view (Miller, D. J., 1953). A stronger develop-
ment of these features in bedrock in the Juneau area was probabliy precluded
by the fiord-like nature of the coast and the fact that floating and stranded
ice bergs and sea ice in the waning stages of the Pleistocene glaciation
further tended to reduce the effectiveness of wave action.

e —— ¢ o st 4
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The upwarp described above has undoubtedly been occasioned by the release
of load on the earth's crust in consequence of regional deglaciation. An in-
vestigation of recent tide-gage records along this coast should yield some
significant information on present eustatic changes which may be independent
of the local crustal warg. In future studies, a search should also be made
for field evidence of submergence of this portion of the coast in the early
Pleistocene., A study of the known bathymetry of various channels and fiords
might yield information on the former changes in sea level. Some of this
information is recorded “11 existing coastal charts. Taku Inlet and the
waters of the Juneau area were first indicated on the 1892 editién of Chart
8300, U. S. Coast and Geodetic Survey. Subsequent hydrographic data have been
published on revised editions of this and related charts.? (The name Taku
Glacier first appeared on the 1906 edition. On the earlier editions, it was
termed "Foster Glacier'.)

In addition to bathymetric data in the fiords, available information on
the off-shore continental shelf profile and its relationship to uplifted
coastal plains elsewhere in Southeastern Alaska should be reviewed. Evidence
of terrestrial organic matter in bogs which were once depressed below sea
level and of coarse stream gravels in one form or another deposited below
sea level should be looked for. The several exposures of deltaic material
now well above tide water in Gastineau Channel, north of Juneau, are criteria
of this kind. The Taku Valley contains a wealth of information on d:tails
of the regional submergence and subsequent emergence. A seismic profile
across the valley in the vicinity of Twin Glacier Lake and also longitudinally
towards the present tidal inlet would be of much interest. This valley con-
tains a very thick secticn of fluviatile material as indicated by the 400~ to
600-ft. depth of Twin Glacier Lake. If a bedrock threshold exists west of
this lake or oceanward somewhere in the present fiord, the valley was consider-
ably over-deepened by Pleistocene glacial action. If not, it was for the most
part formed by continual erosion of the antecedent Taku River. In such a
direction lies the ansvwer to whether Twin Glacier Lake is part of an old
"filled fiord" or whether it is in a submerged river-cut trench which, in spite
of the present day upwarp, has not fully rebounded to the position it held in
respect to normal sea level in pre-glacial Pleistocene time.

9For reference purposes, the list of available U. S. Coast and Geodetic Survey
charts pertaining to this area is given here: (1} Chart 8300, Lynn Canal and
Stephens Passage, published in 1892 from surveys of 1888-1850; shows bathy-
metry of above named channcls as well as Taku Irlet; (2) Chart 8300, 1895 re-
vised edition; (3) Chart §300, 1906 edition, from surveys of 1902-1906;
includes bathymetry of Taku Inlet; (L) Chart 8300, 1919 edition, revised from
surveys of 1907; (5) Chart 8300, 1926 edition, revised from surveys of 1923;
(5) Chart 8300, 1926 editior, republished 1930, revised from surveys of 1923;
(7) Chart 8272, iiidyay Island to Cape Spencer, ineluding Lynn Canal, published
1936, shows bathymetry of Stephens Passage, Lynn Canal and Taku Inlet, and
Icy Strait; (8) Chart 8235, Gastineau Channel and Taku Inlet, published 19l1,
from surveys of 1936-37; (9) Chart 8235, revision under preparation for
publication in 1953-54 from field surveys of 1952.
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D. Bedrock Geology on the Ice Field

Two members of the project conducted investigations in 1950 on the
bedrock geology of several nunataks near the central and west czntral
sector of the ice field. These studies have formed the bases for Masterls
Theses in the Department of Geology at the University of Washington and
the Department of Geology at Columbia University, Professor Peter Misch,
from the University of Washington, served as advisor to these men during
his visit to the ice field in August. The program of R. B. Forbes con-
tinued his 1949 field work on the petrology and petrogenesis of a suite
of rocks from the west central nunataks. This work has been partially
reported on in Chapter VI of J.I.R.P. Report No. 6. Studies by Arthur
Gilkey dealt with structural aspects of the nunatak "Taku B" (Fig. 3)
with special reference to the problem oi granitization (Gilkey, 1951).

XI. PLANT ECOLOGY

The botanical program in the 1950 season involved investigations
toth on the ice field and at periglacial sites near sea level. The lou-
level studies were largely a continuation of the research program begun
in the previous year. In the névé area, several new lines of research
were attempted which, although partly experimental in this field season,
have proved the effectiveness of certain techniques for subsequent work.
A resumé of the phases of this work is given telow. Comments on the ice
field program are taken from informal notes prcvided by C. J. Heusser.
The report on the Herbert Clacier glacio-ecological investigation is from
information provided by Professor D. B. Lawrence.

A. Analysis of Englacial Pollen

It was plenned in this season to ascertain whether pollen analytical
techniques were of practical use in differentiating seasonal strata of
firn and ice not characterized by annual dirty leyers or other megascopice
features of an atlaticn level., The technique erployed was similar to
that which was first introduced by Dr. Volkmar Vareschi in his pollen-
analytical studies of certain glacier structures and firn profiles in
the Alps (Vareschi, 1937, 1i5lL2).

Samples of pollen were obtained from cubic-ft. sections of firn
taken from the walls of crevasses and pits at sites 10B and 10C on the
Taka Glacier (Fig. 3). The firn was melted in pails and the resulting
water left to stand for 16 to 2L, hours so that any contained organic
matter would settle to the bottom. During this period, the pails were
covered with a light tarpaulin to prevent atmospheric contaminatien,
Most of the water was then decanted and the remaining liquid poured into
1000 ¢c. beakers where it was allowed to settle again for 16 or more
hours, The decanting process was repeated and the residual sediment
collected in B-dram vials in which was also placed a preservative.
These vials were then stored for later transportation from the ice field
and subsequent microscopic analysis. In the laboratory, the total number
and species of pollen grains in each sample were determined.

iy
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The results of this summer's work are not as yet complete and will be pre-
sented slsewhere, However, valuable experience was obtained which was put
to good use on the ice field in the summer of 1952, The resulis of the 1952
program are discussed in a recent article (Heusser, 195Lb).

B. The Collection of Atmospheric Pollen

Glass slides, coated vith glycerine jelly, were exposed to the atmosphere

for a weez at a time at the Camp 10 research station and on the roof of the
U. S. Forest Service warehouse in Juneau. In this way, it was hoped to
obtain a comparative record of the quantity of pollen which is deposited on
the ground at these two sites. The period of record was only from July to
September and therefore dces not represent the full flowering season.
Ideally, such a study should be conducted throughout all of the spring, summer
and autumn weeks in which pollen is produced. Unfortunately, the slides at
the ice field site were misplaced at the end of the field season, {Further
records have been obtained at Camp 10 and at Juneau in subsequent summer
seasons, )

By a special technique, atmoczheric sampling was also accomplished during
rainy weather. It was found, however, that very little pollen is in the air
over the ice field during periods of inclement weather. Heusser reports that
only the pollen of pine, an excessively buoyant species, was detected.

C. Botanical Quadrats and Plant Collections

Cn the slopes of "Taku B", adjacent to the research station site, seven
10~ft, x 10-ft. gquadrats were established and marked by rock cairns. Each
was located at a difierent elevation and exposure, and at a different distance
from the glacier. The distribution and species of plants in each quadrat
were recorded, In the years to come, it is hoped that these quadrats may be
revisited and thereby further knowledge gained on the type and rate of plant
succession on this deglaciated terrain. Of particular interest will be the
length of time that it takes at each location for the development of a climax
assemblage.,

Plant collections were made on the central ice field nunataks including
"Taku A', '"Taku B", "Exploration Peak" and "Juncture Peak!, A total of
15 gpecies of lichen and 20 of moss was collected, In addition, 27 previously
unreporisd species of vascular plants were brought from the ice field to
supplement the collections obtained in 1948 and 1949.,10 One hundred and four
plant specimens were collected from muskeg areas on the western border of
the ice field, The 1950 collections have been deposited in the following her-
barias lichens, University of Yisconsin; mosses, Rutgers University; vascular
plants, Oregon State College. The lists of the individual species are to be
included in a later report.

10See J.I.R.P. Report No, 1, Appendix C and J.I.R.P. Report No., 6, Appe.iix F.




