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FOREWORD
FIFTY ANNUAL FIELD REUNIONS OF THE
FRIENDS OF THE PLEISTOCENE
1934 To 1987
By Richard P. Goldthwait

The founding

Amazing! This is indeed the 50th annual field conference. Actually it
took 53 years to get here because World War II effort pre-empted all of our
principal characters for four years. The "father” of the idea, Dick Flint of
Yale, was working for the U.S. Army Arctic, Desert, and Tropical Information
Center.

The "Friends"” idea all hatched by letter and phone in the winter of 1934
when Flint wrote to my dad, J. Walter Goldthwait of Dartmouth, that he'd like
to see whether a lake similar to that in the Connecticut Valley also existed
in the Merrimack Valley of New Hampshire? Or was the glacier ice front melting
southward? George White at University of New Hampshire (and I as assistant)
were mapping in central New Hampshire so he was co-opted to join. Now White
and Don Chapman of UNH had some amazing high marine features around Durham, so
they asked Flint to come early on Friday May 25, 1934. Flint obliged and also
E. H. Perkins of Maine and Loyd Fisher of Bates College came. After a first
day of field discussion Perkins and Fisher seem to have dropped out, but J. W.
Goldthwait arrived (I was taking off to Alaska). By Sunday May 27th, Flint,
Goldthwait, White, and Chapman had crossed the state northwestward and arrived
at Hanover, thinking out loud and arguing all the way.

For the second reuinion Flint wrote my dad, "Isn't it about time that the
Friends of the Pleistocene meet again?” At that time (1935) this name was
unique and even bizarre; since that time the "Friends of everything else" have
sprung up. By 1938 (Reunion 5) Flint had copyrighted that name but many found
that the wuniversity treasurer made wus call it a "Pleistocene Field
Conference.” The word Friends began appearing on pertinent field literature
by 1939. As well as a "reunion” or "conference”, it has been called a
"celebration” (25th) and even "an invasion"!

The non-organization

For many years as numbers grew, Dick Flint was proud of the fact that
there was no chairman, no secretary, no treasurer, no dues, and no
committees. It had no money or legal or tax stutus over the 50 years. But,
as a matter of fact, there has to be some central spark plug to keep it
going. Who puts the finger on some research worker this year to lead the
field conference next year? Who keeps some record to know whom to invite next
year? There has to be that inner sanctum mailing list. Who tells a desperate
leader one month before the reunion, "0.K. to limit the attendees to 100"? Of
courgse Flint did these things from 1934 until he died in 1975, often calling
one of us lesser lights to get some backing. He hated that attendance
restriction which first had to be exercised in 1966 (29th).



When Joe Hartshorn took over in 1976 there were few records to be had.
After Flint's sudden passing, and that of his wife right after, Yale
University transferred his records to Steve Porter in Seattle. Anyway a bare-
bones list had been made at the 35th (1972) by Art Bloom =~ one of Flint's
students -- with the help of Ernie Muller at Syracuse and Flint himself. A
list of meetings as elaborated from all the 42 field guides I can get up to
date (1987) is at the end of this review. (These will be on file at Orton
Geological Library, 130 South Oval Mall, The Ohio State University, Columbus,
Ohio, 43210).

Where to meet?

Any place is fair game that 100 underpaid northeastern academic and
government types will go to willingly for just one weekend to see a field
research demonstration. We've been as far north as the marine clays of St.
Lawrence Valley at 47 1/2°N (26th), as far south as marine bench deposits in
coastal Virginia at 36 1/2°N (29th), as far east as the marine~ice relations
near Machias, ME 67 1/2°W (30th), and as far west as the multiple drifts of
southwest~central Ohio, 84 1/2°W (15th). At least a dozen reunions were right
at sea level, so critically controlled by worldwide glaciation, but another
involved a 5-mile walk at 5400 to 6200 feet above sea level where local
glaciers were generated.

Please note that 14 states and provinces have been visited over the 50
meetings. If you give half-credit to any two states sharing many stops at one
reunion, New York with 14 meetings is easily the leader; within NY the area
leading the pack is Finger Lakes (10th, 13th, 35th, and adjacent 23rd).
Massachusetts is second with 7, but Connecticut which was the home of Flint
rates only 1 and Vermont doesn't rate at all.

States and provinces inéaded'

CT 1 1/2 NH 4 PA 3 1/2
DE 1 NJ 2 1/2 . QUE 4

MA 7 NY 14 RI 11/2
MD 1 OH 1 VA 2

ME 4 ONT 3

How we dash around.