D. Muskeg Investigations

It is known that glacier advance and subsequent recession are followed
by plant successions on the deglaciated terrain. The changes in resulting
forest composition in the post-glacial period is often well-recorded in
buried layers of tree pollen in columnar sections of peat. For this
reason, between Lemon Creek and Lena Beach, seven muskeg areas were sampled
for peat using a Hiller-type peat bog sampler., Samples of wood were also
taken from the organic sedge basement of several muskegs. One of these,
at Lemon Creek, was submitted to the Age Determination Laboratory of
Columbia University's Lamont Geological Observatory. The Carbon-1ll analysis

of this wood provided a sample age of 3,300 + 250 years (Kulp, Tryon,
Rckelman, and Shell, 1952).

Information resulting from these studies is contained in articles by
Heusser (1952, 1953, 195La).

E. Dendro-Chronological Study of Moraines

Botanical evidence available on periglacial terrain at low elevations has
been used by Professor D.B. Lawrence for detailing the recent history of
glacier fluctuation at the periphery of this ice field. 1In the summer of
1550, Dr. Lawrence succeeded in refining some of his previous glaciobotanical
studies on several glaciers in the southern sector of the ice field. Particular
emphasis in this season was placed on the recent recessional moraines of the
Herbert Glacier, situated at Lat.58°32'N., Long.13L4°L3'W. (Fig. 2).

For this study, dendro-chronological techniques were employed (Lawrence,
1950a). The work depended upon obtaining samples of wood from trees growing
on well-delineated moraines near the present-day ice terminus. Sectiona of
wood were taken a few feet up from the base of the tree trunks and from the
bark inward to the center. The tools used for these studies includea saws
and Swedish increment borersll plus a sanding machine and microscope for
the counting and study of tree rings in the laboratory. Aerial photographs

greatly helped in the lccation of sample sites and in the plotting of data
obtained.

Details of the technique and general results of the 1949 season of work
on this and five other glaciers emanating from the Juneau Ice Field have
already been reported in another publication (Lawrence, 1950b), A summary
of the field method and a detailed discussion of the results of the 1950
investigations have also been published by Dr. Lawrence (1951) in a more
recent. naper, Therefore; only a resumé of the 1950 field work is included

. here. The fundamental assumptions wpon which this research is based and the
limitations of the field method are described in the referenced papers. Some
of the broader conclusions and theoretical implications, in terms of the

. periodicity of post-Wisconsin climate fluctuations and the effects of this
periodicity on the regime of the Juneau Ice Field, are also in these references
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1lManufactured in standard 4O cm.(15.75 in.) lengths by Beus and lattson Co.,
Mora, Sweden and may be procured through Keuffel & Esser Co.,in New York
City (Price about 330,00). For larger trees, Dr., Lawrence has used a special
61 cm. (24 in,) length which is also available from this fimm.
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12 Herbert Glacier is an outflowing tongue of the Juneau Ice Field about
10 miles long and one mile wide near its terminus. It r'ses on the-LC0O0-
to 5000-ft. névé weat of Camp 94 (Fig. 2), and forms one of the westernmost
lobes of the ice field, The terminus is at an elievation of about 100 ft.
and can easily be reached by a good trail from the Glacier Highway. It lies
a distance of about 18 miles northwest of Juneau.

The terminal lobe of this glacier during its mid-eighteenth century ex-
tension was of a bulbous semi-~piedmont nature, Dr., Lawrence reports a
netable "closeness of spacing and regularity of arrangement of the terminal
and recessional moraine formed in the first 160 years of general recession.
«e...The horizontal recession rate has not been uniform since recession began
about 1740. The first O,k4 mile required 11k years (1?746-1860) according
to estimates bgsed on ages of oldest trees on the terminal moraine and the
youngest moraine; this amounts to an average annuzl recession rate of about
18,5 ft. In the next half century following 1860 until the 1909-1910 position
of the ice front was reached, the recession amounted to 0,6 mile, with an
average annual recession rate of about 53.h4 ft. In the latest 38-year period
(1910-1948), the recession has amounted to about one mile with an average
annual recession rate of about 139 ft,.n

The field evidence indicates that the recessional moraines, formed as a
result of the above noted retreat, were best developed in the 17hL0 to 1860
period when the rate of deglaciation was slowest. In the period of most rapid
frontal degeneration since 1910, rno prominent moraines were formed.

The trees growing on cach moraine were studied and the ages of the
morainic ridges thereby datermined by tree-ring counts. Dr. Lawrence states
that “these data do not conflict with the hypothesis proposed in my earlier
paper, that there should be a tendency for a ridge of till (moraine) to be
deposited along the line of the receding terminus of this glacier at about
the time of sunspot minimum of each ll-year cycle". In view of the 1950 field
vwork, he writes that the primary modification which he now suggests in this
thesis is that it would hold true only "when the general rate of recession
is suitable", Thus, if the rate of recession is relatively rapid, as has been
the case since 1910, the debris will tend to be distributed evenly as a ground
moraine without development of ridges.

Two of the moraines show composite crests which although closely spaced
indicate distinctly separate glacier resurgences. Since the tree-ring
analyses on sach crest show rougnly the same age, this is assumed to repre-
sent minor re-advances of the glacier over a period of two or three years.
In summary, Dr. Lawrence reports "This is as far as the research has led us
at present, The detailed results are stimulating but not yet at a stage of
development sufficiently advanced to allow broad applications. I would
voice the opinion that the Herbert Glacier and others that lead from the
Juneau Ice Field have great potential for further information because the
vegetation is relatively undisturbed and the Sitka spruces (Picea sitchensis
(Bong.) Carr. have apparently been faithful recorders of time for more than
200 years following shortly after moraine formatiort(Lawrence, 1951, p. 16L).
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XII. THE MAFPING PROGRAM

This field season resulted in the establishment of further horizontal
and vertical surveying control especially in the central and western
sectors of the ice field. The survey program, as in 1949, was carried
forward by R, G. Merritt; with C. R. Wilson assisting. For most of the
ice field work, a Wild T2 Theodolite was employed with supplementary surveys
at low elevations being made with a Transit Theodolite. All travel to
the survey stations vas accomplished by foot or on ski. In order to
occupy the sumrits ¢i reference nunataks, roped mountaineering techniques
were essential on occasions, The surveyors used the following camps in
order to carry out the program: Camps L, 10, 11, 12, 1k, and 16 plus trail
camps established where necessary.

Because of poor visibility conditions in early summer, most of the
surveying was accomplished in August and early September. liost of the
13 transit stations established in 1949 were re-occupied for refined
triangulation with the theodolite, Thereafter, 31 additional key control
stations were located either by direct occupation or by fixing the position
from other stations.

All occupied survey sites were of fourth-order accuracy; however,
they were based on two third-order triangulation points established by the
U. S. Coast and Geodetic Survey in 1923 and used by the project in 1949.
These were STATION TWIN and STATION NCORRIS, at opposite ends of a 68, 820-
fte base lire. (Fig. 2). A description of the refinements to the 1949
network is presented in J.I.R.P. Report No. 6. The computations for both
years are on file at the American Geographical Society.

A list of the additional 1950 stations, including their elevations
and descriptive locations, is given in Appendix P for reference by future
field partics. These data, with supplementary material from 1951 and
1552, are being used for refinement of the U. S. Geological Survey recon-
naissance series map of the western half or the ice field. 2 All eleva-
tions given in the appendix, where previously occupied stations are
concerned, are corrected values from the 1950 survey.

125¢¢ Juneau B-1 and B-2 sheets, U. S. Geological Survey, Alaska Recon-
naiscance Topographic Series, 1:250,000, published in 1959 and 15951.
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APPENDIX A

PERSONNEL

I. MEMBERS OF MAIN FIZLD PARTY (one or more months)

Glaciology and Geomorohology

M. M. Miller

R. L. Nichols

F. A, Small

P, V. Livingston

Geology

R. B. Forbes

A. K. Gilkey

Mineralcgy

H. Bader

G. Wasserbturg

Core Drill Program

A, K, Anderson

M. C, Marcus

Department of Exploration and Field Research,
Ar.erican Geographical Society and Department
of' Geology, Columbia University; glaciolouy,
geomorphology, organization, project director.

Professor of Geology, Tufts College; geomor-
phology, senior scientific adviser.

Goddard College (underg.aduate); glaciology
assistan%, field secreiary, food committee.

Department of Geology, University of Oregon;
glaciology, ecology assistant, food committee.

Department of Geology, University of VWashington;
geolcgy, aerial logistics.

Department of Geology, Columbia University,
geology, equipment committee.

Ge 7

Engineering Experiment Station, University of
Minnesota and Snow, Ice and Pzrmafrost Research
Establishment, Army Corps of lnginesrs; mineral-
ogy, ice petrofabrics, senior scientifie adviser.

Department of Geology, University of Chicago

(undergraduate); ice mineralozy, assistant to
Dr. Bader.

E., J. Longyear Company; rotary coring expert
and drill supervisor.

University of Vashington {undergraduate); geo-
logy, drill assistant.
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Meteorologz
F. A. Milan

N. E. Turner

C. 0. Harrington

C. E. Anderson, Sgt.
U' s. A. F.

Ecology

D. B. Lawrence

E. G. Lawrence

C. J. Heusser

Mapping and Survey

R. G. Merritt

C. R. Wilson

Medical

“'. Nicholl, H. D.

SHORT-TERM MEMBERS OF

A. Y, Thomas

Ve Ry Fritz

H. Je I(Othe

APPENDIX A (continued)

University of Alaska (undergraduate); meteor-
ology, mechanics, radio communications.

Mt. Washington Observatory; meteorology, me-
chanics, radiv communications.

Blue Hill Meteorological Observatory, Harvard
University; meteorology.

Arctic Weather Central, Air Weather Servicej-
meteorology, U. S. Air Force representative.

Professor of Botany, University of Minnesota;

plant ecology, in charge cf low-level ecology
teanm,

University of Minnesota; ecnlogy assistant.

Pepartment of Botany, Oregon State College, up-

Yand ccology, pollen-analysis,

Department of Civil Engineering, California

Institute of Technology; in charge of survey work,

mapping.

Case Institute of Technology (undergraduate);

mapping aa3sistant, glacier movament surveys, equip-

ment committee.

Assistant Directvor of Health, University of Mon-

tana; medical officer, food committee.

FITLD PARTY (up to three weeks)

U. S, Forest Service; liaison, logistics, Forest

Service representative,
Photography, supply.

The Fleischmann Laboratories, New York City;
chemist, glaciology assistant.
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. R. Latady Aero Service Corporation; photography, survey.
E. Brown Juneau, field assistant.
T, Stewart Juneau, field assistant.

III. VISITORS FCR SHORT PTRIODS OF TIME

(a) Scientific Advisers and Special Representatives

L. 0. Quam Geography Branch, Office of Naval Research; geo-
morpholcgy.

¥, 0. Field Department of Exploration and Field Research,
American Geographical Society; glaciology.

P, Misch Professor of Geology, University of Washington;
geology.

(b) Non=-scientific Visitors and Liaisnn

B. Balchen Colonel, U. S. Air Force, Arctic Adviser, Alaskan
Air Command (formerly, Commanding Officer, 10th
Air Rescue Squadron); observer.

W. A, Orr It, Colonel, U. S. Army, Arctic and Sub-arctic
Investigations Staff, Corps of Engineers,observer.

J. Reberis Wakefield, Mass.; photographer.

L. Thomas Pawling, New York; public relations.

D, Williams Juneau: communications, liaison.

K. Loken suneau; local pilot, liaison.

IV, MILITARY PERSONNEL, IN PRIMARY AERIAL LOGISTIC SUPPORT OPERATIONS

(a) Alaskan Sea Frontier, Naval Air Station, Kodiak

R' . Curry‘, S (JaG;), U: S: N:

; pilot.
R. C. Randall, ADC. 4B, U. S. N., co=-pilot.
W. B, Thomas, AD3

J. Hill, AD3

F. H. Mclerran, AL3

Py i SRR
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(b) Alaskan Air Command, 10th Air Rescue Squadron, Elmendorf AFB

R. A. Ackerly, Major, Acting Commanding Officer, 10th Rescue Squadron.
V. W. Rudd, Lt., pilot.

R. L, Holdiman, Capt., pillot, executive officer.

Sparrvohen, F,, Capt., pillot.
J. Kangus, Capt., pilot.

L, Cronin, Lt., pilot.

J. Royale, Lt., pilot.

J. C. Blazier, M/ Sgt

G. W, Caton, S/Sgt.

R, A, Tumlinson, Sgt., crewman,
T+ R. Hamel, Sgt., crewman,

R. Beasley, Sgt., crewman.

D. Cottrell, Sgt., crewman.

Two other pilots checked out on ski-landings, names not recorded,
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APPENDIX B

GUIDE SHEET TO SEMI-PERMANENT CAMPS WITH CACHES ON THE JUNEAU ICE FIELD

Approximate
Coordinates
Lat.anc Long.
(see Fig. 2)

Year
Estab.

Descriptive Location and Remarks

Camp Approx.
Desig. Elev,
(in ft. )
1 60
2 2100
3 14,300
] L,000~
5 4500

58°30 10N,
133°5510"W,

58°35100"N

132°56100'"W.

58%6.130"N.,

133°55130"W.

58°37130"N.

133°57100",

3L 2N,

134°03: 00",

1918

1918

1918

1918

Approx. 200 yds. E. of vertically-
trarding trap rock dike on bedrock
1.7, rsposed at water's edge near
F. sicc of West Twin Glacier. Camp
cite 10 {t, above normal lake sur-
face. At average water level boat
mooring possible on small flat
ledge of rock, with deep water on
lake side. When lake is fairly
clear of ice, pontoon aircraft may
easily land and disembark or embark
passengers at this site which is
also only LO minutes by outboard
motor boat travel from Taku Lodge.

In the shelter of a clump of 20-
foot hemlocks just below timber-
line on Vest Twin Glacier fault-
line route; 100 ft. northwest of
couloir. Route camp.

On 15° head slope, S. side of "H"
Basin, Main base camp of 19L8 ex-
pedition; cache of supplies buried
by subsecuent Arift snow; not ab-
lated out in 1949-52,

S.E. sile of ice field., On bedrock
crest of lower end northward trend-
ing ridge of Research Peak; 100 ft.
abcve nzvé surface. Large cache
of cquisint eutablished here in
19,9, ‘io:te camp and meteorologicd
stution ~nd cache with Pyramidal
tent. 1.6 camp on néve at base of
ridge at 3800-3900 ft. elevation,

In rock col ¥, end of “Scatter®
Peaks. S.W. side and overlooking
"Y" Basin. Route camp and supply
cache.




APPENDIX B

{continued)

6 L600 S8} 510NN, 1949
133°51:00y,

7 1,000(?) 59°00'00"N. 1952
134°05 100",
8 62004 58°47130"N.  195C

134°08130"W.

9 4700 58°42130"N, 1949
134° 211207,

10 3862 58°39 100N 1949
134°11130m7,

E. side of ice field. On S. flank

of Michael's Sword, 1/2 mile V', of
Devil's Paw; exploration end sur-

vey cache with pyramidal tent.

N. E. sector of ice field, on
ILlewellyn Glacier surface just
above névé line zone.

N. E. sector of ice field, on re-
latively level felsenmeer rock
surface at lower end of exposed
rock ridge trending V. from Mt.
“Mcore!', Full cache of equipment
and supplies with hexagonal tent
and meteorological instruments.
Met. and glaciological research
station, Subsidiary camps 8x and
8y on névé surface 1 mile to N. W.
in 1951 and 2 miles to the V., in
1952, respective elevati ons 5260
and 5850 ft. These sites lie
close to the Llewellyn-Taku Glacier
divide, about 18 glacier miles
from Camp 10.

N. W, sector of ice field. Lower
end of 5, ridge of South Echo Peak
(Taku E) N. ', edge LSO0-foot Taku
Glacier néve, met. station and
survey and route camp.

Base camp and research statico near
center of main portion of ice field;
a nunatak ridge and summit, 300 ft.
sbove Taku Glacier surface on W.
slope of "Taku B", !Met. station,
comnunications base and central
glacier research station 1949-52;
ecological quadrats.
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(continued)

10A 3590

10B 3570 &

n* 2900

12 2450 +

M L700(?)

58°381 30"\,
134°12'00"W,

58°37'30"N.
13L° 14 100",

58°3L '00"N.
134°06100"W,

58°30'00"N.
134°01¢30Mm7,

58°32'00"N,
134°18 130w,

1949

1950

1949

1949

1949

Initial firn research camp and
light skiplane landing site for
Camp 10, At base of western rock
slope,1/L mile S. W. of Camp 10.
Eastern end of seismic and move-
ment stake Profile No, IV.

Near center of Taku Glacier. En-
glacial research camp and heavy
skiplane landing site; location

of aluminum deformation pipe and
thermistor cables; Camp site
marked with 20-foot tripods and
L0-foot aluminum tower (subsequent-
ly broken in 1951-52.)

N. end of "Goat" Ridge on heather-
covered rock surface with ample
water supply from nearby snow
slopes and small drainage streams.
Cache with pyramidal tent and
other egquipment. Route camp and
seismic, met., and survey station.

Hole~in-the-'Tall Glacier ridge
summit at S. end of "Goat" Ridge.
Camp lies 1/l mile 8. of deep
cleft in ridge top. Route camp
and met, station with pyramidal
tent and instruments in cache,

Located on small, flattish nuna-
tak on N. side of W. branch Taku
Glacier near S. E. flank of Taku
Range. On route, half-way
between Camps 10 and 15, Geolog-
ical, survey and route camp. Cache
of miscellaneous supplies and
pyramidal tent.