A caravan of 4 to 30 private cars was endured up until 1960 (1lst through
23rd; special short haul bus on 3 occasions). There were breakdowns, out-—of-
gas dropouts, lost tails of processions, and oh what dust on the back roads of
yesteryear. No one could forget "0 D" VonEngeln seeing every car out of each
of 24 stops to close a gate, then racing by invisibly at 60 mph in a cloud of
dust to greet us in the next pit. Wild! Each reunion generally achieved from
100 to 200 miles; then we got left Sunday about 1 PM way out in the sticks
somewhere. Leaders soon learned that the fewer the stops the better: 11 to
25 at first, but only 6 to 12 later.
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The stops were lengthened when busses came in during the second half of
our history. Parking, loading, and instruction were much easier and faster,
-— but busses don't get down the lousiest of roads so sometimes walks down
logging and pit-access roads were longer. On Dick Flint's last "Friends” one
bus even went off a bridge -- slowly, and just one wheel -—- but we all crawled
out gingerly! In an earlier venture (15th) with vans, one of the vehicles
edged off-road into a julcy ditch; it was gloriously lifted out by 80
people. But busses and better highways made long trips feasible. Imagine 294
miles down the full length of Delaware (39th) or 237 miles in the Ridge and
Valley Province of PA (38th) all in a day and a half with long stops.

Leaders' Headaches.

Biggest is "the guide.” Of late the guide has gotten very elaborate,
long, and even with a tape binding. It need not be for it is not intended as
a publication; if anything it is a progress report. For the first 9 reunions
(1934 to 1946) participants were few enough that a sheet of 1living
reservation—eating instructions, plus a list of stops with their particular
importance, plus a few hand-outs did the trick. This record is very hard to
reconstruct. As numbers passed 50 however, and an increasing number joined
late or left early, an actual mileage guide was added and even 1lists of
anticipated attendance (very useful record; "yes"” cards returned). When
busses became the mode of travel, mileage logs tended to get left out, =- but
that makes recapping the stops for sample collection or comparison with your
later area impossible. Anyway all are accompanied by an important reference
or two, important to get or see ahead. As early as reunion 8 (1941) it was
vital to have John Rich's map and bulletin. . And then came the 1980's when
each guide WAS a bulletin. Nice work if you can get it done and paid for --
but far too much to ask of an enterprising graduate student who has plenty to
. show! ‘

The customary routine ever since meeting #1 is for a day and a half only,
in May (except 39th in early June). All of the real discussion is at the
field stops, =- that's the purpose. Both Saturday and Sunday lunches (Sun.
optional) are picnics out-of=doors. For a wonder only- 3 or 4 Saturdays have
had steady rain to force us under cover; once a church served us lunch!
Originally each person brought his own bag lunch, but with busses the trend is
to a box lunch in the package deal. Once when Sunday lunch was not available
5 of us heading west of Route 20 headed for Krebs Restaurant. The lady looked
at us in field rags and boots, more or less covered with mud, and refused
us! But we persisted with $10 bills flashing, so they set up screens in one
corner. Once ushered in quietly we ate them out of house-and~home.

Who is a "Friend"?

Now Don Chapman, Charlie Denny and I are the only three of the survivors
of the first two meetings who are still alive and kicking in the New England
area today. I don't know about Linc Washburn, a student of Flint's then, who
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probably made the 3rd meeting; he is very active in Seattle, WA now. My
private notations of the 7th reunion on Cape Cod is the earliest list I can
find.

Answer to the title is "anyone who wants to be.” But it is more than
that. To stay on the mailing list you must attend now and then, and
especially at first. Retiring leaders do weed out some. As numbers grew a
third requirement was expressed: "In keeping with past practice, preference
will be given to active workers in the field."” Crowding occurred first at the
15th reunion way out in Ohio. It was so far from earlier FOP trips and so
expensive to fly that we tried to get everything in Ohio free: opening Friday
was "slumgullion” and beer at my house, free housing at a geology faculty home
first night, free riding in an Ohio State carryall each day, etc. I predicted
30; "yes" cards came from 60; at my house for dinner Friday night we had 90,
and WE slept 14 guests!

Oh yes, at the very start and for most years the wives (non-geological)
were invited by common consent. Peggy Flint, Mildred White, and Edith
Goldthwait all gathered for reunion #2 in 1935 and soon came to look forward
to this regular spring outing. Of course they looked at scenery, farms,
flowers, and birds at each stop. Peggy came half of the springs until 1975,
Edith dropped after 1939 due to health, and Mildred dropped after 1941 when
George White moved "way out™ to Ohio and Illinois. Most reunions still
averaged 3 to 5 wives. The maximum was 10 in 1952 and 18 in 1972 when my wife
Kay led a special tour for them on Saturday. Too bad our numbers made this a
plan we could not push. And we have added more and more Pleistocene geologist
ladies: starting with Althea Smith way back, and then "the Queen of the
Pleistocene” Jane Forsyth (1952 on).