*In JIRP Reports Nos. 2 and 6, this is termed Camp 11A. Its designation

has since been changed to Camp 1l.

The former Camp 1l was the seismic

route camp on the glacier surfice at the confluence of the Northeast and
the main branch of the Taku Glacier.
Camp 13 (no cache).

Its designation has been changed to
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APPENDIX B

(continued)

15

16

Taku
Lodge

Note:

Sh50 58°41130"N, 1950 On lower end of rock ridge, ex-
134°33130"W., treme N. W. edge of Taku-Eagle

Glacier névé. Lies above "Arch
Band" Glacier flowing into "Berners
Bay Trench". Met. station and
survey and glaciological camp; also
gite of ecological quadrat. Misc-
ellaneous equipment including meteo-
rological instruments and hexagonal
tent.

4300 58°2L'30"N, 1950 On summit of rock ridge outcrop
13h°20130mI, (rec. between main Lemon Glacier and the
1949) northern extension nf its névé. On

this nevé in 1951 a Piper Cub
equipped with wheel-skis successfully
landed supplies and equipment. Met-
eorological station, survey and route
camps Proposed glaciological
research station subsidiary. Cache
with hexagonal tent and instruments.

20 58°30'00"N - Five miles above mouth of Taku
133°55100"y. River; served as low-level base
station and temporary met. station
in 19&8"520

In this appendix, 18 main camp sites, not including Camp 13, are
listed. The following special or emergency camps have also been used
in the 1949 and 1950 seasons; however, no significant caches remain
at the present time: Camps 1A, 1B, 2B, &A, 74, 8X, 8Y, and 9A.

Camp 7A is the dssignation given to a prospector's cabin in the
Llewellyn Inlet of Lake Atlin. Knowledge of this site may prove
usetul to future field parties. It is at 2500 ft. elevation and 2
miles from the terminus of Llewellyn Glacier. The locations of most
of these subsidiary camps are shown in Figure 2 and described on

Page 2 of JIRP Report No. S.

. —————— s ——
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APPENDIX C

ABLATTION RECORDS (data which is not included in Fig. 5)

Ablation in inches of firnm, sp. gr. 0.5

Site IOB% (3580 ft.) on néve surface, 1/4 mile east of Camp 10B;
e

2/3 of the way between 10A and 10B.
Dates, 1950 Ablation Ablation
(inclusive) (total), in. (per day), in.
July 18 - 24 8.5 1.21
25 - 26 2.38 1.19
27 - 31 7.5 1,50
Aug. 8 2.0 2.0
9 2.5‘ 2.5
10 -~ 1 (1000 hr.) 13,2 2.6 +
17 3.0 3.0
21 2.5 2.5
22 - 27 (0800 hr.) 10 1.4 +
Camp 104, (3590 ft.)
Dates, 1950 Ablation Ablation
(inclusive) (total), in, (per day), in.
July 5 - 13 7+ 0.8 +
]JJ el 18 11-‘ 208
26 3.5 3.5
rvg, 8 2.0 2.0
9 3.0 3.0
10 - 14 (1000 hr,) 4.8 3,0 +
16 - 18 (0800 hr,) 5.5 2.8-
21 3.0 3,0
28 - Sept., 1 Te3 105 +

.
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APPENDIX D

FIRN STRATIGRAPHY

I. Pit A. Camp 10B, Taku Glacier (see Fig. 11) July 18, 1950

Horizontal Ice Structures

Depth*(cms) and Layer Boundaries . Remarks
0 to 3.2 30 mm ice stratum “rominent top
ice strata
.6 12 mm ice stratum
17,8 6 mm ice stratum
24,2 9 mn ice stratum
36.9 9 gm ice stratum
62.3 12 mm ice stratum Double ice stratum
67.4 6 mm ice stratum
68.3 3 mm ice 3tratum
The3 Lenses Intermittent
78.8 Lamina Thin
82,6 Lamina Thin
90.2 to 95,3 6 to SO mm ice stratum Thickens
109.3 Lamina Thin
110.5 Lamina Thin
113.5 Lemina Thin
119.4 32 mm ice stratum Thickens _
139.7 5 to 25 mm ice stratunm Thickens
7.4 6 to 18 mm ice stratum Thickens
159.4 12 mm ice stratum
1£7.3 12 mm ice straium
173.0 12 mm ice stratum
17h.6 6 mm ice stratum
182,2 3 mm ice stratum
190,2 6 mm ice stratum
193.4L 6 to 18 mm ice stratum
205.8 25 mm ice stratum
21h.7 | 25 mm ice stratum
224.8 . 12 mm ice stratum
251,5 37 mm ice stratum Icy zone
259.1 25 to 37 mm ice stratum Thickens
266.1 6 mm ice stratum
332.7 50 mm ice stratum
3404 1l to 2 mm ice stratum
353.9 6 mm, 12 mm, and 6 mm Composite ice
ice strata strata
359.0 S50 mm ice stratum
366.6 12 mm ice stratum
372,.9 12 mm ice stratum
377.5 12 mm ice stratum
391.2 ice stratum

*211 measurements from 30 mm ize stratum at surface on July 18, 1950 to top
of ice structure involved.




July 21, 1950

Depth* (cms)
Below July 21 Surface

APPENDIX D

(continued)

Horizontal Ice Structures
and Layer Boundaries

0 to
50,8
101.6
105.5
ln-.e
119.4
127.0
137.2
144.8
160,1
191,.8

N

iy 3
[0,

*

\O

W
=
o)
L]

w

w
-~
o~
*

o

Firn

6 mm ice stratum
9 mm ice stratum
6 mm ice ‘stratum

‘12 mm ice siratum

Two 6 mm ice strata
9 mm ice stratum
€ mm ice stratum
6 mm ice stratum
18 mm ice stratum
12 mm ice stratum

12 to 25 mm ice stratum
9 mm ice stratum
6 mm ice stratum
mm ice stratum
to 18 mm ice stratum
to 25 mm ice stratum
mm ice stratum
9 mm ice stratum
mm ice stratum
mm ice stratum
mm ice stratum
mm ice stratum

=

O RNWORNONONONONCE
ct+
o

o)
no
ct
o

25 mm ice stratum

9 mm ice stratum
12 mm ice stratum

18 to 25 mm ice stratum
3 mm ice stratum

6 to 9 mm ice stratum

9 mm, 6 mm and 6 mm ice
strata

II. Pit C. (Crevasse III), Camp 10B, Taku Glacier (see Fig..8) . .

Remarks

Closely spaced

Lenses

Lense-shared sections
prominent (probably
represent sun-cupped
undulations of 1948~
L49 ablation surface

Lensing in sections

Thickens to 37 mm to
northward
Thickens to 75 mm to
nor thward

In close sequence

¥A1l measurements taken to top of the ice structure involved

A W MR ! TR




APPENDIX D

Pit C. (Crevasse III) Camp 10B (continued)

Depth® (cms)

Below Aug. 27 Surface

Horizontal Ice Structures
and Layer Boundaries

Depth (cms) Horizontal Ice Structures
Below July 21 Surface and Layer Boundaries Remarks
L3b.b 6 mm ice stratum
L36.9 9 mm ice stratum
Lh7.1 6 mm ice stratum
LuB.h 12 mm ice stratum
LbL9.6 6 mm ice stratum
LS2.2 9 mm ice stratum
LéL .9 6 nim ice stratum
L80.1 6 mm ice stratum
L90.3 £2 ™ ice stratum Trregular
L87.7 to Undulaiing 9 mm to Unconformable seasonal
518.2 12 ;mm ice stratum boundary representing
late summer ('L7-'48)
sun-cupped surface
{Sept. 43)
523.3 12 to 50 mm ice stratum
ITI. Pit C. (North side,Crevasse I11), Camp 10B, Taku Glacier, August 27,1950

Remarks

30.5
33'1

38.1
559
61,0
106.7

o P 3 e A e oA o § S e e O 0

RO MR Dy

116.9
119.4
122.0
139.7 to
: 1L4.8
{ 152,04
| 15L.9
, 157.5

g s
'

.37 to

25 mm ice stratum
Annual dirty layer

6 mm ice stratum
6 mm ice stratum
6 mm ice stratum
25 to 62 mm ice stratum

6 mm ice stratum 2

12 mm ice stratum !
9 mm ice stratum >

50 mm ice ‘stratum

1l to 2 mm ice lamina
1 to 2 mm ice lamine
l.to 2 mm ice lamina

*411 readings taken to top of ice stratum involved

Lensing in and out
1948-L9 late summer
ablation surface,

Llensing, thickening

and thinning, some-
what undulated, with
slightly irregular

top; smooth and flattish
base

Delineating a 75 mm
thick lcy zone

Lensing
Grades to eastward

into 62 mm ice stratum,
2 feet away
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Pit C. {North side,Crevasse III), Camp 10B (continued)

Depth(cms)
Below aug. 27 Surface

APPENDIX D

Horizontal Ice Structures
and Layer Boundaries

165,1
175.3
180.4
182.5

196.9
207.1
210.9
254.0
259.1
269.3
271.8
28L4.5
287.1
301.0
302.3
322.5

340.1
350.6
37h.7

388,7
396,2
403.9
L05,2
L11.5
h19.1
h29.3
430,6

439.5

Lk9.6

L59.7

L67.L
L82.7

6 mm ice stratum
6 mm ice stratum
6 mm ice stratum
6 mm ice stratum

1l to 2 mm ice lamina
12 rm ice lamina
12 mm ice lamina

1l to 2 mm ice lamina

6 mm ice stratum
12 mm ice stratum

6 mm ice stratum

6 mm ice stratum
12 mm ice stratum

6 mm ice stratum

1 to 2 mm ice lamina
Ice pods and lenses up to
12 mm
25 mm ice stratum
12 nm ice stratum

9 mm to 32 mm ice stratum

6 mm ice st.atum
Sporadic lce pods
Sporadic ice pods

6 mm ice stratum

5 thin ice laminae, tke

bottom one 9 mm tnick

1l to 2 mm ice lamina

1 to 2 mm ice lamina,

thickens to 25 mm

9 rm ice stratunm

6 to 12 mm ice stratum

1 to 2 mm ice lamina

1 to 2 mm ice lamina
12 tc 25 mm ice stratum

s PR L8 Sk RS VTV

Remarks

Grades to eastward
into single ice
stratum which thick-
ens to 50 mm

Thickening and thinning

Lensing in and out

Irregular

Lensing in and out
Thickening and thinning
to dimensions noted,
possibly 147-'48
ablation horizon

Thins out here and there
Lenticular and infrequent
Lenticular and infrequent

Forming an icy zone

Slightly undulated
(folded?) thickest to
the east

2 ft. to eastward this
stratum sprlits into two
6 mm ice strata

Thicker section toward
east; diagonal ice vein,
at 30° angle, trends
upward to the 9 mm

stra&gm at thel39.5 cm.
leve

Thicker section toward
east



Pit C. (North side, C:

APPENDIX D

avasse III), Camp 10B (eontinued)

Depth (cms) Horizontal Ice Structures
Below Aug. 27 Surface and Layer Boundaries
L92.8 25 mm ice stratum
503.0 9 mm ice stratum
516,.9 6 to 18 mm ice stratum
520.7 Icy zone, myriad laminae
grading eastward into solid
ice stratum 100-125 mm thick
(Thickest portion topped by
an "ice column" which coén-
nected to the thick ice
stratum at the 19 in.
(L4,92.8 cm) level)
538.5 Layer of ice pods, up to
18 mm thick
S5h3.6 Layer of ice pods
563.9 37 mm ice stratum
i
:
! S75.kL 9 mm ice lens
! 579.2 Double ice strata, 2 mm
} thick
I 596.,9 Icy zone with 5 thin ice
! 609.6 strata, up to 12 mm thick
612,1 6-50 mm ice stratum
619.8 1-2 mn ice lamina
622.3 3 ice lamina, each 1 mm
630.0 9 mm ice stratum
640,11 Icy zone; 100-150 mm thick

e s g 1A e e g e s

Remarks

Irregular, uneven top:
flat base ('L6-'L7
ablation horizon?)

Lenses out to west
Irregular

Lenses out toward west
to an ice stratum 25 nm
thick

Lenticular pods,
75-100 mm long; one
block-shaped 50 mm
thick and 50 mm long

Undulated at base;
irregular top; coarse-
grained crystais
probably in 'L5-'46
ablation horizon

Lensing in and out

Undulated, irreguiar,
protably sun-cupped
thl-t))5 ablation
horizon

Undulating
Irregular

Each 12 mm apart
Lensing, irregular

—_————— .



APPENDIX E.

1950 FIRN DENSITY RECORD, TAKU GLACIER

1. July 19, 195C; Pit A, Camp 10B, elevation 3575 ft.

Depth Below Ice
Stratum at July 19

Neve Surface (cms) Density gm/cm3
5.1 0,488%
12,7 0.L75%
22.9 0.L75%
30.5 0.L79%
35.6 0.481%
Ls.9 0.L81
55.9 0.472
66.1 0.437
76.2 0.509
86,1 0.5U3
94,0 0.458
109.3 0.U477
116.9 0.47h
2.3 0.617
149.9 0.530
167.7 0.562%
172.8 00576
175.3 0.565
177.8 0,525
180,3 0.580
188,0 0.5838
154, 0.594
203.2 0.591
209.6 0,621
218.5 0.619
226,1 0.589
236.3 0,587
251,5 0.593
261.7 0.610
21853 0.623
28L.5 0.598
304.8 0,662
317.5 6.610
325.2 0.605
333.3 0,627
338.0 0.573
368,1 0.634
366,8 0,613

*Indicates average of two samples.

Remarks

Below 6-10 mm. ice stratum which
was 50 rm, below névé surface
Above 3 mm, ice stratum

Just above 15 mm. ice stratum

6 mm., below ice stratum

In icy zone, 3 very thin ice
laminae, Zone thickens to

150 mm. to westward.

Just below a very thin ice lamina
Above 25 mm, ice stratum

2 very thin ice laminae
Below 2 very thin ice laminae
Just above ice laminae

Just above 16 mm. ice stratum
Just above 15 mm. ice stratum
Just above ice laminae

Just above ice lamina
Just above 20 mm. ice stratum
Just below 6 mm. ice stratum

In icy zone(ice spicules & lenses),
just above a 50 mm, ice stratum

No ice strata visible

Homogeneous very well=indurated
firn.

Lo AR NPT s SIS S L
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APPENDIX E (continued)

II. July 22-23, 1950, Pit C-1 {Crevasse No.JII), Camp 10B, elev, 3575 ft.

Depth Below July 22

Névé Surfage (oms) ~ Density gm/cm3 Remarks
15.3 0.L87 =S
30.5 0.L37 - - - -
h5.9 0.L55 --=--
6100 O.h93 R e
?602 0.’423 == e (S
91.5 0.L412 R
106,7 0.L65 -~
122,0 0.525 - e
137.2 0.53L - -
152.L 0,556 S
167.7 0.595 ----
182,9 0,616 . - = (= e
190.5 0.uls7 Schwimschnee (?) above 6-15 mm, ice
str: tum at '4i8-')9 ablation surface
195.6 0,635 Just below 6 ma, ice stratum
200,7 0,632 Just above 10 to 18 mm, ice stratum
207.1 0,600 Just belcw 10 to 18 mm. ice stratum
211,0 0,585 - - - -
22&.8 0.623 i
2h1,3 0.623 - ---
£70.6 " ,630 Above ice stratum
275.6 0965& - o o o
289.5 0,633 Above 15 mm, ice stratum
308,7 0.642 Above 2 nm, ice stratum
325.2 0,618 Above 20 mm, ice stratum
337.9 0.633 SRR :
355.6 0,625 - :
379.8 0.634 25 mm, above 15-20 mm. ice stratum
396.3 0,612 - -
L09.0 0.678 25 mm, above 10-15 mm, ice stratum
1126,8 0,837 25 mm, below 10-15 mrm, ice stratum
hhk.5S 0,645 Just above 6 mm, ice stratum
L57.2 0.580 Just above 6 mm. ice stratum
473.8 0.220 gust below 6 mm. ice stratum
491,5 0.623 0 mm, below undulated dirty layer
representing 'L47-'48 ablation surface.

Ice laminae in sample,
515y - 0,628 25 mm, above 15 mm. ice stratum
5296 0.555 Just below 15 mm, ice stratum
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APPINDIX E (continued)

III. August 27, 1950, Pit C-2 {Crevasse No, III), Camp 10B, elev, 3575 fi.

All densitles in this profile taken after three days of heavy rain

Depth Below Aug.27
Néveé Surface (cms)

Density gm/cm3

15.3
30,5

LS.8
61,0
7642
91.5
106.7
122,0
137,2
152,.5

167.7
183,0
198,2

213.5
228,7
24k.0
259,2

27kLe5
289.7

305.0
320,2
335.5
350.7
366,0

381,z
411.7

Lkh2.2
L72.2
503.2

533.7
56L.2

59L.7

625,2
655.7

0,539
0,594

0.555
0,565
0.538
0.589
0,500
0,600
0.630
0.582

0,581
0,597
0,626

0.624
0.627
0.581
0,664

0.681
0.623

0,416
0,653
0.665
0,737
0.660

0,699
0.635

0,719
0.723
0,718

0,695
0.700

0,788

0,797
0,841

Remarks

Last of 1949-50 firn

At top of 19L48-L9 firn pack in dirty
layer zone

In 15L8-49 firm

In 1948-L9 firn

In 1948-L9 firn

In 1948-L9 firn

In 1948-L9 firn

15 mm, below a 6~15 mm, ice stratum
In firn

Just above an icy zone of three ice
strata

ice lamina

Thin ice lenses

Between two thin ice laminae, basal
one 10 mm, thick .