At the risk of insulting a few, here are the regular “pros" seen every
year or every other year for two decades or more -— based on the only lists
published in guides or sent by letter to me. . Prizes for the longest-seen
friendly faces == overhalf of the 50 meetings -- go of course to *Dick Flint
of Yale (#1 to #38), Charlie Denny of USGS (#2 to #38 and few since) and Dick
Goldthwait of Ohio State (#2 to #43 and few since). Carl Koteff of USGS is
about to join this august group (24 from #23 and nearly every one since).
close behind him are a dozen “runners—up” who have made it more than 12
times: Art Bloom of Cornell (#23 to 41+), Don Chapman of UNH (#1-12 & 33-36),
George Crowl of Ohio Wesleyan (#23 to 41+), John Elson of McGill (#23 to
41+). Joe Hartshorn of U. Mass. (#23 to 50), Ernie Muller of Syracuse (#23 to
33+), Pierre LaSalle of U. Que. (#24 to 41+), Walter Newman of Queens (#24 to
36), Vic Prest of GSC (#10 to 35+), Phil Schafer of USGS (#9-16 & 23=32), *HTU
and/or Althea Smith of U. Mass. (#23-48+), Jan Terasmae of Brock (#23 to
36). These folks always came unless they were out of the East or died.*

Finally there are at least 25 "party faithful™ for a lot of years (6 or
more):
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Regulars over 6 to 11 years

*Bob Black, U. of Conn. Louis Peltier, Bethesda, MD
Hal Borns, U. of Maine Pete Ogden, Ohio Wesleyan &
*Doug Byers, Peabody Fd. Glenn Prescott, USGS-ME

Ed Ciolkosz, Penn State Meyer Rubin, USGS

Don Coates, Binghamton Bill Sevon, PA Geol. Surv.
Gordon Connally, Buffalo Vic Schmidt, Brockport
Jesse Craft Les Sirkin, Adelphi U.

Jane Forsyth, Bowling Green Byron Stone, USGS

Nelson Gadd, GSC Bob Stuckenrath, Smithsonian
Cal Heusser, NYU *George White, U. Ill.

Norm Lasca, UW-Milwaukee Sid White, Ohio State

Bob Leggett, NRC Canada
*Hulbert Lee, GSC
Bob Oldale, USGS *deceased

Over the years we have had a core of these 25 to 35 regulars. In addition we
always have another third attracted for the locality where the reunion is
held, e.g. Ohio, or Ontario. A few more are attracted some years by the
subject emphasized, e.g. glaciomarine, or glaciofluvial, or down-wastage
(old), or till stratigraphy, or mountain glaciers.

Always since Reunion #5 there have been a few from closely related
sciences: 1 to 3 soils men (Walter Lyford, Jack Tedrow, Ed Ciolkosz), or 1l to
3 palynologists (Cal or Linda Heusser, Jan Terasmae, Jock McAndrews), or l or
2 carbon-14 men (Meyer Rubin, Pete Ogden, Bob Stuckenrath), a groundwater
specialist (Glenn Prescott, Joe Upson), a botanist (Hugh Raup, John Sanger),
and maybe an archeologist (Doug Byers, Dave Sanger). These all added real
spice to the arguments. Rarely if ever has any glaciologist set us straight!

The real objeétive.

From the very start Friends have argued vehemently. Often they flatly
deny some conclusions of the leader == but they always depart friends. Each
area visited was in the process of study when we saw it; it is not fully
completed research with a final report. Most could benefit by the reunion
critique. For a young "pro” as I was (7th and 15th) this can be a fearsome
event, but it yielded such a good test of ideas, and a good hunch on further
evidence that it proved very worthwhile. These and the 33rd reunion vastly
improved my later reports. A second type of meeting has been explored a few
times (12th, 18th). The only known evidence for an old unsolved problem was
presented by an old pro; the Friends were presumed to solve this by their
vote. We saw all the pits relating to Pensauken gravels and were supposed to
write its origin. Not one did; after all who would tell Paul MacClintock at
Princeton the answer to what he lived on based on a 1 1/2 day tour! The third
type of meeting at least 7 times (2, 3, 4, 8, 24, 29, & 36) is when an old pro
throws up a “"controversial bone” on which he has already made up his mind.
Nearly everyone comes with a mind of disbelief; if they go away muttering in
their beards he probably lost.



Glacial geology and its related contributing sciences depend mostly upon
circumstantial and detached evidence. Although we like to think we have found
sure proof we must often work with multiple hypotheses. What we interpret as
sure evidence today may prove with later work to apply to a different time or
situation. The depth of leaching in Ohio tills, although used with caution
for early correlations, proved in one situation at least to be due to
different initial carbonate content. What is firm evidence today may indeed
be on the scrap heap in a decade or two. Thus comparisons, interelationships,
new kinds of evidence, new arguments or ideas are valuable to us all. TIt's
great to see what the other guy is getting -— and feel that you can debate it
all. Debate should be a requirement of every attending "Friend”.

Why have we come again and again?

What are some of the principal arguments which attracted us over the
years? Here are a few with one or two reunions where they were well argued.
You can think of more:

l. Are Antev's varves annual, and correlatable between valleys? (lst)

2. Did the continental ice edge melt back systematically northward? or was
it disappearing southward over some areas? (2nd, 32nd)

3. How broad was the thinning, decaying zone of stagnant ice? (4th)

4. Where did land rebound (tilt up) most? and were there hinge lines? (4th)

5. How do you distinguish a truly old drift from most recent ones? (6th &

11th)

6. Do end moraines offer true systematic sequences of deglaciation? (7th &
15th)

7. What was the sequence of mountain vs. continental glaciations? (8th &
33rd) :

8. The two-till problem in southern New England (several)
9.” What do glacio-lacustrine levels tell us of the changing flow of ice or
sequence of retreat? (llth & 18th)
10. What was the periglacial climate really like? and how was it zoned?
(14th)
.11, 1Is the "exact” chronology which the radiocarbon revolution introduced
consonant with other chronologies? and from area to area? (15th & 22nd)
12. How rapidly did invading ice advance? or retreat? (15th)
13. How can outwashes record significant episodes of retreat? (l6th)
14, How many significant minor readvances are recorded in the retreat of the
last major glaciation? (22nd)
15. Where was the ice edge when sea first invaded coastal lands? (24th &
30th)
16. When and how high did seas really rise in interglacial times? (29th)
17. Can you rely upon soil development to distinguish different ages of
drift? (41st)
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of postlake stream terraces along the Connecticut River at the Cromwell-Rocky
Hill-Glastonbury drift dam only about 30 feet (10 m) below the projected level
of Lake Hitchcock indicates a somewhat less dramatic end to the lake.

Dating of the deglacial and postglacial events in the Connecticut Valley
is not entirely clear. Stone and Borns (1986) have suggested that the
retreating ice margin was in the New Britain channel viecinity about 17,000
years ago, and Antevs (1922) indicated from varve counts that Lake Hitchcock
lasted about 4000 years. Flint (1956) believed that the lake drained about
10,700 years ago, based on a radiocarbon date from woody material found at the
lower end of the New Britain channel spillway. However, Larsen (1984) feels
that evidence in central Vermont indicates that the lake had already drained
while the ice sheet was still there, no later than 12,600 years ago. Koteff
and Larsen (1985, in press), using radiocarbon dates reported by Davis and
Ford (1982) from the White Mountains area of New Hampshire, have suggested
that Lake Hitchcock was still in existence, with its level controlled by the
New Britain spillway, at least 14,000 years ago. The only thing completely
clear from all this is that much more work needs to be done.

POSTGLACIAL UPLIFT

Glacial Lake Hitchcock and its related deposits present an unusual
opportunity for uplift studies. The lake was lengthy (more than 200 miles
[320 km]), lasted for at least 4000 years with a stable outlet for probably
half that time, and was located in an area that was deglaciated early. Also,
the physical correlation and relative position of most of the deposits are
well known because of the detailed mapping of much of the lake area, and we
have been able to identify a large number of ice-marginal or meltwater-—derived
deltas that were successively constructed in Lake Hitchcock during systematic.
ice retreat. ‘Altitudes obtained from topset/foreset contacts in these deltas
now record the postglacial tilt of a once-level water plane. As previously
mentioned, the dating of deglacial events in this region is still not
sufficient, but those that are available have allowed a broad, fairly
reasonable chronologic description of the deglacial history of the region.

Although Loughlin (1905) and Emerson (1917) early on suggested that the
area had undergone postglacial uplift, it was Lougee (1939, 1957), who first
did any detailed studies. He carefully surveyed altitudes of topset/foreset
contacts of Lake Hitchcock deltas and from these reported uplift gradients to
the north-northwest of 3.3 ft/mi (0.63 m/km) for Connecticut (and presumably
Massachusetts as well), and of 4.6 ft/mi (0.87 m/km) for New Hampshire. Jahns
and Willard (1942) also used altitudes of topset/foreset contacts of deltas in
Massachusetts and determined the uplift gradient there to be approximately
4.2 ft/mi. Recent studies by Koteff and Larsen (1985, in press), used similar
techniques and have arrived at slightly different conclusions. From the
recent studies, the uplift gradient indicated for the entire area covered by
Lake Hitchcock from central Coanecticut to northern New Hampshire and Vermont
is 4.74 ft/mi to the N20-21S (fig. 4).