Just below 6 mm. ice s‘ratum

Just below 15 mm, ice stratum

25 mm, below 15 mm. jce stratum

15 mm, below three thin ice laminae
in icy zone SO mm. thick

Just below icy zone with two 6 mm.
ice strata

15 mm, below 20 mm. ice stratum

Just above 6 mm, ice stratum in dirty
zone of 191,7-48 ablation horizon

In icy zone, with three thin ice
laminae, one in center is & mm. thick
50 mm, below an ice stratum and 25 mm.
above an ice lamina

75 mm, below 19L6-L7 ablation horizon
50 mm. below a 25 mm, ice stratum
Just below dirty zone of 19L5-L6 (?)
ablation horizon; 50 mm. below a

50 mm, ice stratum

Just below several thick ice lenses
and above a 15 mm, ice stratum (above
19LL-45 undulated zone)

Just above a 125-150 mm. ics stratum
thich in turn was just above dirty zone
of 1943~LkL (?) ablation horizon

VS B8 i @ K By



Depth Below July 22
Névé Surface (ems)

APPENDIX E (continued)

Density gm/cm3

548,7
579.2

59649
609,6

630,0
650.3
668,2
687.1

706,2
725,2
740.5
758.2

77846

792.5
807.8

823,0
’ 838.2
853.5
873.8

891.6

PRI

0,670
0.693

0,653
0,722

0,763
0,796
0.805
0,755

0,7LO
0,730
0,786

0.830
0.850

0.852
0,779

0,780
0,778
0.809
05836

Dirt in
core

Remarks

25 mm, below 6 mm, ice stratum and
atove 25 mm, ice stratum

Below zone of ice stringers some

30 m, thick

Just below a double 6 mm, ice stratum
Just above two 2 mm. ice strata

50 mm. apart and a dirty layer repre-
senting '46-'47 ablation surface

Above double ice strata of 15 and Dmm,
Belcew 1€ mm. ice lens

20 mm, above a thick 50-75 mm. ice
stratum lensing in places to 15C=2C0.
thickness (possibly at 1945-L6 surface)

Just below a 40 mm, ice stratum

50 mm, below a 15 mm. ice stratum
(possible 194)-45 ablation level)

Just below 3 widely spaced 2 mm, ice
laminae

Just above a 15 mm, ilce stratum; below
this is a 25 mm. ice pod; 50 rm, below
this is a 4O mm. ice stratum, (possible
ablation surface (?) at 789 mm.)

Just below 25 mm. ice stratum

Jast below are three 6 mm., ice strata
and above are two 6 mm., ice strata
Just below 15 mm. ice stratum

Just above 25-50 mm. ice stratum

Just above 10 mm, ice stratum

10 mm, ice stratum and in a 25 mm.

icy zone

Dirty zone representing late summer
ablation horizon probably 1943-Lk;
commences at 653 ogm. level, but most
prominent at 892 cm. level.




APPENDIX F

PERIODIC. RECORD OF THE VERTICAL COMPONENT OF SURFACE WATER PERCOLATION

THROUGH THE FIRN

I. Pit A. Camp 10B (Elevation 3575 ft.)
Record from Jjuly 1k to July 27, 1950
(A1l values in cubic centimeters of water; values represent totals since
previous time of record)

Depth of pan given in inches below the top of ice lamina at July 18 neve
surface. Pan I, 25 in. below July 13 néve horizon,

Date Hour Pan I Pan II Pan III Pan IV Pan V Pan VI Pan VII
July PST 15 in. 31 in. 65 in. 100 in. 96 in. 129 in. 129 in.

14 1920 placed

15 1000 0 placed
1200 = =
1600 100 220
1700 L9 88
1800 L3 88 placed
1900 32 73 1
2000 30 70 0
2100 82 25 0
2200 82 19 0
2300 9 Lé o]
‘ 24,00 9 57 6.5
16 1000 170 L65 1
; 1100 L3 62.5 0
! . 1200 3L L3 5
! 1300 38 60 0
1400 L3 75 0 placed
1530 65 97 0 0
1400 24 30 0 0
1630 36 43 o} 0
1700 L0 L3 0 0
! . 1800 82 75 o] 0
\ 1830 38 Lo o} 0
1900 L3 L3 0 0
1930 sl 60 0 0
2000 Lo 65 o} o}
§ 2030 7.5 91 0 0
2100 Lo 72,5 c o]
2130 L9 75 0 0
' 2230 107 12k 0 0
! 2300 57 62.5 o] 0
!- 17 0700 (650 +)* (6504)* 0 0
0800 160 208 0 0
\ 0900 198 198 o} 19
g 1000 277.5 213 70 1N
1100 256 225 67.5 1L

*A11 figures in parenthesis are minimum values from collection receptacles
vwhich over-flowed during interim between readings,

3. G adnd SR PTG
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APPENDIX F
1. Pit A. (continued)

Date Hour Pan I Pan II Pan III Pan IV Pan V Pan VI  Pan VII
July PST 15 in. 31 in. 65 in. 100 in., 96 in. 129 in. 129 in.

A S 1% . e e A 3 i, i 5 0 e .

1200

17 290 . 24C,5 62 I
1300 280 256 97 1
100 206 238 110 S
1500 ? 203 ol 11,5
1600 231,5 174 60 9
1630 - - - - placed
1700 182 171 91 6.5 0
1730 - - - - - placed
1800 203 203 ok 0 6.5 203
1900 122 Lk 60 1 L7 280
2000 ? 158 72.5 0 168 296
2100 166 149.5 57 0.5 147 256
2230 162 256 78 0.5 198 302
2330 91 128 L3 0 103.5 142
18 0700 768 956 256 2 (LOO+) 802
0800 34 67.5 30 6.5 30 5L
0900 88 78 34 1 80 78
1000 203 117.5 0 0 82 75
1230 38) Lhé,5 97 9 177 198
1330 128 193 sh 0 85 78
1,30 128 149.5 5L 1.5 88 80
1530 115 252 75 1 N 88
1630 12} 152 67.5 1 103.5 100
1730 128 38 70 0.5 115 1ns
1830 78 168 60 0 103.5 120
1930 38 103.5 Lo 0 80 85
2030 38 103,5 L3 0 91 91
2115 - - - - - - placed
2130 2L 91 38 0 100 97 o]
2300 14 9L 40 0 128 13L.5 i
19 0800 g 316 128 1 (500+) 664  (500+)
0915 zh 36 16 1 L9 65 Lo
1600 3l 30 21.5 2 34 L9 3L
1130 97 52 32 1 5l 91 0.5
1230 82 5% 3 0 L3 75 L9
1330 78 78 36 1 38 62.5 43
1500 128 182 70 0 60 128 70
1610 70 3L 60 1 60 128 16
1700 52 110 67.5 0 L9 8s 60
1805 L9 128 L3 0 72.5 85 75
1900 30 91 0 0 70 85 70
2000 PN 91 52 0 88 110 80
2100 11.5 62.5 34 1 72.5 78 11.5
2200 16 72.5 38 1.5 85 97 75
2300 11.5 57 30 0 70 80 57
24,00 1.5 L3 24 0 60 75 L9

i s i A =
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#pan VI (hersafter referred to as Pan VIA) reset 30 in. to lcft at same level

APPENDIX F
I. Pit A. (continued)

Date Hour Pan I Pan II Pan III Pan IV Pan V Pan VI Pan VIII
July PST 15 in. 31 in, 65 in. 100 in. 96 in. 129 in. 129 in.
20 0900 270 384 17 0 481 705 38l
1000 75 60 3L 0 52 70 34
1100 82 75 L3 0 sh 70 38
1200 110 85 L6 1 sk 75 L6
1300 70 115 62.5 0 62.5 112,.5 60

1400 115 216 80 0 7245 128 67.5
1500 és 208 80 0 80 128 70
1600 72.5 208 ok 0 103.5 19.5 8s
1730 60 91 353 0 164 231,5 193
1830 ? 107 ? 0 80 110 75
1900 19 85 52 0 80 110 70
2000 30 97 57 0 97 12 8s
2100 30 97 Sk 0 100 27 91
2300 pin 142 75 0 198 203 Lo
21 0800 270 558 260 0 (512+) 92 L3
0900 75 82 38 0 65 103.5 52
1000 60 65 34 0 L3 88 30
1100 128% 91 8s 0.5 Sk - ?
1130 . = = N -  reset**(VIA)
1200 158 115 60 0 s = -
1300 65 152 75 0 L9 1 62.5
1400 1l 182 80 0 Sk 0 85
1500 11.5 225 97 0 8s 0 19
1800 21,5 615,5 272 1 310 9 L1l
1910 L6 177 103,5 0 139.5 0] 128
2100 1.5 231,.5 75 0 193 0 166
2200 1 78 36 0 82 0 75
23C0 1 75 L3 0 103.5 0 110
2100 0 Ls 28 0 62 0 59
22 0700 8 205 w5 0 L29 0 0
0800 13 29 233 0.5 50 8 0
0900 6 20 213 0 31 0 13
1000 7 33 2Ls 0 Th 19 38
1100 L L2 172 o] 96 12 104
1230 11 104 175 0 55 20 302
1330 7 150 112 127 0 0 268
1430 6 165 115 0 1hs 7 253
1630 300 355 239 0 287 15 L35
1730 0 200 131 0 159 0 185
1830 0 163 109 0 147 0 180
1930 0 0 93 0 142 0 138
2030 0 63 0 0 113 0 128
2200 38 119 64 0 160 0 18Y

*pan I beginning to bs partially exposed to air

but 28 in, under prominent, 3-in. (75mm.)} ice stratnm ahove Pan IV.
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APPENDIX F
I. Pit A. (continued)

pate Hour Pan I Pan II1 Pan III Pan IV Pan V Pan VIA Pan VI1
July PST 15 in. 31 in. 65 in. 100 in. 96 in. 129 in. 129 in.

23 1600 1175 1148 375 7 (550+) 7 (7504)
1230 585 Lks 15 8 180 10 168
1500 685 560 250 1 292 2 328
17C0 L65 500 200 0 263 6 313
1500 353 385 172 56 299 0 330
2100 523 407 122 57 232 0 261
2300 232 327 7 0 204 0 0
2h 0700 (600+4) (600+) 535 62 (300+) 0 0
0900 272 251 107 0 208 0 0
1200 369 303 195 0 286 0 282
1500 325 500 242 0 265 0 324
18090 348 631 289 6 18 0 ?
2100 175 382 218 75 337 L 0
25 0700 525 112} 550 83 550 0 750
10C0 285 512 242 0 283 0 o)
1300 3L8 656 3Lk 1 298 9 6
13,00 82% 158% 132 NN 113 2 192
1500 122 219 56 LS 110 3 156
1600 155 231 70 76 136 1 197
1700 136 252 73 85 145 1 186
1800 119 168 55 55 3 2 138
1900 165 228 36 Sl 11 0 157
2000 97 U5 3k 25 82 0 115
2100 108 168 L3 26 109 2 140
2200 132 183 34 16 95 0 124
26 0700 1185 (1200+) 321 1 (550+) o] (750+)
0900 258 338 Ls 0 124 L 155
1200 Loo L90 135 0 168 0 237
1300 207 288 70 0 83 7 107
1600  (600+) 790 233 1 253 0 328
1800 306 300 121 0 125 3 232
21130 365 359 142 0 362 5 L12
27 0700 (600 +) 830 211 0 L27 0 598
1300 Lo7 20k 213 2 253 0 0
1500 317 3h3 134 0 101 0 53

#Pans re-parked in firmer position at, same place




APPENDIX F (eontinued)

II. Pit C. Camp 10B (Elevation 3575 ft,.)

Intermittent record between July 29 and August 25, 1950

Depth of pan given in inci.es below the July 20-th névé surface

Date Hour Pan VIII Pan IX Pan X Pan XI Pan YII
July PST 16 in, 72 in. 120 in. 190 in. 235 in.
29 1930 placed placed
2030 230 136
30 0700 232 511
0915 69 91
1100 73 72
1300 63 185 placed
1510 Loo 65 3
1600 - - - placed
1700 212 Su 1 0
1730 - - - - placed
19C0 177 7k 0 0 307
2100 152 80 0 0 388
2200 Sk 3L 2 2 178
2),00 ol 65 0 0 294
31 0700 103 220 0 3 751
1000 6 67 1 0 107
1200 2 35 0 0 29
1500 0 L9 0 0 g5
1700 300 32 0 0 1
2100 266 L8 0 0 95
Aug.
1 1000 1098 265 0 0 155
1200 257 L7 0 0 2
1600 710 156 2 0 Sk
1800 296 115 1 2 137
2200 243 185 0 0 306
2 1000 sL,0 L67 1 1 ssh
1200 2L 50 0 0] 2L
1600 L65 102 0 0 11
1900 378 56 0 0 83
3 1000 633 L58 0 0 180
1200 1 1 1 37 248
1400 227 37 0 0 0
1800 460 96 0 0 98
aiye - 145 0 0 200

O AR W U AT
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APPENDIX F
II. Pit C. (continued)

Date Hour Pan VIII Pan IX Pan X Pan XI Pan XII
Augi PST 16 in. 72 in. 120 in. 190 in. 235 in.
L 1100 L70 LL6 C 0 82

1300 15 36 0 0 2
1500 8 EYi 1 2 3
1700 188 34 0 0 2
2160 263 65 0 0 1l
18 1830 reset*(VIIIA) - - - -
1930 - 155 - - -
2030 96 152 0 0 0
2130 89 T2 0 0 0
2300 96 11 (o) 0 0
19 0830 242 245 0 10 5
1000 30 12 0 5 5
1300 57 L97 0 0 0
1500 - 327 0 2 3
1700 167 288 0 1 1
1800 105 152 0 1 1
1900 85 1,¢ 0 1 1
2000 109 162 2 0 0
2100 10 112 0 0 0
2200 82 125 0 0 0
20 0900 81 752 0 2 2
1000 81 92 0 0 0
1200 99 1118 - - -
1300 0 1 0 - -
1500 0 0 0 - -
1700 143 0 0 0 0
1800 138 o 0 0 0
1500 155 0 0 0 0
2000 112 119 0 0 0
2100 62 66 0 0 0
2200 65 13 0 0 0

*pan VIIT (hexeafter referred to as VIIIA) reset L8 in. below July 3rd

néve level, or 26 in,below. Aug. 18th surface.




AFPENDIX F

II. Pit C. (continued)

Date Hour Pan VIIIA Pan IX Pan X Pan XI Pan XII
Auzs PST 16 in. 72 in. 120 in. 190 in, 235 in.

21 0800 360 225 - - -

0900 15 1 - - -

1000 17 1 - - -

1100 15 68 - - -

1200 9 243 - - -

1300 20 36 - - -

14,00 2h 238 - - -

1500 52 60 - - N

1600 80 1 - - -

1700 93 87 - - -

1800 93 76 0 s =

1900 70 0 0 = -

2000 79 G 0 = -

2100 0 0 0 - -

2200 L7 0 0 - -

25 1830%* - - - - -

2030 600 800 0 0 0

Note: Depths of pans below August 29th firn surface: VIII, 11 in.;
I¥, 39 in; X, 83 in; XI, 153 in.; XII, 197 in.

*At 1830, horizontal component pan emplaced at same level as top of
vertical component pan No. X. OSiubssqusnt cbservations from August 26¢h
to 29th ehowed no horizontal flow in the firn at this level.



APPENDIX G

PERTINENT FIFLD NOTES ON FIRN AND MZTEOROLOGICAL CQNDITIONS
AT CAMP 10B DURING PFfRICDS OF MELT--ATER RECORD IN PITS A AND C

(For supplementary micro-meteorologic correlation, refer to daily three-
hourly sy‘noptlr‘ ohservations and continudus uu:a.mvs;nyu reccrds in instrument
shelter (Fig. 3, position 1) at Camp 10B. All temperature readings here
noted are in degrees threnheit. The ambient (amb.) air femperatures were
taken four ft. above névé surface at the observation pit., The surface (surf.)
air temperatures were obtained in the air layer five in. above the névé.)

Date
July Pertinent Notes -« Pit A

e

bV No melt-water at 2000, 6000-ft. ceiling all day; 1500-ft. ceiling at
night. Temp. (surf.) 35° at 2300. No crust.

15 L4500-ft. ceiling in a.m. lowered to 500-1000 ft. in p.m. to 2000. Mist
and light rain beginning at 2100, Temp. (amb.) 34° in evening; up to

L2° in day. Usually no crust on surface at night from this date until
September.

16 Fog all day. Relative humidity 98 per cent. At 1300 warm and heavy
rain began causing considerable ablation. Between 1600 and 1950,
0.2 in. rainfall, Temp. {(amb,) 37° during this period. Rain reduced
slightly at 1930 but continued in hard downpour from 2020 to 2130.
(amb. temp. 36°.) Between 1950 and 2200 0,17 in. of rainfall., At least
5 full hours of continuous rainfall in p.m. Heavy rain from 2230 %o
2100, Draw pan records commenced at 1500.