*(ssoad uy) ussaen
pue 33o30y moiy ain8yy *(UOFSSNISIP G JOLS) 8 PUB / SITIT[EDOT BITap IE
a9y31y 2q Lem woljoq aye| {sdewm Ojyex3odol pue suolledyTqnd snojaaad woay
poaemtise o713oiad wojljoq-oye] *ATuo ofjeumeiseyp saffyoad payseq °eIEP
TRUTPNIFITE® 13430 ( + ) *HOODYDOITH 3T TeIOBT8 UT (+) SEIT3P PIATILP
—I23eM3Tom 10 TeulSavw-30] ‘payJFpomun gz JO S8IOBRIUOD 33Sa10j/3asdo]

Jo sapniyafe uo paseq o7130ad uvorssaaldax saaenbs jseay Lavuypap 4 aan8yy

34128 (SHILIWO TN} AVMTIAS NIVLIHE MIN WOUd JONVISIO MYLZN

0 sz 09 8L 0oL szZL 051 SLL 00z 124 05z
T T T T T 1

- ——H00H AVMTILS
[~ NivLIY8 M3N

‘d'8 009°91-000°0L

1NowoaNNod | SLLASNHIVSSYIN | AINOWYIA-IHIHSIWVH MIN

'd'8 000'rL

g

o
o
{SHAL3IW) 30NLLTIV

oz



This uplift gradient was established by examination of more than 60 delta
localities in Massachusetts, New Hampshire, and Vermont. Delta localities in
Connecticut initially were not included because of the complex history of a
gradually lowering lake there; by using deltas north of there associated only
with the stable phase, a constantly changing wvariable was excluded from the
study. However, some of the Connecticut delta features are addressed at this
meeting. Of the 60 delta localities, 28 were selected as representing
unmodified deltas resulting from successive meltwater deposition at the ice
margin in Lake Hitchcock or from meltwater streams that entered the lake from
tributary valleys. The others were considered to be modified by collapse or
erosion by later meteoric water, or were constructed in later and lower lake
levels after either uplift began or the drift dam at Cromwell-Rocky Hill-
Glastoanbury, Conn., failed.

Topset/foreset contacts (T/F) of deltas can be a very consisteat and
accurate estimate of former glacial lake levels, probably to within 3 ft
(1 m). This principle has been known for many years (Gilbert, 1890,
fig. 15). 1In our study, deep erosional fluvial channels were avoided; in many
of the deltas, the topset beds are 3 ft (1 m) thick or less over foresets.
Thus, the water—level error due to erosional scour at the T/F is wminimal.
Most of T/F altitudes were surveyed with a transit, alidade, or electronic
distance meter. 1In most cases, a permanent bench mark was used for coantrol;
in a few other cases, road intersections with elevations located to the
nearest foot were used so that the T/F altitude is accurate to within that
amount. A few altitudes reported by Jahns and Willard (1942) were used and
the accuracy of them is less certain because they did not describe their field
methods. However, these altitudes were field checked and found to be
reasonable. :

Most of the T/F altitudes (fluvial/foreset contacts in some cases) are
shown on figure 4.- 'The profile though was originally derived from altitudes
of only the 28 unmodified meltwater-related deltas mentioned earlier because
they represent the stable level of Lake Hitchcock during deglaciation (our
attitude about a few of these at the southern end of the profile has been
modified in putting together this trip, to our benefit obviously, and are
discussed at the field stops). There is a vertical difference in uplift
between the lake spillway at New Britain and the northernmost delta in Vermont
of 720 ft (219 m), over a distance of about 152 mi (245 km). The gradient of
the profile is thus 4.74 ft/mi (0.9 m/km).

The profile is a best-fit projection based on an ordinary least squares
regression of the 28 T/F altitudes. The regression indicates a N20 1/2-21W
direction for the projection with error range for the E-W variable of 5% and
0.47% for the N-S variable. Two sigma variation for each altitude is less than
6 ft (2 m). Only two of the delta altitudes are more than 6 ft (2 m) off the
fit (one of these, at Chicopee, Mass., may actually represent the last part of
the higher Connecticut phase of Lake Hitchcock), and 22 of the altitudes are
within 3 ft (1 m). Projection of the profile southward to the lake spillway



indicates that the threshold of stable Lake Hitchcock was about 82 ft (25 m)
altitude. Drilling supervised by J. W. Bingham of the USGS Water Resources
Division, Hartford, indicates that the bedrock floor at the threshold is about
58 ft (17.7 m) altitude. The water column there is indicated to have been
about 24 ft (7 m) in a channel about 700 ft (215 m) wide, and the dischagge
rate for the 1lake 1is calculated to have been about 215,000 ft”/s
(6100 m’/s). Only two modern floods in the basin covered by Lake Hitchcock,
recorded in 1936 and 1938, have exceeded this discharge rate, so it seems
reasonable that the New Britain spillway could have handled a body of water
the size of Lake Hitchcock.

Some of the altitudes reported by Jahns and Willard do not fit well on
their generally northward projection of uplift, but do so on the N20 1/2-21W
projection. Also, some of the deltas examined by them have now been
determined to be later features and not coanstructed during ice-marginal
retreat. Thus, the gradient of 4.2 ft/mi (0.8 m/km), which is an average of
all of their data points, is clearly too low. The 3.3 ft/mi (0.63 m/km)
uplift gradient reported for Connecticut (and presumably Massachusetts) by
Lougee (1939) is no doubt the result of placing the threshold for Lake
Hitchcock much farther south than the New Britain spillway. He believed that
the uplift projection was about N15W, from which he derived an uplift gradient
for New Hampshire of 4.6 ft/mi (0.87 m/km), reasonably close to that of Koteff
and Larsen (1985, in press). Lougee explained the different gradieats as the
result of a hinge line. A N15W projection from the New Britain channel area,
however, produces a smilar uplift gradient of about 4.6 ft/mi (0.87 m/km) for
Connecticut, Massachusetts, and New Hampshire. There is no need to employ
hinge lines to describe uplift in this region.

DISCUSSION

" The nature of the uplift profile (fig. 4) for the Connecticut Valley
indicates that the style of postglacial rebound in this region 1is
significantly different than that derived from water bodies in other areas,
particularly those that were deglaciated later. The straightness of the
uplift profile and the extraordinary closeness of fit of the regression show
absolutely no differential warping of the lithosphere. Also, rather than
being a time line, the profile is a time-transgressive depiction of ice-
marginal or near ice-marginal delta construction in Lake Hitchcock during a
systematically northward but increasing rate of ice retreat. As inferred from
the correlation of Stone and Borns (1986), the retreating ice margin was in
the vicinity of Chico , Mass., the southernmost delta locality used for the
profile, between 15 and 16,000 years ago. Koteff and Larsen (1985, in
press) place the ice margin at the northernmost delta about 14,000 years
ago. Thus, the profile represents between 1500 and 2000 years of ice
retreat. During this time and possibly longer, the stable phase of Lake
Hitchcock was maintained at a constant level by the bedrock-floored spillway
at New Britain. All of this suggests that postglacial uplift was delayed
until the ice was at least in northern New England about 14,000 B.P. If




postglacial uplift was delayed during this period of ice retreat that lasted
1500-2000 years, it is further suggested that uplift was delayed from the
beginning of ice retreat from Long Island more than 19,500 years ago (Sirkin,
1982) as well. It seems unlikely that uplift could have been occurring in
southern Connecticut and Long Island without affecting any part of glacial
Lake Hitchcock during deglaciation there. The entire region appears to have
been affected by uplift only after 14,000 B.P., when the ice margin is assumed
to be in northern New England. Depending on dating accuracy, a delayed
response to uplift of about 5000 years is proposed, from the beginning of ice
retreat from Long Island until the ice margin was in northern New Hampshire
and Vermont.

Another style of postglacial uplift has been suggested by J. A. Clark (in
press) that depicts active uplift at the ice margin from the beginning of
deglaciation. Among other things, this model assumes that ice retreat was
fairly steady. However, as indicated by Stone and Borns (1986) and Schafer
(1979), it is probable that the rate of ice retreat was twice as fast over New
Hampshire and Vermont as it was over Connecticut and Massachusetts. Indeed,
the rate of retreat may have increased gradually even from the ice position' at
New Britain. Also, several readvance localities are known in the Connecticut
Valley, particularly the southern part, suggesting that ice retreat really was
not very steady, although it certainly was systematic. Clark's model also
projects a series of time lines from each delta point to the spillway that
fall below the straight profile shown in figure 4. Although we can not show
this accurately here, this profile is discussed at various placed during the
trip, particularly at the Chicopee delta. 1In Clark's model, the best fit of
the data from the Connecticut Valley uplift studies also produces a convex up
profile, which is about 20 ft (6 m) off the straight-line projection near the
center (Groen, Clark, and Koteff, 1986). However, the straightness of the
projection (fig. 4) based on the precision of the data seems to preclude a.
convex up or any curved depiction.

There no doubt are other models of postglacial uplift that differ from
the suggestion here that there was a significant delay to the uplift response
at the beginning of deglaciation. But it should be stressed that this area is
the only one so far that has been studied carefully in a region deglaciated
early, before 14,000 B.P. All data for other postglacial uplift studies has
been derived from later delgaciated areas. It is hoped that there is evidence
here to provoke a healthy discussion.



REFERENCES

Antevs, Ernst, 1922, The recession of the last ice sheet in New England:
American Geographical Society Research Series, no. 11, 120 p.