17 Kain all night. Pptn. from 2200 on July 16th till 0700 on July 17th
was 0.63 in. water. Top two pans (650 cc containers) observed to have

overfl owed at 0700. Ablation from 1400 on July 15th to 1300 on

July 17th was 1 in. of f£isn. Froo C700 %2 0700 wze 137k ia, of uhieh
3/L in. firn ablation occurred durlng nignt (16~17) of heavy rain,
Temp. (amb,) at 0700, 39°; at 1200, LO®*. Pans 3 and L began to pro-
duce water at 1000 and 0900 respectively, indicating rain percolation
had reached these levels about 19 hours after precipitation began.
Heavy rain all morning. .2tween 0700 and 1000, 0,3 in. of rain at

a rate of 0.1 in. per hour. Rain let up clightly at 1250, Light rain
and fog in p.m. Temp. (amb.) L2°. Brighter, more sky radiation,
although visibility never more than 300 yds. Rain stopped at 1500 and
light rain and heavy fog again at 1600. Pptn. ceased at 1730, Temp.
(surf.) 35°. Fine rain and fog until 1900; then heavy rain agdin.
Temp. (surf.) 3L° (amb.) 39°., Drizzle continued after 2100. Temp (amb, )
36.5%: (surf.) 33.8°., At 2200, Temp. (surf.) 32°: (amb,) 3L.7°. Light
rain with dense fog at night.

18 Ceiling 1000 ft,, fog and light rain in a.m. Temps, (amb.) and (surf.)
were 39°, Clearing slightly by mid-afternoon. No rain from 1530 to
1830; then fins drizzle and mist until night-fall,




e S A o A S B i 3 e e A

APPENDIX G

Pertinent Notes ~ Pit A (continued)

Date
July Pertinent Notes - Fit A

19 Minimum temps. during night; (amb.) 32° and (surf.) 31.5°. By €800,
Pans 5 and 7 had overflowed, each having collected in excess of 5000
cc since 2300 on the 18th., Overcast, 900-ft, ceiling at 0700. Dense
fog, with visibility zero persisted until 1030. At 1130, fine mist
thinning rapidly at 1145. Slight clearing at 1230, Intermittent
and hazy sunlight all p.m.; no rain. Fog settled back on glacier by
1610, Maximum temp. (surf.) 53° in mid-p.m. due to radiation effects.
Maximum temp., (amb,) LL®; by 1700 it was 39°, Dense fog and 1::ht
rain in evening. (Temp. (amb,) 35.2°; (surf.) 22.1°,) Fog and light
rain all night with minimum (amb,) temp, 33°.

20 Fog and rain since midnight, 0.38 in. firn ablation between 1400 on
19th and 0700 on 20th, Minirum temp. (amb.) during night 33°.
At 0700, Temp. (amb.,) 37°: (surf.) 31,9°., At 1100, steady rainfall,
temp. (amb.) LO°, At 1200 medium heavy rain, clearing with intermit-
tent light rain at 1360. Rain at 1L0OO. Fine rain at 1730, Temp.(amb.)
36°: (surf.) 36°. At 1830, misty, no rain, Temp. 35° (amb, and surf,)
Fog but no rain from 1900 on throughout the night. Temp.(amb.) 35° at
2000; 3L° at 2100; 3L4° at 2300. Temp. (surf.) 33.2° at 2000; 32° at
2100 and throughout most of night,

21 0,16 in, precipitation since midnight. No rain in later a.m. Ablation
0,50 in, of firn during night. Clearing and colder., Temps.:at 0900,
(amb,) 36°: (surf,) 34°. At 1000, (amb.) 35°, (surf.) 35°. Ceiling
7-10,000 ft. Sun shining brightly shortly aftcr noon., CAVU all p.m.
except for high cirrus from N.E. Temps.: (amb,) L41° 1500, Ai 1800,
(amb.) 38,5°; (surf.) 37°. A 10- to 15 m.p.h. wind all p.m., {11 to
13 m.p.h. greater than at Camp 10.) Temperature difference of 20 de-
grees between 10B and 10, At 2100, Temp, (amb.) 37°; (surf.) 3L°.

At 2400, (amb.) 37.5°; (surf,.) 34°.

22 CAVU all day until 1530; then cloudy, rain began at 2200, Pans be-
came exposed fairly close to pit wall because of ablation. Therefore,
there readings may be somewhat erratic. (This will be shown by analysis
of the following factors in conjunction with melt-water records.)
Direct =olar heat on wall of Pans Nos., 6 and 7 at 0900. Average mid-
morning temp.: (amb,) 39°; (surf.) 36°. At 1100, sun was off wall of
Pans Nos, 1 to 5 and still on wall of Nos. 6 and 7. At 1230, sun on
wall of Nos. 5, 6, and 7; but not on Nos. i1 to 4. Between 1100 and
1230, sun struck depth of Pan No. 7 for longest period; not on Nos.,

5 and 6. At 1430, no sun on any of the pit walls, its rays just cut-
off from Pan No. 7 at 1425. At 1630, high overcast forming, front
moving in from S.,W, with cold wind. By 1730, complete overcast at
13,000 ft. Temps. (amb,) h2°; (surf,) 36°, During day, Pans Nos. 1
and 2 settled slightly due to wall ablation, therefore not in close
contact with ceiling of firn reécess. This may.explain markedly reduced
values for Pans Nos. 1 and 2 from 193C on, although {perhaps significa-
ntly) flow also ceased on Pan No, 3 at the 2030 and 2200 readings.
Overcast 211 night. A% 2200, temps. (amb.) 38°; {surf.) 3L°.
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APPENDIX G

Pertinent Notes - Pit A (continued)

Date
July

Pertinent Notes - Pit A

23

2k

25

26

27

Heavy rain and fog all day. At 1230, observed much dirty "fines"
flushed into Pan No, 3 by persistent rain (probably from overlying

150 (?) dirty layer and ablation horizon). At 1500, much dirty
material observed in Pans Nos. 3 and 5. Temp, (surf.) 39°. Low ceil-
ing. At 1700, continuing heavy rain and mist. Temp. (surf.) 35°,

At 1900, Temp. (amb,) 37°; light rain; visibility improved.. At 1900,
Temp., (amb,) 37°; light rain; visibility improved. At 2100, Temps.
(amb, ) 41°; (surf,) 34°. At 2300, temp. (amb,) 37°; (surf.) 33°.

Raining and complete overcast -all day., At 0700, temp. (amb,) 38°.
(surf.) 3L4°. At 0900, (amb.) 39°; (surf,) 36°, At 1200, (amb,) L1i°;
(surf.) 39°; at 15C7, (amb,) 38°; (surf,) 36°, At 1800, (amb.) 36°
(surf,) 35°; at 2165, (amb.) 35°; (surf.) 32°.

Complete overcast, raing..0700, (amb.) 37°; (surf,) 3L°. At 1000,
(amb,) 41°; (surf.) 37°.

Complete overcast and rain with fog. At 0700, (amb.,) 37°; (surf.)
34°. At 1200, {amb,) 39°, heavy rain, At 1300, (amb,) 38°, Heavy
rain from 1600 until midnight.

Crvercast, heavy rain. Air temperature abnormally high: {amb.) L6°
most of dsy; (surf.) LO®°. At 1500, (amb.) L1°; (surf,) 36°, Ceased
records in Pit A at the 1500 readings on this date.

({3



Date
July

AP/ENDIX G (continued)

Pertinent Notes - Pit C

Pertinent Notes - Pit C

30

31

fug.

18

19

20

o S A PR S s e + AR 87t At

Fog in a.m. until 1100, Hain at 0700, Sun and intermittent fog until
1500, Fog in late afternocon until 1900. Temps.: at 0700 (amb,) 36°,

(surf.) 33°; at 0915 (amb.) 36°, (surf.) 34°; at 1100 (amb,) 39°,
(surf.) 35°; at 1300 (amb.) 42°, (surf,) LO°; at 1510 (amb.; L1l.2°,
(surf.) 37°; at 1900 (amb,) 34°®, (surf,) 31.9°; at 2100 (amb,) 3L°,
(surf,) 31°,

Overcast in morning, clearing and sunny ‘n afternoon. Temps,: at 0700
(amb,) 36°, {(surf.) 32°; at 1000 (amb.) 37°.

Rain began during night and continued through the day.
Some rain during early a.m,; sunny in p.m.; clear and cool at 1500.

Warm during day; fog in a.r.; clear in early p.m. Cocler in evening
with fog beginning at 1800,

Rain in early a.m, Fog at 1100 persisting all p.m.

Clear and cold in evening, crust on néve,

Clear ar’ cold at 0800, crust on névé., Temp. at 1000, (am<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>