Ashley, Gail, Thomas, G., Retelle, M., and Hartshorn, Joseph, 1982,
Sedimentation in a Proglacial lake: glacial Lake Hitchcock, in New
England Intercollegiate Geological Conference, 74th Annual Meeting,
Storrs, Conn., Oct. 2-~3, 1982, Guidebook for Fieldtrips in Connecticut and
south-central Massachusetts: Connecticut Geological and Natural History
Survey Guidebook 5, p. 89-102. (Edited by Raymond Joesten and S. S.
Quarier.)

Colton, R. B., 1961, Surficial geology of the Windsor Locks quadrangle,
Connecticut, Connecticut: U.S. Geological Survey Geologic Quadrangle Map
GQ-137.

1965, Geologic map of the Broad Brook quadrangle, Hartford and Tolland
Counties, Connecticut: U.S. Geological Survey Geologic Quadrangle Map
GQ=-434.

Davis, M. B., and Ford, M. S., 1982, Sediment focusing in Mirror Lake, New
Hampshire: Limnology, Oceanography, v. 27, p. 137-150.

Dean, R. E., 1967, The surficial geology of the Hartford South quadrangle,
with map: Connecticut Geological and Natural History Survey Quadrangle
Report 20, 43 p.

Emerson, B. K., 1898a, Geology of 01d Hampshire County, Massachusetts,
comprising Franklin, Hampshire, and Hampden Counties: U.S. Geological
Survey Monograph 29, 790 p., maps.

1898b, Description of the Holyoke quadrangle, Mass.-Conn.:
U.S. Geological Survey Geologic Atlas, Folio 50.
1917, Geology of Massachusetts and Rhode Island: U.S. Geological Survey
Bulletin 597, 289 p. )

Flint, R. F., 1930, The geology of Connecticut: Connecticut Geological and
Natural History Survey Bulletin 47, 294 p. :

1933, Late-Pleistocene sequence in the Connecticut Valley: Geological
Society of America Bulletin, v. 44, p. 965-988.

1956, New radiocarbon dates and late-Pleistocene stratigraphy: American
Journal of Science, v. 254, p. 265-287.

Gilbert, G. K., 1890, Lake Bonneville: U.S. Geological Survey Monograph 1.

Groen, Jeffrey, Clark, J. A., and Koteff, Carl, 1986, Glacio-isostatic uplift
of proglacial Lake Hitchcock: Geological Society of America Abstracts
with Programs, v. 18, no. 1, p. 20. .

Gustavson, T. A., Ashley, G. M., and Boothroyd, J. C., 1975, Depositional
sequences in glaciolacustrine deltas, in Jopling, A. V., aad McDonald,
B. C., (eds.), Glaciofluvial and Glaciolacustrine sedimentation: Society
of Economic Paleontologists and Mineralogists Special Publication 23,
p. 264-280.

Hartshorn, J. H., and Koteff, Carl, 1968, Lake-level changes in southern
glacial Lake Hitchcock, Connecticut-Massachusetts, abs., in Abstracts for
1967: Geological Society of America Special Paper 115, p. 268-269.

Hitchcock, Edward, 1818, Remarks on the geology and mineralogy of a section of
Massachusetts oa Connecticut River, with a part of New Hampshire and
Vermont: American Journal of Science lst series 1-2, p. 105-116.



Jahns, R. H., and Willard, M. E., 1942, Lake Pleistocene and Recent deposits
in the Connecticut Valley, Massachusetts: American Journal of Science,
v. 240, p. 161-191, 265-287. :

Koteff, Carl, and Larsen, F. D., 1985, Postglacial uplift in the Connecticut
Valley, western New England (abs.): Geological Society of America
Abstracts with Programs, v. 17, no. 1, p. 29.

Langer, W. H., 1977, Surficial geologic map of the Glastonbury quadrangle,
Hartford and Middlesex Counties, Connecticut: U.S. Geological Survey
Geologic Quadrangle Map GQ-1354.

Larsen, F. D., 1982, Anatomy of the Chicopee readvance, Massachusetts, in New
England Intercollegiate Geological Conference, 74th Annual Meeting,
Storrs, Conn., Oct. 2-3, 1982, Guidebook for fieldtrips in Connecticut and
south central Massachusetts: Connecticut Geological and Natural History
Survey Guidebook 5, p. 31-48., (Edited by Raymond Joesten and S. S.
Quarrier).

1984, On the relative ages of glacial Lake Hitchcock, glacial Lake
Winooski, and the Champlain Sea (abs.): Geological Society of America
Abstracts with Programs, v. 16, no. 1, pe. 45.

Lougee, R. J., 1939, Geology of the Connecticut watershed: New Hampshire Fish
and Game Department, Biological Survey of the Connecticut Watershed Report
4, p. 131-149.

1957, Hanover in the ice age: Dartmouth Alumni Magazine, November.

Loughlin, G. F., 1905, The clays and clay industries of Connecticut:
Connecticut Geological and Natural Survey Bulletin No. 4, p. 24-25.

Schafer, J. P., 1979, The late Wisconsinan Laurentide ice sheet in New England
(abs.): Geological Society of America Abstracts with Programs, v. 11,
no. 1, p. 52.

Sirkin, Les, 1982, Wisconsinan glaciation of Long Island, New York, to Block
Island, Rhode Island, in Late Wisconsinan glaciation of New England,
Larson, -G. J., and Stone, B. D., eds., p. 35-59: Kendall/Hunt, Dubuque.

Stone, B. D., and Borns, H. W., 1986, Pleistocene glacial and interglacial
stratigraphy of New England, Long Island, and adjacent Georges Bank and
Gulf of Maine, in Quaternary glaciations in the northern hemisphere,
Sibrava, V., Bowen, D. Q., and Richmond, G. M., eds., pe. 39-53:
Quaternary Science Reviews, v. 5.

Stone, J. R., Schafer, J. P., and London, E. H., 1982, The surficial geologic
maps of Connecticut illustrated by a field trip in central Connecticut, in
New England Intercollegiate Geological Conference, 74th Annual Meeting,
Storrs, Conn., Oct. 2=-3, 1982, Guidebook for fieldtrips in Connecticut and
south central Massachusetts: Connecticut Geological and Natural History
Survey Guidebook 5, p. 5-25. (Edited by Raymond and Joesten and S. S.
Quarrier).

10



STOP 1. MUSTARD BOWL PITS; town of Rocky Hill Conn., Hartford South
quadrangle. Turn east from Main St., (Rte. 99) 0.3 mi (0.5 km) south of
Cromwell-Rocky Hill town line, onto unimproved road and travel
approximately 1 mi (l.6 km) to end of road at southeast corner of
southernmost pit scarp (fig. 5).

The pit access road crosses part of the surface of the Cromwell-Rocky
Hill-Glastonbury delta complex, which is a series of ice-marginal deltas that
completely filled the Connecticut River valley between Rocky Hill and
Glastonbury to an altitude of 150-160 ft (46-49 m). This mass of deposits
provided the dam for glacial Lake Hitchcock after Lake Middletown had been
lowered (see text discussion). The dam is now entrenched by the Connecticut
River. Inset against the higher surface is a terrace remnant at 50 ft (15 m)
altitude, and was probably cut at the time the dam was breached and Lake
Hitchcock drained.

The Cromwell-Rocky Hill-Glastonbury delta complex consists of deposits
controlled by two water planes (figs. 5 and 3). The earlier southern deltas
were built into open water of Lake Middletown and completely blocked the
valley at highest altitudes of 160-170 ft (49-52 m). When the ice margin
retreated slightly, but still impinged against Cedar Mountain to the
northwest, meltwater was ponded behind the heads of the Lake Middletown deltas
and spilled across them through a well-developed channel that straddles the
Cromwell-Rocky Hill town line just east of Rte. 3 (fig. 5). This channel,
called the Dividend Brook spillway (Hartshorn and Koteff, 1968), was the base-
level control for several sequential ice-marginal deltaic deposits that make
up the northern part of the Cromwell-Rocky Hill-Glastonbury complex. The
spillway was carved into the delta surface from about 150 ft (46 m) down to
its present floor altitude of 129 ft (39 m). Deepening of the channel was
controlled by the presence of Lake Middletown at its mouth, which had lowered
to just under 130 ft (39 m) by the time drainage through the spillway ceased.

The Mustard Bowl pits are cut into the first delta controlled by the
Dividend Brook spillway. The topset/foreset contact exposed in this delta is
estimated to be 146-149 ft (44-45 m) in altitude. North of the Mustard Bowl
kettle and east of Dividend Pond (fig. 5), several pit faces expose about 100
ft (30 m) of ice-marginal and deltaic sediments. At the ice contact northeast
part of the deposit, coarse—-grained severely collapsed ice-marginal deposits
are excavated in the lower pit in the floor of the main pit. The north-facing
scarp exposes proximal, interbedded gravel and sand foreset beds on the east
and, pebbly sand foreset and bottomset beds to the west. In the lower foreset
beds, fine to medium sand beds include ripple-drift cross-laminated units and
associated draped lamination, interbedded with planar beds. In the middle to
upper foreset beds, pebbly sand, pebbly gravel, medium to coarse sand and
silty sand beds dipping 10-15 degrees to the southwest show planar beds and
megaripples in transverse bed forms. Fluvial gravel topset beds are exposed
best in the farthest west scarps above the 150-ft (46-m) contour. The topset
bed sequence is 10-12 ft (3-4 m) thick. The pit centered on the Mustard Bowl
kettle shows gentle collapse of delta topset and foreset beds toward the
center of the kettle. The surface of the isolated ice block that produced the
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